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PREFACE

This issue contains scientific papers from the 3™ International Conference
Mechatronic Systems and Materials (MSM 2007) and International Conference
Mechatronics for Hi-Tech Devices (MHTD 2008).

Conferences were dedicated to relevant mechatronics problems as:
— Robotics: Industrial, Microrobotics, Mobile Robots

—  Sensors and Actuators in Mechatronics

—  Control of Mechatronic Systems

—  Vibration Analysis

—  Applications of Artificial Intelligence

—  Multifunctional and Smart Materials
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OPTICAL INTERFEROMETRY FOR DISPLACEMENT
MEASUREMENT OF A MICROELECTROMECHANICAL
MEMBRANE

leva MILASAUSKAITE
Studies programme of Mechatronics, Kaunas University of Technology

Assoc. Prof. Dr. Viktoras GRIGALIUNAS
Institute of Physical Electronics, Kaunas University of Technology

Dr. Darius VIRZONIS
Institute of Panevezys, Kaunas University of Technology

Aim: Nowadays there is a great need for development of systems that can
perform parallel single — molecule measurements on many different molecular
pairs. This would enable to study single molecule mechanics characterizing both
intramolecular and intermolecular forces [1, 2]. In order to collect statistically
significant data, measurements need to be repeated many times. A novel
micromachined membrane — based probe is going to be developed to enable
parallel measurements and serve as a durable sensor.

Main idea: An active micromembrane is going to be the main part of
targeted high resolution system. The idea lies within integrating optical
interferometric displacement detection capability to the membrane by patterning
the bottom side of the membrane’s substrate as a diffraction grating.

As the membrane is going to be illuminated from the backside with a
coherent light source, the reflected light is going to be separated into diffraction
orders. Moreover, some of the light reflected directly from the diffraction grating
is going to interfere with the light reflected from the membrane. Therefore the
intensity of light at the diffraction orders should vary sinusoidally as a function
[2] of the gap between the membrane and the grating:

I, =1, cosz(@], I, :‘“—;"sinz(@j,
A Vg A

where I;, and 1 are the intensity and wavelength of incident light, respectively,
and d is the gap height. Separate photodetectors should measure the intensities of
the zeroth (lg) and first (l.;) diffraction orders; thus it should be possible to
implement differential detection architecture with high accuracy displacement
detection capabilities.

Results: The investigation of currently available membrane designs was
performed and particular surface micromachining fabrication process for the

8



micromembrane was developed. The comparison of currently available
membranes [1, 2] and developed micromembrane was outlined. The difference
between membranes is not only location of diffraction grating (for the currently
available model the grating is formed within the gap between the substrate and
membrane, and for new design — at the bottom part of the substrate), but
fabrication technique as well. Both structures are formed on the quartz’s
substrates, membranes are formed out of silica nitride, but fabrication technique
differ due to design peculiarities and materials used to form gaps within structures
(e.g., sacrificial layers of Unity — 400 polymer film and copper (Cu) layer,
respectively).

Nevertheless, the manufacturing technology of micromembrane still calls for
the improvement since not all of the fabricated membranes were qualitative.

Yet the optical stand, where membrane is going to be integrated should
comprise of laser, which is a source of coherent light. The power of laser beam is
going to be adjusted and deflected by mirror and focused on the membrane
grating with focusing lens. The light intensities of diffraction orders are going to
be captured and collimated by a lens before they are directed onto the photodiode
array by other adjustable mirror. The photocurrent from the PD array is going to
be converted into a readout signal by transimpedance amplifiers. This readout
signal may then be fed into oscilloscope from which signals are going to be
monitored, and to spectrum analyser for further investigations.

Conclusions: The implemented optical stand is going to enable the optical
interferometry for displacement measurement with future focus on measuring
intramolecular and intermolecular forces.

References
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2. H. Torun, J. Sutanto, K.K. Sarangapani. A micromachined membrane —
based active probe for biomoleculat mechanics measurement. —
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NOVEL SURFACE MICROMACHINING FILMS FOR
MICROELECTROMECHANICAL SWITCH TECHNOLOGY
DEVELOPMENT

Algirdas LAZAUSKAS
Studies programme of Mechatronics, Kaunas University of Technology

Assoc. Prof. Dr. Viktoras GRIGALIUNAS
Institute of Physical Electronics, Kaunas University of Technology

Aim. In this work an attempt was made to improve micro-electromechanical
switch (MEMS) fabricated using surface micromachining technology. MEMS are
configured with three terminals, a source, a drain, and a gate. A voltage applied
between the gate and source closes the switch, connecting the source to the drain.
[1] Surface micromachining is used to build up structures by adding materials,
layer by layer on the surface of the substrate. Dry etching is usually performed in
order to obtain definite shape of the structure layers. The supporting sacrificial
layer is removed using wet etching to release the shaped layers. One of the
problems arises when the sacrificial layer is removed using wet etching. After this
step the sample is dried. The meniscus created by the receding liquid/air interface
tends to pull the structure against the substrate. This intimate contact give rise to
other surface forces like Van der Walls force, which will irremediably pin the
structure to the substrate when the drying is complete, effectively destroying the
device. This phenomenon is referred as stiction [2,3]. Previously electrostatically
actuated microelectromechanical switch (MEMS) has been fabricated (see Fig. 1)
from electroplated nickel using
surface micromachining
technique [2]. During testing of
MEMS it was determined that
because of the presence of
stiction ~ phenomenon  the
»ideal” voltamperic characte-
ristics of MEMS was not
reached. The aim of this work
was to suggest technology
improvements for MEMS
fabrication technology in order
to eliminate or reduce the
particular problem.

Fig. 1 SEM microphotograph illustrating
fabricated device

1. Experimental setup. For the problem solution and technology
improvement the following procedures were investigated:
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«  Silicon probe (commercially available crystalline Si <100>) was
processed using ion-plasma preparation method: the probe was exploited 1 min in
oxygen (95%) and nitrogen (5%) gas mix plasma in the chamber of “Plasma-600
T” device at 50 Pa pressure (radio frequency RF=13.56 MHz, P=0.3 W/cm, t=5-
60 s).

«  Silicon probe (commercially available crystalline Si <100>) was boiled
in acetone for 2 min and dried with air pressure.

»  Silicon probe (commercially available crystalline Si <100>) was coated
with photoresist MA1225. Afterwards photoresist was removed. After photoresist
removal silicon probe was boiled in acetone for 2 min and dried with air pressure.

»  Silicon probe (commercially available crystalline Si <100>) was coated
with diamond like carbon (DLC) film using direct low energy beam deposition.
Si with DLC coating was boiled in acetone for 2 min and dried with air pressure.

The films were investigated and analyzed using atomic force microscopy
(AFM), contact angle (CA) measurements, scanning electron microscopy (SEM)
and x-ray photoelectron spectroscopy (XPS).

Secondly, the technological micro-fabrication process for MEMS was
generated evaluating the equipment required and additional technological steps
needed.

Fig. 2. AFM 3D view of Si with DLC coating before acetone treatment:
Scanning area 11.0 wm x 11.0 um, highest peak 4.8 nm, average roughness
Ra=0.5 nm, root mean square roughness R;=0.6 nm.

2. Results. Analyzing results obtained using atomic force microscopy,
contact angle measurements, scanning electron microscopy and Xx-ray
photoelectron spectroscopy, the probes with DLC film not boiled in acetone were
observed as the most suitable candidate for the use towards improvement of
MEMS technology. It has good hydrophobic properties (i.e. CA=66.4° very good
surface roughness in terms of surface roughness parameters (i.e. R,=0.5 nm,
R,=0.6 nm (see Fig. 2 for AFM analysis)). Also, as observed from quantitative
XPS analysis, DLC films does not require treatment with acetone after being
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fabricated (i.e. O/Si ratio remains practically the same — for boiled in acetone
DLC coating ratio is 1.14 and for not affected coating ratio is 1.1).

Finally, the insertion of DLC film into MEMS fabrication will require three
additional steps (see Fig.3 for improved technological path for MEMS micro-
fabrication). They all can be performed with the same equipment (due to the fact
that only DLC oxygen ion beam etching operation is required).




Fig. 3 Technological path for MEMS micro-fabrication: 1. Electron beam
evaporation of Cr film on the surface of the substrate (for improvement of
adhesion properties), electron beam evaporation of Au layer using. Pattering
using “lift-off” lithography. 2. Deposition of thin DLC film. 3. Electron
beam evaporation of cu film. Contact tip fabrication using chemical etching.
4. Cantilever beam support opening using deep Cu etching. 5. Oxygen ion
beam etching of DLC for cantilever beam support opening. 6. Cantilever
beam patterning using Au vacuum evaporation, “lift-off” lithography and Ni
electrochemical deposition. 7. Cu selective chemical etching. 8. DLC
selective oxygen ion beam etching.

Conclusions. It is expected that DLC film layer having its good hydrophobic

properties and good surface roughness in terms of surface roughness parameters
will reduce stiction phenomenon during Cu etching (wet release of cantilever),
because during the drying process the liquid molecules will spread faster from
DLC film. The suggested MEMS technology is now under testing.
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Summary
The advanced MEMS surface micromachining technology using

intermediate DLC film is proposed in order to avoid stiction during wet release.

14



ADAPTYVIUJU DINAMINIU SLOPINTUVU ANALIZE,
TAIKYMO UZDAVINIAI IR JU SPRENDIMAI
ROTORINESE SISTEMOSE

Simonas STANIUKYNAS
Mechatronikos studiju programa, Kauno technologijos universitetas

Prof. Habil. Dr. Vitalijus VOLKOVAS
Kauno technologijos universitetas

Darbo tikslas. Sio darbo tikslas yra: sukurti dinaminj slopintuva su
griztamuoju rySiu, kuris galéty slopinti vibracijas ne tik esant vienam
rezonansiniam dazniui, o apimty tam tikra dzniy juosta, taip iSplésdamas
dinaminiy slopintuvy panaudojimo galimybes.

[vadas. Mechanikoje kritinis greitis yra teoriSkas kampinis greitis, kuris
zadina savaji jrenginio daznij. PaleidZiant rotoring masina, kai jos isisukimo laikas
gana ilgas, masina gali pereiti kelis kritinius grei¢ius. Tai reiskia, kad pasiekiamas
rezonansas ir padidéja vibracijos iki nepageidaujamo lygio. Tuomet velena veikia
iScentrinés jégos ir ji deformuoja. Yra penki svarbiausi vibraciju mazinimo biidai
pateikti 1 pav. Siame darbe nagrinéjamas virpesiy izoliavimas dinaminiais
slopintuvais turboagregato paleidimo — stabdymo metu.

Vibracijy maZinimo biidai

/

Dinaminiy | | Sistemos Savyjy virpesiy
jégu Masés daznio Izoliavimas | | Slopinimas
mazinimas | | didinimas | | reguliavimas

1 pav. Vibracijy mazinimo budai

Rotoriniy sistemy adaptyvaus dinaminio slopintuvo struktira. Galima
pasirinkti klasikini dinaminio slopintuvo varianta, t.y. strypa, kurio viename gale
bus pritvirtinta masé. Taciau tai néra adaptyvus slopintuvas. Pritaikius valdymo
sistema su griZtamuoju rySiu 2 pav., jis tapty pilnai prisitaikantis ir
nereikalaujantis zmogaus pagalbos darbo metu.

Schemoje nuolatos yra matuojamas faziy skirtumas ir nuolatos uztikrinamas
geriausias slopinimas, nes pavaros valdymas suderintas pagal pavaros valdymo
désnj, t.y. masés atstumas nuo jtvirtinimo | parenkamas toks, kad slopintuvo
savieji dazniai sutapty su objekto dazniais ir juos slopinty slopintuvo valdymo
ribose.
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i 4
B 2 S 6 7

2 pav. Klasikinés konstrukcijos dinaminio slopintuvo su griztamuoju rysiu
schema: 1 — dinaminio slopintuvo strypas, 2 — masé, 3, 4 — keitliai,5 —
stiprintuvai, 6 — fazés matavimo prietaisas, 7 — valdomos pavaros maitinimo
Saltinis, 8 — valdoma pavara, 9 — rotoriné sistema

Kitas biidas organizuoti valdyma yra keisti laike slopintuvo ilgi, tuo paciu ir
standuma, pagal i§ anksto nustatyta désnj. Sis biidas taikomas tik maginoms,
kurios paleidimo metu turi stabilius rezonansus laiko atzvilgiu. Paleidimo metu
matuojami masinos parametrai ir gaunama kontroliuojamo objekto daznio
priklausomybé nuo laiko. Tuomet, pagal §i désni suderinama valdoma pavara.
Praéjus tam tikram laikui nuo masinos paleidimo sistema aptinka rezonansa.
Slopintuvo masé pasislenka atstumu kuris paskai¢iuojamas pagal valdymo désni,
tai kad slopinty rotoriaus virpesius. Kurj biida pasirinkti priklauso nuo to, kokie
yra saugomo objekto parametrai. Pirmas biidas yra gerokai tikslesnis, taciau
brangesnis, nei antras.

Galima rinktis viena i§ dvieju varianty ka reguliuoti: tai gali biiti kintama
masé strypo gale ir nekintantis strypo standumas arba gali bati kintamas strypo
standumas ir nekintama masé. Siuo atveju panaudotas kintamas strypo standumas,
o masé isliks pastovi, todél, kad standuma pakeisti papras¢iau nei mase. Sio
slopintuvo sitiloma struktiira pavaizduota 3 pav.

=

—

‘\.\_\4

L

~
3 pav. Dinaminio slopintuvo strukttra. 1 — strypas, 2 — valdoma pavara, 3 —
masé, 4 — masyvus slopintuvo korpusas, L — strypo ilgis
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Vienas i§ didziausiy Sios struktliros privalumy yra tai, kad pavara yra
sumontuota nejudamai slopintuvo korpuse, o ne masé¢je, kaip yra kitoje galimoje
struktiiroje.

Slopintuvo skai¢iavimo uZdavinys. Tarkim, slopintuvas taikomas rotorinei
sitemai, kuri isibégédama turi suktis gana ilgai, kad pasiekty nominaly greiti. Tuo
metu, kai rotoriaus greitis didéja, sistema patenka { kelis rezonaso daznius,
kuriems esant padidéja vibracijos. Miusy tikslas yra suskaiCiuoti adaptyvaus
dinaminio slopintuvo parametrus taip, kad jis esant tiems dazniams slopinty
vibracijas. Reikia atlikti matavimus, kad bty galima nustatyti pikines vibracijy
vertes rotoringje sitemoje. Tam atlickamas specialus tyrimas arba naudojama
monitoringo sistema, kai turime virpesiy spektra ir matome kokio daznio yra
pikinés vertés, galime pradéti skaidiuoti slopintuvo parametrus, kuriems esant
savasis slopintuvo daznis biity lygus vibracijy dazniui. Vibracijos buvo matuotos
specialiai modernizuotu TSDI laboratoriniu stendu (zr. 4 pav.), imituojanciu
rotorinés masinos paleidimo procesa.

/ i :
4 pav. Specialiai modernizuoto TSDI laboratorinio stendo bendras vaizdas ir
dany firmos Bruel & Kjar virpesiy matuoklis Vibrotest 60

5 pav. pavaizduota, kokiems sukimosi dazniams esant yra pikinés vibracijy
greicio vertes.

Siam slopintuvui siiloma naudoti pjezoelektring sraigting vibropavara (6
pav.), kadangi slopintuva planuojama montuoti vertikaliai. Slopintuva montuojant
horizontalioje padétyje, galima naudoti ir paprasta linijinj vibrovarikli ar
zingsninj variklj, nes strypo neveikia svorio jéga ir nereikia didelés jégos norint ji
fiksuoti.

Sraigtiné vibropavara néra naujas iSradimas, o zinomas jau gana seniai [2].
Si pavara yra paprastos konstrukcijos. Ja sudaro metalinis cilindras, kurio
viduryje yra kiaurymé su sriegiu. Cilindro, galuose yra du pjezoelektriniai ziedai,
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kurie sukelia taip vadinama bégancia banga metale ir taip priveréia per cilindra
einanti strypa suktis { viena ar kita pusg, bei reguliuoja atstuma tarp masés ir
pavaros. Sios pavaros konkretiis skai¢iavimai ir gamyba numatomi kitame etape.

14
12 ——
© 10 h
c EV-NEEEEEI AREEE
E o TN
—
4 S | | | | - I . -
2 L n Y/ —~—r -V
0 -1 T

0 10 20 30 40 50 60 p

5 pav. Specialaus laboratorinio stendo horizontaliy ir vertikaliy virpesiy
pasikeitimas esant jvairiems sukimosi dazniams

Pjezoelektriniai

Ziedai Metalinis
cilindras su
sriegiu viduje

Masé

Strypas su
sriegiu

Kiaurymeés pavaros
tvirtinimui
6 pav. Pjezoelektriné sraigtiné vibropavara

Buvo iSmatuotas specialiai modernizuoto TSDI laboratorinio stendo virpesiy
pasikeitimas, esant jvairiems sukimosi dazniams, ir nubraizytos kreivés. Stendas
yra laboratorinis ir gerokai maZesnis nei reali rotoriné sistema, todél buvo
pasirinktas taip pat mazesnis slopintuvas, nei realiai sistemai, atitinkantis
laboratorinio stendo virpesiy parametrus. Slopintuvas buvo pagamintas be
valdomos pavaros ir tokiy parametrys: mas¢ m = 0,277 kg, virpesiy daznis, kuri
turéty slopinti slopintuvas yra 14,3 Hz, strypo skerspjivis D = 0,005 m,
tamprumo modulis E = 200000 Mpa. Tikslas - isitikinti ar slopintuvas slopina
virpesius ties rezonanso dazniais.

Kad buty tikslesni duomenys, slopintuvo strypo ilgis buvo parinktas
eksperimentiskai, t.y. buvo pasinaudota TSDI vibro stendu. Buvo matuojamas
savasis slopintuvo daznis, slopintuvo strypo ilgis buvo kei¢iamas rankiniu biidu.
To tikslas buvo suderinti slopintuva su viena i§ pikiniy laboratorinio stendo
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rezononsiniy dazniy reikSmiy, kuriai esant bty galima pritaisyti slopintuva prie
laboratorinio stendo ir realiai patikrinti, kaip slopintuvas slopina rezonansinius
daznius. Buvo pasirinkta viena i§ didesng amplitudg turin€iy horizontaliy
skersiniy virpesiy dazniy reikSmiy 14,3 Hz, strypo ilgis esant Siai daznio reik§méi
yra 0,19 m.

Vertikalia kryptimi pritvirtinus slopintuva prie laboratorinio stendo
guoliavietés ir paleidus varikli suktis, buvo iSmatuoti virpesiy parametrai.
Rezultatai pavaizduoti 7 pav. Matome, kad slopintuvas su kontroliuojamu objektu
buvo suderintas tinkamai, nes ties pikine reikSme slopintuvas sumazino virpesiy
amplitudg¢ daugiau, nei dvigubai. Tai reiskia, kad slopintuvas realiai turi
slopinimo efekta ir tas efektas bty didesnis ar mazesnis per visa slopinimo
intervala tarp maziausios ir didZiausios daznio pikiniy veréiy. Jei biity pritaikytas
griztamasis rysys ir valdoma pavara, tuomet visg laika slopintuvas biity suderintas
su kontroliuojamu objektu.

[y
o

N

N

= H be slopintuvo

H Su slopintuvu

Amplitudé mm/s
O R, N WB OO N W W

12 13 14 15 16
Daznis w, Hz
7 pav. Specialaus laboratorinio stendo horizontaliy virpesiy pasikeitimas
esant slopintuvui ir be jo

Slopintuvui buvo parinktas i$skirstyty parametry modelis. Ji aprasanti lygtis
skersiniy virpesiy atveju [3]:

0° o’w o’
~|EJ- +pF- 2220
x? ( o )T 1)

Krastinés salygos: kai x = 0, w=0, (Z_w =0 kaix=I,
X
0w o
EJ = 2
ox? oxot? @
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Savuju dazniy lygtis skersiniy virpesiy atveju atrodo taip [4]:

E-J
Fpl* ©)

=123

¢ia J — apvalaus strypo inercijos momentas.

Teoriné slopintuvo daznio priklausomybé nuo strypo ilgio iSilginiy virpesiy
atveju apskaiCiuota ir parodyta 1 lenteléje. Naudojant Siuos duomenis buvo
nubréztas grafikas (8 pav.), rodantis, koks yra slopintuvo valdymo désnis
skersiniy virpesiy atveju. Lenteléje galime matyti, kad kai daznis yra 14,3 Hz tai
strypo ilgis yra 0,209 m. Atliekant bandyma su slopintuvu, toks daznis buvo
gautas esant 0,19 m. Tai reiskia, kad praktiskai iSmatuota valdymo désnio kreivé
turéty mazai skirtis nuo teoriskos, i§ formuliy apskaiciuotos valdymo désnio
kreivés. Tokiu atveju galima teigti, kad skaiCiavimai atlikti teisingai, o rezultatai
skiriasi dél isivélusiy paklaidy.

Lentelé 1

Daznio priklausomybé nuo strypo ilgio

I,m 0,045 0,135 0,209 0,317 0,452 0,905

s, Hz 143,4 27,6 14,3 7,7 4,5 1,6

100,0
90,0
80,0

70,0

T60,0

2500

40,0

30,0
20,0
10,0

0,0

Skersiniy
virpesiy
atveju H

o 0102 03 04 05 06 07 08 09 1
llgis, m
8 pav. Slopintuvo valdymo désnis

Sio laboratorinio slopintuvo strypo masés nepaisom, nes ji Zymiai mazesné,
nei strypo gale esanti masé. Tai yra vienas i$ iSskirstyty parametry dinaminio
modelio krastiniy atveju, kurio savyjuy dazniy lygtis [3]:
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E 4)

ISvados

e Pasiilytas rotoriniy sistemy kritiniy grei¢iy vibracijy problemos
sprendimas, naudojant adaptyvy dinaminj slopintuva.

e Pateikta lyginamoji griztamojo rysio, slopintuvy struktiry analize,
iSnagrinéti tokiy slopintuvy valdymo principai.

e Dinaminiam slopintuvui parinktas matematinis modelis, bei esant
konkreCioms krastinéms salygoms nustatyta savyjuy dazniy lygtis ir slopintuvo
valdymo désnis. Valdymo désnj pasitilyta realizuoti su pjezoelektrine vibropavara.

e Pagamintas ir iSbandytas laboratorinio stendo vibracijy dinaminis
slopintuvas.

e  EksperimentiS$kai nustatyta, kad teoriSkai apskaiciuotas slopintuvo
valdymo désnis atitinka eksperimento metu gautus rezultatus. DaZniy
nesutapimas maziau 10 %.

e Numatyta vystant tematika praktiSkai pagaminti vibropavara
dinaminiam slopintuvui ir pasiekti slopintuvo adaptyvumo funkcija.

Literatiira
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cTpoenue, 1978, 352p.

4.  AJlL.dwmnnnos. Konebanus nedpopmupyembix cuctem: Mocksa: Mamuno-
ctpoenue, 1970,733p.

Reziumé

Viena i§ dideliy problemy rotorinése sistemose yra vibracijos. Kadangi, §i
problema néra dar pilnai iSsprgsta, aktuali, todél ji buvo pasirinkta tyrimams.
Vibraciju mazinimo btudy yra keletas, taCiau buvo pasirinktas vibracijy
slopinimas dinaminiais slopintuvais ir ne bet kokiais dinaminiais slopintuvais, o
adaptyviais, nes daznai reikia organizuoti vibraciju slopinima masinose su
kintanciais parametrais, pvz. kintan¢iu sukimosi greic¢iu. Adaptyviu slopintuvas
bus tuomet, jei turés galimybg keisti savo parametrus, pavyzdziui, slopintuvo
savuosius virpesiy daznius. Siame darbe slopintuve siiiloma taikyti pjezoelektrine
vibropavara, kurios pagalba galima keisti slopintuvo parametrus, tuo paciu savaji
daznj suderinti su kontroliuojamo objekto virpesiu dazniu, iSsklaidyti dali
virpesiy energijos ir to pasekoje, tam tikram daZniy juostos intervale, sumazinti
kontroliuojamo objekto vibracijas.
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MAGNETOREOLOGINIO STABDZIO DARBO REZIMU
ANALIZE

Viktorija RUGAITYTE
Kauno technologijos universite}as
Doc. Dr. Egidijus DRAGASIUS
Kauno technologijos universitetas

Darbo tikslas. I8analizuoti cilindrinio MR stabdzio darbo reZimus. Pateikti
MR stabdzio parametry jtaka jo veikimui. Pateikti optimalius MR stabdzZio
geometrinius parametrus.

1. Magnetoreologinis (MR) stabdis. Siiilloma MR stabdzio konstrukcija yra
pavaizduota 1 paveiksle. Stabdis yra vieno disko formos ir veikia §lyties rezimu.
MR skystis uzpildo tarpeli tarp rotoriaus ir dviejy gaubty. MR stabdzio
efektyvuma apsprendzia dviejy parametry santykis R; / Ry (2 pav.). Vienas i§
svarbiausiy fizikiniy dydziy yra Slyties itempimai, kurie matematiskai iSreiSkiami:

1)
T=Tyd(B)+,LlTr (D)

¢ia: o - kampinis veleno sukimosi greitis; h — tarpelis [1,3,5].

‘ dl h
—-+m Elektromagnetas
d ;
T \
/ \
a) -
: Aktyvus MR skystis

1 pav. MR stabdis [2,4]

Atsizvelgiant { praktines MR stabdzio veikimo salygas, bendras
perduodamas sukimo momentas Ty Susideda i§ triju komponenéiu: Tgic — tai
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sukimosi momentas, kuris atsiranda nuo trinties (pavyzdziui nuo sandarinimo),
Tyq — tai sukimosi momentas atsirandantis nuo dinaminiy takumo jtempimy MR
skystyje, Tyis — tai sukimosi momentas atsirandantis nuo MR skys¢io klampos.
Bendra matematiné iSraiSka fizikinio dydZio Tigg [6,7]:

Ttotal =T + Tyd + Tvisl (2)

fric

2 pav. MR stabdzio schema
Paskutinieji du Sios iSraiskos komponentai Tyq ir Ty;s gali biiti apskai¢iuojami
sekanciai, panaudojant integrala:

Ty +T =27 Jq(rr(r))rdr 3)

Sukimosi momentai Tyq if Tyis yra gaunami is :

2

Tyd:§ﬂz ya (RS —R’) 4)
nw 4 4

Ty =——(Ry —R 5

vis 2h ( 0 |) ()

2. Konstrukcijos ir MR skyscio tarpelio reikSmé. Projektuojant MR stabdzio
konstrukcija biitina atsizvelgti i keleta faktoriy ir kai kuriuos dydzius reikia
parinkinéti itin preciziSkai (Lenteleé 1). Labai svarbios reikSmés: tarpelio
geometriniai parametrai, kuriame talpinamas MR skystis, skys¢io cheminé bei
fizikiné blisena, MR skys¢io sandarinimas. Kaip matome 3 paveiksle, MR skystis
stabdyje talpinamas dviejose tarpeliuose. Tarp dviejy anguy, visa tai riboja kamera,
kuri yra suformuota i§ gaubto, rotoriaus l€kstés ir sandarinimo ziedo, kuris
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neleidzia skysciui patekti | aplinka. Magnetinio lauko stipris yra tiekiamas i§
dviejy I formos elektromagnety. Rutuliniai guoliai konstrukcijoje yra parenkami
tokie, jog i$ karto bty su sandarinimu MR skys¢iui [4,6].

Norint pasiekti maksimaliai efektyvu MR skys¢io efekta labai svarbus
faktorius yra tarpelio geometrija. Remiantis teoriniais duomenimis Zinome, kad
oro tarpelio plotis yra tiesiogiai susijgs su magnetiniu lauku. Didéjant oro
tarpeliui magnetinio srauto tankio reik§mé mazé&ja. MaZesnis pastovus tarpelis
tiesiogiai jtakoja magnetinio srauto tolygy pasiskirstyma veikimo zonoje. Be to,
tarpelio geometriniai parametrai turi didelg¢ itaka S$lyties itempimams, tai

atsispindi  formuléje: TZTyd(B)+!lTr , kurioje h ir yra tarpelio plotis.

Praktikoje gaminant toki stabdi dazniausiai tarpelio plotis kinta ribose: nuo
0,25 mm iki 2 mm. Toks tarpelio plotis yra optimalus ir konstrukcijos surinkimo
atzvilgiu. Sioje konstrukcijoje tarpelio dydis yra sitlomas 0,5 mm.

3
21
8
9
() 7
()
10 Ro

3 pav. Magnetoreologinis stabdis

Palengvinti MR stabdzio gamyba ir projektavima MR stabdis yra
projektuojamas simetriskas ir jei korpusa padalintume i dvi dalis, tai abi jos dalys
baty identiskai vienodos. Maisymo smeigtukas 5 , kuris yra pritvirtintas prie
rotoriaus yra skirtas MR skyscio permaiSymui, kad nevykty sedimentacija. MR
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stabdis yra mazesniy matmeny ir svorio, nei mums jprasti stabdziai, todél labai
svarbus yra santykinis dydis Ri/R,. Sio santykio optimaliausia reik§mé yra ribose
nuo 0,7 iki 0,99. Viso Sito didziausias privalumas yra magnetinio lauko

optimizavimas [7].

Lentelé 1

MR stabdZio elementy sarasas

Nr. Elemento aprasas Elemento medziaga
1 Rité apvijos Varis
2 Rités Serdies velenas MaZaanglis plienas (AISI 1018)
3 Gaubtas Aliuminio lydinys (T6-6061)
4 Desinysis korpusas Mazaanglis plienas (AISI 1045)
5 Mai§ymo smeigé Aliuminio lydinys (T6-6061)
6 Sandarinimo kaiStis -
7 Rutulinis guolis -
8 Kairysis korpusas Mazaanglis plienas (AIS] 1045)
9 Rotorius Mazaanglis plienas (AISI 1045)
10 Velenas Standartinis plienas

6

2

8

7

4 pav. Grafiné optimaliy geometriniy parametry analizé

Lentelé 2

Optimalis siilomi geometriniai parametrai

Geometrinis stabdzio atskiros dalies
parametras

Leistinos optimaliausios reikSmeés
(cm)

1 — rotoriaus storis

1 -5 (1 disko MR stabdis)
0,5 2,5 (2 disky MR stabdis)

2 — rotoriaus diametras

13-18,5

3 — rités storis

0,25-25

4 —rad. korpuso storis

1 -5 (1 disko MR stabdis)
0,5 —2,5 (2 disky MR stabdis)
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5 — ax korpuso storis 0,25-2,5

6 — rotoriaus ilgis 3-8

7 — atstumas nuo rotoriaus iki sandarinimo 0,1

ziedo

8 — sandarinimo ziedas Pagal spec. ziedg ir matmuo
X Laisvas matmuo

Praktikoje pasitaiko magnetoreologiniu stabdziy daugiau nei su vienu disku,

tai gali buti su dviem trim ir daugiau disky. Siuo nagrinéjamu atveju MR stabdis
yra su vienu besisukanciu disku. 4 paveikslélyje ir lenteléje 2 yra pateikiama
optimali grafiné geometriniy parametry analizeé.

ISvados. Projektuojant MR stabdi yra labai svarbu atsizvelgti i MR skysc¢io

sudedamasias dalis. Taip pat ne ka maziau svarbiis faktoriai yra ir optimalis
geometriniai parametrai. Tinkamai parinkta sandarinimo sistema ir daugelis kity

faktoriy.
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BAIGTINIU ELEMENTU ANALIZES TAIKYMAS
VAMZDZIU LENKIMO PROCESUI

Jurgis MIKOLAINIS
Kauno technologijos universitetas

Prof. Abel DIAS DOS SANTOS
Porto Universitetas, Portugalija

Darbo tikslas. Siuolaikiné gamybos jmoné turi lankséiai reaguoti { rinkos
paklausg ir sugebéti pagaminti jvairius mechaninius komponentus be didesniy
problemy. Siekiant procesy lankstumo vamzdziy lenkimo operacijoje, gamybos
frengimai turi biiti pritaikyti, kad biity galima lenkti i§ skirtingy medziagy
pagamintus vamzdzius, lengvai keisti vamzdzio skersmenis, sienelés storius bei
kitus lenkimo parametrus — lenkimo spindulj, sulenkimo kampa.

Siame darbe nagrinéjamas vamzdziu lenkimo dideliu spinduliu procesas.
Tokiu budu gali bliti gaminami metaliniai lankai, didelio skersmens spiralés, kiti
dizaino elementai. Pagrindinis darbo tikslas - imituoti ir iSanalizuoti
problematiskas vamzdziy lenkimo proceso vietas.

Tyrimai. Vamzdziy lenkimo dideliu spinduliu procese daznai naudojamas i§
trijy arba daugiau apskrity ritinéliy sudarytas modelis, pavaizduotas Zemiau:

1 pav. Vamzdziy lenkimas trimis ritinéliais: 1 — vamzdis; 2 — virSutinis
ritinélis; 3, 4 — apatiniai ritinéliai

Lenkimo procesas susideda i§ dviejuy etapy: pirmiausiai virSutinis ritinélis 2
spausdamas vamdi 1 suformuoja pradinj ilinki, o véliau, sukantis kartu ir
apatiniams ritinéliams 3 ir 4, vamzdis 1 sulenkiamas reikiamu spinduliu (1 pav.).

Tyrimo metu sudarytas vamzdziy lenkimo proceso modelis bei nustatytos
irankiy padétys, norint gauti reikiama vamzdzio lenkimo spindulj (2 pav.).
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2 pav. Vamzdzio lenkimo kampo priklausomybé nuo ritinéliy padéciuy

Véliau, vamzdziy lenkimo baigtiniy elementy imitacijos pagalba, buvo
atlikta palyginamoji vamzdziy atsilenkimo, pasalinus apkrovas, efekto analizé
skirtingoms vamzdziy medziagoms (3 pav.):

[30

(o)

3 pav. Vamzdziy sulinkimo kampas prie$ jrankiy atitraukima ir po joia -
lenkimo kampas lenkimo metu, S - lenkimo kampas atitraukus irankius, 46 —
skirtumas taip Siy kampy

Gauti rezultatai pagrindzia ankstesnius kity autoriy tyrinéjimus, kad
vamzdziai, pagaminti i§ medziagos su didesniu Jungo moduliu, pasalinus irankius
atsilenkia maziau. Rezultaty suvestiné pateikta Lenteléje 1:

Lentelé 1
Aliuminis Aliuminis Plienas Plienas Plienas
Al5182 Al6016 DCO06 ZSTE340 DP600
a° 104,15 104,14 105,29 102,91 103,84
S° 105,42 105,12 105,38 103,34 105
A0° 1,27 0,98 0,09 0,43 1,16
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Kitoje tyrimo dalyje nustatyta Siuo lenkimo metodu sulenkty vamzdziy
sienelés susirauksléjimo riba, kuri palyginta su kity autoriy atlikty eksperimenty
duomenimis. Tirtas 40 mm skersmens, 0,8 mm storio sienelés vamzdis, kurio
skersmens ir sienelés santykis D/t lygus 50. Raukslés pavirSiuje pradeda atsirasti
nuleidus virSutinj ritinélj 10,5 mm (4 pav.):

4 pav. Vamzdzio sienelés surauksléjimas, kai ritinélis nuleistas zemyn
10,5 mm

Nuleidus virSutini velenéli dar daugiau, vamzdzio sienelé deformuojasi ir
vamzdis galutinai sugniuzdomas (5 ir 6 pav.):

BES
R

fasssassssasat | 14

#399II9RIT0E 5

L
5 pav. Vamzdzio sienelés surauksléjimas, kai ritinelis nuleistas Zemyn
12 mm

6 pav. Vamzdzio sienelés surauksléjimas, kai ritinelis nuleistas Zemyn
24 mm
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Atlikus keliy lenkimo proceso stadiju: klupdymo, vamzdzio sienelés
storéjimo, plonéjimo bei suplok$téjimo imitacijas, nustatytas deformuoto
vamzdZio sienelés storis (7 pav.).

STH
ihve. Crit.: 78%)

7 pav. Sienelés storio nustatymas naudojant baigtiniy elementy modeli

I§vados. Naudojant baigtiniy elementy analizg, galima, negaminant brangiy
testavimo irengimy, imituoti vamdziy lenkimo procesa bei nustatyti kritinius
lenkimo parametrus. Sio tyrimo metu buvo sudaryta vamzdziy lenkimo proceso
imitacija bei nustatytos irankiy padétys, norint gauti reikiama vamzdzio lenkimo
spinduli. Véliau, vamzdziy lenkimo baigtiniy elementy imitacijos pagalba, buvo
atlikta palyginamoji vamzdziy atsilenkimo, pasalinus apkrovas, efekto analizé i$
skirtingy medziagy pagamintiems vamzdziams. Nustatyta §iuo lenkimo metodu
sulenkty vamzdziy sienelés susirauksléjimo riba kuri palyginta su kity autoriy
atlikty eksperimenty duomenimis. Nustatytas lenkimo metu deformuoto
vamzdzio sienelés storis.
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Reziumé

Siame darbe nagrinéjamas vamzdziy lenkimas dideliu spinduliu procesas.
Pagrindinis darbo tikslas - imituoti ir iSanalizuoti problematiskas vamzdziy
lenkimo proceso, naudojant apskritus ritinius, vietas. Tyrimo metu buvo sudaryta
vamzdziy lenkimo proceso imitacija bei nustatytos jrankiy padétys, norint gauti
reikiamg vamzdzio lenkimo spinduli. Véliau, vamzdziy lenkimo baigtiniy
elementy modeliavimo pagalba, atlikta palyginamoji vamzdziy atsilenkimo,
pasalinus apkrovas, efekto analizé skirtingoms vamzdziy medziagoms. Gauti
rezultatai pagrindzia ankstesnius kity autoriy tyrinéjimus, kad vamzdziai,
pagaminti i§ medziagos su didesniu elastingumo moduliu, paSalinus jrankius
atsilenkia maziau. Nustatyta Siuo lenkimo metodu sulenkty vamzdziy sienelés
susirauksléjimo riba bei palyginta su atlikty eksperimenty duomenimis. Taip pat
po atlikty keleto lenkimo proceso stadiju kaip klupdymo, vamzdzio sienelés
storé¢jimo, plonéjimo bei suplokstéjimo imitacijy, buvo nustatytas vamzdZzio
sienelés storis.

31



ELEKTROREOLOGINIU SKYSCIU PRITAIKYMAS
MOVOSE

Sigita NAVICKAITE
Kauno technologijos universitetas

Doc. Dr. Egidijus DRAGASIUS
Kauno technologijos universitetas

Darbo tikslas. ISanalizuoti elektroreologinio (ER) skyséio pritaikymo
galimybes movose, iSskirti irenginio privalumus bei trikumus, suformuluoti
reikalavimus ER movoms ir i$tirti §iy movy veikima.

1. Teoriné dalis. Movomis vadinami jtaisai, kurie skirti velenams arba
kitoms besisukan¢ioms detaléms sujungti ir tarp ju sukimo momentui perduoti,
nekeiCiant grei¢io. Movos klasifikuojamos pagal konstrukcija, paskirti bei darbo
salygas. ER movos priklauso valdomy movy grupei. Jos ypatingos tuo, kad
perduodama sukimo momenta galima valdyti. Jy veikimo principas pagristas
reologinémis ER skyséiy savybémis [1 — 4].

ER skystis — tai elektriskai poliarizuojamos dalelés patalpintos tekandiame
skystyje. Dielektrinis neatitikimas tarp daleliy ir tekanciojo skys€io sukelia
elektroreologini (ER) efekta. Paveikus ER skysti elektros lauku jo klampumas
pakinta. Reologinis reiSkinys apibréziamas kaip santykis tarp $lyties itempiy ir
medZiagos $lyties deformacijos.

2. ER movos veikimo principas. Projektuojamaja ER mova sudaro korpusas
1 ir varomasis velenas 4, tarp kuriy yra tarpelis (1 pav.). Jie veikia kaip
elektrodai . Tarp elektrody yra talpinamas ER skystis 3. Konstrukcijos stabilumui
uztikrinti naudojama tarpiné 5. Movoje montuojami rutuliniai guoliai 2, kurie
parinkti tokie, kad iSkarto biity su sandarikliais ir taip uztikrinty jtaiso sandaruma.
Dangtelis 6 prispaudzia guoli ir taip uztikrina ER movos standuma. Elektrodai
izoliuojami tekstolitinémis {vorémis 7. Visa mova sutvirtinama varZztais 8.

Sios movos veikimo principas yra pagristas ER skyséio reologinémis
savybémis. SkysCio neveikiant elektros lauku, skystyje esancios dalelés yra
i§sidésciusios chaotiskai ir teka kartu su dielektriniu skys¢iu, ER mova sukimo
momento neperduoda.

Taciau, kai mova ima teketi auksStos itampos elektros srove, tarp elektrodu
sukuriamas elektros laukas, kuris veikia reologinj skysti (pasireiSkia ER
reiSkinys). Pridéjus elektrini lauka, dalelés iSsidésto i linijines grandines. Tekant
skys¢iui jos jau neteka kartu su juo ir taip stabdo skysCio tekéjimg — pakinta
skyscio klampumas [1, 2, 4].

Per mova perduodamo sukimo momento dydis priklauso nuo pakitusio
skyscio klampumo ir taip pat yra proporcingas ER skystj veikiancio elektrinio
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lauko stipriui. Taigi, kei¢iant valdymo itampa, kinta elektrinio lauko stipris, o tuo

paciu ir perduodamas sukimo momentas.
2

7 2 f

a/ = = /
ny —— -

1 pav. ER mova

3. [renginio privalumai ir tritkumai. ER movy privalumai ir trikumai labai
priklauso nuo skys¢io naudojamo konstrukcijoje ir yra artimi paciy ER skysciuy
privalumams ir trikumams [1 — 4].

ER movos iSsiskiria Siais privalumais:

Greitaveika.

Valdymui reikalingos mazos energijos sanaudos

Gali biiti naudojamos plac¢iame temperatiiry diapazone.

Gali biiti valdomas ir kei¢iamas per mova perduodamas sukimo momentas.

ER movos gali atlikti apsauging funkcija.

Taciau neskaitant visy paminéty privalumy $ios movos turi trikumuy:

Zmogui pavojinga valdymo jtampa.

Biitina tiksli gamyba ir surinkimas( 7-9 IT).

Mova sudaro pakankamai daug elementy, todél didéja gedimo tikimybé.

ER skyscio netobulumas (ilgesnj laika nenaudojant skyscio jame esancios

dalelés nuséda).

4. Reikalavimai keliami ER movoms. Movoms, kuriose naudojamas ER

skystis, keliami tokie reikalavimai:

e Saugumas. ER skysCio valdymui reikalinga auksta jtampa, kuri yra
pavojinga zmogaus sveikatai ar net gyvybei. Todél elektrodai turi buti gerai
izoliuoti. Reikalingas {zeminimas.
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o  HermetiSkumas. IS movos ER skystis turi nenutekéti.

e  KompaktiSkumas. Movos gabaritai turi biiti kaip galima maZzesni.

e  Mazos energijos sanaudos. ER skyscCiui (o tuo paciu ir movai) valdyti turi
biti sunaudojama kaip galima maziau energijos, siekiant kuo aukstesniy
ekonominiy jrenginio eksploatacijos rodikliy.

e  Greitaveika.

e  Patikimumas. Visos ER movos sudedamosios dalys turi buti pagamintos ir
surinktos tiksliai.

e  Pakei¢iamumas. Avariniu atveju sugadintos movos sudedamosios dalys turi
biti kuo lengviau pakei¢iamos.

5. ER movos veikimas. ER movos ié¢jimo velena veikiantis variklio
sukuriamas sukimo momentas T; yra iSanksto Zinomas i§ elektros variklio
charakteristiky. Siekiant suzinoti i$¢jimo veleno sukimo momenta uzraSoma visos
sistemos galios lygtis (1). Joje laikoma, kad ER movos veikima, kuomet jtaise
naudojami guoliai, variklio sukuriama galia jtakoja tik 1%. Lik¢ 99% galios
naudojami Slyciai ER skystyje kurti [2]:

001-T,-0+P,-K=T, - Q)
¢ia Pz —jeinanti ER movos elektriné galia;

K — elektromechaniné konstanta, priklausanti nuo poliarizuojanciy daleliy
procentinés koncentracijos ER skystyje.

K=1-10"-%; (2)
Ieinanti movos galia P3:
P,=27-1EJ; 3)
¢ia E — elektros lauko stipris, KV/mm;
J — elektros srovés tankis, pA/cm?,

Skaiciavimuose srovés tankio reik§mé imama i§ gamintojo pateikty ER
skyscio parametry. SuraSius Zinomus parametrus | sistemos galios lygtj gauname:

0,01-T, + 27 - ;2IEJK
-~ .

T, = (4)

Skaiciavimy rezultatai pateikiami Lenteléje 1.
Iséjimo veleno sukimo momento priklausomybg nuo veikiancio elektros
lauko iliustruoja 2 pav.
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Lentelé 1

k\’//mm
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36 | 40
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0,35
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3,35

5,80

9,52

14,2
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veikimg galima teigti, kad

T, Nm
30

f=TL(E)
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0 04081216 2 24283236 4

—f=T(E)

2 pav. I$¢jimo veleno sukimo momento priklausomybé nuo veikiancio
elektros lauko

I§vados. 18analizavus patenting medziaga ir literatiira, suprojektuota mova,
kurioje pritaikomas ER skystis. Atsizvelgiant i §iy movy privalumus, trikumus ir
jos gali biiti naudojamos visuose jrenginiuose,
kuriuose reikalaujama greitaveikos ir atsakingumo.
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DYZELINIO VARIKLIO [PURSKIMO SISTEMOS
TOBULINIMAS

Raimundas LAURINAVICIUS
Eksporto inzinerijos studijy programa, Kauno technologijos universitetas

Prof. Dr. Alvydas KONDRATAS
Kauno technologijos universitetas

Darbo tikslas: Sumazinti laivy varikliy kenksmingy iSmetamyjuy medZiagy
kieki i aplinka, modernizuojant dyzelinio variklio jpurSkimo sistema.

1. [vadas. Dyzeliniai varikliai dél savo paprastos konstrukcijos ir
eksploatacijos yra placiai paplitg transporte. Kai kuriose srityse pavyzdzui
sunkiajame transporte ir laivinikystéje jie sudaro apie 95%. Brangstant kurui,
padidéja ju eksploatacijos i§laidos ir todél yra pradéta ieskoti jam alternatyvy, bei
tobulinti varikliy konstrukcijas.

Pradedami vis dazniau naudoti pigesni alternatyviis kuro pakaitalai:
nevalytas dyzelinas ir tensidas, kurie naudojami dél zemos kainos rinkoje. Taciau
§is kuras labai terSia gamta. D¢l S$ios priezasties, S$ios rasies kuras
rekomenduojamas naudoti vietose, kur néra gyventojy ir neauginamos augalinés
kultdiros.

Kadangi laivy varikliy darbui yra naudojamas nevalytas dyzelinas, kuriame
daugiau anglies, nei valytame dyzeliniame kure, nuo 2000 mety IMO
(International Maritime Organisation) variklio darbui nustaté iSmetamo {
atmosfera CO ir NOy kieko apribojimus [1].

Pagal ISO 8217 (2005-11-01) standarta, nevalytas dyzelinas yra leidZiamas
naudoti laivininkystés transportui kaip dyzelino pakaitalas, taciau dél didelio
kiekio iSmetamyjuy kenksmingy medziagy | atmosfera Sis kuras yra privalomas
naudoti tik atviroje juroje [2].

Norint sumazinti oro tar$a yra naudojami kuro ir iSmetamyjy dujy filtrai.
Taip sumazinamos kietosios dalelés, iSmetamosios dujos 8-10%. Taciau tai néra
labai efektyvus budas dél nustatyto ES CO ir NOy limito. Todél ieskoma kity
techniniy ir technologiniy sprendimy, pavyzdziui modernizuoti ipurskimo sistema,
t.y. mechanini jpurskimo valdyma, pakei¢iant elektroniniu [3].

Taikant Sias technologijas galima sumazinti anglies viendegini (CO), azoto
oksidus (NOy), bei kietasias iSmetamasias daleles, kurios taip pat turi buti
ivertintos, mazinant oro uZter§tuma [4].

2. Ipurskimo sistemos modernizavimo tikslas ir realizacija. Siuo metu
labiausiai paplitgs yra mechaniskai valdomas laivy dyzeliniy varikliy kuro
ipurskimas t.y. kuro jpurskimo mechanizmas kinematiskai susietas su pagrindiniu
variklio velenu, ir kuras yra jpurSkiamas tik viena karta darbinio ciklo metu.
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Pakeitus kuro jpurSkimo sistemos valdyma elektroniniu galima lengviau
valdyti kuro jpurSkimo procesa, reguliuoti jo trukme, jpurSskimo momenta, bei
kuro {purskimo procesa skaidyti i kelias dalis.

Norint optimizuoti variklio darba yra batina istirti, suderinti ir sureguliuoti
kuro purkstuky darbo parametrus.

Toki procesa tirti variklyje praktiskai yra sudétinga. Tokiems tyrimams
reikalinga auksto slégio kuro ipurSkimo modeliavimo kamera, kurioje auksto
slégio aplinkoje per skaidrig pertvara galima buty stebéti kuro pasisiskirstymo ir
susimaiSymo procesa, ap$vietus lazeriu, bei procesa registruojant greitaveike
filmavimo kamera. Taip galima nustatyti slégio ir elektronikos sistemos
parametrus.

Taikant Sias technologijas variklyje, vienas kuro jpurskimas yra dalinamas {
kelis. Prailgéjus kuro degimo procesui, kurio metu kuras yra geriau sudeginamas,
taip beveik néra soudziy, maziau iSmetama anglies viendeginio, bei azoto oksiduy.

Ipurskiant kura vienu impulsu 1 pav. reikiamu momentu yra uztikrinamas
klasikinis dyzelinio variklio veikimas, ta¢iau variklio parametry reguliavimas
liecka minimalus. Sudegus kurui, didelés koncentracijos CO ir NOy dujy dalis
patenka i aplinka, kurios terSia gamta.
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1 pav. Vieno kuro jpurskimo technologija

Keiciant jpurskimo sistema ir prailginus ipurSkimo laika dviem ipurSkimais
2 pav., naudojant elektromagnetinus purkstukus su atskira auksto slégio talpa yra
prailginamas kuro degimas, variklio darbas yra tolygesnis, taip pat jpurskiant kura
dviem jpurSkimais po arba prie§ pagrindini kuro jpurSkima, vyksta cheminé
reakcija, taip dalinai yra sumazinamas CO arba NO, kiekis. Sis jpurskimo biidas
néra placCiai taikomas, nes sumazinus CO kieki padidéja azoto oksidy iSmetamasis
kiekis { aplinka.

Naudojant trijy jpur§kimy technologija 3 pav. ir prailginus jpur§kimo laika -
prailgéja degimo procesas, kurio metu geriau sudega suodziai. Taikant S§ia
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technologija, vykstant degimo procesui - vyksta kelios cheminés reakcijos.
Pagrindinis kuro jpurSkimas - degimo energijai iSgauti, o trumpi kuro jpurSkimai
mazina iSmetamyjy dujyu CO ir NOy kieki { atmosfera. Nes ipurSkus pries
pagrindinj ipurSkima atitinkama kuro kiekj i degimo kamera - variklio darbas
tampa tylesnis, bei vykstant cheminei reakcijai sumazéja CO kiekis. Antruoju
pagrindiniu jpur§kimu i$gauna degimo energija. Baigiantis degimo procesuli,
ipurSkiamas trumpas treciasis kuro ipurSkimas, kad sumazinti NOy kiekj. Taciau
taikant toki ipurSkima - greitai uzsiterSia iSmetamyjy duju vamzdZio
katalizatorius.
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2 pav. Dviejy kuro jpurskimy technologija
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3 pav. Trijy kuro ipurskimy technologija

Kad neuzsiterSty iSmetamyju dujuy katalizatorius naudojama 4 pav. keturiy
ipurskimy technologija. Sumontavus papildoma purkstuka iSmetamajame duju
vamzdyje, kur yra jpurSkiamas atitinkamas kuro kiekis, nes besibaigian¢iam
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degimo procesui yra reikalingi keli cheminiai elementai katalizatoriui valyti, todél
galima naudoti paprastesnius ir pigesnius kenksmingy iSmetamyjy dujy filtrus.
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4 pav. Keturiy kuro ipurskimy technologija

I$vados
1. Modernizuota dyzelinio variklio kuro ipur§kimo sistema.
2. Pasitlyta galibybé sumazinti variklio kainas auksto slégio siurbliuka, kuris
yra brangiausia variklio detalé, pakei¢iant individualiais purkstukais.
UZztikrinamas tolygesnis variklio darbas bei pigesné jo eksploatacija.
4. NeuzsiterSia greitai iSmetamyju dujy vamzdzio katalizatorius bei naudojami
paprastesni ir pigesni iSmetamyjy dujy filtrai.

w
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DESIGN OF MANIPULATOR WITH TWO DEGREES OF
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Introduction. In this paper the design of manipulator with two degrees of
freedom, run by two stepping motors, is proposed.. While it has two axes that are
actually in use, the construction is calculated as for three axis manipulator. The
third link is present only in calculations, as part of manipulators link’s mass,
leaving it as a feasible possibility for further device’s improvement.

The applications of similar industrial manipulators span over most of
industries: food, car, industrial vehicles, chemistry, building, electro-mechanics,
wood, mechanics, textile, medicine and many others. This manipulator would be
best fit to use with conveyor systems, consisting of one or two conveyors carrying
low mass objects, with certain shape futures.

1. Prototype design. In sense of construction and operation principles
prototype design is similar to SCARA type robot design which is built with 2
parallel rotary joints, Joint 1 and Joint 2, (Fig. 1) to provide compliance in a plane,
work in the XY-plane and have Z-movement, Joint 3 (Fig. 1).

Toint 1
4

:-"" - Joint 2

| Joint 3

End Effector|,

. Base
Fig.1 SCARA type robot brincipal construction [1]
Advantages of presented prototype design compared to serial SCARA robots

are simple design, inexpensive constructional elements, inexpensive and simple
control elements, simple control [1].
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2. Prototype working area. In the presented work values of manipulator
dimensions, directly influencing area of workspace (lengths of links, overall
length of arm, bending angle between links, maximum turn angle of whole arm,
maximum turn angle of whole arm), were assigned.

Afterwards lengths of links were assigned after analyzing data on existing
serial SCARA robots of various manufacturers (Toshiba machine, Kuka, Adept,
Yamaha, Epson and others). The working area drawing (Fig. 2) was drawn using
AutoCAD 2007 program and subsequently available area of 0.94 m? was
calculated.

=

Fig.2 Prototype working-area

3. Prototype mass. Having necessary initial dimensions defining prototype
size (in horizontal plane), limited edition aluminium profiles (MB Building Kit
System profiles), were selected as construction material. After all the necessary
elements were selected mass calculations were done. Some elements masses
where determined by weighing them. Overall mass includes mass values of
elements which directly influence performance of the prototype’s arm. The
calculated value was m=1.314 kg. The mass of the arm was calculated including
the maximum allowable mass of transferred object (which was set in accordance
to the possible mass of an object (-s) to be used with a transferring unit).

4. Dynamics and kinematics. Designing of prototype included a brief study
on manipulators’ dynamics. While the forward dynamics problem is concerned
with computing the joint accelerations given the actuator forces and torques [2],
the Inverse dynamics is used to compute the associated moments (joint torques)
that lead to that movement, under a special set of assumptions (given the joint
positions, velocities, and accelerations).
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Fig.3 Representation of Forward and Inverse dynamics relation [3]

Because of grate complexity involved in the Forward or Inverse dynamics
theory and direct practical application, neither of these methods were applied
directly, but rather taken the basic of the concepts and evaluated based on the
situation. Theoretical velocity and acceleration calculations were made to
evaluate prototype dynamics.

For evaluation of manipulator’s dynamics moments of inertia of separate
components were calculated when arm was in straight and at maximum bent-
angle positions.

General expression for moment of inertia is

J=ml?, 1)

where m is mass of an object in kg and | is the (perpendicular) distance of the
point mass to the axis of rotation in m.

Moments of inertia of straight and bent arm were calculated using principle
of additively [4] represented by formula

JZZZinzl‘]zi' (2)

where J,; is moment of inertia of i-th body and J;, is calculated using Heigens and
Steiner theorem (theorem of parallel axis)

J, =, +ml?, 3)

where J; is moment of inertia of a body with mass m with respect to the axis
going through the centre of mass of that body and [ is perpendicular distance
from centre of mass of a body axis to the parallel shaft 3 (axis of moment of
inertia for arm as a system).
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Afterwards motor starting min and max velocity at minimum and maximum
pull in frequency , maximum and minimum frequency at which motor can be
started, were calculated to evaluate angular acceleration

Formula for angular acceleration

a=—", 4

where w, is nominal velocity and ty; is angular acceleration.

From obtained results, change in overall moment of inertia or arm was
evident. Thus it implies that prototype will perform faster at lesser angle between
links.

Considering kinematics in robotics a combination of forward and inverse
kinematics was used in making up the control code for controlling the work of
prototype arm.

5. Prototype assembly. Before assembly necessary electrical elements were
selected; hybrid stepper motors [Model 23HS2_] were selected as a driving unit
for both links. Fully Sealed Container Cermet Potentiometer enabled to track the
exact position (rotated angle produces definite voltage output change) of
manipulators “arm” and was monitored on the PC display. Other essential
elements were: position (resistance) to voltage converter microchip, dual full-
bridge stepper motor driver and ATmegal6 microcontroller.

Fig.5 Prototype of manipulator: 1- hybrid stepper motors [Model 23HS2], 2-
first link, 3- second link, 4- fully sealed container cermet potentiometer, 5-
position (resistance) to voltage converter microchip
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Having selected all necessary components for prototypes assembly, and
having drawn working drawings prototype was assembled (Fig. 5).

6. Prototype control. The control algorithm for stepper motor is realized in
such a way, that would need four parameters describing a speed profile, shown in
Figure 6 (the motor is given impulses for one of the parameters until timer check
(every 4 microseconds) verifies that destined position/number of impulses is
reached). It starts at zero speed and accelerates up to the given speed.
Subsequently the speed is held constant until deceleration starts. Finally the motor
decelerates to zero speed. The distance for acceleration, working speed and
deceleration was expressed in impulses (Fig.6).

wi

L[| N

aceel Real decel
I \acceleration

v

*muﬂse )*_’ !

step

Fig.6 Speed profile

User interface allows control of acceleration, working velocity, deceleration
and travelled distance independently, making it convenient and flexible to
perform optimization of four working parameters. Using potentiometer position’s
monitoring program Docklight V 1.7 was possible to monitor the effect of
changes of four parameters to the stability of end-stopping position of arm,
having precise position value (change in potentiometer resistance converted to
binary or decimal code) in the monitoring program window.

Conclusions

1. In presented work the prototype of a manipulator of 2 degrees of freedom
was designed according to working principle and construction characteristics
similar to SCARA type with the purpose for continuous repeated motion
with possibility to extend operation to “pick-and-place”.

2. Prototype was designed to be assembled from limited set of constructional
elements, which made the construction light and easy to assemble.

3. All components, electrical and mechanical parts, were selected so they
would be compatible one with another and allow the prototype to perform
defined continuous repeated motion.
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4. Manipulator’s dynamics and kinematics, related to robotic arm dynamics
and kinematics, were used to evaluate manipulators performance and control
possibilities. Machine was assembled and tested for functionality.
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Summary

The two degrees of freedom manipulator was designed. In sense of
construction and operation principles prototype design is similar to SCARA type
robot design. Hybrid stepper motors [Model 23HS2_] were selected as driving
units for both links. The control algorithm for stepper motor is realized in such a
way that would need four parameters describing a speed profile. User interface
allows control of acceleration, working velocity, deceleration and travelled
distance independently, making it convenient and flexible to perform
optimization of four working parameters.
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THRESHOLD METHODS IN THE VISUAL TRACKING OF
CONTRAST OBJECTS

Yulia PODOGOVA
National Aviation University, Ukraine

Assoc. Prof., Ph. D. Maryna MUKHINA
National Aviation University, Ukraine

The visual tracking of contrast objects has various applications, starting
from the robotic manipulation and landmark navigation and finishing by
military purposes like guidance. The visual tracking may vary up to the way of
tracking object detection: either it is set apriori (e.g. by operator) or must be
found by searching the matching with some templates.

But once the object is detected the visual tracking itself starts. It includes
the continuous locating of the selected object at the image.

Problem statement. The tracked object is supposed to set by the operator
as one of point that belongs to the object. The first problem is to detect all
pixels of object Z = {p1, pP,, ... Pn} and construct the object model for further
tracking. The next stage is to detect all objects on the video frames and identify
the object with characteristics that do not sufficiently differ from the object
characteristics on the previous frame.

The video consisting of frames 390x240 pixels is presented in the
grayscale, fps is 25. Let’s assume that for the very first frames the point that
belongs to the object is given by the human operator.

The following constraints will be applied:

- the object proportions are not greater than 48x48 px;

- the object proportions are not less than 4x4 px;

- the object contrast is not less than 5% from the background intensity;
- the maximal speed of object center is not over 8 px/frame.

The methods of binarization will be considered. The efficiency of
threshold methods will be appreciate by criterion of calculation time of each
method will be compared.

Review of approaches. For solving this problem there is a variety of
methods possible for use. They include:

- Entropy-based thresholding algorithms [4], which compute the entropy of
the foreground-background regions and the cross entropy between the
original and binarized images.

- Otsu’s threshold method [2], which minimizes (maximizes) the weighted
sum of intra-class variances (inter-class scatter) of the foreground and
background pixels to establish an optimum threshold.
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The optimal threshold is the one that maximizes the between-class
variance (or, conversely, minimizes the within-class variance).

Results of both methods are binary images, which give the pixels of object
color and pixels of background color.

Solutions

I. Entropy method.

According to Shannon’s 2nd theorem [3] if the event i occurs from a set of
valid events, with the probability pi the amount of uncertainty related to the
event is equal to:

Hi = —log2 (pi)(bits / Symbol) 1)

And also the amount of the uncertainty that the source of the events
generates is equal to:

(log ())()2Hppbitsii=-% @)

From equation (2) it can be seen that the highest amount of uncertainty
from an information source is realized when the output symbols of the source
are equally probable.

The idea behind local entropy method is to divide the processed image into
separate regions and then to analyze each region separately as information
source. The amount of entropy calculated for each region gives an overview
about the level of correlation between individual blocks (bits) in the selected
region.

II. Otsu’s method.

Otsu applies clustering analysis to the gray level data of the input mage.
The method models two clusters of Gaussian distribution of the pixels, one for
background and the other for foreground regions. The optimal threshold value
is found by minimizing the weighted sum of within-class variance of the two
classes of pixels.

Otsu’s thresholding method is based on selecting the lowest point between
two classes (peaks).

- between-classes variance (b2 ):

The variation of the mean values for each class from the overall intensity

mean of all pixels:

2= a0 (10 - pt) 2+ wl(pl - 1t) 2,

Substituting gt = @0 0 + @lxd, we get:
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b2 = w0 wl(pl - 10)2

o0, wl, 10, 41 stands for the frequencies and mean values of two classes,
respectively.
Threshold method was performed. So we get such results (Fig.1).

b) - 0)
Fig.1: a) Initial frame; b) Otsu’s method; ¢) Entropy method.

Besides this for initial frame was impose a Multiplicative noise with
variance 0.08. Results are represented on the Fig.2 and Table 1.

Fig.2: a) Frame with Multiplicative noise, with variance 0.08; b) Otsu’s
method; ¢) Entropy method.

Table 1
Time of thresholding
with noise, sec.
Otsu’s method 30 73
Entropy method 55 102

Threshold method Time of thresholding, sec.

Conclusions. The different in quality and contrast video files were analyzed
and processed according to the given algorithm that was realized in MATLAB
2007a software. Comparing results of the calculation time we can see that the
Otsu’s thresholding method is more quick, efficient and accurate.
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Aim and review. Nanoelectromechanical systems or NEMS are similar to
Microelectromechanical systems (MEMS) but smaller. They hold promise to
improve abilities to measure small displacements and forces at a molecular scale,
and are related to nanotechnology and nanomechanics [1]. Design and
development of micro/nanoelectromechanical systems (MEMS/NEMS) requires
non-adhesive surfaces. Biomimetic surfaces that utilize the lotus-effect
(roughness-induced superhydrophobicity and self-cleaning) can satisfy this need.
A rough superhydrophobic surface is usually made of or covered by a
hydrophobic material (such as, for example, wax or teflon) and has roughness
with a typical detail size ranging from one micron to dozens of microns.
Hydrophobicity is characterized by the contact angle (CA) that water forms with
a solid surface. Due to the roughness, the hydrophobic properties magnify,
according to the Wenzel model, from the original contact angle, h,, to
cosf = R cosf,, where Ry is the roughness factor equal to the ratio of the solid—
liquid contact area to its flat projection; thus R¢ > 1. Superhydrophobic surfaces
have a very high CA in the range from 150° to 180° [2].

Assamble mask

Deposit
metal

LEVERLELER

~50 nm metal —._ =200 nm meta
_ew 0000 = THiiie

Triangular nanoparticles Remove mask Fim over nanosphere

Fig. 1. Nanosphere lithographic fabrication of nanoparticle arrays and film
over nanosphere surfaces.
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Nanosphere lithographic techniques are easily used, yet surprisingly
versatile and powerful tools for the design of nanoscale materials with size and
shape tunable optical properties. The fabrication of arrays of triangular
nanoparticles in the interstices between the elements of the nanosphere deposition
mask and formation of metal film over nanosphere (MFON) structures by
deposition of metal that completely covers the mask are the two most direct NSL
procedures, and are shown in Fig. 1 [2].

Schematic illustrations of the procedure for fabricating moulds of
nanoimprinting by NSL present in Fig 2. (a) arrangement of hexagonal closely
packed PS spheres on a SiO, film deposited by PECVD on a glass substrate as
template; (b) thinning the template by reactive ion etching (RIE) with oxygen; (c)
etching the SiO, film through the PS sphere arrays to form SiO, nanoplates which
serves as a mould for nanoimprinting; and (d) removing the PS template [3].

000000009

Fig. 2 Schematic illustrations of the procedure for fabricating moulds of
nanoimprinting by NSL

The aim of this work is to use nanosphere lithography technology for
fabrication of hydrophobic surface to produce of NEMS.

Investigation

A. Pretreatment of Substrates

The silicon (100) substrate (10x10 mm) with a resistivity of 2000 Q/cm (p-
type) was pretreated in a “piranha” solution (70% concentrated H,SO,4: 30%
H,0,) for 1 h (caution: piranha solution reacts violently with organic chemicals).

B. Preparation of PS Sphere Template
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Solute PS nanospheres (polystyrene latex) in water, diameter of 750nm,
weight concentration 2,5%, dripped and dried in normal atmosphere conditions.

C. Formation of Ag or Ni Dot Pattern

Pure Ag or Ni film was deposited onto the PS sphere template substrate with
an electron beam evaporator system (Cubivap) at a pressure of around 5x10°® Torr.
The thickness of the deposited Ag or Ni film was controlled by the deposition
time at a constant evaporation rate of 0,5 nm/s. Finally, the PS sphere template
was removed by dimethylphormamide for 120 s. As a result, a triangle Ag or Ni
dot array pattern was obtained. Afterwards, the samples were imaged using an
atomic force microscope NT-206 and Hitachi S-4800 field emission scanning
electron microscope [4].

Results. Before assemble nanospheres was counted what quantity
nanosphere water solution we need, that they would cover crystal Si plate surface
with monolayer. Quantity counted for 1x1 cm? area Si base [5]. Counted quantity
equal 1,9 pul. Results given in Table 1.

Table 1

Results for covering whole area with monolayer
Plate length (um) 10000
Plate width (um) 10000
Sphere diameter d (um) 0.75
Sphere radius r (um) 0.375
Number of spheres in 1 mi 1.07842E+11
Number of spheres in line 13333.33
Number of sphere lines 15395
Number of spheres in whole area 205253838
Quantity (ml) needed to cover whole area with monolayer | 0.00190328

Nanosphere spreads on surface possible modify chemically using chemical
materials like sulphate. During research 750 nm diameter PS nanosphere water
solution was modified with natrium dedocyl sulphate solution and that improved
PS monolayer on Si surface structure orderliness Fig. 3.

On first experiment was used 10% natrium dedocyl sulphate solution. As we
can see on Fig. 4, a there are a lot of natrium dedocyl leftovers. According to this
in later experiments we used 1% solution and results in Fig. 4, b.

On surface modified with nanospheres was deposit 50 nm Ag (Fig.4b) and
20 nm Ni layer (Fig. 5).
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a) b)

Fig. 3 Chemically modified natrium dedocyl sulphate solution PS
nanosphere; a) -using 10% natrium dedocyl sulphate solution b) - using 1%
natrium dedocyl sulphate solution.

Y — - b)#
Fig. 4 a) - Si surface modified with PS nanospheres; b) — PS nanospheres
modified with Ag (50 nm)

4.9un x S.0wn
A = 100.9 mo
Ra = 12.6 mm; Rq = 15.5 mm

X, um

Fig. 5 PS Nanospheres modified Ni (20 nm)

After PS nanospheres covered Ag or Ni layer shapes hexagon nanospheres.
For NS removing (liftoff) we use organic solution (dimethylphormamide).
Expecting result was to get controllable dimension nanostructures (Fig. 6).

Si plate with PS sphere monolayer was etched in SFg plasma. As we can see
in Fig. 7, a first experiments was not successful. According to this next
experiment before reactive ionic etching, plate with PS sphere layer was kept for
2 min. in O, plasma and after etched in inductive plasma CF,. In Fig. 7, b we can
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see results after keeping in O, plasma — on some places there is opened Si that
means that spheres became smaller. In Fig. 7, ¢ we can see successful Si etching.

a)
Fig. 7 Dry Si etching, using PS spheres; a — etched in SFgplasma; b — view
after keeping for 2 min in O, plasma; ¢ — Kept in O, plasma and eched in
induced plasma CF,

b)

c)

We rated modified with nanospheres Si surface hidrofobic features ( contact
angle measurement ). Results given in Table 2.

Table 2
Modified Si surface contact angle measurement
Surface si After Modified with | Modified with | After etching
,piranha‘“ sulphate PS spheres |in plasma CF,
Angle,° | 47 2 2 86 98

Conclusions. The surface of Si crystalline wafer was modified by means of
nanospehere lithography. Si (100) wafers were used, that were covered with
0,75 um diametre PS nanospheres. Methods of nanosphere application (with
chemically unmodiefied nanospheres and nanospheres modified with natrium
dedocyl sulfate) were experimented and results obtained by Scanning Electron
and Atomic force Microscopy were presented.
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It was used two tipes of metal films Ag and Ni, done experiments for

nanospheres eliminating and metal nanostructure formation. Expecting results
Fig. 6. Experiments still in progress.

After measuring contact angle was rated hidrofobic features (Table 2).
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Summary
Nanosphere lithography was researched for nanoelectromechanical system

technology development in order to get hydrophobic surface.
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Darbo tikslas. Sumodeliuoti ir sukurti prietaisa, skirta aptikti vabzdziams ir
ju lervoms esantiems griido branduolyje. [taisas turi gebéti atpazinti vabzdzius ir
vabzdziy lervas jvairiose gyvavimo stadijose. Prietaisas turi buiti praktiskas, kad ji
buty galima naudoti bet kuriuo transportavimo ar saugojimo metu, nenaudojant
papildomy, sudétingy laboratoriniy prietaisy. Sukurtas prietaisas turés gebéti
greitai, tiksliai nustatyti uzkrata.

1.Teoriné dalis. Laikant saugyklose ar transportuojant laivais bei masinomis,
griduose gali atsirasti kenkéjy uzkrato zidiniy, kurie nenaikinant ir
nekontroliuojant gali sumazinti griiddy kokybg ir itakoti prekés vertg. Todél svarbu
aptikti  kenkéju uzkratus ir nustatyti juy i$sivystymo lygi saugojimo ar
transportavimo  laikotarpiu, kad bty galima imtis veiksmy uzkrato
kontroliavimui ar sunaikinimui. Kadangi kenkéjai vystosi ir gyvena griido
branduolyje, uzkrato nustatymas tampa sudétingu. Negalima naudoti tyrimy
metody, kurie trunka ilgai, nes svarbu informacija gauti duotuoju metu.
Transportuojant sudétinga naudoti tinkamus laboratorinius prietaisus ar iranga,
kuri yra brangi ir jautri aplinkos poveikiui. UZkrato nustatymas saugojimo ir
transportavimo laikotarpiu turi biiti nustatomas greitai, paprastai ir tiksliai.

2.Tyrimai. Javy slaptaji uzkréstuma nustatyti taikomi jvairiis metodai.

Pamatinis metodo tikslas - suskaiCiuoti visus skirtingy rusiy vabzdzius
(ivairiy vystymosi stadiju), santykini drégnuma ir temperatiira. Imamas éminys,
kuris iSlaikomas tiek, kad kuo didesnis skaifius parazity, esanciu jame,
i$sivystyty iki suaugusiyjy vabzdziy. Pastarieji atskiriami ir nustatoma ju raisis bei
yra suskaiciuojami, kad nustatytume pradinj parazity kieki [1].

Ninhidrido metodas taikomas istirti bet kokius sausus griidus. Kiau$inéliy ir
jauny lervy skaidius gali buti nevisiSkai tikslus, bet metodas yra toks pat
efektyvus kaip ir kiti. Tiriamoji grudy dalis, i§ kurios pasalinti matomi gyvi
vabzdziai, yra susmulkinama ant ninhidridu iSmirkyto balto popieriaus. Vabzdziy
kiino skys¢iy amino rugstys, iSsiskyr¢ smulkinimo metu, reaguoja su ninhidrinu,
palikdamas purpurines spalvos démes [1].

Floatacijos metodas taikomas nepazeistiems gridams. Tyrimo metu
nustatomas ne vabzdziy skaiCius, bet rusis. Metodas pagristas tuo, kad slaptasis
uzkréstumas mazina gridy mase. Tyrimas vykdomas i tirpala panardinant sveiky
ir pazeisty gridu miSinius. Nepazeisti grudai skesta, o pazeisti pluduriuoja
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pavirSiuje. Rezultatai néra tiksliis, nes griidai, kurivose yra ankstyvyjy stadiju
lervy, gali skesti, o nepazeisti - dél ertmiy ar esanciy luobeliy — i8kilti [1].

Akustinis metodas taikomas gyviems suaugusiems ir lervy stadijos
parazitams griido viduje nustatyti. Uzkréstumas vabzdziais nustatomas pagal
perduoto triuk§mo lygi. Siuo metodu negalima nustatyti zuvusiy lervy, vabzdziu,
gyvy léliukiy, kadangi jos nesimaitina, bei kiauSinéliy [1].

Rentgeno metodas taikomas viduje esantiems tiek gyviems, tiek zuvusiems
parazitams nustatyti. Sunkiai atskiriami neseniai zuve kenkéjai nuo vis dar gyvu.
Tyrimas vykdomas paskleidziant éminio griidus vieno griido storio sluoksniu tarp
rentgeno aparato ir rentgeno plévelés. Silpnai ap$vitinus iSrySkintoje pléveléje
matoma, ar griduose yra vabzdziy [1].

ISsiskyrusio anglies dioksido nustatymo metodas remiasi reiskiniu, jog
vabzdziai kvépuoja ir iSskiria anglies dioksida. Sausy griidy medziagy apykaitos
reakciju greitis yra labai mazas, tod¢él sandariai laikomame griidy éminyje
padidéjegs anglies dioksido kiekis rodo gridy uzkréstumo pozymi. Anglies
dioksido i$siskyrimas sausuose griduose gali buti jy uzkréstumo pozymiu

ISanalizavus zinomus uzkrato nustatymo metodus, sudaryta Lentelé 1 pagal
kokybinius rodiklius. IS Lentelés 1 matome, jog akustinis metodas yra optimalus
pagal kokybés kriterijus.

Lentelé 1
Tyrimo metody kokybiniai kriterijai
Kokybés kriterijus
= E <
[%2] [ Y 7 I N ] K D o
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SS|IEEE|l=5| = 2. S g ol>59
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PF|IRZ| > PE|>»gE X2 5|e88
0Bl S| EB|z88 T2 E|838 L
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= < % % c 22 S| =
Pamatinis - + + + + + +
Anglies dioksido + + + - - - -
§ nustatymo
% Ninhidrido + - - - - + T
= | Flotacijos + - - - - T T
Akustinis + + + + + - +
Rentgeno + + - + + - +

3.Rezultatai. Remiantis akustinio uzkrato tyrimo metodu, prietaisa sudarys:
indas, i kurj talpiname émini, virpesiy jutiklis, imtuvas (1 pav.). Projektuojamas
prietaisas bus sudarytas i§ korpuso, membranos, piezo elemento ir dangtelio.
[taisas jungsis prie signalo stiprintuvo, kuris, esant butinumui, sustiprins analoginj
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signala. Signalas bus toliau analizuojamas, bei jraSomas | laikmena. Tai padés
nustatyti uzkrato i$sivystymo lygio priklausomybg¢ nuo i8¢jimo signalo.

Korpusas sudarytas i§ bronzinio cilindro, kurio virSutingje dalyje yra sriegis,
skirtas uzsukti apsaugini dangteli. Dangtelis apsaugo émini nuo iSorinio poveikio
bei triuk§mo. Korpuse yra jtaisyta plona metaliné elastinga membrana. Ant
membranos priklijuojamas skritulio formos piezo elementas, kuris atlieka jutiklio
funkcijo. Prie piezo elemento prijungti laidai jungiami { imtuva.

Piezo Dantelis
elementas
4
2
Membrana —//’ Korpusas
Laidai

1 pav. Prietaiso schema

Siame darbe kaip daviklis bus naudojamas piezo jutiklis. Toks jutiklis
pasirinktas todél, kad piezo medziagy naudojimas yra sparciausiai tobuléjanti
sritis. Paskutiniu metu labiausiai paplitusios ir paZangiausios yra metalo oksido
pagrindu pagamintos piezokeramikos. Jos yra fiziskai tvirtos, chemiskai ir
temperatiiriSkai  atsparios, nesunkiai apdirbamos. Mechanizmy su piezo
medziagomis veikimas yra preciziskas, naudojantis ne daug energijos, patikimas
ir ilgaamzis. Tyrimo metu nustatyta, jog parinktas bronzinis korpusas ji lieciant
sukelia didelius triuk§Smus. Rekomenduotina korpusa daryti i§ izoliacinés
medziagos, pavyzdziui plastmasés. Bandinio prototipui galima pritaikyti
dazninius filtrus ir analizuoti gaunamus signalus tik tam tikrame diapazone.

Pradiniai bandymai parodé, jog prietaiso veikimo principas parinktas
tinkamai, piezo elementas reaguoja i virpesius ir generuoja analoginj signala.
Tolimesniuose tyrimuose bus stengiamasi sumazinti esamus triukSmus, bei tirti
griidy bandinius, jog nustatyti iSeinamo signalo priklausomybe¢ nuo generuojamuy
virpesiu.

I§vados

1. Straipsnyje supazindinama su griidy uzkréstumo buklés nustatymo metodais,
ju privalumais ir triikumais.

2. Taip pat pateikiamas vienas i§ daugelio nagrinéty ir priimtiny biidy nustatyti
grudy uzkréstuma parazitais.

3. Pateiktas projektuojamo prietaiso prototipas, skirtas gridy kokybés tyrimui,
kurio veikimas paremtas akustiniu metodu.
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4.

Prietaisas leis nustatyti priklausomybg tarp i$¢jimo signalo ir kenkéjy
keliamy virpesiy, atskiriant griidus.
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Reziumé
Straipsnyje apzvelgiami griidy uzkrésty parazitais nustatymo metodai.

ISanalizavus privalumus ir trikumus sitilomas prietaiso prototipas, kurio veikimo
principas paremtas akustiniu tyrimo metodu. Pateiktas prietaiso konstrukcijos
prototipas. Analizuojami pradiniai tyrimai atlikti su prietaiso prototipu.
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Darbo tikslas: Sprendziant ilgio kalibravimo problemas, keliami Sie
uzdaviniai: augantys tikslumo poreikiai; ribinés ilgio kalibravimo neapibrézties
sumazinimo galimybés; praktinés briksniniy maty kalibravimo tikslumo ribos;
ilgio kalibravimo poreikiai Lietuvoje; jterptiné metrologija.

Linijiniy skaliy kalibravimo sistema. XKuriant precizines masinas,
sudarancias aukstyjy technologijy techning baze, esminé sickiama naujos sistemos
savybé yra jos tikslumas. Sparti technologiju pazanga kelia vis aukStesnius
tikslumo, nasumo ir kitus reikalavimus precizinéms mechatroninéms sistemoms,
tuo paciu skatindama kurti kokybiskai naujas ir tobulinti esamas masinas ir
prietaisus. Taciau reikia nemaZai moksliniy tyrimy ir techniniy inovacijy tam, kad,
atliepiant mokslo ir technologiju pazanga, biitu sukurtos kokybiskai naujos
sistemos, gebancios derinti priestaringus tikslumo ir na§umo reikalavimus darbo
aplinkoje, artimoje gamybinei.

llgio ir geometriniy dydziy metrologijos galimybiy riba priklauso nuo
teoriSkai ir praktiSkai pasiekiamy matavimo neapibréz¢iy, o taip pat nuo
matavimo laboratorijy galimybiy atliepti sparciai didéjancius ilgio kalibravimo
poreikius. Vis tikslesnio ilgio kalibravimo sieki skatina nuolat mazéjancios
tolerancijos (ypa¢ mikro- ir nanotechnologijy srityje) [1], o taip pat moksliné
tendencija istirti Sias galimybiy ribas, atliekant fizikiniy dydziy matavimus.

Ribine 1ilgio matavimo neapibrézti itakoja laiko vieneto (sekundés) ir
temperatiiros vieneto (kelvino) praktinio realizavimo galimybés. Ilgis, kaip
pagrindinis SI vienetas, apibréztas per Sviesos greiti vakuume ir laiko intervala.
Todél ilgio matavimo neapibréztis susijusi su sekundés realizavimo neapibréztimi,
kuri §iuo metu yra 1,5 x10™ eilés dydis [2].

Pagal tarptautin susitarima atraminé ilgio matavimo temperatiira yra 20 °C.
Todél tikslumas, kuriuo galima igyvendint ITS-90 skale, esant 20 °C temperatiirai,
nusako kitg pirminio etalono salygojama ilgio matavimo neapibrézties apribojima.
Siuo metu 20 °C matavimo kartojimasis yra 0,0001 K eilés dydis.

Praktines ilgio kalibravimo tikslumo ribas nusako interferenciniy matavimo
metody galimybeés. Optiniy bangy interferometrijos, kuri, esméje, sudaro prakting
SI ilgio vieneto baze, galimybes riboja spindulio sklidimo terpés, dazniausia oro,
luzio koeficiento (refrakcijos indekso) kitimas [3].
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Tyrimai ir rezultatai. Tiriamoje ilgio matavimo sistemoje naudojamas
dinaminis kalibravimo rezimas, t. y. matavimai atlickami mikroskopui judant.
Mikroskopo Kkarietélés perslinkimui iSilgai kalibruojamos skalés, naudojama
elektromechaniné frikciné pavara. Si pavara darbo metu sukelia virpesius, dél
kuriy atsiranda linijos detektavimo paklaidos. Kad palyginti mikroskopo virpesius,
karietéle perstumiant frikcine pavara ir karietélei judant laisvai, buvo atlikti
mikroskopo virpesiy matavimai panaudojant seisminius akselerometrus. Gauti
rezultatai rodo, kad sukeliamy virpesiy amplitudé esant karietélés judesio greiéiui
4 mm/s siekia 2pum.

Bandymais nustatyta kad Sie virpesiai atsiranda dél sausosios trinties
pavaroje. Sausaja trinti pasalinus virpesiy amplitudé sumazéja iki 10 karty.

Todél norint sumazinti pavaros jtaka kalibravimo sistemos darbo tikslumui
pirmiausia reikia eliminuoti sausosios trinties itaka. Tam tikslui gerai tinka
elektromagnetinés pavaros, uztikrinancios rysi tarp saveikaujanciy (judanciy)
daliy be trinties (panaudojant magnetinio lauko sukuriamas jégas).

ISnagrinéjus ir palyginus linijinio judesio pavary savybes buvo pasirinktas
linijinis elektromagnetis variklis gaminamas firmos ETEL.

ETEL linijiniai varikliai [3] su feromagnetine Serdimi (zymimi raidémis
LMA, LMC, LMG ir LMP) susideda i$ dviejy daliy: apvijos su feromagnetine
Serdimi ir magnetinio takelio (1 pav.). Magnetini takeli sudaro daug nuolatiniy
boro-neodimo-gelezies magnety, priklijuoty prie plieninés plokstés. Vir$ ju juda
feromagnetiné Serdis su apvijomis.

Jie apsaugoti nuo korozijos epoksidinés dervos danga. Jie neturi kreipiamuju
ir poslinkio keitliy. Apvijos suvyniotos ant plieninés Serdies laksty, juy iSvadai
iSvesti | iSor¢. Yra gaminamos konstrukcijos ir su vandeniu auSinamomis
apvijomis.

Kabelis

a\

Magnetolaidis

MagnelolaidisA

Apvijos

Plokste 7 ™= Apvijos
Mégﬂ,/ Magnetai e

1 pav. Variklis su serdimi 2 pav. Variklis be feromagnetinés Serdies

Varikliai be feromagnetinés Serdies (Zymimi raidémis ILF ir ILM) yra
panasios konstrukcijos (2 pav.), bet ju apviju dalyje néra feromagnetiniy detaliy.
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Juda tik ploks¢ia magnetolaidzio plokste. Sio tipo varikliu kai kurios
konstrukcijos numato auSinima suspaustu oru. Jie pasiZymi tuo, kad juose tarp
apvijuy ir magnety néra traukos jégy. Si savybé ypac svarbi kalibravimo sistemos
atveju.

Linijinj elektromagnetini varikli be feromagnetinés $erdies galima panaudoti

dviem budais:

pakeisti standzia jungti minétu varikliu tarp tiksliosios ir jéginés karietéliy
palickant esama frikcing elektromechaning pavara;
esama pavarg pakeisti linijiniu elektromagnetiniu varikliu.

Interferometras \. 1

Mikroskopas e = ILF-03
ooy /
1

L

Lazeris Tikslioji | | Jéginé ILF-03
karételé karételé
L |

----------- /------ -----x-- Karieteles = = = =
Retroreflektorius Rl ‘"\ pavara

r
1 1
1 A 1
1 [ ‘\\ ‘ ' ’,’ |
| Talpinis T :
1 keitlys 1
I D-015 !
i — IR |
Interferometro Variklio —
valdiklis valdiklis
ZMI1 2001 PMAC

3 pav. Modernizuotos sistemos schema
Abu Sie budai pavaizduoti 3 pav. modernizuotos sistemos schemoje.

ISvados

Mokslo ir technikos pazanga preciziniy mechatroniniy sistemy komponenty
(optoelektroniniy, skai¢iavimo technikos, valdikliy, valdomy judesiy sistemuy,
lazerinés technikos) srityje jgalina sukurti kokybiskai naujas ir patobulinti
esamas sistemas.

Tokiy sistemy tobulinimas turi bati grindZiamas iSsamiais tyrimais ir
sisteminiu poziiiriu { mechatroniniy sistemy projektavima.

I$nagrinéjus nepibrézties sandarg ir atlikus sandy tyrimus nustatyta, kad
lazerinio interferometrinio linijiniy skaliy komparatoriaus, dirbancio
dinaminiame rezime, pasikartojamumo paklaida jtakoja seisminiai Zadinimai
ir frikcinés pavaros sukeliami virpesiai.

Siems virpesiams eliminuoti siiloma vietoje standZios jungties tarp jéginés
ir tiksliosios karietés panaudoti elektromagneting jungti, arba vietoje
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frikcinés pavaros panaudoti linijinj elektros variklji. Tai jgalinty sumazinti
pavaros virpesiy sukeliamas paklaidas apie 10 kartuy.
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MEMS STRUKTURU DINAMINIU SAVYBIU BANDYMAI
TAIKANT HOLOGRAFINE INTERFEROMETRIJA

Edvardas SADAUSKAS

Mechanikos studiju programa, Kauno technologijos universitetas

Darbo tikslas. Pastaraji deSimtmeti MEMS technologijos spar¢iai skverbiasi
i daugeli technikos sri¢iy tokiy kaip: telekomunikacijy, kompiuterinés
technologijos, vaizdo apdorojimo technika, navigacija, robototechnika, medicina
ir kt. Todél Siy sistemy patikimumo didinimas ir veikimo kokybés gerinimas yra
aktuali Siandienos problema.

MEMS’y kiirimo proceso metu, kad uztikrinti didesni sistemos patikimuma,
nustatyti procesus vykstancius veikianCiose sistemose yra atliekami statiniy
savybiy bandymai, dinaminiy savybiy bandymai, aplinkos itakos poveikio
parametrams bandymai, medziagy savybiy bandymai, patikimumo bandymai it kt.

D¢l mechaniniy komponenty buvimo MEMS ypa¢ didelg reik§me turi
atskiry komponenty poslinkiy/deformacijy matavimai. Jiems atlikti naudojami
ivairiis nesalytinio matavimo metodai tokie kaip lazerinis doplerinis vibrometras
ar holografinés interferometrijos metodas. Kaip viena i§ nebrangiy ir santykinai
paprasty btidu poslinkiy/deformaciju matavimui ir noréiau isskirti pastaraji.
Toliau aptarsiu §io metodo esmg, galimybes privalumus bei trikumus,
pritaikysime metoda praktikoje matuojant pjezokeraminés plokstelés virpesiy
amplitudg.

Hologramos sudarymo principas. Suvidurkinimo laike holograma galima
sudaryti objektui, kuris Zzadinamas periodine funkcija. Naudojantis $ia
technologija galima nustatyti tiriamojo objekto virpesiuy pobiidi, krypti, amplitudg.
Juostos matomos hologramoje yra pastovios virpesiy amplitudés kontiirai, tuo
tarpu kai Sviesios zonos reiSkia pavirSiy, kuris nevirpa. Matavimo jautrumas
priklauso nuo naudojamo lazerio bangos ilgio. Tuo paciu tai yra ne kontaktinio
matavimo bidas, kuriuo uzfiksuojama viso pavir§iaus virpesiai, o ne vieno
pavirsiaus tasko. Hologramos sudarymo principas parodytas (1 pav.) [1].

Lazerio spindulys praecidamas pusiau skaidry veidrodj 2, padalinamas { du
spindulius: atraminj ir objektini. Atraminis spindulys veidrodziu 3 tiesiogiai
nukreipiamas i fotoplokstelg 8, tuo tarpu objektinis spindulys kitu veidrodziu
nukreipiamas | objekta 7, kurio holograma norima padaryti. Nuo objekto
atsispindéjusi Sviesa taip pat patenka ant fotoplokstelés, kurioje susitikg atraminis
ir objektinis spinduliai interferuoja. Jei apSviestas objektas buvo statinis tuomet
uzsiraSo tik jo atvaizdas, tuo tarpu jei objektas buvo dinaminis (virpantis) uzsiraso
tiek jo atvaizdas tiek ir interferencinés juostos.

Holografing plokstele apSvietus atraminiu spinduliu (kurio kritimo kampas
toks pats kaip hologramos sudarymo metu) yra atkuriamas daikto atvaizdas.
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1-Lazeris

2-Pusiau skaidrus veidrodis
3-Veidrodis

4-LeSis

5-Atraminis spindulys
6-Objektinis spindulys
7-Objektas

8-Fotoplokstelé

1 pav. Hologramos sudarymas

Kuomet objektas zadinamas pagal sinusing funkcija, Sviesos intensyvumas
hologramoje pasiskirsto pagal Bessel’io funkcija:

l(a(x,y»{%(%”a«,yj =|im(i}em(j%a«,y:sin@tw:jdtj 1)

T TD

Kur: a(x,y) — parodo tiriamo objekto plok§¢io pavirSiaus tasky amplitudes, A
— lazerio bangos ilgis, t — laikas, w — daznis, ¢ — fazé, T — ekspozicijos laikas,
T>>27lw, j — menamas narys.

Pirmos juostos centras sutampa su Bessel’io funkcijos pirmuoju nuliu,
kuomet Bessel’io funkcijos argumento reik§Smé lygi 2,4048. Tai reiSkia, jog
interferencinés juostos nesusidarys, jei virpesiy amplitudé bet kuriame
analizuojamo pavirSiaus taske bus mazesné uz [2]:

~ 2,4048 -4

aky < . (&)

Zinant, jog He-Ne lazerio bangos ilgis 0,6328 um, interferencinés juostos
nesusidarys, kai virpesiy amplitudé mazesné nei 0,24 pm. Jei tiriant makro
sistemas tai néra svarbu, tuomet tiriant mikro sistemas, tai tampa holografinio
metodo apribojimas.

Pjezokeraminés plokstelés virpesiy matavimai. Fizikinés Elektronikos
Institute (FEI) atlikome eksperimenta su pjezokeramine plokstele. Eksperimento
metu buvo bandoma nustatyti plokstelés virpesiy amplitude panaudojant
holografing interferometrija.
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Sinusinj zadinimo signalg plokstelei suteiké generatorius I'3-56/1. Plokstelé
buvo zadinama 5000 Hz dazniu, 63,2V itampos signalu. Kaip Sviesos Saltinis
hologramai naudotas He-Ne lazeris, kurio bangos ilgis /=632,8 nm, hologramos
ekspozicijos laikas 30 s.

Plokstelés virpesiy aplitudg galima apskaiciuoti pagal formulg:

A0 .
= k ~i=12,..m (3)
27 €0s6, +c0s0, _
k — interferencinés juostos eilés numeris, (X% - Bessel’io funkcijos

koeficientas apskai¢iuojamas i§ formulés (4), 8y, 6, — atraminio spindulio kritimo
kampas hologramos sudarymo metu ir hologramos stebéjimo kampas (miisy
atveju 6;=0,=30°).

0,125

Q =€-0257+——"
0B

(4)

Rezultatai. Gavome, jog plokstelés virpesiy amplitudé W;=0,14...0,63um,
tai Siek tiek priesStarauja teorijai, nes pirmoji amplitudés verté mazesné nei 0,24
um , tatiau taip galéjo atsitikti dél paklaidy matuojant kampus 6, ir 6,. Nepaisant
to eksperimentas parodé, jog holografinis metodas tinkamas mazy poslinkiy
(apmlitudziy) matavimui, todél ji galima taikyti ir MEMS struktiiroms tirti. Be to
§is metodas gana paprastas ir salyginai pigus. Bandymo objektas ir holografinis
vaizdas parodyti (2 pav.).

a) b)
2 pav. Matavimo rezultatai: a) bandomoji plokstelé ilgis 55 mm, plotis
14 mm, storis 2 mm; b) virpancios plokstelés holograma.
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I$vados. Holografiné interferometrija, tai nesalytinis virpesiy matavimo
btudas tinkamas ir MEMS struktiiry tyrimams. Naudojantis §ia technologija
galima nustatyti tiriamojo objekto virpesiy pobidi, krypti, amplitud¢ be to yra
uzfiksuojami viso pavirSiaus virpesiai, o ne vieno pavirsiaus tasko.

Maziausia deformacija, kuria imanoma uzfiksuoti, taikant §i metoda
priklauso nuo lazerio bangos ilgio ir yra lygi 0,24 um naudojant He-Ne lazeri.

Miisy tiriamos pjezokeraminés plokstelés virpesiy amplitudé (o tuo paciu ir
poslinkis), priklausomai nuo atstumo iki tvitinimo tasko buvo W;=0,14...0,63um.

Literatiira
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Reziumé

Siame darbe yra apradytas hologramos sudarymo principas, bei jos
pritaikymas MEMS  struktiroms tirti. Metodas iSbandytas praktiskai
uzregistruojat pjezokeraminés plokstelés virpesius.
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DINAMINIY MIKROMETRINIU POSTUMIU STEBEJIMO
IR MATAVIMO SISTEMA

Sergej KITOV
Elektronikos inzinerijos studijy programa, Kauno technologijos universitetas

Vladas J U§KA, Andrius CHAZIACHMETOVAS
Kauno technologijos universitetas

Darbo tikslas. Projektuojamas jrenginys skirtas nekontaktiniais metodais
stebéti ir matuoti mikrometry eilés mechaninius postimius placiame darbo dazniy
diapazone. Sis uzdavinys aktualus pjezokeraminiy struktiry ir ju pagrindu
projektuojamy pavary tyrimams. Tiriant pjezokeramikas nekontaktinio matavimo
aktualumas grindziamas tuo, kad kintant sistemos mechaniniam apkrovimui,
kei¢iasi mechaninio rezonanso daznis, efektyvaus judesio amplitudé bei judesio
momentas. Realizavus nekontaktini matavimo principa, matavimo priemongés
mechaniné apkrova yra eliminuojama, taigi eliminuojama metodologiné
matavimo paklaida. Atsizvelgiant i tiriamo objekto specifika, prietaisui keliami
sekantys reikalavimai: galimybé stebéti (1-5) pm amplitudés virpesius dazniy
ruoze (20 — 300) kHz.

Galimybé operatyviai stebéti darbiniy mikrovirpesiy amplitudg ir forma yra
ypatingai svarbi projektavimo ir mokomojo pobiidzio darbuose. Tai suteikia
galimybe objektyviai parinkti Zadinancio signalo parametrus ir ivertinti suming
mechaninés apkrovos jtaka. Mokomuosiuose maketuose galimybé stebéti realius
virpesius zymiai palengvina pjezokeraminés pavaros veikos supratima ir leidzia
nustatyti dominuojancius jtakos faktorius.

Rinkoje siilomi universaliis lazeriniai matuokliai, turintys auksto daznio
vibracijy skirti tyrimo darbams, yra sudétingi aukstos klasés techniniai jrenginiai.
Kaip viena i$ tokiy prietaisy verta paminéti ,,Polytec” firmos OVF-551/2 lazerini
vibrometra. Sio tipo matuokliy darbiné skyra - iki 10 nanometry, darbo dazniuy
diapazonas — 1MHz, o kaina siekia (30 — 80) tikstanciy litu.

Pagrindinis projektuojamo vibrometro iSskirtinis bruozas yra tai, kad,
naudojant tipinius mazgus, yra smarkiai sumazinama irenginio kaina tuo paciu
neprarandant irenginio funkcionalumo. PanaSios i projektuojama vibrometra
paskirties jrenginiai minimi straipsniuose [2,3,4,5,6], tafiau serijiniu bidu jie
negaminami.

Dinaminiy postimiy matavimo metodai. Moksle ir pramonéje taikomi
postimio matavimo metodai, tokie kaip induktyvinis, talpuminis bei lazerinis
(optinis) leidzia nesunkiai matuoti tiriamo objekto postimi, taciau dél tam tikry
priezas¢iy yra sunkiai pritaikomi pjezokeramikos virpesiy stebéjimui ir
matavimui. Trumpai apzvelgsime Siy metody specifika.
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e Induktyvinis metodas: paremtas induktyvinés rités impedanso poky¢iu, kai
ritts magnetiniame lauke juda magnetiné medziaga. IS c¢ia iSplaukia
reikalavimas, kad pats tiriamas objektas turéty magnetiniy savybiy arba
judinty i§ magnetinés medziagos pagaminta Serdi. Pjezokeraminés struktiiros
yra nemagnetinés, taigi tenka prie tiriamo objekto tvirtinti papildoma
magneting Serdi. Dél Sios priezasties induktyvinis metodas pjezokeramikos
atveju jau nebegali vadintis nekontaktiniu, kadangi jveda papildoma
mechaniné apkrova, iSkraipant rezonansinés sistemos charakteristikas.

e  Talpuminis metodas: atstumo poky¢io matavimas paremtas talpos poky¢iu,
keiCiantis atstumui tarp kondensatoriaus elektrody, vienas i§ kuriy yra
pritvirtintas prie tiriamo objekto. Sio metodo privalumas yra didelé
potencialiné skiriamoji geba. Trikumas yra toks, kad reikalingas prie tiriamo
pavirSiaus tvirtinamas elektrodas. Norint uztikrinti pakankama talpumo
pokyti, esant mazam atstumo poky¢iui, elektrodo masé ir plotas ijtakoja
matavimo rezultatus, t.y. ineSa neapibrézti.

e Lazerinis : lazerinis matavimo metodas gali remtis skirtingais optikos
reiSkiniais, iskaitant interferencija, difrakcija ir t.t. Atominés jégos
mikroskopuose jutiklio postimiui nuskaityti kartais naudojamas spindulio
atlenkimo metodas, kai matuojantis spindulys krenta { tiriama objekta kampu.
Tokioje sistemoje atstumo pakytis duoda kritimo kampo pokyti, kuris
zinomu atstumu esancioje skaléje duoda atstumo pokyti. Optiniais reiSkiniais
paremti matavimo metodai uztikrina platy darbo dazniy diapazona bei didelg
skiriamaja geba, kuri, pritaikius skaitmeninj signaluy apdorojima gali siekti
nanometry dalis. Kaip taisyklé lazeriniai atstumo matavimo metodai
reikalauja sudétingos optinés sistemos, kuri smarkiai padidina jy kaina.
Reziumuojant galima pazymeéti, jog iSkeltam uzdaviniui labiausiai tikslinga

naudoti lazerinius (optinius) matavimo metodus. Vienas i§ taikomy lazeriniy
poslinkio matavimo metody naudoja aukstu dazniu moduliuota opting banga ir
atspindéto spindulio Doplerinj daznio poslinki. Suo metodu gaunamas tiriamo
pavirSiaus judéjimo greitis, kurj integravus laike, galima apskaifiuoti objekto
koordinatg. Tokie prietaisai vadinami Dopleriniais vibrometrais. Siuo metodu
veikia Polytec firmos OVF-551/2 lazerinis matuoklis [1]. Taip iSvengiama
judesio krypties nevienareik§miskumo ir rezultatas yra mazai jautrus atspindincio
pavir$iaus kokybei, taciau reikalauja sudétingy techniniy sprendimy bei signalo
apdorojimo.

Kitas placiai naudojamas lazeriniuose matavimuose metodas yra paremtas
bangy interferencijos reiskiniu. Si principa naudojantys prietaisai —
interferometrai dél mazo naudojamos bangos ilgio pasizymi didele skiriamaja
geba bei maza matavimo neapibréztini. Kalibruojant lazerj, pasiekiama rezultaty
sietis su etalonais auksc¢iausiame tikslumo lygmenyje.

Nagrinétoje literattiroje keliamas uzdavinys iSmatuoti kampa arba atstuma
zemy dazniy diapazone. Projektuojamas dinaminiy mikrometriniy postimiy
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matuoklis, atsizvelgiant | pjezokeramikos kaip tiriamo objekto specifika, turés
realizuoti atstumo matavima (1-5)um dazniy juostoje nuo 20kHz iki 300kHz.
[2,3,4,5,6] Saltiniuose pateiktos CD technikos optinio bloko panaudojimo
galimybés, vykdant nekontaktinius neelektriniy dydziy matavimus. Kiti autoriai
naudoja panaSiems uzdaviniams sprgsti DVD  irenginiy optinius blokus [2]
straipsnyje DVD lazeriné¢ galvuté yra naudojama kampo { pavir§iy matavimui.
Pasalinus fokusuojancia optinio bloko linze, toks sprendimas leido pasiekti
+0.01° tiksluma +35° matavimo diapazone. [3] lazeriné DVD galvuté yra
naudojama atominés jégos mikroskopo zondo postimiui jvertinti. Autoriai teigia,
kad panaudojus ju pasitlyta metoda, atominés jégos mikroskopo skiriamaja geba
pagerino 3 kartus. [4] Saltinyje lazeriné galvuté naudojama skanuojamo pavirSiaus
reljefo matavimui. Deklaruojamas matavimo diapazonas yra 200um, o
deklaruojamas tikslumas siekia (1-10)um dazniy diapazone (0- 5)kHz.

Lazerinés galvutés vidaus sandara ir veikimo principas. Lazeringje
CD/DVD technikoje 650nm arba 780nm lazerio spindulys yra emituojamas
lazerinio diodo. Vidiné CD galvutés struktiira yra pateikta 1 pav.

¥ Photodiode 1G
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— )

S .
2 arm Spring

Bj\;—i_}i E‘Joice Coil
NS

ANV

by

T,

Objective Lens E
<

A

Disc

1 pav. Lazerinés galvutés vidaus struktiira [5]

Pracidamas per difrakcing gardele, spindulys yra skaidomas i tris spindulius.
Pracidamas per pusiau skaidry veidrodi su poliarizuojan¢iu elementu, spindulys
yra poliarizuojamas ir skaidomas { atramini ir matuojantj spindulius. Matuojantis
spindulys fokusuojancios linzés pagalba fokusuojamas i tiriama objekta.
Atsispindéjes spindulys grizta atgal ir, pragjes per pusiau skaidry veidrodi yra
vektoriskai sumuojamas su atraminiu spinduliu. Kadangi sumavimo metu du
spinduliai turi statmenas poliarizacijos plokStumas, ju saveikos rezultatas yra
apskritimiskai poliarizuota banga. Si banga yra nukreipiama i astigmatinj lesi.
Astigmatinis 1¢Sis pasizymi tuo, kad turi skirtingas fokalines plokS§tumas
skirtingose plokstumose krintan¢ioms bangoms. Si astigmatinio leSio savybé
iliustruota 2 pav.

70



2 pav. Astigmatinio lgSio fokalinés plokStumos [5]

Tokiu biidu dél astigmatinio lgsio efekto figlira, kuria lazerio spindulys
projektuojamas ant fotodetektoriaus elementy, priklauso nuo besisumuojanciu
dedamyjy tarpusavio fazés skirtumo, taigi priklauso ir nuo atstumo iki
atspindinCio pavirSiaus. Fotodetektoriaus sandara ir skirtingos lazerio spindulio
projekcijos yra parodytos 3 pav.

A D|A D
G C[B B
(a) (b) (c)

3 pav. Lazerio spindulio projekcija i fotodetektoriy (a — objektas pertoli ,b —
objektas fokuse, ¢ — objektas perarti )

| ©)

|a)

—
4 pav. FES priklausomybé nuo atstumo iki pavirSiaus.

Apdorojant fotodiody signalus pagal israiska (U + Uc)-(Us+Up), gaunamas
FES signalas. FES signalas turi ruoza, kuriame yra tiesiogiai proporcingas
atstumo pokyciui. Jo priklausomybé nuo atstumo fokalinés plokStumos yra
pateikta 4 pav. Reikia pastebéti, kad kiekvieno i§ fotodiody signalas nuo atstumo
keiciasi netiesiSkai. Taikomi apdorojimo metodai iStiesina detektoriaus
charakteristika, panaikinamos nelyginés harmonikos. Tokiu biidu galima pasiekti
25nm skyra mazdaug 4pm matavimo diapazone. Siekiant sumazinti atstumo ir
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kampo matavimo paklaidas, signaly apdorojimas gali buti vykdomas, ivertinant
lazerio spindulio intensyvumo erdvinj pasiskirstyma, pvz. aproksimuojant lazerio
spindulio aperttira dvimac¢iu Normaliniu skirstiniu.

Pav. 5 yra pateikta vykdyty eksperimentu schema. CD lazeriné galvuté
itvirtint aant Standa ,,0802* postlimio aktuatoriaus. Pav. 5 yra pateikta vykdyty
eksperimentu schema. CD lazeriné galvuté itvirtint aant Standa ,,0802* postimio
aktuatoriaus. Siekiant galimai sumazinti aplinkos vibracijy jtaka i matavimo
rezultata, aktuatoriaus itvirtintas ant masyvaus metalinio pagrindo su
vibroizoliacijos elementais.

P ~l B - DSO

PC

5 Pav. FES priklausomybé nuo atstumo iki pavir$iaus.

Eksperimenty metu buvo stebimi pjezokeramikos strypo ( ilgio ir plocio
santykis >10) isilginiai virpesiai. Taip pat, kaip vibracinés sistemos analogas
zemuose dazniuose buvo stebéti auks$to dazno garsiakalbio virpesiai. Lazerinés
galvutés i8¢jimo signalai (A, B, C, D) buvo sustiprinti, o FES signalas
matuojamas skaitmeninio oscilografu. Matavimo rezultatai buvo analizuojami,
naudojant MATLAB programini paketa.

Rezultatai. Eksperimenty metu stebéti garsiakalbio virpesiy oscilogramos
yra pateiktos 6 pav. Galima pastebéti, kad garsiakalbio judesys (kreivé 4) turi
fazini postiimi zadinancio signalo (kreivé 1) atzvilgiu, kas yra normalu daugeliui
rezonansiniy sistemuy, dirban¢iy nerezonansiniy dazniu. Garsiakalbio zadinimo
daznis yra 2kHz, taciau vykdyti eksperimentai patvirtino kad optinés sistemos
daZniy juosta siekia 300kHz be ypatingo tikslumo praradimo.

Pav. 7 yra pateikta oscilograma, garsiakalbi Zzadinant trumpais impulsais
(kreive 1). Garsiakalbio impulsiné reakcija (kreivé 4), atlikus Furje transformacija,
gali buti panaudota matuoti garsiakalbio amplitudiné-dazning charakteristika.

Pav. 8 pateikiami neapdoroti fotodetektoriaus i$¢jimo signalai. Kaip galima
matyti, $iy signaly forma yra artima sinusinei, taciau yra pastebimi iSkraipymai,
pasireisSkiantys dél lazerio spindulio netolygaus pasiskirstymo fotodetektoriaus
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plote. Atlikus auks$¢iau minétus matematinius veiksmus, gaunamas
atitinkantis stebimo objekto pavir§iau momentinj postimj.

Tek stop | | —| —
D /\ : A9
Ch1 Freq
s I . [4 2.013kHz
A e e i . -+
@t
Ch1 RMS
159mv
V V V v V Y V V
Ch4 RMS
79.3mv
S 200mv v M 300ps A Chi 7 4.00mV
Ch4] 100mV AR 30 Aug 2008
§4++[0.00000 s 05:27:57

6 pav. Garsiakalbio zadinimo (1) ir postamio signalas (4)

TekStop | | S— |
| i | |
+

[ N Ch1 Freq
45.93 Hz
i | ch1 +width
209.8us

B || Wmanme A~ Wwaas ||| il Aan

chi[ 100mv &

M[10.0ms A Chi 7 5d.0mv
~500mV 30 Aug 2008
1++[0.00000s 05:36:58

7 pav. Garsiakalbio Zadinimo signalas (1) ir jo reakcija(4)

Te

Ch2 RMS
7.256mv

Ch4 RMS |
| 4078V

Ch1 10 omva&CH2 10, OmV’\;“wM 400)15 A Ext J 20 ()mV
10.0mvV~N&€h4 10. OmV'\/
l*' 24 0000}15

signalas,

8 pav. Fotodetektorlaus 1seJ1mo 51gna1a1 stebint pj ezokeramlkos virpesius
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Tyrimy metu nustatyta, kad pagrindinis veiksnys, itakojantis matavimo
tiksluma yra elektroniniai triuk§mai, atsirandantys signalo apdorojimo grandinése.
Pradiniu {vertinimu, postimio matavimo paklaida, sukeliama elektroniniy
triukSmu, gali siekti apie 25nm.

I§vados

1. Eksperimentiskai patvirtinta, kad CD optinio bloko pagrindu gali buti
sukurtas prietaisas, skirtas matuoti mikrometry eilés postimius.

2. Eksperimentiskai parodyta, kad pasirinktas nekontaktinis postimio
matavimo biidas tinka stebéti (1-5)um amplitudés virpesius dazniy ruoze iki
300kHz.
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Reziumé

Projektuojamas jrenginys skirtas nekontaktiniais metodais stebéti ir matuoti
mikrometry eilés mechaninius postimius pladiame darbo dazniy diapazone. Sis
uzdavinys aktualus pjezokeraminiy struktiiry ir ju pagrindu projektuojamy pavary
tyrimams. ISkeltam uzdaviniui labiausiai tikslinga naudoti lazerinius (optinius)
matavimo metodus. Sitiloma naudoti CD optinji bloka, kuris yra masinis gaminys
su maza kaina. Tyrimy metu nustatyta, kad pagrindinis veiksnys, itakojantis
matavimo tiksluma yra elektroniniai triuk§mai, atsirandantys signalo apdorojimo
grandinése. Sukurtas nekontaktinis postiimio matavimo buidas tinka stebéti (1-
5)um amplitudés virpesius dazniy ruoze iki 300kHz.
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Aim of the work. Nanotechnology is one of the fast moving technologies.
No matter what industry you are in, you will feel the impact of nanotech.
Nanocompounds are widely used in MEMS (Microelectromechanical systems).
Microelectromechanical systems (MEMS) is the technology of the very small,
and merges at the nano-scale into nanoelectromechanical systems (NEMS) and
nanotechnology [1].

The main task of the work is optical properties evaluation and measurement
of silver colloid and silver-polymer nanocompounds. Thus, the following aims
are: 1) to form silver-polymer nanocompound using the dip-coating technique,
2) to evaluate optical properties of them with SPECORD UV VIS device, 3) to
process given data graphs using Get Data Graph Digitizer software, analyze and
make conclusions.

Research. There are two stages of research: 1. Nanocompounds formation; 2.
Optical properties evaluation of nanocompounds.

To form nanocompound the dip-coating method is used. Materials: two
pieces of Structures = PET (Polyethylene terephthalate) + photopolymer (with
2 um periodic grating), colloidal solution Ag+NO3;+1% NaCit and the same
colloidal solution diluted by half.

First piece of the Structures (base) is immersed into 1. colloidal solution
Ag+NOs;+1% NaCit and second piece of the Structure is immersed into 2.
colloidal solution Ag+NOs;+1% NaCit diluted by half. Wait while silver
nanoparticles coat the structures.

Thickness of coating most depends on velocity of extraction and
concentration of solution. Stages of dip-coating process (Fig. 1): 1 — base is being
immersed into solution (Structure + Colloidal solution), 2- wait while solution
silver parts are setted in, 3- base extraction, 4 — process of drying up.

To evaluate optical properties of presented nanocompounds method of
spectrophotometry is used.

Optical properties evaluation is done using SPECORD UV VIS device.

Spectrometer  SPECORD UV VIS is an automatic double-waves
spectrophotometer used to measure optical properties of materials in ultra-violet
and visible light zones of spectrum. Absorbance, transmittance and optical
density as a function of wave number linearly can be measured [3].
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2
Fig. 1. Scheme of nanoparts coating formation (dip-coating technique) [2]

Results. Example of photopolymer diffraction grating (period 2 um) AFM

images present on Fig. 2, aand b.

X:13.lum Y:1Z.2um  2:454.6nm [2.9:1)

Re: 85.5m Ry 104.5m @ ¢ 12 2um x 10047 .0(null) [11 Z,

Fig. 2. Photopolymer diffraction grating (period 2 pm) AFM images: a — 3d
image, b — lateral force 2d image.

X:12.2um Y:1l.3um 2:889.6nm [1.4:1)

0 12.2um x 11 3um x 9367 0(null) [209x 193] 2,
Ra: 179.7nm Rg: Z210.3nm

Fig. 3. Photopolymer diffraction grating (period 2 pm) + Colloidal solution
AFM images: a — 3d image, b — lateral force 2d image
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Examples of metal-polymer nanocompound (photopolymer diffraction
grating (period 2 um) + Ag + NO3+1% NaCit colloidal solution) AFM images
present on Fig. 3, aand b.

Measured spectrums processed using Get Data Graph Digitizer (Fig. 4) and
Excel software.

S|

I
\
|

[T

R RO S o = 4 ESD” 4 ST ™ Vi cvt Gm e

Fig. 4. Process spectrums using Get Data Graph Digitizer software

Variation of optical density in PET, PET + photopolymer under influence of
UV light at wavelengths 300 nm to 800 nm was studied. Data can be observed
from Fig. 5.

PET, PET + Photopolymer

0182 SEEmm EE = s = - s = mmm

Oo.d
°
B
8

0 100 200 300 400 500 600 700 800 900

wavelength, nm

Fig. 5. UV-induced optical properties of PET, PET + Photopolymer (with
2 um periodic grating).
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Time of the process: 11 min; scale: 300-800 nm.
Optical properties of silver colloid and silver-polymer nanocompound are
measured. Data is represented in Fig. 6.

Ag1l, Ag2, PET + photopolymer (with grating) = Structure, Structure + Ag1l,
Structure + Ag2

1,6

- 7
7

-t

N

0.d

dee

-

T T T T T T T T
o 100 200 300 400 500 600 700 800 900

Wavelength, nm

6 fig. UV-induced optical properties of Colloidal solutions and Structures +
Colloidal solutions (Ag).

Time of the process: 11 min; scale: 300-800 nm.

Variation of optical density in PET, PET + photopolymer under influence of
UV light at wavelengths 300 nm to 800 nm was studied.

Data can be observed from the Table 1.

Table 1
PET and PET + Photopolymer (with 2 um periodic grating)
PET PET + Photopolymer
Optical density 0.178 0.182
Wavelength, nm 300-800 300-800
Table 2
Optical density values of Silver colloids and Silver polymer nanocompounds
Agl Ag?2 Structure | Structure Structure
+ Agl + Ag2
Optical density 1.5 0.8 1.4 0.2 1.2
Wavelength,nm | 518 518 736 737 707
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Optical properties of silver colloid and silver-polymer nanocompound are
measured. Data is represented in the Table 2.

Conclusions
1. Metal-polymer nanocompounds (Structure PET + Photopolymer with 2 um

periodic grating + Silver colloidal solution) are formed using dip-coating

technique.

2. Optical properties of them are evaluated using spectrometer SPECORD UV
VIS device.

3. The given data is digitized with computer software Get Data Graph
Digitizer and Microsoft Office Excell.

4. Colloidal solutions contain silver particles. As a result resonance peaks exist
on the Fig. 6. The more concentration of these particles is, the less light
amount pass through an investigating sample (nanocompound). Most of the
light absorbs, scatters or reflects [4]. Measured colloidal solutions and
structures + colloidal solutions have their resonance peaks. Therefore they
can be approached to nanocompounds.

To compare spectrum of colloidal solutions with Structures + colloidal
solutions (PET + photopolymer with 2 um periodic grating + Ag+NO3+1%
NaCit) it is noted that resonance peaks of the both Structures + colloidal solutions
deviate in the right from the resonance peak of both colloidal solutions. Amount
of this deviation is 737 nm — 518 nm = 219 nm. The wavelength of Structure +
colloidal solution increases at about 219 nm.

To compare spectrum of Structure (PET + photopolymer with 2 um periodic
grating + Ag) with spectrum of Structure it is clear that resonance peak of
Structure + Ag deviates in the right from the resonance peak of Structure by
amount of about 737 nm — 707 nm = 30 nm.
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Summary
Evaluation of silver nanocompounds optical properties by using
spectrophotometry method is discussed in this paper.
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ELEKTROS ENERGIJOS VARTOJIMAS
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Darbo tikslas. Sumazinti elektros energijos vartojima magnetoreologiniuose
(MR) slopintuvuose.

Teoriné dalis. Magnetoreologinius skyscius sudaro isimagnetinan¢ios mikro
dalelés ir tam tikros sudéties neSantysis skystis. MR skys¢io slopintuvai yra
induktyvis ir jiems valdyti reikalingos nemaZos srovés, o jtampa gali bati tick
maza, tick didelé. Slopintuvai dirba 4-24V diapazone, ir vartoja vidutini§kai SA
stiprumo srove [1]. Kadangi virpesiy slopinimui gali biiti panaudotas ne vienas
amortizatorius, todél elektros energijos suvartojimas gaunasi pakankamai didelis.
Kad pagaminti reikiama energijos kieki, mes labiau apkrauname elektros
generatorius ir naudojame daugiau mechaninés energijos juos sukdami.

Magnetoreologiniy slopintuvy privalumai yra tokie:

e  Didelé greitaveika,

e  Didelis ilgaamziskumas,

e  Platus temperatiirinis diapozonas (temperatiira priklauso nuo panaudoto
skyscio ir nuo jame panaudoty mikro daleliy);

o  Galimybé keisti slopinima realiam laike.
Magnetoreologiniy slopintuvy trikumai yra tokie:

e  Dél aukstos skyséio kainos, slopintuvo kaina taip pat didelé,

e  Laikui bégant dalelés nuséda, todél reikalingi papildomi mechanizmai kurie
vartoja energija,

e  Daugumag slopintuvo detaliy neturi veikti magnetinis laukas.

Slopintuvo energijos vartojimas. Kadangi magnetoreologiniai skys¢iai
valdomi magnetiniu lauku jiems reikalinga indukciné rite, kuri kurty magnetini
lauka. Magnetinio lauko stiprumas priklauso nuo rite tekancios srovés stiprio ir
nuo viju skai¢iaus. O suvartojama galia priklauso nuo rit¢ veikiancios srovés ir
itampos. AS labiausiai kreipiau démesi i slopintuvy vartojama galia ir méginau
kiek galima ja sumazinti, neprarandant slopintuvo efektyvumo. Kadangi
Siuolaikinése sistemose virpesius sloping amortizatoriai, kurie naudoja virpesiu
keliama mechaning energija, todél jie atlicka darba nenaudodami elektros
energijos ir yra S§iuo atzvilgiu labai ekonomiski. Taciau ju slopinimo
charakteristikos yra pastovios ir nekeic¢iamos.
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a)

b)

a)
1 pav. a) MR slopintuvo magnetinio lauko linijos [1], b) 4-riy indukciniy
ri¢iy slopintuvo stimoklis [1]

Kai stiimokis turi 3 rites

b)
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2 pav. a) Optimali galia priklausanti nuo vijuy skai¢iaus, kai stamoklis turi 3
rites [1], b) Optimali galia priklausanti nuo viju skaiciaus, kai stimoklis turi

5 rites [1]
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Todel Siy amortizatoriy efektyvumas yra labai didelis, jei norime slopinti
pastovaus daznio keliamus virpesius. Bet realioje aplinkoje virpesiu keliamas
daznis yra artimas ivairy dazniy triuk§mui. Todél panaudojus megnetoreologinius
slopintuvus, realiam laike galime slopinti skirtingus zadinimo daznius.

Svarbiausi slopintuvo energijos vartojimo mazinimo budai yra du:

e  Ploninti vijos laida ir didinti apvijy skai¢iy (esant U=const., | mazéja, B
didéja).
e  Didinti indukeiniy ri¢iy skaiciy.

Primasis minétas biuidas néra labai patikimas, nes kaip B=1.5T magnetinés
dalelés MR skystyje persimagneting [1] ir skystis praranda savo savybes. Antras
minétas blidas yra labiau patikimas nei pirmas, todél kad galima komutuoti
indukcines rites taip, kad magnetinis laukas islikty vienodas (pav. 1) ir vienas kito
nestiprinty. Paveikslélyje matome 4-riy indukciniy riciy slopintuvo stimokli,
kuriame vaizduojamos kuriamo magnetinio lauko, magnetingés linijos.

ISanalizavus ,,Seatle” laboratorijoje atlikty bandymuy rezultatus suvartojama
galia sumazéjo 4,5 karto (pav. 2). Kaip pastebéjau, tai didziausias
ekonomiskumas yra tada, kai stimoklis sudarytas i§ 5-iy indukciniy ric¢iy, kurios
turi suvytas 22 apvijas penkiais sluoksniais.

Bvada. Straipsnyje supazindinama su MR slopintuvy savybémis,
privalumais ir trikumais. Taip pat yra pateikiamas vienas i§ biidy sumazinti MR
slopintuvo energijos suvartojima. Modifikuoty slopintuvy déka yra sumazinamos
energijos sanaudos ir prailginamas tarnavimo laikas. Daug kur pritaikomos MR
skyscio charakteristikos.

Literatara
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2. www.caam.rice.edu/~modelreduction/Papers/MRD.Journal.pdf
3. cee.uiuc.edu/sstl/papers/smart2.pdf

82



DETALIU SUJUNGIMAS SU GARANTUOTA JVARZA

Jurgis MIKOLAINIS
Kauno technologijos Universitetas

Prof. Habil. Dr. Bronius BAKSYS
Kauno technologijos universitetas

[vadas. Detaliy sujungimai su garantuota ivarza ir kiti sujungimai, pagristi
plastinés deformacijos metodais, yra placiai naudojami masiny ir prietaisy
gamyboje. Sie metodai tinkami automatizuojant ir robotizuojant surinkimo
procesus, nes tokiems sujungimams nereikalingi sudétingomis trajektorijomis
judantys irenginiai. Istirta, kad svarbaus varzty junginio amzius labai priklauso
nuo pradinés sujungimo jvarzos. [verztas pradine 6320 N jvarza sujungimas laiké
5960 cikly, jverztas 32100 N — 214500 cikly, o jverztas 37500 N - net 5000000
cikly. Rutuliniy riedéjimy guoliy tarpeliui padidéjus nuo 10...15 pm iki 20 pm,
guoliai laiko 1,62 karto trumpiau [1]. Todél sujungimy su jvarza skai¢iavimai yra
aktualiis projektuojant automatizuoto sujungimo procesa. Siame darbe bus
apzvelgiami sujungimy su jvarza metodai.

Detaliy jungimo su jvaria biidai. Plastinés deformacijos biidu gaunami
sujungimai retai kada ardomi, nes ardant galima sugadinti viena ar net abi
jungiamasias detales. Nejudamyjy neiSardomy sujungimy rinkimas daZniausiai
vykdomas $iais biidais [3]:

Jungimas, ikaitinus gaubianciqjq detale. Tokiu budu detalés sujungiamos su
didele jvarza. Jungiant $iuo budu jverziama apie du kartus didesne ivarza nei
presuojant. Skirtingy temperatiiry detalés sujungiamos lengvai, nenaudojant jégos,
nes tarp ju yra tarpelis. Ivarza atsiranda detaléms galutinai atvésus. Jungiamuyjy
pavirSiy mikro-nelygumai nenuglemziami, kaip tai atsitinka detales presuojant.
Jei pavirsiai SiurkStesni, tada sujungimo stiprumas tik padidéja.

Jungimas, atSaldant gaubianciqjq detale. Sis biidas kartais biina pranasesnis,
nei jungimas ikaitinus detales, nes neatsiranda temperatiriniy itempiy ir
deformaciju. Be to, tokie junginiai apie 10-15% stipresni nei Sildant detales.

Jungimas, statiSkai presuojant gaubianciqjq detale. Tokio sujungimo
principas yra tas, kad gaubiamosios detalé skersmuo yra didesnis uZ
gaubianciosios skylés skersmenij. Detalés sujungiamos vienai detalei judant kitos
atzvilgiu, deformuojant metala. Detaliy pavirSiuje veikia {varzos ir trinties jégos,
kuriy pakanka patikimam sujungimui.

Sujungimo procesas. Sujungimo su garantuota jvarza proceso metu ant
veleno montuojama paslanki kreipiamoji detalé, kurios vidinis profilis atitinka
renkama jvorg. [voré juda kartu su kreipiamaja detale, kol ju pavirSiai pradeda
kontaktuoti su velenu. [voré nuozulos pagalba sutapdinama su veleno asimi ir ji
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slenka veleno pavirSiumi. Galiausiai detalés sujungiamos, o kreipiamoji detalé
grizta { prading padéti, kaip pavaizduota 1 paveiksle zemiau:

A sin wt

1 pav. [vorés sujungimas su velenu

Ivarios jéga. Ivarza priklauso nuo detaliy pavirsiy tarpusavio trinties jégos,
tepalo klampumo, santykinio judéjimo greifio, jungiamyjy pavir§iy mikro-
nelygumy charakteristikos, detaliy tarpusavio padéties. Faktiné jvarza
apskaiCiuojama pagal gaubiamosios ir gaubianciosios detaliy nominaliuosius
matmenis, nejvertinant pavir§iy mikro-nelygumy aukscius, nors mikro-nelygumai,
presuojant detales, yra sugniuzdomi ir sumazina jvarza.

Detaliy presavimo jéga. Jungiamyjy pavirsiy salycio plotas ir presavimo jéga
priklauso nuo ty pavirSiy banguotumo bei formos paklaidy. Be to, sujungimo
stiprumas ir presavimo jéga priklauso ir nuo presavimo grei¢io. Dazniausiai
greitis btina 1...10 mm/s. Stipriausias sujungimas gaunamas, kai greitis nedidelis
(iki 3 mm/s). Esant didesniam grei¢iui, reikalinga jéga sumazéja, bet kartu
sumazegja ir junginio stiprumas. Sujungimy su jvarza surinkimo tikimybé, kitaip
nei surinkimo su garantuotu tarpeliu, gali ir nesiekti 100% [4]. Kad sujungimas
ivykty netrukdomai, presavimo jéga reikia padidinti 10-20%. Detaliy tarpusavio
uzpresavimo jéga lygi:

Psur=1,2 Poyrmax=1,2 (Pouuoz + P’sur) 1)
Pouo: galima isskaidyti  tris jégas Fy, F, ir F3. O atstojamoji jéga lygi:
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mez' =2 ef/w (2)

Psur priklauso nuo ivarzos dydzio. [varzos dydis paskai¢iuojamas:

El E2

¢ia: N - jvarzos dydis, p — jungiamosios detalés ir ivorés pavir§iy kontakto
slégis, D - supresuoty pavir§iy skersmuo, mm, E; ir E, — sujungiamy detaliy
Jungo modulis, C; ir C, — koeficientai

Koeficientus C, ir C, galima paskai¢iuoti pagal formules:

2 2
1+ = 1+ dy
d, D
Co=——th +m, C =20y, )
D
1-| =
(dz j
¢ia dp ir d, - detaliy skyliy vidiniai skersmenys, o u - Puansono koeficientas

Jei jungiamoji detalé pilnaviduré, tada d;=0, 0 C;=u;. Taigi surinkimo jégos
skai¢iavimo formulé tampa:

Psurmax= 7 D lpfl (5)

¢ia: | —sujungiamy pavirsiy ilgis, mm; f — trinties koeficientas, priklausantis nuo
detaliy medziagy, pavir§iu dydzio, sutepimo.

Plienams trinties koeficientas f=0,1. Jungiamosios detalés ir jvorés pavirSiy
kontakto slégis lygus:

N-1073
[ — (6)
&_{_& D
E, E
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Reziumé

Siame darbe nagrinéjamas detaliy sujungimas su garantuota jvarza:
apzvelgiami pagrindiniai sujungimo biidai, apraSomas sujungimo procesas,
nurodomas jvarzos skai¢iavimuy metodika.
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Aim. Diamond-like carbon (DLC) films they achieved significant interest for
application of microtribological coatings for microelectromechanical systems
(MEMS) and microactuators due to the low coefficient of friction and the high
hardness. Optical properties of the diamond like carbon films should be
controlled as well due to the development optical MEMS (MOEMS). Therefore
in present work optical properties of ion beam synthesized DLC films were
investigated. The influence of the ion beam current density on optical properties
of DLC films has been studied. Transmittance and absorption coefficient as
functions of wavelength were determined by spectrophotometer AvaSpec-2048.
As a result, absorption coefficients’ behavior dependence on the wavelengths was

plotted. Optical band gap energy Eg‘" was determined from Tauc plot.

Investigation. For goals achievement, synthesis and analysis methods of
DLC coatings were accomplished firstly.

Depending on the appliance of DLC, chemical and physical requirements,
material — substrate, on which DLC is synthesized, properties various formation
methods are virtual, ref. [1]. It is possible to classify formation methods in
following way: a) Chemical Vapour Deposition (CVD), where the formation of
the deposited film is the result of a chemical reaction of the precursors on the
substrate; b) Plasma enhanced chemical vapour deposition (PECVD); c)
electrochemical deposition; d) cathodic arc deposition; e) pulsed laser deposition
— PLD; f) ion-beam deposition method from hydrocarbon; g) magnetron
sputtering. Hydrocarbon ion beam deposition was choosed for synthesis of the
DLC films due to the possibility of the independent control of the deposition
process parameters.

For the problem solution DLC were synthesized on the following substrates:
e  Quartz;

e Silicon.

DLC films deposited on quartz substrate were used for investigation of the
optical transmittance spectra, while DLC films synthesized on monocrystalline Si
substrates were used for measurement of the thickness.

For DLC synthesis was used chemically clean materials and reagents:

e Acetylene (C;H,)
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For substrates’ cleaning were used following materials:
e  Acetone C3HgO (chemically clean);
e  Dimethylformamide (DMFA) — C3H;NO (chemically clean).

Before the deposition of DLC films, substrates were chemically cleaned.

After chemical cleaning substrates were transferred to the DLC deposition
chember as soon as possible to avoid contamination.

In this work DLC coatings were synthesized using the direct-ion beam
deposition method. Hydrocarbon gas was introduced into the electrostatic ion
source. Gas has been ionized and newly formed ions were accelerated towards
substrate using combination of the electric and magnetic fields. lon beam
deposition device URM3.279.052 was used, ref. [2].

DLC coatings were deposited in the room temperature 293K. In all cases ion
beam energy was 800 eV; depositing samples nr.1 and nr.5 the density of ion
beam current was 50 um/cmz, while for the sample nr.2 — 100 um/cmz, and
samples nr.3 and nr.4 — 150 pm/cm®.

Further, UV-VIS spectroscopy measurement method was used (fiber optic
UV/VIS/NIR AvaSpec-2048 spectrometer). This method is based on the analysis
of absorption spectra in UV and visible light region. Ultraviolet and visible light
is energetic enough to excite outer electrons to higher energy levels. Measuring
the transmittance and absorbance at some wavelength and applying the Beer-
Lambert law can determine the dependence of a transmission (absorption)
coefficient on the wavelength, ref. [3].

While measuring, the light intensity of the incident light (lg) and the intensity
after passing through the material (1) is registered and the absorbance (A) is
calculated:

I
A=-log,, I 1)

0

Results. For an experiment implementation four different samples were used:

quartz without DLC film;

DLC film deposited on quartz with density of ion current of 50 pm/cm?;

DLC film deposited on quartz with density of ion current of 100 pm/cm?;

DLC film deposited on quartz with density of ion current of 150 pm/cm?.

By using UV/VIS/NIR optic spectrometerAvaSpec-2048 and Avasoft

software program light intensity in the UV-, VIS-, and NIR- region was measured.
Further, absorption and transmittance coefficients of each sample were

calculated. As it was mentioned above by Beer-Lambert law:

I =1,-e*; )
here: x — thickness, equal to 1.9-10° (cm).
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All of absorption and transmittance coefficients were calculated and curves
of absorption coefficients’ behavior dependence on the wavelengths were plotted

(Fig. 1).

The next step was an investigation of the plot of optical band gap. For
implementation of such a task the quantum energy of a photon (E) was
calculated:

E=hv; (©))
where: h = Planck’s constant=6.626-10"* (Joule'sec) = 4.136:10™ (eV):

v = frequency of radiation, sometimes written as f giving expression E =hv,
ref. [4];

After that the Tauc plot was drawn and optical band gap energy Eg’" was
determined from graph (Fig. 2).

1,0x10°
8,0x10"
6,0x10"

4,0x10"

Absorption coefficient [1/cm]

2,0x10"

0,0

0,0 2,0x10°  4,0x10° 6,0x10° 8,0x10” 1,0x10° 1,2x10°

Wavelength [nm]

Fig. 1. Curves of an absorption coefficients. Her: blue line indicates an
absorption coefficient of quartz sample with deposited DLC film and where
the density of ion current is 50 pm/cm? olive line indicates an absorption
coefficient of quartz sample with deposited DLC film and where the density
of ion current is 100 um/cm?; violet line indicates an absorption coefficient
of quartz sample with deposited DLC film and where the density of ion
current is 150 pm/cm?; red line indicates an absorption coefficient of quartz
sample without DLC film.
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It is evident that an absorption coefficient increases in the UV range rapidly
and then decreases slowly till the IR range of light. What is interesting, until the
wavelength passes ~ 2.3-10 nm the density of ion beam current, does not play
any sufficient role, i.e. does not depend on the wavelength, but the different
situation may be observed further:

e The peak of an absorption coefficient of the quartz sample with the density
of ion beam current of 150 mA/cm? reaches the value of ~ 9.2:10* 1/cm at
the wavelength of value ~ 2.25-10*> nm;

e  The peak of an absorption coefficient of the quartz sample with the density
of ion beam current of 100 mA/cm? reaches the minimum peak value
7.75-10* 1/cm, in comparison with all four samples at the same wavelength;

e  The peak of an absorption coefficient of the quartz sample with the density
of ion beam current of 50 mA/cm? reaches the medium value which is equal
to 8.3-10* 1/cm at the same wavelength.

8x10°
7x10° Ll
—. 6x10°
5x10°
4x10°

3x10°

Sqrt( «* E) [(L/em*eV)\(1/2)

2
2x10" 2
DLC film deposited on quartz (density of ion beam current 50 mA/cm

2
1x10° - DLC film deposited on quartz (density of ion beam current 100 mA/cm )

2
DLC film deposited on quartz (density of ion beam current 150 mA/cm )

2
0 T T T T T T T 1

1 2 3 4 5 6 7 8

Fig. 2. Solid lines are the Tauc plot and the intercept of the dashed line with
the energy axis indicates the optical band gap.

e The quartz sample with deposited DLC film with density of ion beam
current of 150 um /cm?2 reaches the maximum value of optical band gap and
is equal to 1eV;

e The quartz sample with deposited DLC film with density of ion beam
current of 100 um /cm2 reaches the minimum value of optical band gap and
isequal to 1.2 eV;
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e The quartz sample with deposited DLC film with density of ion beam
current of 50 um /cm?2 reaches the value of optical band gap which is equal
tol.leV.

Conclusions. Was investigated that absorption coefficient increases in the
UV range rapidly and then decreases slowly till the IR range of light. By using
ion-beam deposition device URM3.279.053 and by choosing quartz as a substrate
for the first experiment, particularly, for UV/VIS spectroscopy, following DLC

films were synthesized:
2

a.  DLC film with density of ion beam current equaled to 50 pm/cm” having
Egpt =11leV

b. DLC film with density of ion beam current equaled to 100 pm/cm2 having
ES =12eV

c. DLC film with density of ion beam current equaled to 150 pm/cm2 having
E;” =1.0eV

Plots of optical band gap were investigated by drawn Tauc plot. For
absorption and transmittance coefficients determination measurements of light
intensity were done. Gotten data is very important for further application areas of
DLC films.
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Resume

Acquaintance with DLC films synthesis and analysis of optical properties
was performed.
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A linear prediction algorithm can be used to fill in the missing data with
estimates that are spectrally consistent with the data that are observed.

The necessity of prediction occurs when we need to predict the location of
object. At visual tracking several problems with prediction appear at object loss
from field of vision. It can happen when object become behind the obstacle [1]
and even at incomplete recognition as the result of flash or poor visibility.

Problem statement. The tracked object is supposed to set by the operator as
one of point that belongs to the object.

Then construction of object model is realized. The determination of object
features can be done with the help of methods of BLOB (Binary Large OBject)
[2] analysis. It provides the finding of the following geometrical characteristics of
object: area, center of mass, perimeter, orientation relatively image axes, etc.

The video consisting of frames 320x240 pixels is presented in the grayscale,
fps is 25. Let’s assume that for the very first frames the point that belongs to the
object is given by the human operator.

The following constraints will be applied:

- the object proportions are not greater than 48x48 px;

- the object proportions are not less than 4x4 px;

- the object contrast is not less than 5% from the background intensity;
- the maximal speed of object center is not over 8 px/frame.

The problem is formulated in the following way: to perform the prediction of
tracking object parameters when it is lost, based on data, collected during normal
tracking. Different methods of prediction need to be analyzed and compared.

Review of approaches. There are a lot of methods for solving the problem.
They can be divided into 3 groups: formalized, heuristic and complex.

Formalized methods assume that in future the system will act in compliance
with laws that it use in the past. Heuristic methods are based on human intellect
usage to predict sudden change in system behavior. Complex methods unite
formalized and heuristic methods. According to our task we use formalized
method of prediction.
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Formalized methods in turn include extrapolation and regression methods,
group method of data handling (GMDH) etc.

The task of extrapolation can be formulated in such way. Suppose that in
interval (to, t) values of function f(x) are known. It is necessary to define value of
this function in point t+1, which doesn’t belong to interval.

Extrapolation can be of different types:

- linear extrapolation means creating a tangent line at the end of the
known data and extending it beyond that limit. Linear extrapolation will only
provide good results when used to extend the graph of an approximately linear
function or not too far beyond the known data.

If the two data points nearest the point x- to be extrapolated are (X¢-1,Yk-1)
and (X, VYk), linear extrapolation gives the function (identical to linear
interpolation if( X, - | < X« < Xy),

X, — X, _
Y(X) = Yia +—k1(Yk ~ Y1)

k k-1

It is possible to include more than two points, and averaging the slope of the
linear interpolant, by regression-like techniques, on the data points chosen to be
included. This is similar to linear prediction.

- polynomial extrapolation. A polynomial curve can be created through
the entire known data or just near the end. The resulting curve can then be
extended beyond the end of the known data. Polynomial extrapolation is typically
done by means of Lagrange interpolation or using Newton's method of finite
differences to create a Newton series that fits the data. The resulting polynomial
may be used to extrapolate the data.

High order polynomial extrapolation must be used with due care. For the
example, data set and problem will possibly yield unusable values, an error
estimate of the extrapolated value will grow with the degree of the polynomial
extrapolation. This is related to Runge's phenomenon.

- conic extrapolation. A conic section can be created using five points near
the end of the known data. If the conic section created is an ellipse or circle, it
will loop back and rejoin itself. A parabolic or hyperbolic curve will not rejoin
itself, but may curve back relative to the X-axis. This type of extrapolation could
be done with a conic sections template (on paper) or with a computer.

- French curve extrapolation. A method of extrapolation suitable for any
distribution that has a tendency to be exponential but with accelerating or
decelerating factors is French curve extrapolation. This method has been used
successfully in providing forecast projections of the growth of HIVV/AIDS in the
UK since 1987 and variant CJD in the UK for a number of years.

Solution. First assumption: the speed is not changed. So, we can write
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V, (t) = const V, (t) = const

y y
Yi+1
0 Xi X 0 Xis1 X
a b

Fig 1. Frames of video with moving object. a — i-th frame, b — (i+1)-th frame.

As we can see (fig. 1) x; is the coordinate of object’s centre of mass on the i-
th frame, x; — on the (i+1)-th frame. Instantaneous speeds are calculated according
to such formulas:

X — X;
Forx: V,, =" j=12,.,N-1
At
. Yin —Yi .
Fory:V,=—"—",i=12,..,N-1
y yi At

N — number of frame up to the moment when the object is lost.
In the case of object lost the speed of object is supposed to be equal to
average value of instantaneous speeds during the time of successful tracking.

N-1

N-1

N-1
zvxi
i=1

-1

V() = Vv, () =

=z

Second assumption: the speed changes linearly. For each x and y coordinates
V(t)=kt+b @

To solve this equation for the unknown coefficients k and b, we write P as a
system of N-1 simultaneous linear equations in two unknowns.

N-1 N-1

Px = Z(in _(kxti +bx))2 Py = Z(Vyi _(kyti +by))2

i=1 i=1
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Because the least squares fitting process [3] minimizes the summed square
of the residuals, the coefficients are determined by differentiating P with respect
to each parameter, and setting the result equal to zero.

OP, oP,

% =—2;t Vo=t b)) =0 2 2gt (V)i = (K, +b,) =0
a x _ N-1 B B aP N - _
abx_ 2;(\/Xi (k,t; +b,)) =0 6b _2.21:(\/y' (k,t; +b,)) =0

S0 - +D) =0 S, —(kyt +b,) =0
> Wy~ (k) =0 XV, — (Kt +b,)) =0

The normal equations are defined as

N-1 N-1 N-1 N-1 N-1 N-1
k2 t2+b >t =>"tV,, kD tZ+b Dt = 2V,
i=1 i=1 i=1 i=1 i=1 i=1
N - N—
k Zt +(N =Db, _z o K Zt +(N -1)b, _Z yi
=1 i=
Solving for k
N-1 N-1 N-1 N-1
(N 1)Z‘tlv)(l Ztl VXI (N 1)Ztlvyl Ztl Vyl
k i 1 i=1 k i 1 i=1
X Y

(N-DY - (1) (N-DY (Tt

Solving for b using the k value

b 1 N-1 b N-1 b 1 N-1 b N-1
- (SV.-b St ——— >V, b, St
X N—l(zl: Xi xizzj; |) y N 1(; yi y; ')

Correspondingly to the equation (1) and known parameters k and b the
predicted speeds can be considered:

= +b V +b

Y predicted V i+s xpredlcted X i+s

i+s — number of the frame
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The graphs of center of mass speed are shown in Fig. 2.

prediction stagc ,

0 g
0.5 R
A V}f 4
18 0 1h Eb 3‘[1 4I[] SIU EIU TI[] EIU QIU 100
frame
Fig. 2 Time dependencies of object speed are in the stage of tracking and

prediction

Conclusions. The different in quality and contrast video files were analyzed
and processed according to the given algorithm that was realized in MATLAB
2007a software. Considering formulated problem, 18 from 20 experiments show
better results at first assumption. Therefore, for poor quality and contrast video
the algorithm can be applied using the first assumption. But the selected video
files have almost the same specific type where the object moves with constant
speed and this information is apriori known. For other types of object motion
known by apriori the second assumption can be used, or even more complicated
model of motion may be in assistance.
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Darbo tikslas. Sukurti smulkiu daleliy dozatoriy — separatoriy, panaudojant
pjezovibratoriy, kuris skirstyty penkiy skirtingy dydziy daleles.

1. Teoriné dalis. Separavimas — tai procesas, kurio metu viena medziaga yra
atskiriama nuo kitos arba tos pacios medziagos dalelés yra suskirstomos i
skirtingas frakcijas pagal tam tikra ju charakteristika.

Separatoriai  skirstomi {: a) orinius Separatorius; b) hidraulinius
klasifikatorius; c) sijotuvus.

Sijotuvy pagrindinis darbinis elementas vadinamas sietu. Sietai — tai ardelés,
skyléti (tampuoti) lakstai ar pinti tinkleliai. Stampuotyju siety skylutés paprastai
daromos i apacia platéjancios, kad sietai kuo maziau kimstisi.

Skiriami trys pagrindiniai sijojimo biidai pagal daleliy atsijojimo eilisSkuma
(1 pav.) [1].

1 pav. Sijojimo budai pagal daleliy atsijojimo eiliSkuma [1]

Pirmajame bude (1 pav., 1), pirmiausiai atsijojama smulkioji frakcija. Jo
pranaSumas yra paprasta konstrukcija, sietus lengva priziGiréti ir remontuoti.
Trakumai — greitas siety dilimas, nes stambioji frakcija iSkrinta tik praéjusi per
visa siety ilgi, pati konstrukcija ilgesné uz likusius variantus.

Antro budo (1 pav., 2) pranasumai: tikslus ri§iavimas { frakcijas, mazas siety
dilimas. Trukumai: sunku keisti ir prizitréti sietus, didelis jrenginio konstrukcijos
aukstis.

Trec¢iame bude (1 pav., 3), medzaga pirmiausiai beriama ant vidutinio sieto.
Sis biudas pasizymi pirmyju dviejy biidy prana$umais, tadiau taip pat yra
sudétingos konstrukcijos, sijojimo tikslumas mazesnis.
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Sijotuvai pagal veikimo principa skirstomi [1]: a) plokstieji nejudamieji; b)
plokstieji judamieji (vibraciniai, svyruojantys); c) sukamieji (bigniniai, diskiniai).

2. Tyrimai. Apzvelgti ir i$skirti jvairiy sijotuvy tipu privalumai ir trakumai
yra pateikti Lenteléje 1.

Lentelé 1

Ivairiy sijotuvy tipy privalumai ir trikumai

Sijotuvo tipas Privalumai Trokumai
Nedidelis nasumas ir
efektyvumas, daznai
uzsikemsa, sijojama
medziaga reikia
stumdyti.

Konstrukcija labai

Plokstieji nejudamieji . :
paprasta Ir patvari

Siety judéjimo
trajektorija nepriklauso
nuo veleno sukimosi
daznio ir sijojamos
medZiagos masés
Auksta sijojimo kokybé Virpéjimo amplitude
Plokstieji judamieji | (horizontaliyjy n~90%), itakoja ant sieto esanti

Greitai dyla sietali,

palyginti nedidelis

nasumas, sudétinga
konstrukcija.

Plokstieji judamieji
svyruojantys

vibraciniai didelis naSumas ir medziagos masé, yra
mechaniniai mazos energijos nemazai dylanciy
sanaudos konstrukcijos daliy
Plokstieji judamieji Konstrukcija ganétinai Reikalingas didelés
vibraciniai patikima ir ilgaamzg, kintamosios sroveés
elektromagnetiniai didelis naSumas generatorius

Mazas naudingumo
koeficientas ir naSumas.
Dideliy matmeny,
sudétinga siety gamyba.

Tylas, nesukelia
vibracijy. Paprasta ir
ilgaamz¢ konstrukcija,
paprasta priezilira.

Sukamieji

ISnagrinéjus pateiktus sijotuvy privalumus ir trikumus priimtiniausia yra
vibraciniy mechaniniy sijotuvy rasis. Sie sijotuvai i$siskiria tuo, kad gali
medziagas riiSiuoti tiek sausuoju, tiek Slapiuoju btdu. Taip pat vibraciniai
sijotuvai pasizymi auksta sijojimo kokybe, dideliu naSumu ir mazomis energijos
sanaudomis.

Siekiant i$sirinkti priimtiniausia siety konstrukcija pagal daleliy sijojimo
eiliSkuma, pasirinktajam vibraciniam sijotuvui, sudaryta skirtingy sieto
konstrukeijy palyginimo Lentelé 2.
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Lentelé 2
Skirtingy sieto konstrukcijy palyginimas

Sieto ko_nstrukcuos Privalumai Trakumai
tipas
Kai pirmiausiai Paprasta konstrukcija, Greltgs siety dl.l.lm.%s’ nes
o L . v stambioji frakcija iSkrinta
atsijojama smulkioji sietus lengva prizitréti . o A
. - - tik praéjusi per visa siety
frakcija ir remontuoti L ..
ilgi, ilga konstrukcija
Kai pirmiausiai Tikslus rasiavimas { Sunku keisti ir prizitréti
atsijojama stambioji frakcijas, mazas siety sietus, sudétinga ir auksta
frakcija dilimas irenginio konstrukcija
Ka | pirmiaustal Pasmyrpl pimya Sudétinga konstrukcija,
atsijojama viduriné dviejy budy . e .
. b . mazas riusiavimo tikslumas
frakcija pranaSumais

3. Rezultatai. Susumavus Lenteléje 1 iSskirtus sijotuvy privalumus ir
trikumus priimtiniausia yra vibraciniy mechaniniy sijotuvy riis. Sie sijotuvai
pranasesni tuo, kad jais medziagos rii§iuojamos tick sausuoju, tieck Slapiuoju biidu.
Tokiuose sijotuvuose medziaga susisluoksniuoja, smulkesnés dalelés atsiduria
apacioje, todél pageréja sijojimo kokybé (7~90%), padidéja naSumas ir sumazéja
energijos sanaudos. kadangi dalelés bus risiuojamos nedideliais kiekiais, ju
masés itaka sieto virpesiams bus mazai aktuali. Sieto virpesiams Zadinti vietoj
ekscentrinio ar inercinio mechanizmo bus panaudotas piezovibratorius, todél
sumazés dylanciy ir patikimuma mazinanciy daliy ir sumazés energijos sanaudos.

3
1
4
2 5
1 pav. Dozatoriaus-separatoriaus ~ konstrukcijos prototipas: 1 -

pjezovibratorius; 2 — stovas; 3 — daleliy bunkeris; 4 — separavimo lovelis; 5 —
atsijoty daleliy bunkeris

Dozatoriaus-separatoriaus veikimo principas: stabiliame stove itvirtintas
pjezovibratorius virpina separavimo lovelj ant kurio byra rasiuojama medziaga i$
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daleliy bunkerio. Atsijotos dalelés, atitinkamai pagal savo dydj, patenka {
suskirstyta bunkerj esanti po separavimo loveliu.

Apibendrinus Lenteléje 2 pateiktus privalumus ir trikumus pasirenkame
pirmaji konstrukcijos tipa, del paprastos konstrukcijos ir auksto sijojimo tikslumo.
Kadangi bus sijojamos salyginai mazos dalelés (~1 mm), tai pagrindinis
konstrukcijos trukumas susijg¢s su siety dilimu $iuo atveju neaktualus.
Atsizvelgiant | pasirinkta sijotuvo tipa ir sieto konstrukcija, siiilomas
separatoriaus konstrukcijos prototipas pateiktas 1 pav.

I$vada. Isanalizuoti skirtingy sijotuvy privalumai ir trukumai. Pasitlytas
vibracinio sijotuvo prototipas, kurio sietus virpina pjezovibratorius.
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N

Reziumé

Straipsnyje iSnagrinéti {vairiy sijotuvy privalumai ir trikumai, pasitlytas
dozatoriaus-separatoriaus prototipas veikiantis vibraciniu principu. Virpesiams
sukelti panaudojamas pjezovibratorius.
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DYNAMICAL ANALYSIS OF THE PROTOTYPE
CONSTRUCTION OF PASSIVE GRAVITY STABILIZER
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Introduction. The dynamic model of the prototype construction of passive
gravity stabilizer makes huge concern, because the stop mechanism of prototype
motion is controlled in time. That means that the feeding of each piezoelectric
ring is disconnected in a certain period of time, which would be the time when the
each member of the construction rotates 180° to the fully deployed or fully folded
position. It depends on the way of need to deploy or fold the construction.

After disconnecting the feeding of piezoelectric ring, mechanical
deformation of the piezoelectric ring disappears, the rotor of piezoelectric motor
remains in steady state due to friction between stator and rotor [1].

1. Experimental approach to find approximate angular velocity of the
construction. The simplest way to estimate for example the angular velocity of
the rotational motion is to make an experiment for measuring the time of shift of
the one member of construction in 180°. For reason to approach to the real value
of angular velocity the experiment was repeated 10 times.

Fig.1 representation of shift angle ¢ of one member of construction

As shows the experiment after ten measurements the time value of model
member shift from folded position to deployed position in 180° angle varies from
0.9s to 1.3s. This shows the rotation irregularities of the rotor. For finding the
possible angular velocity the statistical approximation of finding mean value of
time of the experiments should be made.
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dts

tmean = =—; @
n

Where, n is number of the experiments.

09+1+12+1.3+09+0.8+1.1+1+0.8+1

tmean = 1s;
10
Table 1
Experiment results
The number of Time in seconds of one member of model
measurements shift in 180°
1 0.9
2 1
3 1.2
4 1.3
5 0.9
6 0.8
7 1.1
8 1
9 0.8
10 1

2. Estimation of theoretical value of angular velocity. When measured in
cycles or rotations per unit time (e.g. revolutions per minute), it is often called the
rotational velocity and its magnitude the rotational speed [2].

The angular velocity is measured in rad/s

1°=1*7/180°, so 180°=x.

Taking to account this the relationship between shift angle ¢ and the angular
velocity could be defined: [3]

*

o=¢p=mrad/s 2
Q= fndt =n*t (3)

where ¢-is shift angle, ®- is angular velocity.

So the theoretical (approximate) relationship between the shift angle of the
construction can be defined in words, so that the angular velocity is equal to the
first derivative of shift angle with respect to time.
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Also if the bigger weight is applied on the end of construction, it reduces
rotational speed of whole construction because it significantly increase friction
between stator and rotor and it leads to reduction of rotational velocity. The first
member of construction is slowest, because of stairway shape of whole
construction, the first member must sustain all weight of the construction, so the
friction between the stator and rotor of the first member is biggest

Conclusions

1. The shift angle ¢ depends on time, because the mean angular velocity o is
equal to 7.

2. Inideal model the angular velocity would be constant and equal (every rotor
of the construction would rotate in the same manner and equally. But an
experiment shows that this is not true for example if the load is applied on
the end of the construction the rotation time of 180° increases. This appears
because of increase of friction in between the rotor and stator, and increase
of moment of inertia, which leads to the decrease in rotational speed.

3. The friction between stator and rotor of the first member of construction is
the biggest in whole construction, because the first member must sustain
whole weight of the construction. So the first member rotates slower then
other two. But the approximate time of rotation in 180° is equal about 1s.
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Summary

During the experiment the approximate relationship between the shift ¢ and
angular velocity @ was estimated, due to rotational irregularities which occurs
when piezoelectric stator turns the rotor, there was very difficult to estimate true
angular velocity. In this case the mathematical method of finding mean value of
angular velocity, through 10 experiments, was chosen. All linkages of mechanism
are connected together, but rotational motion of each linkage of mechanism is in
depended fro other one. The velocity of rotation depends on the weight of
construction which acts on each member differently, due to increase of friction
between stator and rotor, but approximate time of rotation of each member
180° ,to the fully deployed or fully folded, position is equal to 1s.
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ELEKTROREOLOGINES MOVOS VALDYMO SISTEMA

Sigita NAVICKAITE
Kauno technologijos universitetas

Doc. Dr. Egidijus DRAGASIUS
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Darbo tikslas. Sukurti elektroreologinés (ER) movos valdymo sistema ir
renginio parametrus.

Teoriné dalis. ER movos priklauso valdomy movy grupei. Pagrindiné tokios
movos paskirtis: tam tikru laiko momentu perduoti reikiamo dydzio sukimo
momentg tarp dviejy veleny. Juy veikimo principas pagristas elektroreoliginio
(ER) skyscCio reologinémis savybémis [1—4]. Paveikus movoje tarp elektrody
patalpinta ER skysti, pakinta skysc¢io klampumas. Bitent dél tokios ER movos
parametry kaitos, jrenginiu perduodamas sukimo momentas yra valdomas [5-8].

Sukimo
momento T |
jutiklis T
vy
18gjimo Valdiklis
velenas
Uy
ER MOVA
U
Iéjimo
velenas
Elektros I
variklis
—— /:urisms Elektros
[zemi tampos < Saltinis
nimas keitiklis

1 pav. ER movos blokin¢ valdymo schema
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ER movos valdymo sistema. Uzdavus reikiamg i$¢jimo veleno sukimo
momentg T parenkama valdymo jtampa Uy, kurios reik§mé valdikliu nurodoma
aukstos {tampos keitikliui. Jis padidings itampa Uy iki reikiamos reik§més U,
grafitiniy Sepetéliy pagalba perduoda ja ER movai [4]. Tuomet tarp movos
elektrody yra sukuriamas elektros laukas, kuris pakeicia skyscio klampuma, taip
valdydamas ER mova perduodama sukimo momenta. I§é¢jimo veleno sukimo
momentas T, matuojamas sukimo momento jutikliu, kurio parodymai yra
siun¢iami atgal i valdikli. ISmatuotoji reikSmé T, yra lyginama su uzduotaja T

(1 pav.).

ER movos valdymo schema sudaro:
o Elektros Saltinis. Teikia uzduota itampa aukstos itampos stiprintuvui.
o  Valdiklis. Jame yra jragyta programiné jranga, kurios déka pagal ER movos
valdymo algoritma parenkama reikiama valdymo jtampa.
o AukStos jtampos keitiklis. Sio jrenginio pagrindiné funkcija — Padidinti Uy,
e Sukimo momento jutiklis — jtaisas skirtas i$¢jimo veleno sukimo momentui

matuoti.

o  Elektros variklis — reikalingas sukimo momentui sukurti.

/ Pastovis parametrai \ /~ Kintami parametrai "\
¢7 Elektriniai
Mechaniniai ER parametrai:
movos parametrai: U,E,I
movos matmenys,
—»
elektroduy
matmenys - rq, I,
h, 1
I1Séjimo
parametrai:
T2,P2, o2
Variklio
parametrai:
T.,P:, o1 Skyscio
parametrai:
Vil T

o

/

2 pav. ER movos parametrai

D

ER movos parametrai. 2 pav. pavaizduota ER movos parametry schema.
Joje iéjimo parametrai yra lygas variklio parametrams, kurie visuomet yra
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pastovis — t.y. ER movos valdymo schemoje {¢jimo velenas yra sukamas variklio,
pastoviu kampiniu grei¢iu w;. [éjimo velenas yra veikiamas variklio sukuriamo
sukimo momento T,, kuris priklauso nuo variklio galios P;. Mechaniniai movos
parametrai taip pat yra pastovis — t.y. irenginio gabaritiniai matmenys bei
elektrody matmenys: elektrody spinduliai Iy ir r, bei tarp elektrody esantis tarpelis
h. Sritis tarp elektrody, kurioje sukuriamas elektros laukas E, veikiantis aktyvuji
skysti, yra nusakoma elektrody ilgiu I.

Prie kintamyjy parametry priskiriami elektriniai dydziai, kuriuos keiciant
kinta skys¢io savybés. Keiéiant jtampa U, sukuriamas elektros laukas E, kuriam
veikiant tarp elektrody pakinta ER skys¢io klampumas x. Kintant klampai taip pat
kinta skyséio $lyties itempiai 7 ir skys¢io Slyties koeficientas y. Priklausomai nuo
pakitusios ER skysc¢io klampos x4, pakinta i$¢jimo veleno kampinis greitis w;.
Pakitus kampiniam grei¢iui w,, pakinta sukuriamas i$¢jimo veleno sukimo
momentas T».

I§vados. I3analizavus patenting medziaga ir literatlira sudaryta ER movos
blokiné valdymo schema. Remiantis sudaryta valdymo schema tampa akivaizdu,
kaip movos i§éjimo parametrai kinta eksploatuojant irenginj.
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SLYTIES ITEMPIMAI ATSIRANDANTYS
MAGNETOREOLOGINIO STABDZIO DARBO
REZIMUOSE
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Darbo tikslas. ISnagrinéti magnetoreologinio stabdzio darbo rezimus.
ISanalizuoti MR stabdzio konstrukcijos geometrinius bei fizikinius parametrus,
itakojancius MR stabdzio veikima.

Magnetoreologiniai stabdZiai. MR stabdziy veikimas yra paremtas
magnetoreologiniu efektu. MR efektas — tai specialiai paruosto skys¢io klampos
kitimas veikiant ji magnetiniu lauku. Tokiy skys¢iy pagrindas yra jmagnetinamos
dalelés, kurios paveikus skystj magnetiniu lauku iSsidésto i linijines grandines.
Siy skys&iy takumas yra tiesiogiai proporcingas magnetinio lauko stiprio augimui.

Magnetoreologinio stabdiio konstrukcija. 1 paveikslélyje yra pateikiama
MR stabdzio konstrukcijos schema. MR skystis patalpintas tarpelyje tarp korpuso
ir rotoriaus. Rotorius pritvirtintas prie veleno, kuris patalpinamas tarp guoliy ir
turi sukamaji judesi. Laidais teka srové, kuri rités apvijose sukuria magnetini
lauka. Magnetinio lauko déka galime keisti MR skyscio fizikines savybes — t.y.
skys¢io klampuma, kurio déka §i konstrukcija veikia kaip dideli valdomumo
laipsni turintis stabdis.

Kadangi $ioje konstrukcijoje korpusas yra stacionarus, o rotorius turi
sukamaji judesi, tai atsiranda Slyties reiskinys, dél Sios priezasties atsiranda
papildomos Slyties jégos ir itempiai. Tai pavaizduota 2 paveikslélyje. Ir MR
stabdis ir MR mova turi viena bendra panaSuma, - tai atsirandanti §lytis. Bet ju
skaitinés reik§més Siek tiek skiriasi, nes MR movose atsirandanti $lytis yra
didesné, nei MR stabdziuose [1,3].

MR stabdis gali veikti nepertraukiama eiga ir tuomet, kai sukimo momento
reik§mé yra keiciama. Kai ritése esanti srové lygi nuliui, magnetinis laukas taip
pat lygus nuliui. Sukimo momento reikSmé néra lygi nuliui, minimali jos reikSmé
siekia Mpin=0,34 Nm. Sukimo momento reik§mé néra lygi nuliui. Minimali
sukimo momento reik§mé, kuomet srové tekanti ritémis lygi nuliui, atsiranda nuo
guoliy, sandarinimo, ne$anciojo skyscio klampumo reikSmés. Pakitus srovei iki
maksimalios l=1 A, MR stabdZzio sukimo momento reikSmé yra tap pat
maksimali Mp5=5,65 Nm. MR stabdZio konstrukcijai pakanka tokiy srovés ir
sukimo momento maksimaliy skaitiniy reikSmiy S§io prietaiso normaliai
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eksploatacijai. Tai yra pats optimalusvariantas tenkinantis ne tik preciziska ir
optimaly veikima, bet ir tenkinantis visus darbo ir Zzmogaus saugos reikalavimus.

Rité Velenas ~———=Guoliai Rotorius Elektros laidai

Magnetinis

laukas Korpusas

1 pav. MR stabdzio schema [4] .

Rotorius

NNNNNN

u al >,

N NN

MR skystis

SSSSSSSSSS
Korpusas

2 pav. MR skys¢iuose atsirandanti Slytis

Kaip jau zinome magnetoreologinio skysCio fizikinés savybés keiciasi,
kintant, ji verianiam magnetiniam laukui. Ankscéiau aiskintuose reiskiniuose
buvo kalbéta apie atsirandancius Slyties jtempimus, kurie matematiskai yra
iSreiskiami:

T=7,4(B)+ny (1)

Si formulé yra i§vestiné , Binghman plastic model*.
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Cia dydziai : 7 - Slyties jtempimai; » - Slyties kitimo tempas; 7 -
klampumas; B — magnetinio lauko tankis; 7,,(B) - dinaminis takumo jtempimas.

Si formulé yra funkcija magnetinio lauko B, kuri eksponentiskai auga, stipréjant
magnetiniam laukui. Tai gaunam i§ formulés [4]:

7,4(B) = KB” (2)

Cia dydziai: K — proporcingumo koeficientas; a - eksponenté, MR skysgio
reikSméms, kurios yra kaip funkcijos magnetinio lauko, magnetiniy daleliy
formos, koncentracijos, neSanéiojo skyséio fizikiniu savybiy, skys¢io
temperatiiros, magnetinio jsotinimo. Sudétinés formulés K ir o reik§més
gaunamos i§ atlikty praktiniy bandymy rezultaty. Sie rezultatai vaizduojami 3
paveiksle. Tai yra priklausomybé tarp Slyties itempimuy z  ir $lyties kitimo
tempo y . Dinaminiai $lyties itempimai yra gaunami ekstrapoliuojant §ia kreive,
kuomet §lyties kitimo tempo reik§mé » artéjainuli (y —0).

T=25C
12000

-g 10000 = —0omT
é- 8000 —135mT
2 6000 200 mT
~ 270 mT
2

3 4000 ——340mT
2 2000 —— 400

0 T T - - T
0 20 40 60 80 100 120
Slyties kitimo tempas (1/s)

3 pav. Slyties kitimo kampo priklausomybé nuo §lyties jtempimy

4 paveikslas vaizduoja ry$i tarp dinaminiy takumo jtempimy ir magnetinio
srauto tankio. Kaip matome fizikiniy dydziu priklausomybése, dinaminiai takumo
itempimai didéja, kuomet eksponentiskai auga magnetinis laukas. Dinaminiai
takumo jtempimai 7,4(B) yra 0,98 B**'Pa (N/m?), §i reikimé apskaiGiuota
pasinaudojus 2 formule. Siuose skai¢iavimuose magnetinio srauto tankio
matavimo vienetas yra priimtas laikyti mT [4,5].
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16000
14000 /

12000
10000 /
8000
6000 /
4000 /
2000 /

0 T T T T
0 100 200 300 400 500

Magnetinio srauto tankis (Pa)

Dinaminiai takumo jtempimai (mT)

4pav. Magnetinio srauto tankio priklausomybé nuo dinaminiy takumo

itempimuy, kuomet 7,4 =0,98B** [5]

Ivados. Eksploatuojant MR stabdi, magnetoreologiniame skystyje

atsirandantys S$lyties itempimai jtakoja MR stabdzio darbo rezima. Todél
projektuojant MR stabdzio konstrukcija labai svarbu atsizvelgti | konstrukcijos
geometrinius ir fizikinius parametrus bei MR skyscio pasirinkima, kadangi
atsirandanti §lytis negali virS§yti normos.

Literatara

1. Rongjia Tao. Elektrorheological Fluids and Magnetorheological fluids
suspension.

2. J. David Carlson. What Makes a Good MR Fluid? (literature.lord.com/root/
other/rheonetic/What_makes_a_good_MR.pdf) - Lord Corporation, USA.

3. LORD Corporation. www.lord.com

4. Phillips, R. W. Engineering Applications of Fluids with a Variable Yield
Stress.- Ph.D. Thesis, University of California, Berkeley, 1969.

5. Jolly, M. R., J.W. Bender and J. D. Carlson. Properties and Applications

of MR Fluids.- SPIE 5th Annual Int. Symposium on Smart Structures and
Materials, San Diego, CA, 15 March, 1994

110



COMPUTER-AIDED MODELING OF THE ADAPTIVE
INTELLIGENT VEHICLE SAFETY SYSTEM

Aidara NIKOLA
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Abstract. In this paper type movement classification is resulted at computer-
aided modeling and virtual designing of vehicles active safety systems, the
algorithm of identification of the moment of transition of wheel sliding from a
steady range of sliding in unstable is described, results of computer-aided
modeling of the antiblocking system which are based on a force principle are
resulted and perspective questions of modeling and designing active safety
system in CoDeSys environment are considered.

Introduction. Since 80th years antiblocking systems (ABS) start to be
installed serially on automobile and lorries. Since 1992 in the Europe introduction
ABS for heavy lorries and long-distance buses is regulated in the legislative order.
The car equipped ABS keeps controllability and course stability at braking on
roads with low factor of coupling. ABS allows to increase medium-technical
speeds of movement and prolongs service life of trunks. By expert estimations,
obligatory use of electronic system of stabilization of movement ESP and ABS
will allow to lower death rate on roads of the Western Europe on 4000 person in a
year and on 100 thousand - number of serious accidents. The big number
publications and patents [1, 2, etc.] is devoted to the description of principles of
functioning, the theory and practice of creation of classical type. Force type ABS
for the first time it is offered in work [3]. Here we shall consider active safety
systems (ASS) of new generation in which basis of functioning the force principle
and Fourounjievs regulator [4, 5]. The method of ASS intellectual control of new
generation, and also others mechatronic systems of vehicles, is offered by R.
Fourounjiev in the patent [6]. Algorithms of identification extreme situations and
ASS computer-aided modeling of new generation are considered in works [7, 8].
Works [9-14] are devoted to various aspects of algorithmic and the software of
mechatronic systems modeling.

1. Vehicles movement type. In fig. 1 is presented type classification of
rectilinear and curvilinear vehicle movement.

For each kind of movement the extreme events (EE) are characteristic. The
extreme event leading loss of stability or controllability of the vehicle, can arise at
sharp change of properties of an environment under wheels, at actions of the
driver (on a brake pedal, on a pedal of an accelerator, on steering management,
etc.), at change of a condition of the vehicle (sudden malfunctions of details and
units such as, 3anumanue pedals of an accelerator, a leak in the working brake
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cylinder, etc.) or combinations of these factors. At designing of vehicles and
control systems it is necessary to model the situations leading occurrence EE at it
movement at various types of movement.

Braklng * |Acce|er| | Braklng |2* Acceler
|
|| |

[with| | No | [with| | no |[with| | No | | With No

ABS ABS ABS, ABS,
1* - v=const
Vv = const
" R =const

Fig. 1 — Type classification of vehicle movement

At modeling the user can choose any type of movement:
— Rectilinear;
—  Curvilinear with constant radius of movement;
—  Curvilinear with changeable radius of movement.
User can choose a mode of movement: braking and extreme braking.

2. ldentification of extreme situations. Basic purpose of ASS is maintenance
of stability and controllability of vehicle movement in any possible conditions of
movement. So, problem ABS is maintenance of a braking wheel in a mode of
optimum relative sliding at which the longitudinal factor of coupling of the trunk
with a basic surface is in an optimum range. This problem consists of two stages:

— ldentifications of the moment of approach EE leading to sliding or blocking of
a basic element;

— Definitions of operating influences on executive mechanisms with the purpose
of maintenance of admissible conditions of movement irrespective of a
condition of an environment or action of the driver.

For the decision of the given problem into structure ABS enter:

- Sensors (forces/moments, deceleration of the vehicle body, angular speeds of
wheels, etc.);

112



- The block of control receiving the information from sensors, processing it and
forming control which then moves on an input of an actuator. In case of ABS
signals of control move on modulators of pressure of a working body which, in
turn, influence executive mechanisms - working brake mechanisms of wheels,
etc.).

In ASS, based on a classical (kinematic) principle, process of identification of a
curve of “factor of longitudinal coupling-sliding of a wheel” (in the further curves

1 —s ) and definitions of size of course (linear) speed of vehicle movement is

difficult enough. In patents [1, 2] (1988, 1992) factors of coupling of wheels with the
road g, (K), i=1..,n; 1=1 2, systems describing a condition "road-trunk-car",

pay off during the consecutive moments of time (T —1), T, (T +1),... on the basis of
the measured sizes of angular speeds of wheels o, , settlement course speed of the

vehicle, brake pressure and some other sizes, using the various equations and known,
difficult enough, algorithms of identification. The factors of coupling g, (K)

received thus are used for definition during each moment of time of an inclination
K, ofcurves pz—s:

K = dug 1 ds;

which are used for optimum control angular speed each wheel. For regulation of an
inclination K, the Pl-regulator which factor of amplification during the consecutive

moments of time (T —-1), T, (T +1),... varies according to the calculated factor of

coupling x(K) is used. Adaptability of a control system is as a result achieved.

This factor in many respects defines a working range of speeds vehicle
movement. Though on the other hand every year there is a perfection of elements,
increase in speed of executive mechanisms, increase of accuracy of measurement of
angular speed of rotation, optimization of algorithms of identification, that as a
whole leads to improvement of quality of work. Thus difficult algorithms of
identification and the expensive equipment are used. Complexity modern ASS
causes its high cost which can make up to 5...10 % of cost of the vehicle depending
on its class.

In the present work the new approach based on a force principle to
identification of the event leading to blocking/sliding of the trunk concerning a basic
surface is offered. This approach consists in supervision by sensors and the analysis
of derivative actual brake force/moment in contact of system «wheel-basic a surface-
can».

On the basis of the measured actual values of brake force/moment M; and-or its
derivative it is identified EE. If during the any moments of time t, brake pressure in
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the main brake cylinder p(t;)>0 and p(t)>0 (that corresponds to pressing,
deduction by the driver of a pedal of a brake or amplification of pressing a pedal)
and an observable derivative of actual brake force M, =0, during this moment
o —the factor of coupling in a longitudinal direction will be maximal. Then during

..when M, <0, the factor of coupling will start to

decrease up to value of factor of coupling at full sliding, and sliding of a wheel will
pass in a unstable range of relative sliding. In fig. 2 dependence of factors of
coupling of wheels with road to longitudinal and cross-section directions, and also
actually sold force/moment and its derivative, from sliding a wheel is shown.

the subsequent moment of time t

4 stable range | g unstable range

s

Fig. 2 - Dependence of factors of coupling of wheels with road and actually
sold force and its derivative of sliding wheel: 1- factor of coupling in a
longitudinal direction; 2 - factor of coupling in a cross-section direction.

3. Formation of control U. In classical ABS at initial braking pressure in a
drive increases; the size of sliding of a wheel in a spot of contact to road increases
and achieved border of steady and instable ranges of wheels roll. From this time, any
further increase in pressure in a drive or the brake moment does not cause any
further increase of size of brake force (Fy). In a steady range, sliding of a wheel is
more likely deformation sliding, it has the increasing tendency in an unstable range.

Formation of an operating signal in classical ABS is assigned to a PID-
regulator for which exact option of parameters is necessary. If in movement one of
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wheels there are attributes of blocking, deceleration of rotation of a wheel and its
sliding sharply increase. If they exceed critical values the block of management
sends signals to the solenoid distributive valve for the termination of growth or
reduction of pressure in the brake mechanism before the termination of danger of
blocking. Then pressure should be restored for prevention feeble retardation wheels.
During automatic control of braking it is necessary to define constantly ranges steady
and unstable wheels roll and to modulate brake pressure, creating the maximal brake
effort.

By development ABS consider following factors: variants of coupling between
the trunk and road; the roughness of a road covering causing fluctuations of wheels
and axes; a brake hysteresis; changes of pressure in the main brake cylinder at
influence of the driver on a pedal of a brake; changes of radius of a wheel, for
example, at installation of a spare wheel, etc.

Criteria of quality of control:

- maintenance of course stability during management of the car by maintenance
of sufficient size of cross-section force of coupling on back wheels;

- maintenance of controllability of the car by maintenance of sufficient cross-
section force of coupling on forward wheels;

- reduction of a brake way in comparison with braking with blocked wheels;

- fast change of the brake moments for various factors of coupling, for example,
when the car moves through small sites of an ice on a road covering;

- the control of low amplitudes of change of the brake moment over the warning
of vibrations in tooth gearings;

- ahigh level of comfort of movement as a result of insignificant influence of a
feedback on a pedal of a brake and application of silent executive mechanisms.

In the new approach based on a force principle, the operating signal is produced
according to [3, 4].

Results of computer-aided modeling of brake dynamics of the vehicle
without ABS on a covering "ice" are presented in fig. 3, and with ABS - in fig. 4.
From figure 3 it is shown, that the vehicle brake distance without ABS has made

56,89 m, thus the established deceleration has made 1,1 m/s?. From figure 4 it is
shown, that the vehicle brake distance with ABS of new generation has made
34,81 m, i.e. was reduced to 22,09 m, that on 40 % less, than at braking without
ABS, the established deceleration thus has made 1,8 m/s?. Longitudinal factors
of sliding of wheels were in "steady" area of a curve x—s and made 18-20 % of

sliding of a wheel, providing a maximum of factor of coupling in a longitudinal
direction.

5. Prospects of ASS realization of new generation. Creation ASS of new
generation, is essentially accelerated at use of CoDeSys environment (Controller
Design System). Which the decision in the form of the program has any problem
is possible to realize in CoDeSys. Owing to compiler CoDeSys it is possible to
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realize logic of management in the fast machine code optimized under the set
hardware platform. The generated machine code is loaded further into the
programmed logic controller. CoDeSys has the integrated debugger equipped by
a wide set of functions for fast and effective debugging, testing and support of
programmed logic of management. If the logic of management has changed, the
changed fragments are compiled and loaded into the controller only.
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Fig. 3 - Transients at vehicle brakning without ABS. Initial speed of
movement v, = of 40 km/h (11.11 m/s)

To program ASS in CoDeSys the system of execution CoDeSys SP should
be established. With its help any microprocessor device, including PC-compatible,
gets PLC (Program Logical Controller) functionality with support of
programming in MEC 61131-3 languages. Installation of execution system is
carried out by the manufacturer of the device or experts of the 3S company. The
customer does not participate in it. CoDeSys SP - scaled system, its functionality
it is possible to change over a wide range, adapting to different hardware
platforms and technical requirements.

CoDeSys SP can function under control of any operational system or even
without it. Most often use VxWorks, Windows CE and Linux. There are
adaptations under RT-OS32 RTKernel. QNX. Nucleus, pSOS, 0S9, TenAsys
Iteme. The manufacturer of the equipment can independently adapt CoDeSys SP
under other OS.

Microprocessors family, supported by CoDeSys: Infeneon C167 and TriCore,
Intel 80186/80x86/Pentium x, Motorola ColclFire, PowerPC, Hitachi SH 2/3/4,
Hitachi H8.
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In systems of real time the decision of each of numerous tasks, assigned to
the built in system, as a rule, should keep within the time frameworks allocated to
it. It means, that any cyclic task should be caused through in advance certain

intervals of time.

The kernel of real time expansion (in abbreviated form RTE) CoDeSys
environments consists of 2 parts: system service RTService.exe and the driver of
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a mode of a kernel (3SRTE.sys). In a usual mode the system timer generates 2
hardware interruptions in a millisecond and thus causes planning RTE. The
scheduler uses one interruption for a call of the tasks, and the second for returning
the interrupted control to operational system(OS). Thus, all the tasks certain in
CoDeSys, interrupt through each millisecond that OS could execute necessary for
it actions. The parity of cumulative time of OS code performance and time of
tasks performance of CoDeSys can be set up.

Input-output drivers (10-drivers) shown in fig. 5, used in RTE, should have
the certain interface which is described in a package of developer 10-
DriverToolkit. RTE does not change a code of a OS kernel at installation and
during performance.

Conclusion. Results of computer-aided modeling of the vehicle dynamics
with ABS have shown high efficiency ABS of new generation, especially on road
with low factor of coupling. Use CoDeSys and the programmed controllers
operating the modulator of pressure ABS, will accelerate development of
manufacture of systems of the active safety which are based a force principle.
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Introduction. For provision of stability and controllability of the moving the
mobile machines (the cars, plane, wheel and caterpillar carriage and others) in
any road and weather condition regardless of qualifications and conditions of the
driver (the pilot, mechanics-driver), machines and external ambience are intended
Intelligent Vehicle Safety Systems (IVSS). With the purpose of simplification of
algorithms of identification and the further improvement of quality of functioning
IVSS the new ideology and methods of creation IVSS on a force principle is
offered: on the basis of measurements actually sold in contact a pneumatic with
road of the longitudinal/cross-section forces/moments or their derivatives. The
force approach to creation 1VSS for the first time was proposed en patent
Forounjiev R., Kim V. [17 ](1993).

Intelligent Vehicle Safety Systems. The way and the algorithms of adaptive
control 1VSS offered(suggested) in [16], are realized by the integrated system in
which according to carried out functions the basic modules (systems,
components) are allocated: antiblocking system (ABS), antislipping system
(ASR), the monitoring system of rate (MSR), the system preventing overturning
(SPO), active vibroprotection and stabilization system (AVSS), etc. In connection
with multi functionality of considered system the information - diagnostic system
is provided also. All mentioned systems are interconnected and in common carry
out required dynamics of the vehicle.

The general formulation of a problem. The condition k — module 1VSS
vehicle is characterized by a target variable X, (t) and its derivatives

X (1), s xlgn_l) (t), and boundary conditions are set as:

t=15:X(ty) = X - x" Dty = x(()n_l) : @

tswixt) > % x () >0, v=12,..,n-1. @)
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Here X(t) — command value of a target variable. Target variables can have.

The condition (1) reflects an initial condition, and a condition (2) - the
requirement of asymptotic stability according to Lyapunov's second law. In
expressions (1) and (2) for simplicity the index k is lowered.

The command size of a target variable can vary arbitrarily. In system of
stabilization X = const ; in system vibroprotection - X = 0 ; in monitoring system
- X=X(t). So, for example, if in ABS as a target variable it is observed a

derivative actually sold in contact the pneumatic with road of the moment I\)I#,

as command value X is accepted small positive size and brake pressure is
adjusted so that M,u — X . Thus sliding is to the left of a maximum on a curve

1 —s (a curve «factor coupling - factor of sliding»), however, very close to a

maximum on a steady part of a curve.

Generally desirable properties of movement for all modules of the integrated
system of active safety are set for the corresponding coordinates considered as the
days off, the differential equations:

% = B (KXo %00k =1ym, 1200 X (6) = X0 %, () = Xgy . (3)

where the set operators, generally nonlinear. Boundary conditions correspond (1)
and (2). Restrictions and are set also to function of preference (k=1,..., mlu)

for indistinctly certain functions and the parameters making information base of
system.

It is required to construct the control uk(x, X, X), k=1,...,m . for each

module of system, providing desirable properties of movement (3) during each
moment of time at satisfaction of restrictions and regional conditions (1) and (2).
The formulation of a problem general enough also includes control of linear
and nonlinear systems, by linear and nonlinear criteria, at the precise and
indistinct task of desirable properties of movement and information base of
system. Thus, all problems solved by modules of integrated system of active
safety, are formulated in the uniform form. Therefore creation of a control system
becomes essentially simpler and reduced the price. Thus for each module it is
required to concretize only target variables x, (t) and their command values X, .

Ways of the decision of a problem. Synthesis of managing functions is
generally carried out [13] on the basis of principles of calculus of variations,
concepts of the decision of return problems of dynamics of controlled systems
and Lyapunov's methods. Asymptotic stability of system is guaranteed by a
choice of the equations of reference movement for target variables and
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technology of synthesis of managing functions. Adaptability of control is
provided due to use in algorithms of acceleration control of target coordinates.
Intellectuality, high accuracy and speed without overcorrection are provided by
Forounjiev's regulator.

Adaptive control algorithms. Base algorithms of adaptive control of the
drives, problems corresponding to the resulted formulation, generally look like
[14]:

U =Dy Koz + @y (fy, fie fi )+ @)
+CI>2()‘(k,xk,>'<k,Xk,'>'<'k)+<D3(zk,z'k,'z'k)

Here fk () - the set functions, generally nonlinear, describing reference
properties of movement for k — module of the integrated system; cI)j(.)—
functionals received as a result of synthesis of control, j=0,...,3. A variation
CDJ- it is possible to receive a wide spectrum of algorithms of adaptive control;
ko, —a constant describing efficiency of a negative feedback on a target variable
Z, of the force executive mechanism, Ky, > 0. If the functions f,, describing
desirable properties of movement by a variable X, , are set analytically,

derivatives f, and f,, also can be received analytically. Parameters of controls

pay off, as a rule, analytically and take into account properties of force executive
drives and object of control.
Special case (4) is the algorithm:

ulx, X, X, X,z) =kgz+k f(x,x x)-%x, (5)
where k — factor of amplification of a regulator.
In work [13] the algorithm in which supervision of the second derivative of a

target variable is not required is offered:

u(x, X, X, z) =kgz +kJ f(x, %, X)dt —k(x - %;). (6)

Here X, — initional value of the speed of output variable.

On the basis of algorithm (4) the unified regulator of new generation is
realized. The control according to algorithm (4) is adequate to hardware of
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modern digital technical equipment and guarantees asymptotic stability of
controlled system. Thus it is not required carrying out of parametrical
optimization for definition of parameters of algorithm: their values are calculated
precisely without attraction of numerical methods. Also it is not required to spend
time for research of stability of the system being generally essentially nonlinear.
Stability is guaranteed by technology of synthesis of controlling functions and a
choice of the equations of reference movement of target variables.

Regulators for 1VSS new generation. To IVSS are demanded much on
speed. On development of control signals and working off by their force
executive devices it is removed the 100-th shares of second. Therefore
requirements to accuracy and speed IVSS continuously grow. At use universal
Pl-and PID-regulators basically it is impossible to combine high accuracy and
speed, and besides it is difficult to vary criteria of quality of control in the
foreseeable form. Therefore the way and a regulator [14,15] deprived these lacks
have been developed.

Base algorithms for separate modules 1VSS are supplemented with
restrictions. So, controls on the basis of expressions (5) and (6) in view of
restrictions have accordingly an appearance:

o kn, 2z, +k, F(X %, % )=% ,if E, ¢ E,
uk(xk!xklxk!xkvzk):{OOk k k ke Tk Tk k ifnolf[ k (7)
Koz, + ki [ f (% %, % )dt =%, if E, ¢E
. 0k “k k k*?k Mk k- k ko

Apparently from (7) and (8), IVSS corrects a condition of the vehicle, only
when the actual condition does not correspond to regulated properties of
movement.

Antiblocking system. The problem of adaptive control ABS will consist in
the following. Estimations of the actual brake forces/moments or their derivatives

P . being functions of joint actions of the driver and ABS are calculated. On the
ol
basis of observable sizes and command value |3l desirable properties of

movement (3) are formed and according to algorithms (7) - (8) the controls which
are carrying out these properties at set restrictions are calculated. Sliding is

adjusted by a choice of command value 51 (where Fi— small enough positive

value) in such a manner that it is in a zone of stability of a curve x—s, a little
outstripping its extremum.
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So, a subset of set El is the set

Elli{P_l(t)ZO, ecnu p(t) >0 VO>¢<T;i=1n1=12}
oi

Here p— pressure in the main brake cylinder or moving of a pedal of a
brake; p=dp/dt; T —time of supervision; n— number of wheels from one

board of the machine. In an operating conditions of braking ( E1 € El) control is

equal to zero and ABS does not render influence on functioning of brake system.
It is uneasy to see, that the reduction of the problem regulating sliding of

wheels at braking of the machine, to a problem of adaptive stabilization of speed

of change of actually sold brake forces/moments in contact pneumatics with road

is carried out at E; ¢ El. Thus the systems functioning both on kinematic, and on

a force principle can be realized. If the force principle of functioning ABS is
chosen, it is not required to observe angular speeds of wheels and to calculate
course speed of the vehicle, and also necessity for use enough difficult algorithms
of identification of a x—s curve.

Conclusions. The way and algorithms of adaptive control by active safety of
vehicles generally are developed new: they can be used both in IVSS new
generation, and in IVSS classical type (using kinematic parameters).

On the basis of original a way of control by movement and an adaptive
regulator providing optimum functioning on high quality can be created adaptive
IVSS the new generation, at low cost.

It is expedient to use regulator of Forounjiev R. providing adaptability of
control both combining accuracy and speed without overcorrection in new
generation of 1V/SS.
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Introduction. For provision of stability and controllability of the moving the
mobile machines (the cars, plane, wheel and caterpillar carriage and others) in
any road and weather condition regardless of qualifications and conditions of the
driver (the pilot, mechanics-driver), machines and external ambience are intended
Intelligent Vehicle Safety Systems (IVSS).

Antislipping system (ASR), is one of the basic modules, used by integrated
system IVSS. The system is opened, and in case of need it can include any other
modules.

The general formulation of a problem. The condition module IVSS vehicle

is characterized by a target variable x(t) and its derivatives X(t),...,x(nfl) (1),
and boundary conditions are set as:

t=15 1 X(ty) = X - x" V() = x(()n_l) , @
tswixt) > % x>0, v=12,..,n-1. @)

Here X(t) — command value of a target variable. Target variables can have.

The condition (1) reflects an initial condition, and a condition (2) - the
requirement of asymptotic stability according to Lyapunov's second law.

In ASR as a target variable it is observed a derivative actually sold in contact
the pneumatic with road of the moment M#, as command value X is accepted
small positive size and brake pressure and-or the submitted quantity(amount) of
fuel is adjusted so that Mﬂ — X . Thus sliding is to the left of a maximum on a

curve u—s (a curve «factor coupling - factor of sliding»), however, very close
to a maximum on a steady part of a curve.
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Generally desirable properties of movement for all modules of the integrated
system of active safety are set for the corresponding coordinates considered as the
days off, the differential equations:

%= f(X, X Xt), 3)

£20: X(ty) = %o, X(ty) = Xg,

where f(.)— the set operators, generally nonlinear. Boundary conditions
correspond (1) and (2). Restrictions and are set also to function of preference u

for indistinctly certain functions and the parameters making information base of
system.
It is required to construct the control u(x, X, X) . for each module of system,

providing desirable properties of movement (3) during each moment of time at
satisfaction of restrictions and regional conditions (1) and (2).

The formulation of a problem general enough also includes control of linear
and nonlinear systems, by linear and nonlinear criteria, at the precise and
indistinct task of desirable properties of movement and information base of
system.

Mathematical models of object of control according to the resulted
formulation of a problem for control in real time are not required. The system
reproduces itself in a mode of normal functioning.

Base algorithms IVVSS are supplemented with restrictions. So, controls on the
basis have accordingly an appearance:

u(x,x, X, X, z) =

_ Jkoz+k f(x,%,%)-X, ecu E¢E, 4)
0, otherwise

u(x,x, X, z) =

[ koz+k [ f (X, %,X)dt-X, ecu E¢E, )
0, otherwise

Apparently from (4) and (5), IVSS corrects a condition of the vehicle, only
when the actual condition does not correspond to regulated properties of
movement.

Algorithm of antislipping system. The problem of adaptive control ASR will
consist in the following. The actual traction forces/moments or their derivatives

M [ being functions of joint actions of the driver and ASR are observed. Then
ol
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on their basis, in view of command size M , desirable properties of movement
[0}

(3) are formed and according to algorithms (4) - (5) the controls which are
carrying out these properties at set restrictions are calculated. In traction mode
ASR works only when E ¢ E . Otherwise (E € E) ASR. ASR does not render
influence on movement of the machine (control equally to zero).

So, a subset of set E is the set:

EAM L0=0,0f p(t)>0 VO >t <T; i=1ny; =12}
ol

Here p —moving of a pedal of an accelerator (rack of the fuel pump of a high

pressure); p=dp/dt; n, - number of driving wheels from one board of the

machine.

It is uneasy to see, that the reduction of the problem regulating slipping of
driving wheels in a traction mode at E ¢ E , to a problem of adaptive control is
carried out in such a manner that functioning system in a zone of stability of a
4—S curve with some advancing is provided.

Conclusions. IVSS carries out control of linear and nonlinear systems, by
linear and nonlinear criteria, at the precise and indistinct task of desirable
properties of movement and information base of system.

The way and algorithms of adaptive control by active safety of vehicles
generally are developed new: they can be used both in IVSS new generation, and
in IVSS classical type (using kinematic parameters).

On the basis of original a way of control by movement and an adaptive
regulator providing optimum functioning on high quality can be created adaptive
IVSS the new generation, at low cost.
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ROBOTIZUOTAS VIBRACINIS CILINDRINIU DETALIU
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Darbo tikslas. Nagrinéjamas veleno-ivorés tipo detaliy rinkimas naudojant
nutolusio paslankumo centrus ir vienos jungiamosios detalés vibracinj zadinima
sujungimo asies kryptimi. Siekiama nustatyti veiksnius, salygojan¢ius veleno
istatymo i ivorg greiti.

Viena svarbiausiy Siuolaikinés gamybos charakteristiky yra darbo nasumas.
Siekiant pakelti naSuma, taikomos pazangios technologijos, perkami nauji
irenginiai. Siekiant mazinti ranky darbo operacijas rinkimo metu gamybinése
linijose naudojami robotai (manipuliatoriai). Tai leidZia padidinti rinkimo kokybe,
kelti darbo naSuma, mazinti kaing. Automatizuota detaliy rinkima tyré B. Baksys,
A. Povilionis [1]. Automatizuoto rinkimo metu naudojamy roboty pozicionavimo
tikslumas priklauso nuo jo konstrukcijos, be to, biitina naudoti specialius rinkimo
itaisus — taip vadinamus rinkimo itaisus.

Robotizuoti rinkimo itaisai skiriasi savo konstrukcija, paslankumo dydziu,
skirtingi yra rinkimo {renginiy gabaritai, svoris, keliamoji galia. Pasaulyje
gaminami ir naudojami jvairls kompensaciniai jtaisai, kurie leidzia sumazinti
rinkimo operacijy trukme [2].

wIndustrial Automation“ gaminamas robotizuoto rinkimo jtaisas skirtas
erdvinéms paklaidoms kompensuoti rinkimo metu. [taisas sudarytas i§ 2 disky, 3
(6 ar daugiau) spyruokliy ir perkrovy jutiklio (neparodytas) (1, 2 pav.).

Veleno-jvorés tipo detaliy sujungimo metu, esant pozicionavimo paklaidai
rinkimo pozicijoje, neretai pasitaiko veleno istrigimai. Naudojant kompensavimo
itaisus, galima panaikinti detaliy tarpusavio padéties paklaidas kadangi
pozicionavimo paklaida spyruokléms deformuojantis eliminuojama. Paslankumo
centras jtaise pasislenka reikiama linkme taip, kad veleno ir {vorés aSys sutapty.
Virpesiy panaudojimas veleno-ivorés tipo detaliy rinkimo metu leidZia i§vengti
veleno strigimo ir uztikrinti seékminga detaliy sujungima. Virpesiai sujungimo
aSies kryptimi gali biti suteikiami jvorei arba velenui.

Reguliuojamo paslankumo rinkimo jtaisas. Siame renkamy komponentuy,
erdviniy paklaidy kompensatoriuje galima keisti atitinkamus parametrus ir taip
reguliuoti paslankuma. Tiksliau, paslankumo reguliavimo strypu gali biti
keiCiamas tampriyjy elementy standumas (3 pav.). Keiciant istatyto strypo gyli,
keiCiamas tampriyjy elementy standumas, o tuo paciu keiciasi tampriojo elemento
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itaka veleno poslinkiui ir postikiui. Minéto irenginio reguliuojamas tamprusis
elementas yra pavaizduotas 3 pav.

J Surinkimo jéga

¥ )
L

Kompensavimo
itaisas

Nutolusio
paslankumo
centro taskas

Kampiné
aklaida b : «
p Liniting Esant_ vieno tasko Esant dviejy tasku
J kontaktui, kontakto taske kontaktui, kontaktine
paklaida : AR L
atsirandanti jéga i8Saukia jéga issaukia
linijini kompensaVImO kompensavimo jtaiso
itaiso poslinki posiki

1 pav. Robotizuoto rinkimo paklaiduy kompensavimo itaisas [4]

Paslankumo
reguliavimo
strypas

m fiksuoty
sluoksniy

n tampriojo
elemento
sluoksniy

2pav. Kompensavimo jtaiso 3 pav. Kintamo standumo
bendras vaizdas [4] kompensavimo jtaiso tamprusis
elementas [5]

Robotizuoto rinkimo jtaisas su nutolusiu paslankumo centru. Rinkimo
operacijai palengvinti, naudojami jtaisai su nutolusiu paslankumo centru. 4 pav.
pateiktas jtaisas sudarytas i$ elementy, kurie visumoje suteikia jstatomam velenui
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visus 6 laisvés laipsnius. Dalinai jverztas spyruoklémis velenas gali pasisukti,
svyruoti ir pasislinkti visomis kryptimis. Pagrindiniai tokio jtaiso elementai yra
paslankuma suteikiantis mechanizmas, spyruoklés, atitinkamai {tvirtintos tarp
dviejy disky, kuriy vienas tvirtinamas prie roboto griebtuvo, o kitas prie veleno.

E:ml;!mo Ileistas
YRUs_ krastas

4 pav. Veleng veikiancios jégos

Tokio jtaiso paskirtis — kompensuoti roboto pozicionavimo paklaidas
rinkimo metu. 4 pav. pateikiama tarp veleno ir ivorés veikianCiy jégy schema.
Vibracinio zadinimo panaudojimas detaliy sujungimo procese leidzia detales
sujungti iSvengiant strigimo. Virpinant jvorg iSilgai jos aSies, veikiamas tampriyju
elementy velenas kryptingai slenka link jvorés skylés, panaikinama detaliy
tarpusavio padéties paklaida ir detalés sékmingai sujungiamos.

5 pav. Bendras veleno jstatymo i jvorg stendo vaizdas
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5 pav. pavaizduotas stendas, naudotas cilindriniy detaliy sujungimo
eksperimentiniam tyrimui. Vertikaly judesj velenui suteikia Mitsubishi robotas.

Skaitmeniniu osciloskopu Picoscope 3424 fiksuojamas laikas, per kuri
velenas isistato { ivorg. Atlikti pradiniai detaliy sujungimo eksperimentiniai
tyrimai, patikrintas eksperimentinio stendo funkcionalumas.

Tolimesni tyrimai. Numatoma atlikti iSsamesnius detaliy sujungimo tyrimus,
sickiant nustatyti sujungimo procesa salygojanciy veiksniy itaka veleno istatymo
greiciui.

I$vados. Pristatomas cilindriniy detaliy sujungimo budas, naudojant
kompensacinj itaisa su nutolusio paslankumo centru ir vienos jungiamosios
detalés vibracini zadinima sujungimo aSies kryptimi. Atlikti pradiniai
eksperimentiniai detaliy sujungimo tyrimai pasitlytos konstrukcijos stendu.
ISsamesniy rezultaty gavimui bitini iSsamesni eksperimentiniai detaliy sujungimo
tyrimai.
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Reziumé

Nagrinéjamas robotizuotas detaliy sujungimas naudojant nutolusio
paslankumo centro jtaisa ir {vorés vibracinj zadinima sujungimo aSies kryptimi.
Apzvelgtos kompensavimo jtaisy konstrukcijos. Pristatomas kompensavimo
itaisas su nutolusiu paslankumo centru ir eksperimentinis stendas naudoti detaliy
vibracinio sujungimo tyrimams atlikti.
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Siy dieny visuomenéje irenginiy/daikty valdymas yra aktualus dalykas.
Stengiamasi ji daryti kuo paprastesnj, kompaktiskesni. Dél Siy priezas¢iy pradéta
jautrius ekranus diegti daugelyje irenginiy. Sio straipsnio tikslas - isnagrinéti
daugelio lietimosi tasky atpazinimo principus. Straipsnyje apzvelgiami lietimo
atpazinimo budai ir nagrinéjamos daugelio lietimosi tasky (angl. multi-tuoch)
atpazinimo technologijos.

Lietimosi tasko atpaZinimo biidai. Yra keli lietimosi taSko atpazinimo
budai: varzos (angl. resistive), talpinés varzos (angl. capacitance), pavirSiaus
akustiniy bangy (angl.surface-acouctic-wave, SAW), infraraudonyju spinduliu
(IR), visisko vidinio atspindzio (angl. Frustrated Total Internal Reflection, FTIR).
Pastarasis leidzia atpazinti tikrai daug lietimosi taSky, tuo tarpu biidai, minéti
pries tai, daugiau naudojami vieno lietimosi tasko atpazinimo ekranuose [1, 2].

vienoda specifinés varzos apvalkala ir poliesterio danga. ISoriné dangos pusé
padengta kietu, tvirtu apvalkalu, o vidiné — laidZiu sluoksniu. Lietimosi momentu
laidus sluoksnis sukuria elektrini kontakta tame taske su stiklo apvalkalu, kuri
registruoja analoginis kontroleris.

Ekranas yra sudarytas i§ keliy sluoksniy: mechaniniams poveikiams atsparus
sluoksnis, laidus sluoksnis, skiriamasis sluoksnis, varzos sluoksnis, ekrano stiklo
sluoksnis.

Talpinés varios lieGiamieji ekranai sudaryti i§ dvieju elektrodu sluoksniy.
VirSutin sluoksnj sudaro vertikalios elektrody juostos, apat1n1 — horizontalios.
Sios linijos sudaro pavirsiaus elektrody tinkla — matrica. Sie elektrodq sluoksniai
sujungti su integruota schema, esanéia pado antroje puséje. Si schema matuoja
abipusia varza (angl. mutual capacitance) nuo kiekvieno horizontalaus iki
vertikalaus elektrody. Zmogaus pirstas lietimosi taske sukuria potencialy
skirtuma (zmogaus dielektrinés savybés kitokios nei oro), kurj fiksuoja integruota
schema ir siundia X bei Y adiy informacija kompiuteriui. Sios technologijos
privalumas — didesnis ekrano $viesos pralaidumas, kuris siekia iki 90%.
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PavirSiaus akustiniy bangy (SAW) ekranai turi X ir Y a§yse imontuotus du
keitiklius — perdavimo ir gavimo. Dar vienas svarbus SAW technologijos
elementas yra reflektorius, kuris atspindi ultragarsing banga. Pirmiausia
perdavimo keitiklis i§ kontrolerio gauna elektrini signala, kuri pavercia
ultragarsine banga ir tada jq reflektorius atspindi. Atspindéta ultragarsiné banga
keliauja { gavimo keitiklj, kur vél paverCiama elektriniu signalu ir siunciama
kontroleriui. Prisilietimo taSkas aptinkamas pasikeitusia ultragarsine banga —
prisilietimo taSke ja absorbuoja pirStas. SAW technologijos ekranai perduoda
geresnés kokybés, aisky ir didesnio $viesos perdavimo vaizda, nes visa ploksté
yra stikling, néra jokiy sluoksniy. Trikumas tas, kad ekranas turi bati lieCiamas
tik pirStu arba ranka su pirStine, minksto galiuko rasomaja lazdele, nes Kieti
daiktai beveik neabsorbuoja bangy. Be to, ekrano pavirsius turi biiti pakankamai
$varus, kad nebiity iSkraipomos ultragarso bangos ir lietimo informacija biity
korektiska.

Infraraudonyjy spinduliy (IR) technologijos ekranas pavirSiuje turi
infraraudonyjy bangy tinklelj. Jis sudaromas i§ IR diody (angl. LED) X ir Y asyse
ir priesais juos esanciy fototranzistoriy. Kontroleris nuosekliais impulsais sukuria
infraraudonyjy spinduliy tinkla, kuris lietimosi taske yra suardomas.
Fototranzistoriai aptinka pirSto absorbuotus infraraudonuosius spindulius X ir Y
aSyse, pagal kuriuos kontroleris atpazista lietimo tasko koordinates.

Lentelél
Technologijuy savybiy palyginimas
Varzos Talpines SAW IR
varzos
. g c o Jégos
Aktyvavimas | Reikia jégos Reikia jégos Reikia jégos nereikia
<82%,
. :quaf'kos Labai geras, | Labai geras, Labai
Skaidrumas | iskraipymas >02% >92% geras,
del dangos >92%
sluoksniy
Slinkimas pastovus pastovus pastovus slinkimas
pertikrinimas | pertikrinimas | pertikrinimas | negalimas
Tasky sk. vienas vienas vienas vienas
- Bet koks | Bet koks
Lietimo L Zmogaus . L
v lietimo - Tik pirstas lietimo
atpazinimas | . . lietimas . .
renginys renginys
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Sios technologijos privalumai: galima valdyti tiek minkstos, tiek kietos
medZiagos instrumentais, ekranai yra hermetiski, galimas ankstesnis aktyvavimas
(pries palieciant pavirsiu), nes spinduliai yra stiklo pavirsiuje.

1 lenteléje galima rasti auk$c¢iau apraSyty technologijy savybiy palyginima.

Lietimo aptikimui dazniausiai reikia 40-90g jégos, lietimo irankis gali biiti
pirstas, ranka su pirstine, lietimo pieStukas.

Valdymui naudojama nuolatiné 5V jtampos, 1mA srové, izoliaciné varza 10-
20MQ arba didesné (25V DC).

iPhone ir iTouch jrenginiai. Kompanija Apple uZzpatentavo daugelio lietimo
tasky atpazinimo ekrano principa, kurj pritaiké iPhone ir iTouch jrenginiuose.
Apple patente yra apraSyti du projektuojamos talpinés varzos (angl. projected-
capacitive) biido igyvendinimo principai. Pirmas, kuri Apple pavadino ,,vienodos
talpos™ (angl. self capacitance), yra 24x36 paprasta pasyviy elektrody masyvo
matrica vienoje plokStumoje. Ji naudojama pramoniniuose valdymo pultuose,
klaviatiiros plévelése ir kitur, kur yra ribotas lie¢iamo paviriaus plotas. Sis
principas yra mazos skyrimo architektiiros, todél dabar retai naudojamas
ekranuose [2-4].

Drive lines
Ay

il

4 J Sense lines

1B
/
/} Finger

/
Capacitive node

A/D converter

v
Output to
host computer

1 pav. Supaprastintas Apple iPhone ekrano veikimas

Touch sensor

Antras principas yra daug tradiciS$kesnés struktiiros. Ji sudaro 2 lygiagreéiy
permatomy laidininky rinkiniai. Vienas ju pusés pagrindas statmenas kitam.
Apple tai pavadino abipuse talpa (angl. mutual capacitance). Kaip parodyta 1
pav., itampos linijos (angl. drive lines) yra suzadinamos atitinkamos amplitudés ir
daznio kintamos srovés signalo, po to vienu metu yra matuojama talpiné varza
kiekviename susikirtimo taske tarp itampos ir jautrumo (angl. sense lines) liniju.
Multiplekserio i$¢jimo signalas yra iSmatuoty reikSmiy srautas. Taip yra
matuojama kiekviena jtampos linija. Sitokiu biidu yra gaunama priliesto tasko
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padétis (4 tasky koordinatés). Patente raoma, kad Siuo biidu galima atpazinti 15
tasky (10 pirsSty, 2 delnai ir 3 kiti).

Visiskai i§sklaidyto vidinio atspindfio (FTIR) ekranai. Sis biidas pagristas
dirbtinio stiklo pavirSiuje iSsklaidyty infraraudonyjy spinduliy tasky aptikimu.
Dirbtinio stiklo viduje yra sukuriamas IR spinduliy sluoksnis, kuris gaunamas
tam tikru kampu apsvieciant stiklo Sona IR diodais. Stiklo krastas yra jzambus,
~45° kampo. Diodai jtaisomi statmenai stiklo briaunai, kad kuo daugiau ju pereity
riba oras-stiklas, o stiklo viduje spinduliai atsispindéty riboje stiklas-oras ir kuo
maziau iSeity uz jo riby. Spinduliy kreipimo kampa galima apskaiciuoti
naudojantis formule

sing =12 1)
nl

kur n; — dirbtinio stiklo (akrilo) lazio rodiklis (n; = 1,48), 0 n, — oro lazio rodiklis
(n2 = 1)

Prilietus pirsta, IR spinduliai yra i$sklaidomi (atsiranda riba stiklas-pirstas,
kurios optinés savybés kitokios) ir taip matomas lietimo taskas.

Si sistema yra sudarytai i§ ekrano, stebéjimo kameros (su IR filtru),
kompiuterio ir projektoriaus. Kamera su IR filtru fiksuoja i$sklaidytus spindulius
ekrano pavirsiuje. Sis vaizdas yra apdorojamas programinés jrangos kompiuteryje.
Ji pagal lietimo tasky koordinates ir vaizdo, projektuojamo projektoriumi ekrane,
padéti atlicka valdymo funkcijas.

Si technologija leidzia atpazinti daug lietimosi tasky ir stebéti ju judéjima.
Pagrinding analizavimo funkcija atlieka programiné jranga, kuri analizuoja
videokameros su IR filtru perduodama informacija (lietimosi taskus) [5, 6].

Microsoft Surface Table yra FTIR principu veikiantis ,,protingas“ stalas,
kuri sudaro ekranas/stalvir§is, pagamintas i§ akrilo, infraraudonuyju spinduliy
atpazinimo kameros, kurios fiksuoja prisilietimus prie stalo pavir§iaus, centrinis
procesorius ir projektorius, rodantis vaizda ekrane/stalvirsyje.

Projektoriaus rezoliucija yra 1024x768. Tai standartinis ekrano dydis.
Infraraudonyjy spinduliy kamery rezoliucijos didesnés (1280x960), tai palengvina
lietimo tasky aptikima. Kameros fiksuoja 850 nm ilgio Sviesos bangas, kurios
plika akimi nematomos, todél nekeiCia rodomos informacijos. [ Surface yra
integruotos WIFI bei BLUETOOTH technologijos, kurios gali komunikuoti su
kitais jrenginiais, pvz. telefonu, foto aparatu, delniniu kompiuteriu [7, 8].

Sis Miscrosoft kirinys yra zenklus technologijos progresas kasdieningje
buitinéje jrangoje.
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I$vados. Dauguma jautry ekrany atpazista vieng lietimo taska. ISsklaidyto
visiSko vidinio atspindzio (FTIR) budas leidzia aptikti daugiau lietimo taskuy,
kuriais galima valdyti rodoma informacija ekrane. Siy, daug lietimo taky
atpazinimo biidy, valdymui naudojama kompiuteriné programing iranga.

Apibendrinant galima teigti, kad ... (Sios technologijos reikalingos, vis
labiau tobulinamos, padeda Zmonéms, paprastinamos, kad ir paprastas asmuo
galéty jomis naudotis. Diegiamos bankuose, kur dar? ...)
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Introduction. Active Safety Systems (ASS) of vehicle are used to enhance
the safety of vehicle driving in different weather conditions on roads with
different type of micro profile at different coupling factors, sudden changes of the
road situations and at actions of a driver.

ASS are systems equipped with devices of the feedback control that use for
their work auxiliary Antiblock System (ABS).

The task of ASS (such as ABS) is keeping of braking or driving wheels in
the regime of the optimal relative sliding, when the longitudinal coupling factor
of a tire and supporting surface is in the most favorable range. This task consists
of two stages:

v’ the identification of the moment of the coming event, which leads to slipping
or blocking of a supporting element;

v/ the determination of controlling impacts on effectors for providing of
slipping or blocking of wheels in an admissible range independent on the
environment conditions or actions of a driver.

To decide this task ASS include:

v sensors (forces/moments, angular wheel speeds absolute car turning sensors
etc.);

v control unit, which reads the information from sensors, processes it and
supplies instructions to effectors;

v effectors ( for example, modulators of the pressure of a working element of a
brake system).

The main processes of ABS feedback control. At primary brake the pressure
in actuator increases, the amount of the wheel sliding in road contact pattern the
limit of resistive and instable ranges of wheels turning is achieved. Beginning at
this moment any next increasing of pressure in the actuator or of the brake
moment doesn’t effect any next increasing of the brake force amount. In resistive
range wheel sliding is rather deforming sliding, it has growing tendency in the
instable range.

If in the moving of one of the wheels there are blocking signs, the
deceleration of the wheel turning and sliding quickly increases. When they
exceed the limit, control unit supplies signals solenoid redistributive valve to stop
increasing or decreasing of the pressure in the brake mechanism until stopping of
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the danger of the blocking. Then the pressure must be restored to predict not full
braking. At automatic brake control you should constantly determine resistive and
instable ranges of wheels turning and modulate braking pressure creating
maximum braking effort.

At developing of ABS following is accounted: versions of the coupling of
the tire and the road; roughness of the road surfacing, which effects oscillations of
wheels and axles; changes of pressure in the main brake cylinder at the influence
of a driver on the brake pedal; changes of the wheel radius, for example, at
mounting of the spare wheel.

Criterions of the control quality: keeping of curs resistance at car driving by
providing of sufficient amount of the cross force of the coupling of the back
wheels; keeping of the car controllability by providing of sufficient cross force of
the coupling of the front wheels; decreasing of the stopping way in comparison
with braking with blocked wheels; quick change of braking moments for different
coupling factors; control of the low amplitudes of the braking moment change to
predict vibrations in tooth gearing; high level of driving comfort as result small
feedback impact on brake pedal of the application of noiseless effectors.

But in ASS founded on the classical kinematical principle there are some
difficulties connecting to the identification of the curve of the dependence of
coupling-sliding factor and the determination of the accurate lineal speed. This
factor determines much the working range of the driving vehicle speeds. Though,
other hand, every year the technical realization is improved, the fastaction of
effectors is increased, there are rise of the accuracy of the measuring of the
angular speed of the turning and the optimization of the identification algorithms,
what leads to improvement of the work quality. There are difficult identification
algorithms, too, at which designing expensive equipment is used. Difficulty of the
modern ASS stipulates its high value. It can be 5-10 % of the car value dependent
on its class. Economical aspect is one of the main aspects, determining rates of
ABS introduction. That’s why the creating of ABS on new principles is
functioning.

This article offers ASS and new approach to the identification of the event,
which leads to blocking/slipping of a tire relative to supporting surface, founded
on the power principle. This approach includes measuring of the forces of the first
derivative of the actual braking moment in contact «road-wheel-mobile the
machiney.

At approximation of actual force/moment to as much as possible sold in
contact «road-wheel-mobile the machine», the value of derivative actual
force/moment starts to fall. According to the formula (1):

Fr=Ryo, @)
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where R, — vertical loading on a wheel; ¢ - the factor of coupling in a
longitudinal direction, at achievement of the force/moment created by a brake
drive, the maximal admissible value, factor of longitudinal coupling will be
maximal and derivative actual force becomes equal to zero (Fig. 1).

4 stable range | n unstable range

¢

S

tp

Fig. 1 - Dependence of factors of longitudinal coupling of wheels from road
and factually realized force/moment and its derivative from sliding a wheel:
1 - Factor of coupling in a longitudinal direction; 2 - factor of coupling in a
cross-section direction

The controller produces an operating signal which moves on the modulator
for dump of pressure in the executive mechanism of brakes. If further pressure in
the brake cylinder continues to grow, the derivative of actual force falls below
zero, and actual force sold in contact falls up to the value defined by vertical
loading on a wheel and factor of coupling at full sliding. Thus the factor of
coupling decreases to the value corresponding full sliding of a wheel (wheels
lock). Sliding of a wheel passes in a unstable range of sliding and continues to
grow.

The offered approach allows to design ASS based on the new physical
principle, which processes data read from force/moment sensors and from the
derivative force/moment sensors and allows to determine the moment of the
clipping/blocking coming at the driving of the mobile car in any weather
conditions at different road surfaces and actions of a driver without using of the
expensive equipment and the difficult algorithms of the identification.
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JRENGINIU TECHNINES BUKLES STEBESENA
NAUDOJANT VIBRODIAGNOSTINIUS METODUS

Raimondas SILEIKA
Mechatronikos studijy programa, Kauno technologijos universitetas

Dr. Vytautas JURENAS
Kauno technologijos universitetas

Darbo tikslas. Sio darbo tikslas parinkti tinkama jrenginiu biklés {vertinimo
metodika, kuri remtysi vibrodiagnostika, kuri pagrista virpesiy matavimu,
virpesiy analize ir technologinio proceso parametrais.

Ivadas. Vibrodiagnostinis masinos techninés biiklés stebésena yra
alternatyvi stebéjimo strategija, kuri leidZia maSinai veikti be perstojo, kol
gedimo simptomai néra aptinkami. Vibrodiagnostiniu metodu galima numatyti
masinos sugedimo laika ar likusig veikimo trukmg, silpnéjanéiy komponenty ar
posistemiy techning biklg, anksciau, negu masSina pasieks kritiska blsena.
Naudojant $i metoda, galime uzsiduoti pavojingas ar kritiSkas masinos vibracijas,
kurias virSijus bus ispéta arba sustabdyta masina. Vibracija ir garsiniai signalai
yra tiesiogiai susieti, kad suformuoty masSinos dinamika, jie turi gausia
informacija apie jrenginiy techning biikle. Vibrodiagnostika pagrista principu, kad
Vvisos sistemos sukelia tam tikras vibracijas. Kai masina veikia tinkamai, paprastai
vibracija yra maza ir pastovi, taciau kai atsiranda gedimy vibracijos tampa
didesnés, keiiasi vibracijos spektras. Vibrodiagnostikos technika susideda i$
keitikliy, kurie matuoja masinos vibracija, analizatoriy, kurie analizuoja keitikliy
iSmatuotus signalus, juos vaizdziai pateikia ir valdikliy, kurie pagal uzduotas
signaly reikSmes ispéja apie galimus pavojus arba iSkarto sustabdyti masina.
DazZniausiai rotoriniy mechaniniy sistemy gedimy priezastis — riedéjimo
guoliuose issivyste defektai.

Guoliy vibracijos. Defektiniai riedéjimo guolio elementai zadina keturiy
skirtingy dazniy virpesius. Kai riedéjimo guoliai neslysta riedéjimo takeliais,

teorinés §iy virpesiy dazniy reik§més apskaiciuojamos pagal formules [1]:
1. Separatoriaus sukimosi daznis fg,, parodo, kad sugedo separatorius:

v dy
foo =2 (1= cosp), (1)
2. Rutuliuky probégu iSorinio ziedo riedéjimo takeliy daznis fj, parodo, kad

iStrupéjgs arba kitaip suzalotas guolio iSorinio ziedo riedéjimo takelis:
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f,=z-%'(1—dr'cosﬁ), 2

dyid
3. Rutuliuky probégu vidinio Ziedo riedé¢jimo takeliy daznis f;4, parodo, kad

iStrupéjes arba kitaip suzalotas guolio vidinio ziedo riedéjimo takelis:

foa =22 (1+-2= cosp) @3)

dyid

4. Riedéjimo kuny ( rutuliuky arba ritinuky ) sukimosi daznis fy,, parodo esamus
defektus riedéjimo kaine:

fro =22 py 1= () cos ] ()

dypiq

Guolio defeley guolio elementy
dafniy juosta  rezonansiniy dagnng

Jaosta  smiginin impulay
. energija
Ix : : R
Tg, i : C b
L -
' 500Hz 2000Hz

1 pav. Pirminiai nedideli pazeidimai guolyje [2]

guolio defeleny guolio elelrrllentq_ .
da¥niy juosta _rezonansiniy dafiy

T uosta ¢ smilginy mpulsy
: . energija
1x : guclio rezonansas :
N Dir dedamosios | db
| | —//
500Hz 2000Hz

2 pav. Rezonansinés guolio riedéjimo elementy vibracijos [2]

Rotorinés masinos darbo metu atliekant periodinius guoliavietés vibraciju
matavimus, galima nustatyti keturias riedé¢jimo guolyje atsiradusio gedimo
vystymosi fazes:

1. Pirminiai nedideli pazeidimai guolyje nustatomi naudojant smuginiy impulsy
metodika ir atitinkamus prietaisus ultragarsiniy dazniy diapazone nuo 20kHz iki
60kHz. Sios vibracijos pasireiskia, kaip atsitiktiniai pasikartojantys smiiginiai
impulsai, kuriy lygis paprastai nevirsija 20-25dB (1 pav.).

144



2. Didéjantis smiiginiy impulsy lygis ultragarsiniame daZniy diapazone iki
25-35dB, sukelia rezonansines guolio riedéjimo elementy vibracijas dazniy
diapazone 500-2000Hz (2 pav).

3. Guolio pazeidimo dazniai (juos galime paskaiciuoti i§ formuliy (1-4) ir
atitinkamos harmonikos vibracijy spektre pasirodo dazniy diapazone, kurio
virSutiné riba paprastai nevirsija 500-600) Hz. Smiiginiy impulsy lygis iSauga iki 35-
50dB (3 pav.).

4. Tolimesné pazeisto guolio eksploatacija i$Saukia vibraciju lygio
padidéjima rotoriaus sukimosi dazniuose, o taip pat ir atitinkamy harmoniky
skai¢iaus padidéjima (4 pav.).

miolio defelty  guolio elementy

daFniy juosta rezonansimy dafniy
i . juosta
: stofiginiy
¢ implsy
. - energija
1x : B guolio rezonansas @
2:§|x % % E irdeda.r‘nosios db
Ly 1 L
~//

500Hz 2000Hz
3 pav. Matomi aiskiis guolio pazeidimai [2]

] guolio elementy o
guotic defeky  rezonansingy datfgy “Thet

i dafnn juosta : juosta ; mpulsy
: : ¢ energija
! atsitikting Poodb
: ¢ aukdtadaZnuming
1x : : vibracija :
P : ! :
T AN,
: 500Hz 2000H=

4 pav. Guolio dazZniy spektras prie§ avarinj sustojima [2]

Tyrimas. Imonéje, kurioje atlikau praktika pastebéjau, kad bity galima
idiegti vibrodiagnostikos sistema ventiliatoriams, kuriy galingumas yra nuo
320kW iki 500KW, sukimosi greitis 1488 aps/min, maitinimo jtampa ~6000V,
srovés stiprumas 56,3A ir Silumos siurbliui, kurio atiduodama galia 1600kW,
elektros variklio galingumas siekia 620kW, sukimosi greitis 3000aps/min, nes Sie
frenginiai yra atsakingi. Ventiliatoriuje naudojami 32324M ritininiai ir 228AK
rutuliniai guoliai.

Ventiliatoriaus  guoliavie¢iy — matavimas. Ventiliatoriaus vibracijas
matavome Kketuriuose guoliavietése, kaip pavaizduota (5 pav.).Kiekvienoje
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guoliavietéje matavome trijuose taskuose (6 pav.): vertikalia, horizontalia ir aSine
kryptimi. Matavimai buvo atlikti Diana-2M virpesiy analizatoriumi. Guoliavie¢iy
vibracijos buvo matuojamos tam, kad galétume ivertinti mechanizmo techning
bukle.

Vertikalh

Variklis

e Darbo ratas
Guoliavietés

1234

1

Agine

Horizontali

5 pav. Ventiliatoriaus blokiné schema 6 pav. Keitikliy matavimo padétys

Viename ventiliatoriuje yra dviejy tipo guoliai, rutuliniai SKF 6228 ir
ritininiai NU 324.
Paskaiciavau defektiniy guolio elementy sukeliamas vibracijas:

fsp nu3ze = 9,47 Hz, fsp skFe228 = 10 Hz
Sukimosi daznis fg, iSduoda sugedusj separatoriy.
finvusza = 113,6 HZ, fiskrez2s = 140,14 Hz

Daznj f; parodys ar néra iStrupéjes arba kitaip suzalotas guolio iSorinio Ziedo
riedéjimo takelis.

fvnvsza = 1744 Hz, fy skre228 = 1958 Hz

Daznj f,iq parodys ar néra iStrupéjes arba kitaip suZalotas guolio vidinio Ziedo
riedéjimo takelis.

fric nu 324 = 108,6 HZ, frx skpe228 = 140,8 Hz

Dazni fy parodys defektus riedéjimo kiine.
Ventiliatoriaus guoliavie¢iy matavimo rezultatai Lenteléje 1.

Lentelé 1

Ventiliatoriaus guoliavieciy matavimo rezultatai.

mm/s 1guoliavieté | 2 guoliavieté 3 guoliavieté 4 guoliavieté
V 2,17 1,97 8,27 1,17
H 191 3,31 2,61 5,40
A 6,02 3,45 4,01 3,20
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Rekomenduojamos Vgys reik§més atskiroms masiny klaséms ir ju techninei
buklei jvertinti pagal virpesiy intensyvumo sritis [3].

ISO 10816 standartas nusakantis masimy technine bikle

2 maging [ 3mafing | 4 mafing
klase lelase klase

Gera techning haklé

Wirpeey gretis Vs

7 pav. Pirmos guoliavietés virpesiy grei¢io spektras agine kryptimi. Siame
spektre matosi sinchroninio rotoriaus daznio harmonika f,=25,215 Hz,
virpesiy greitis V1,=5,962 mm/s, antrosios harmonikos daznio f,,=75,637 Hz,
virpesiy greitis V,,=0,618 mm/s.

4

PR ERY T :
o Z00 300 400 500 600 700 800 100558

8 pav. Trecios guoliavietés virpesiy grei¢io spektras horizontalia kryptimi.
Siame spektre matosi sinchroninio rotoriaus daznio harmonika f;,=25,215
Hz, virpesiy greitis V1,=8,187 mm/s.

Pagal ISO 10816 standarta 520 kW ventiliatorius priskiriamas prie trecios
klasés masiny. Spektrogramuose, kuriuose virpesiy greitis tenkina salyga 1,8
mm/s - 4,5 mm/s masinos techniné buklé yra patenkinama, jas leidziama
eksploatuoti nepertraukiamame darbo rezime, o masinose, kuriuose virpesiy
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greitis yra nuo 4,5 mm/s -11,2 mm/s tokio padidinto vibracinio aktyvumo
masinas nerekomenduojama eksploatuoti nepertraukiamo ilgalaikio darbo rézimo
salygomis. Trecios guoliavietés virpesiy greicio spektras rodo nemaza rotoriaus
disbalansa V3,=8,187mm/s, pagal ISO 10816 standarta §is virpesiy greitis jeina i
nepatenkinama zona, toki disbalansa reikéty mazinti. Paskaiciuoti defektiniai
guoliy elementy dazniai nefigliravo spektogramuose, vadinasi guolio elementai
yra tinkami darbui.

Vibrodiagnostikos sistema. Parinkus jrengimuy buklés jvertinimo metodika
pagal SKF standartus ir naudojant SKF diagnostikos iranga, UAB “ Korelita”
inZinieriai galés nustatyti irengimy bukle, numatyti galimus gedimus ir pateikia
rekomendacijas ju pasalinimui. [rengimy buklés jvertinimo metodika (9 pav.) yra
ne tik nustatyti esamga irenginio bikleg ir padéti ji pataisyti, bet taip pat palaikyti
geriausig jo veikimo lygi, sutrumpinti neplanuoty prastovy laikg ir garantuoti
didziausia galimg nauda. Tai padeda ne tik sumazinti netikéty gedimy tikimybe,
bet ir leidzia i$ anksto uzsakyti reikalingas atsargines dalis, suplanuoti darbus,
sumazinti sandélyje saugomuy atsarginiy daliy kieki, numatyti kitus taisymo
darbus bei pagerinti irangos veikima iki optimalaus lygio.

Sprendimo
priémimas

Procesa _ __ [Surinkti grenginy
kontroliuojancios| [Xenginy technines)  kechnines biikles
’ biklés analizé duomenys

KF duomeny
< apdorojimo centras
s1stemos

oo ankinis virpesi Stacionarus
Trenginiy biklés Rankinis virpesiy Stacionarus Nibracijos

S — analizatoriug daugiakanalis
: Greitis
Matavimo

I vilpesiq|analizatorius
funkcijos HTemperatura

Sléais

9 pav. Irengimy buklés jvertinimo metodika [5].

Mano nagrin¢jamuose masinose yra nenumatytas keitikliy panaudojimas.
Reliatyviyjy virpesiy poslinkiy keitikliy sumontavimas yra gan sudétingas, todél
geriau montuoti seisminius keitiklius. Kadangi man nereikia iSmatuoti tarpelio
tarp veleno kakliuko cilindrinio pavirsiaus ir guolio vidinio cilindro dydj, tai todél
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pasirenku virpesiy pagrei¢io matavimo keitikli, nes mus labiau domina virpesiy
amplitudés dydis, nei tarpelio ar reliatyviojo poslinkio dydis. Veleno guolio
mazgas yra standus, todél galima naudoti virpesiy pagreicio keitiklius, juos
tvirtinti tiesiog prie ma8inos korpuso. Vibrodiagnostikos sistemai parinkau
standartinius virpesiy pagreiciy keitiklius CMSS 2100, jie guoliavietése bus
tvirtinami sriegiais. Keitiklyje yra padarytas metrinis sriegis M8 x 1.25. Masinoje
sriegiai turi biiti padaromi remiantis ISO 1101 reikalavimais. Tvirtinimas sriegiu
yra vienas i§ patikimiausiy tvirtinimo btidy. Keitikliui rekomenduojamas dvieju
gysly Sarvuotas laidas.

Keitikliy informacija priims daugiakanalis virpesiy analizatorius - valdiklis
CMMA 7710 (10 pav.). Sitas jrengimas yra tinkamas eksploatuoti gamybos
salygomis. CMMA 7710 yra apsaugotas nuo dulkiy kaupimosi ir net nuo vandens
sroveliy. Tai reiskia, kad CMMA 7710 gali biiti idiegtas atSiauriuose patalpose ir
kontroliuoti masiny darba, garantuodamas matavimo kokybg. CMMA 7710 taip
pat gali dirbti aukStos temperatiros aplinkose +55 °C. [Irenginiy biisenos
stebéjimo irenginys ( analizatorius) turi nemaza atminti, kuri igalina surinkti
daugiau duomeny apie masiny buklg. Kiekvienas i§ CMU 32 kanaly gali paimti
daugialypes matavimo konfigiiracijas. CMMA 7710 gali palaikyti iki 256
matavimo punkty, taip pat daugiau kaip 500 pavojingy matmeny. Pavojaus
signalai ir matavimo sarankos kaupiamos nekintamoje atmintyje.

10 pav. Daugiakaalis virpesiy analizatorius - valdiklis CMMA 7710.

Fom &

Channels at 01.00 2001.05.15 9:59:37

,

C-nuwraE o ©0d

6 VOLTS  MWSEC  MWSEC  MWSEC  MWSEC  MMSEC  MWSEC

VEL1s

11 pav. SKF M964 programiné¢ jranga.
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Virpesiy valdiklis surinkta keitikliy informacija siunéia i personalini

kompiuteri. Norint vaizdziai pateikti Sia informacija ir, kad ji biity suprantama ir
maziau kvalifikuotiems darbininkams reikia idiegti SKF M964 (11 pav.), kuri
atlieka zmogaus ir masinos interfeiso funkcijas.

I§vados

““Korelitos‘‘ energetiniame tkyje iSsirinkau du galingus ir atsakingus
frenginius, pasirinkau guoliavie¢iy matavimo taskus ir nustaciau
guoliavie¢iy vibracijy lygi, kuri uzsidavus konkrecioje programoje galima
kontroliuoti vibracijas, virSijus uZzduota riba jrenginys  automati$kai
stabdomas arba jjungiamas perspéjimo signalas.

Panagrinéjau virpesiy atsiradimo priezastis pasirinktose jrenginiuose, bei iy
virpesiy spektogramas, pagal kurias galima atpazinti konkretaus mazgo, jo
elemento defekta bei gedima, bet ir sekti ju vystymasi veikiancioje masinoje.
ISanalizavau pirminius matavimo jtaisu naudojamus vibrodiagnostikoje -
keitiklius, bei ju tipus, i$siaiSkinau ju veikima, kokiems matavimas koks
keitiklis labiau tinkamas ir kaip reikia parinkti tinkamus keitiklius.
Paskaiciavau Silumos siurblio ir ventiliatoriaus defektiniy riedé¢jimo guoliy
elementy Zadinamus vibracijy daznius, kuriuos Zinant, pagal virpesiu spektra
galima nustatyti kas guolyje atsitiko.

IS gauty rezultaty matyti, kad iSmatuoty irengimy techning buiklg apibiidina
dazniy diapazonas nuo 10 Hz iki 500 Hz.

Sulyginus matavimo rezultatus su ISO 10816 standartu nustaciau jrenginiy
techning biklg.

Parinkau vibrodiagnostikos sistema, kuris susideda i§ standartiniy
pramoniniy virpesiy pagrei¢io matavimo keitikliy CMSS 2100, stacionaraus
daugiakanalio virpesiy valdiklio CMMA 7710 ir pagrindinio kompiuterio.
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Aim of the work. Target of the paper is to give a brief introduction of
automated solutions in warehousing, distribution and logistics based on industry
leading global company — Dematic Ltd. Emphasis is placed on employment of
smart and sophisticated machinery to sort and convey materials within a
warehouse — sorters.

1. Industry profile. Dematic Ltd. is a world renowned company, specializing
in automated warehousing solutions, creating €800 min. annual turnover and
ranked as 4" largest materials handling suppliers [1]. It has 4 main business focus
areas:
= Integrated systems. An important business area, which goes further to

Planning & Consulting and Project Implementation. Basically, it is all the

know-how applied to concept, design and implementation of automated

warehousing solutions.

= Logistics IT — it is all about software. Order fulfilment systems, SAP
integration, RFID systems and each of those are joint together and integrated
by Warehouse Management System — a sophisticated piece of software that
recognizes and controls every single item within the product flow.

= Customer Service — is one of the most important and profitable parts of the
business. It includes on-site residential service after project implementation,

24 x 7 call centres, electrical & mechanical support, IT support and

modernization (enhancement) projects.
=  Materials handling equipment — the workhorse that does all the hard work. It

covers Storage/Retrieval machines (cranes, multishuttle), Robotics

(palletising, stacking, delayering), racking systems, case handling and pallet

handling (conveyors, sorters, monorails, automated guided vehicles).

Dematic Ltd. has established a new engineering hub in Lithuania in the
beginning of year 2008 [2], creating an excellent opportunity for local engineers
to gain experience in a top-notch engineering company in its sites throughout
Europe.

2. Typical layout. Materials handling industry automating solutions came
along several decades ago. There is a set of benefits they bring to manual
Distribution Centre (DC). It can operate in freezer conditions (e.g. food industry),
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in reduced oxygen environment (e.g. library in case of fire), area is utilized —
racking can be multi-storey, human error is minimized and labour positions are
much more ergonomic.

Provided that difference between manual and automatic warehousing is
understood, Figure 1 shows typical plan view of automated DC.

Multishuttle System

Highbay Large item
Warehouse

Highbay
Warehouse

"N Ppallet packing
stations

De-palletising

Receiving
pallets

Receiving
containers

Fig. 1. Automated warehouse that includes most of the typical DC areas,
fully connected by conveyors (Render of Dematic customer*s site in Arslev,
Denmark. Courtesy of Dematic Ltd.)

3. Sorter study. Together with technology development goes customer
demand for new ways to utilize, save and speed up the process of distribution.
Case and tote conveyors have characteristics of speed, great product variety and
being lightweight in contrast to pallet conveyors. Case conveyors that Dematic
utilizes in their projects are capable of more than 1000 cases/hour throughput at 1
m/s conveying speed but they still get bulky in terms of conveyor lines deployed.
Typical, moderate to big size warehouse would have about 30 000 pallet storing
locations in a highbay racking (let alone all the buffer being actually conveyed in
the system) and about 800 meters of conveyors. One of the reasons warehouses
spread out so widely is global logistics approach for centralized region
Distribution Centres. Naturally they end up having extremely broad variety of
products, creating enough challenges to engineering — and this is where the
science of mechatronics steps in. The key assignment is to reduce load travel time
and distance — the non-value adding activities — by suggesting innovative
technology solutions.
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There are many ways to do this, conveyor sortation systems being one of

them. Figure 2 shows the principle.
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Fig. 2. Sortation. Items enter the process in a random order and are sorted
according to the specified criteria.

Their function is to sort bulk products into individual orders, at rates of
several hundred items per minute, thus eliminating footprint of conveyors, order
picking stations and significantly reducing staff itself.

CROSSBELT PRODUCT LINE

TILT-TRAY PRODUCT LINE

| e |

Fig. 3. Recirculating sorter platform

Dematic offers a fair variety of sorters in its range. So called Recirculated
Sorter Platform includes horizontal and vertical cross-belt sorters and tilt-tray
sorters (Figure 3). They can be applied for literally any kind of lightweight items:
DVDs, books, totes, baggage, letters, trays etc. Dematic cross belt sorters operate
up to 2.5 m/s speed in conjunction with a very high precision. They are designed
for extremely high throughput values (up to 36 000 cells/hr). Tilt tray sorters are
concave inwards for keeping heavy-duty (up to 75 kg) goods stable in extreme
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conditions. Robustness is the key player here. Both recirculating sorters are
driven by Linear Induction Motor with an integral air cooling system, each
managed by frequency converter unit that regulates the motor speed. Feedback on
velocity and position is managed by encoder — a series of photocells at a constant
pitch mounted on the carriers.

Another technical solution for sortation is using singulators. Basically it is a
manipulator converting a stream of disorganized items to one ore more single-file
streams as per Figure 4.
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Fig. 4. Sorting with singulators. 1 — Gapper; 2 — Transition belts (Stabilizes
the speed of incoming bulk goods); 3 — Singulator beds (Goods are extracted
from the bulk through a matrix of belts independently driven be a servo
motor); 4 — Merge; 5 — Gapping unit; 6 — Flow splitter (goods are diverted
away from the singulator centreline); 7 — Roller junction.

Singulators have a key advantage of always providing continuous item flow.
Footprint is absolutely minimal here. Drives are designed in a way to create
virtually no vibrations during operation. Singulator top level architecture consists
of 3 main parts:
= Adistributed manipulation mechanics
= Areal time vision system with associated set of sensors
= A motion controller

Singulator operation architecture is summarized in the Figure 5. Overhead
cameras in conjunction with photo-eye sensors obtain the dimensions, location
and orientation of parcels in real time. Motion control system consequently uses
this data to manipulate the items and divert them to the right position.
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Dematic is increasingly using Linear Induction Motor drives for their
advanced sorters, completely eliminating AC motors/reducers, chains, sprockets,
shafts and bearings and obviously oil greasing.

ee e Overhand Camenas
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Fig. 5. Top level singulator architecture.

Conclusions. Sorter systems have a wide set of benefits over conventional
conveyor systems. Their demand is likely to grow pulling the need for new
technological solutions together. From engineering point of view they can not be
treated as stand-alone units, therefore not only their design improvements are
awaited but more importantly their interoperability with other in-line machinery
from robotics field: stackers, tapers, layering robots etc. Integration and
utilization of speed and throughputs in those machines, connected by conveyor
and sorter lines, are the challenges of mechatronics within this industry.
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PASSIVE GRAVITY STABILIZER MECHANSIM WITH
PIEZOELECTRIC DRIVE

Artiiras BAGAJEVAS
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Introduction. Space equipment very distinctly manifests its unique,
compared to other analogous resources, possibilities to spread information to any
point on Earth. Some aspects of human activity like transport, navigation,
intercommunications and communications, meteorology and others are
impossible to exist without the information provided by satellites. Through
technical minimization, micro-satellites are currently of increasing interest. Their
possibility as well as their scope of missions is growing steadily. Today, payloads
with a mass of just a few kilograms are able to perform measurements that would
have been unthinkable a few years ago. Small satellites are unusually low weights
and small sizes, usually less than 500 kg. The rapid advancement of commercial
and consumer micro-electronics, has catalyzed the use of smaller and more
computationally capable satellites as a ‘faster, cheaper, better’ means of realizing
space missions - complementary to conventional large satellite systems[1]. One
reason for miniaturizing satellites is to reduce the cost: heavier satellites require
larger rockets of greater cost to finance; smaller and lighter satellites require
smaller and cheaper launch vehicles.

Contributing to lowering weight and the dimensions of separate part of the
satellite was chosen the passive gravity stabilizer mechanism.

There are various ways of stabilization of satellite attitude its space which
involves. The most common passive stabilization scheme requires a design that
can cope with the power and temperature variations, and has to rely on omni
directional communication antennas. Another way of passive stabilization is to
use a gravity gradient boom or aerodynamic boom for satellites in a very low
Earth orbit. The gravity gradient effect tends to align the spacecraft in the
gravitational field along the major axis [2]. In other words passive stabilization
involves deployment of gravity stabilizers for reason creating bigger moment of
inertia of the satellite, minimizing its rotation and stabilizing its attitude in space.

1. Prototype construction. The prototype can be used as navigational
equipment of the mini-satellite, for correction of location of flying object in space,
to maintain the communication between flying objects and/or to maintain an
automatic communication with earth operator.
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PASSIVE STABILIZER IN
FOLDED POSITION

e,
Fig.1 Representation of the prototype of passive gravity stabilizer in fully

folded position.

)‘X
Fig.2 Representation of the prototype of passive gravity stabilizer in fully
deployed position

The prototype construction of passive gravity stabilizer mechanism consist
of minimum three spring steel concave shape strips which are rigidly attached to
cone shape steel rotors through joints. On the ends of every spring steel strip
piezoelectric ring with electrodes are attached which referred to be a stator of
piezoelectric drive. The cone shape steel rotor with rigidly joined spring steel
strip on it is placed to the stator and from bottom surface of spring steel strip
member are joined with permanent magnet. One and of construction is attached to
the surface of satellite also with permanent magnet. In this form the member of
construction are joined and forms a stairway shape of prototype construction.

2. Working principle. The working principle of the prototype construction of
the passive gravity stabilizer is based on inverse piezoelectric effect [2]. The
surfaces of stator is divided and connected with electrodes in such manner that
applying the AC current and reaching the resonant frequency trough the
electrodes the traveling wave mechanical deformation appears on the surface of
piezoelectric ring [3]. This type of mechanical deformation rotates the cone shape
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steel rotor. In such rotating fashion the members of antenna deploys in all length.
The friction between stator and rotor serves as the mean of transfer rotational
motion and as self lock mechanism when, construction is in steady state [4].

CONE SHAPE ROTOR
/ ' FRICTION

PIEZOELECTRIC STATOR !

Fig.3 Representation of the prototype piezoelectric motor of passive gravity
stabilizer.

Conclusion

The prototype construction of passive gravity stabilizer was constructed and
based on working principle of the piezoelectric drive.

The passive gravity stabilizer deploys in rotational motion when all members
of construction has the piezoelectric drives which works on the principle of
traveling wave deformations of piezoelectric material.

Friction between the stator and rotor is necessary condition for transmitting
rotational motion from stator to rotor.

Concave shape spring steel strips are members of passive gravity stabilizer
which are attached rigidly to cone shape rotor. Due to their concave shape,
concave shape spring steel strips can sustain huge weight as compared to their
own weight.
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Summary

The prototype construction of passive gravity stabilizer contains piezoelectric
drive which lets to minimize the dimensions and lower the weight of construction,
due to its efficiency. The prototype construction contains three members of spring
steel strips of concave shape which are linked with each other and between them
the piezoelectric drive exits. The drive consists of piezoelectric ring stator and
cone shape steel rotor. Due to traveling wave deformations of piezoelectric
material and the friction between stator and rotor rotational motion of members of
construction appears.
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VEHICLES ADAPTIVE MECHATRONICS SYSTEMS:
STATE AND PERSPECTIVES

Tatsiana VERKHOVA
Faculty of the Information Technologies and Robotics, BNTU, Belarus
Assoc. Prof. Yulij SLABKO, Prof. Reshat FOUROUNJIEV
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Mechatronics (or Mechanical and Electronics Engineering) is a field of a
science and the engineering, devoted to creating and exploitation of ambulances
and systems with computer controlled driving, which is based on knowledge in
the field of mechanics, electronics and microprocessor technicians, informatics
and computer controlled driving of ambulances and assemblies. The objects of
mechatronics are vehicles and assemblies with computer controlled functional
and technological movements. An instance of mechatronics systems are the

vehicles equipped by the active safety systems, automatic gear boxes, drives with

computer control, etc (Fig.1).
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Fig.1
An experience of leading car building corporations shows: vehicles control
systems explicate, in general, in one direction - aside the increasing of their
adaptability, i.e. capacity to change the dynamic properties depending on control
actions of the driver and road conditions. For the account of diversification of
characteristics of control actions of the driver, environment and gears of the
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vehicles began to be established intellectual control systems of various gears and
inter-systems of the car - the drive, shafting, brakes, a suspension, a rudder
control.

Instance is the system (pat. 5682868, the USA), intended for the control of
engine of corporation "General Motors". Its central processor unit processes
intelligence signals from following sensor units: quantity (mass flow) of air,
position of the throttle valve, temperature in the barrel, oxygen contents in
exhaust gases and rules position of the crankshaft. Basic control algorithms are
recorded in the systems of memory and in the processor. The decision-maker with
the algorithms of fuzzy logic included provides a control signal which adjusts the
basic program which controls an electronic control unit steering a spray jet.

Other instance is the adaptive system of corporation "Toyota" (pat. 7110702,
Japan). Here cues of sensor units of process of mixing and the sensor unit of sixth
position of the throttle pedal through the information-measuring block arrive on
an inlet of the control unit in which production rules are programmed. The control
unit puts out a control signal completed by a drive of an air throttle. Production
rules of the control unit feature a qualitative and quantitative state of process of
mixing and use such linguistic variables as "very poor”, "poor"”, "rich", "over-
rich" admixture, etc. When there is a variation of characteristics of mixing gears
the rules adapt control signals for new conditions. When the driver performs any
action or does variation of an exterior situation the computer identifies a situation,
analyses it, makes the prognosis and samples that version of joint interacting of
all systems which optimizes energy consumptions and reduces surges of harmful
substances.

The adaptive control systems of brakes which are ensuring the safety of
driving of the car in dangerous and extreme situations have been first applied
abroad and now have received the wide circulation. So, one of the systems of the
emergency inhibition of the car, sensor units of which discover potentially
dangerous object, obtain distance to it and relative velocity of coming together
with. The processor with the processing logics of the acted information included
gives an applicable cue about necessity of emergency braking to the driver. The
driver may cancel the yielded solution of system or even anticipate, having
pushed the brake pedal. But if he will not make it, the brake system operates
automatically from a pilot signal of a computer. And in many events it is more
exact, than if made by the driver. That’s all because the system uses such
informational variables, as concrete value of a friction coefficient of tires with a
road surface, natural rate of car, total response time of brakes, i.e. that the driver
can allow only approximately.

For providing of safe driving of cars in a column there is a system
recognizing cues, transmitted by the leading vehicle. It takes indispensable
solution on provision of inhibition of conducted vehicles in case of emergency
braking of the leader-vehicle.
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The adaptive systems are applied to a rudder control. At rotational
displacement of a steering wheel the sensor unit built-in in a guide post, transmits
information about the angle of this rotational displacement on the control unit.
The latter makes an applicable control signal for the electromotor which is giving
effect to a gear set which carries out an angular motion of a controlled wheel
through system of tractions and rotating joints. To make one turn angle matched
to other, gains on a steering wheel proportional to resistance and tempo of its
variation, the control unit collects the information on actual parameters of
rotational displacement of a controlled wheel. As a result the control unit, having
treated the information, provides control signals for the electromotor which is
giving effect to the steering gear. So that the feedback between rotational
displacements of controlled wheels and actions of the driver is ensured.

Separate problems of the theory and practice of adaptive mechatronics
systems of transportation facilities are discovered in activities [1-13].
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PLOKSCIU PADENGIMO KONSERVANTU JRANGOS
PATOBULINIMAS

Paulius MASKELIUNAS
Mechatronikos studijy programa, Kauno technologijos universitetas

Dr. Vytautas JURENAS
Kauno technologijos universitetas

Darbo tikslas. Atlikti spausdintinio montazo ploks¢iy (angl. PCB-Printed
Circuit Board) padengimo konservantu jrangos patobulinima, panaudojant
ultragarsinius vykdiklius.

Projektiné dalis. PCB reikia padengti konservantu norint apsaugoti jas nuo
aplinkos poveikio ir padidinti sumontuoty ant PCB elektroniniy elementy
atsparuma mechaniniam virpesiam ir smiigiam. Padengti konservantu galima
keliais budais: PCB padengimas merkiant; PCB padengimas srove; PCB
padengimas sukant; PCB padengimas naudojant ritinélius (tiesioginis ir
atvirkstinis).[1]

I I
1 pav. Irenginio principiné schema: 1-PCB, 2-sraigtas, 3- induktyviniai
jutikliai, 4- kreipiancioji,5- variklis, 6- valdymo blokas, 7-vonia, 8- siurblys,
9- ultragarsinis vykdiklis.
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Buvo pasirinktas padengimas merkiant. Sis biidas lyginant su kitais turi
tokius privalumus:

1. Nesudétinga irengimo konstrukcija;
2. Procesas lengvai automatizuojamas;
3. Nereikalauja ypatingy darbo salygy.

Mano konstruojamame irengime PCB pamerkimui | konservanta ir
iStraukimui i§ jo naudojama sraigtiné pavara. Paleidus varikli judesys yra
perduodamas sraigtui, prie kurio yra pritvirtintas skersinis plokstéms kabinti.
[rengime naudojamas peristaltinis siurblys konservanto pastoviam lygiui palaikyti.
[renginys pavaizduotas principinéje schemoje (1pav.).

PCB pamerkimo i konservanta ir iStraukimo i§ jo pavaros darbo principas
sekantis. [jungus valdymo bloka 6, signalas perduodamas varikliui 5, kuris suka
sraigta 2. Prie sraigto verzlés yra pritvirtintas skersinis ant kurio kabinamos
plokstés 1. Siame jrengime yra sumontuoti du induktyviniai jutikliai 3. VirSutinis
jutiklis nustato darbini nuli(tai pradiné padétis, nuo kurios pradeda leistis
skersinis), apatinis- fiksuoja ar plokstés nenusileidzia per Zemai. Pasiekus Sig
padéti jutiklis siuncia signala i valdymo bloka, kuris automatiskai sustabdo varikli.

Siurblys 8 naudojamas cirkuliacijai ir vienodam konservanto lygiui palaikyti.
Ultragarsiniai vykdikliai 9 naudojami konservanto maiSymui.

Suprojektuotas jrenginys yra patobulinimas. Merkiant PCB i konservanta,
Salia sumontuoty komponenty gali susidaryti oro kiSenés (2 pav.) ir ta vieta gali
likti nepasidengusi konservantu (Nardinant ploks$t¢ statmenai Zemyn, apacioje
komponenty, pvz. varzos, gali susidaryt oro kiSenés). Norint iSvengti $ios
problemos, yra projektuojamas ultragarsinis vykdiklis, kuris uZtikrins
konservanto maiSymasi ir tuo paciu visi pavirSiai bus tolygiai padengiami
konservantu.

®)
& ﬂ!
b
Galimas Galimas
burbuliuk X
SLlllsidlfary- ¢ burbuliuky
mas susidary-

2 pav. Galimos oro kiSeniy susidarymo vietos PCB

Pirma tokio jtaiso projektavimo etapa galima suskirstyti i keleta zingsniy.
Pirmasis — medziagos parinkimas.

Vykdiklio medziagy parinkimas susideda i§ 3 etapuy:
1. pjezoelektrinés pavaros medziaga,
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2. priekiniy ir galiniy cilindriniy daliy medziagos,
3. varzto parinkimas.

Sekantis zingsnis — Zzadinimo daznio parinkimas. Vykdiklio matmenys
apskai¢iuojami naudojant firmos ,,MorganElectroceramics®* [2] pateikiama
skaic¢iavimo metodologija.

1 2 3 5

257

48

o4
60

|

108
3 pav. suprojektuotas ultragarsinis vykdiklis: 1- galiné dalis, 2- varZtas, 3-
pjezokeramikos Ziedas, 4- elektrodai, 5- priekiné dalis.

Sukonstruoto ultragarsinio virpesiy vykdiklio konstrukcijai patikrinti ir
svarbiausiy parametry teorinéms reikSméms nustatyti buvo atlikta jo analizé
baigtiniy elementy metodu (BEM). Tam buvo naudojama kompiuteriné
modeliavimo ir analizés sistema ,,ANSYS*“.[3]

Suprojektuotas ultragarsinis vykdiklis montuojamas prie vonios dugno. Dél
didelio vonios tiirio (V=36 1), sumontuojami 3 ultragarsiniai vykdikliai.
Ultragarsinio vykdiklio darbinis daznis f= 18kHz; maksimali maitinimo galia —
400W; vykdiklio masé m=1.5 kg. Valdymui naudojamas triju moduliy firmos
»Weber ultrasonics“[4] WU 600 generatorius. Generatoriaus charakteristikos:
pastovus galios i$¢jimas- skaitmeniniu biidu reguliuojamas; aukstas darbo
nasumas; kiekvienas modulis turi atskira valdyma.

I$vados.

Parinktos ir apskai¢iuotos PCB padengimo konservantu jrenginio pavaros.

2. Sukurta automatizuoto jrenginio konstrukcija ir sudarytas jo automatizuoto
valdymo algoritmas.

3. Sukurtos PCB padengimo konservantu jrenginio pavary automatizuoto
valdymo schemos.

4. Suprojektuotas ultragarsinis vykdiklis PCB padengimo efektyvumui
padidinti.

=
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5. Suprojektuoto ultragarsinio virpesiy vykdiklio konstrukcijai patikrinti ir
svarbiausiy parametry projektinéms reikSméms nustatyti buvo atlikti
skaiiavimai analitiniais ir baigtiniy elementy metodais (programa
~ANSYS®).
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AEROSTATIC SPHERICAL BEARINGS HIGH PRECISION
SPINDLE DYNAMICS

E.A KOROVAITSEVA
Bauman Moscow Technical University, Russia

Prof. Alexander GOUSKOV
Bauman Moscow Technical University, Russia

Abstract. Distribution of air pressure in the gap of aerostatic spherical
bearings is studied. Power, stiffness and frequency characteristics of a precision
spindle are obtained. The dependence of the characteristics on geometrics of the
spindle is investigated.

Test subject. The bearings greased by air or other gas, give the technical
decision possessing significant advantages over usual friction or frictionless
bearings. For instance, friction is much less in the bearings greased by air.
Deterioration of the bearings greased by gas is also less than the one of the liquid
friction bearings, therefore their tenure of employment increases. They work
reliably in the big range of temperatures, in conditions of raised radiation, both on
insignificant and on greater speeds. Owing to the listed advantages such bearings
are applied in electromotor, tools for finishing operations, turbo-compressors,
devices and installations of the nuclear industry, precision devices. In the given
work dynamics of a precision spindle on aerostatic spherical bearings is
investigated.
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Fig. 1. The section of a spindle unit.1-graphite insert; 2-spherical part of a
spindle (forward sphere); 3-back sphere.
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Aerostatic spherical bearings keep a spindle on an air layer. Air moves from
the compressor to the entrance to the rugs under pressure in 0.5 MPa (~ 5 atm.).
On an output after graphite inserts pressure decreases, since inserts possess some
resistance. The nominal gap on spherical surfaces is equal to

h,=10" 10 °m = 10mem . The rotor of the asynchronous engine with adjustable

number of turns (up to 5000 rpm) is connected to a spindle. All spindle unit is
manufactured with high accuracy. The machine is intended for processing
precision surfaces by means of turning with diamond cutters.

In the represented work the rotor of a spindle is considered as a firm body with
six degrees of freedom. The vibrations are considered small, but nonlinearity of
pressure in a gap of the spherical bearing is taken into account. All surfaces are
considered ideal spheres.

The equations of dynamics of a spindle. The design model of a spindle (for
reasons of symmetry only left part is shown) has the following appearance:

x1

[ ]

xz

Fig.2. Principal Sphere

For calculation of projections of the main vector of forces of pressure on the
left support on the axis of the Cartesian system of coordinates it is necessary to do
following integration (1) on a surface of motionless sphere:

2p J,

R.=- ndin p, (h)sinJ cosj dJ

Jl

2p J

P,=- ndi g p(h)sinisinj dJ )

2p J,

P,=- I,ldj ne (h)cosJ dJ

0 3,
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Here Jis polar distance from a pole on the axis X, ; jis longitude counted from the
axis X ; p,(h) is the function of distribution of pressures on the left bearing

depending on dimensionless value of a gap on a surface of sphere h= h/h ; h0 isa

nominal gap. We have similar formulas for the right bearing. Expression for the
main moment of forces of pressure on the left bearing looks like

2p J

L.=Indj np (h)Eisindsinj +i,sind cosj )dJ (2)

Where il, i2 are the orts of the Cartesian coordinates system. In projections to
axes of the Cartesian system of coordinates we receive the following components

L,=PRl L,=-PRI, L,=0 (3)
Conducting similar calculations for the right bearing, we receive

chl =- PrZI ! chZ = Prll ! chS = O (4)

For the description of dynamics of a spindle we use Euler's equations in
projections to axes of the Cartesian system of coordinates:

Mi& = P, + P,
M = P, + P,
MC3:F)I3+PI'3 (5)

‘]z%_ szoé}z Lch + Ldz

Here M is the weight of a spindle; K, K., -projections of the kinetic moment
of a spindle to axis x;,x, accordingly, J,,J,,J;- the moments of inertia of a
spindle relative to the axis X, X,, X; accordingly, W, - angular velocity of
rotation of a spindle round the axis, {,, 0, - small rotation angles relative to the

axis X, X, .
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Determination of the function of pressure in the gap. When investigating
the distribution of air pressure in the gap we substitute 18 located in regular
intervals on a spherical surface inserts for one circular insert so that the area of its
section is equal to the sum of the areas of sections of 18 inserts.

In the spherical system of coordinates the equation for distribution of
pressure looks like [1]:

l(h3 sin qﬁ)+ ixl (h’ @
Ta Yqa sing 95 91i

1+£

1
1+ —
Here h=p ¥, ha =p, K pis pressure in a gap, p, - delivery pressure, k -

polytropic coefficient, for isothermal process k =1; K™= T 6- thickness

)= - a’K”sinq(h, - h) (6)

of a graphite insert, K, - permeability index of graphite, k = 1.4>10° 143 2,

Substituting

x= In gan (G/Z)E 7

the equation (6) is led to

—( )+ —(

)=-a’K*(h_ - h) (8)
™ 9 1 1

LIPS LN B L

or in the invariant form
div(h3 gradh) = - a’K>? (h,- h) 9)

We accept the following boundary conditions: 1) on an output from the gap
air pressure is equal to atmospheric; 2) at transition through border
j = 0 (j = 2p) there is no pressure difference. That is:

x =-115487 p=0.1MPa, x =-06543Z p= 0.1MPa

2

. . (10)
i=02 E:o, i=2p7 *_y

1 bl
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The solution of the equation (9) with boundary conditions (10) is carried out
in Matlab2007 by means of finite element method.

Examples of three-dimensional diagrams of distribution of pressure
(dimension-MPa): 1) At axial movement u3=0.

Color: sqri(u)*10° Height: sqri(u)*10° 10 Color: sqrt(u)*10° Height: sqri(u)*10° 10
5 r 5

Fig.3. Air pressure distribution Fig.4. Air pressure distribution for the
for the left support right support

2) At axial displacement u3=12.2 um (the upper bound of the displacement)

Color: sqrt(u10° Height: sqrt(uy10° I Color: sqrt(uy*10° Height: sqrt(uj*10% 10

Fig.5. Air pressure distribution Fig.6. Air pressure distribution
for the left support for the right support

Force characteristic definition. Integration (1) allows to define the axial
force Fey working on a spindle from the direction of the bearings for each value
of axial movement. As a result we have the following power characteristic of a
spindle.

When the value of axial movement increases, the value of the gap on one of
the hemispheres also increases, while on the other one it decreases. When the
axial movement reaches the value of 10.98 um, pressure on one of the
hemispheres begins to grow rapidly because of too small gap. So the axial force
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working on the spindle from the direction of the bearings also begins to grow
more rapidly. Then we have a bend on the power characteristic.

[N 1 1T T 7
R
1400 i i ; - i
1200 bbb // .................. 1
800 : : ; :
600
400
200 beresr e i
0 i i i i i i
0 02 04 06 08 1 12 14

Fig.7. Force characteristic

Definition of stiff and frequency characteristics. The diagrams below are
obtained at the following values of geometrical parameters of a spindle unit: the
distance between the centers of the hemispheres S=304 mm, radiuses of spheres
=110 mm, nominal gap on spherical surfaces hy;=10 um.

The axial force of cutting works on the spindle. Tthe equations (5) are
written down in the vector-matrix form:

Ma+B(;=-F+FeX[, (11)
where
én 0 0 0 Ot ® 00 0 0t
N m 0 0 O08% D 00 0 0 3
Z S A S
M=2 0 m 0 05 B:%) 0 0 0 03
Z 9 ‘ S
H 0 0 J 03 g) 00 © J3w0§
D 0o 0o o 9§ » 00 -Jw 03

Vector of the generalized coordinatesq = {u_ u, u_, g qZ}T, vector of the
generalized forces F={F F F, L Lz}T , vector of the external forces

F,={00F,0 OF . For the investigation of small vibrations of a spindle round
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balanced rotation we vary the vector of the generalized movements. The tangent
stiffness matrix is defined as K = ﬂF/ﬂq . We represent the decision in the form

of dg = ve™. Then the equation (11) will become

(Mp”*+ Bp+ K)v= 0. (12)

) //\
NI e

Fig. 8. Spindle geometry.

The stiffness’s of the system are defined as follows: 1) radial
k,=9F/Tu, (Fig. 9), 2) axial k,=qF,/fu., (Fig. 10), 3) angular
k= 9L, /99, (Fig. 11)
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o

0 2 4 [ 8 10 12
t [meml

Fig.9. Radial stiffness characteristic  Fig.10. Axial stiffness characteristic

t [meml]

Solving for various values of frequency of rotation of a rotor the
characteristic equation following from (12)

det(Mp® + Bp+ K)= 0,

We receive the following dependences of intrinsic frequencies of a spindle
on frequency of rotation of a rotor for value of axial movement

Ugs =17 10""m.

174



1000 —

400

800

700

600

= 500

400

300

200

15t and 2nd fequencies

. 3d frequency
— — — 4th end 5th frequencies

0 I I I I
o 10 20 30 40 a0 B0 70 80 a0

om [Hz]

Fig.11. Angular stiffness characteristic ~ Fig.12. Frequency characteristic

The received relations allow considering the behaviour of power, stiffness

and frequency characteristics at changing the distance between the centers of the
hemispheres for various values of radius of hemispheres and nominal gap on the
hemispheres.

Conclusions. The results obtained allow to draw the following conclusions:
The intrinsic frequencies vary insignificantly in a range of frequencies of
rotation of a rotor from 0 to 5000 rpm

Changing of the distance between the centers of the hemispheres does not
influence significantly power, stiffness and frequency characteristics of
system C yBemmdeHHeM paamyca moiycgep KecTKOCTH  COOCTBCHHBIC
YacTOTHI KOJIEOAHUI CHCTEMBI BO3pacTar0T

When increasing the radius of hemispheres stiffness’s and intrinsic
frequencies of the system increase

Changing of the value of the nominal gap changes the character of stiffness
characteristics (for radial and axial stiffness’s), frequencies are maximal at
h=20 um and minimal at h=30 um. Nonlinear dependence of characteristics
of the system on a nominal gap is possible.
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THE DESIGN OF A THREE DEGREE OF FREEDOM
HUMAN BODY AND VESTIBULAR APARATUS TRAINER

Mindaugas TUMAITIS
Studies programme of Applied mechanics, Kaunas University of Technology

Prof. Dr. Alvydas KONDRATAS
Kaunas University of Technology

Introduction. The aim was to design a trainer that would work under the
action of the force of gravity. Since the device is of moderate dimensions
standard LST EN 1176 comprising safety requirements for playground equipment
was chosen as the one most accurately suiting the device’s application.
Mentionable possible application of the device are: training your balance, training
your orientation in space, amusement device in fairs, you can even have one in
your back yard for the children to enjoy. The design process was started having in
mind that alternatives are very expensive while the manufacture process and
materials required are relatively cheap.

1. Working principle. The working principle of the device makes use of the
force of gravity and the location of the mass center of the person riding the device
and the mass center of the device itself. It should be aimed that the device’s mass
center be the center of the rotating rings. In this case the only factor influencing
the rotating motion would be the relative movement of the person riding the
device. The device consists of three rings joined in a way that their axes of
rotation are perpendicular to the ring next to it. (Fig. 1)

()
=/

Fig.1 three rings — three degrees of freedom

Advantages of presented prototype design compared to serial SCARA robots
are simple design, inexpensive constructional elements, inexpensive and simple
control elements, simple control.

2. Technical requirements. Requirements for the device cover five aspects
that is the holding frame, hand grips, standing base and feet grips, supporting rim
and the rings themselves. Generally the frame should be strong enough to
withstand the exerted loads on it, the handle bars and feet grips should not be
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slippery, the feet grips should be comfortable the supporting rim should be easy
to enter and comfortable as well, the three rings should be strong enough as not to
receive any plastic deformations. In addition it is aimed that the whole system be
adjustable for different people meaning for people of various heights and weights
(adults and children).

3. Calculations. The whole problem of the design is the calculation of
occurring stresses in the device and the selection of materials and joints for all of
its components. Profiles of steel grade S235JR were chosen for both the frame
and the rings. Rectangular tubes for the frame and pipes for the rings.
Calculations for material selection are based on classic material science formulas
taking into account profiles’ principal moduli and comparing the allowable stress
with the exerted stress on the device in operation. Safety factor of 3 was chosen.

4. Detailed design. Three concepts are considered and the one with the most
advantages is chosen for the best one. It is further detailed and manufacture
drawings are prepared. A visualization of the best concept is showed below

(Fig. 2).

Ko

Fig.2 Speed profile

Software used to prepare the manufacture documentation and the
visualization was AutoCad.

Conclusions

1. The designed device’s main advantage is its adjustability to various people,
ease of assembly and manufacture.

2. Safety factor for all calculations was equal to 3 all the time meaning the
device can be considered safe even when used a bit further above the
specified allowable loads after manufacture.
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3. It can be seen that the device can serve its purpose that is train the human
body since movement only occurs from movement of the person riding the
device; to keep your balance you will have to make use of al your muscle
groups.
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MODELING OF FUZZY LOGIC CONTROLLER SUPPORT
FOR AIR HEATING SYSTEM OF RAILWAY COACH
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Introduction. Nowadays great attention is paid to increasing level of
passengers’ comfort in public electric transport. The aim of it is to provide
passengers with a transportation service of a high quality. Elaboration of new
HVAC (heating, ventilation and air conditioning) systems has to be performed in
order to provide it. Effective work of them can be provided by elaborating control
systems with usage of artificial intellect methods and progressive algorithms.
Indoor environment parameters of vehicle passengers’ interior directly depend on
effectiveness of HVAC system (Fig.1).

HVAC Indoor Q%® H>max. T.=18C=+21C
Environment RH,' = 40% +60%
E=E"xE®xE" > » Passenger » )
E% — min N — min.
min. T, RH;, N o
N — min. ™ I Q=f T,;RH;;;N

Fig. 1. Environment and HVAC system connection

Where: Q - passengers comfort level, E - energy consumption, RH - air humidity,
N - acoustic noise, T - temperature, °" - optimal choice of parameters, | - indoor.

Ability of HVAC system to provide optimal level of comfort Q°" is directly
dependent on energy consumption E of HVAC system.

1. Problem formulation. The main purpose of the paper is to develop
structure sheme of HVAC intelligent control system and to describe its working
algorithm, as well as to define the optimal HVAC system working regime, taking
into account priorities of consumers, and trying to reduce consumption of electric
energy as much as possible E(t) - min. and at the same time providing high level
of comfort to passengers Q(t) — max. Deep and detailed investigation of the
behaviour of such a system, its operation and running processes requires its
generalized mathematic modelling, taking into account all possible regimes of the
operation of compressor, fan motors, heater and setting an algorithm of their
control under any condition. Possible problem solution is intelligent coordination
mechanism — intelligent control system with the fuzzy logic controller. In order to
check this choice it is necessary to build Simulink model of HVAC system
control with fuzzy logic controller (FLC) support.
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2. Thermal model of passengers® interior. Microclimate model of the
passengers’ interior can be characterized by the following equations [5]:

Ca Ta_Ta*
f,0, = @)
At-L, T,-T, -ZL, T,-T, @,
1-f, ®,=LT,-®,-L, T.-T, -ZL, T,-T, -®, 2
a:l CVa+Ct fa +a Cvfm pva
G, = [ fa +aCit ®)

p_At_GO_ZLvab P = Pua _Gg

Where: @, -heat gains, @, -heat input by heating or cooling plant, f =@ /o,
C,, -moisture storage coefficient, C, -heat storage coefficient, C'- hygroscopic
capacitance, At- time step, T, - indoor air temperature, T, - air temperature of the
previous time step, T, - resultant temperature, L -heat loss coefficient for airflow
from zone b to a.L,,- coupling coefficient, p, -vapour pressure of zone a, G, -
humidification or dehumidification, G, - vapour sources, L, -vapour transfer
coefficient, C -flow coefficient, a,a, -constants calculated at reference
temperature, LT, —, - total heat flow to the zone enclosure.

2. HVAC system. The modelling and investigation are based on the typical
architecture of HVAC system [2] with a traditional application of AC induction
motors for driving both compressor and fan of the conditioner. The well-known
field-oriented method [3] has been considered for the modelling.

o | cs PWM J oS | cs PWM oM HCS
o invertor o——m invertor [* o] -

A

A

i

Y

<
Y
<
Y

- faf . H,

b| . b .
I )I

e - c

| |

| H,

Fan Compressor 6 1 "
AC MOTOR @ AC MOTOR HEATER -TTTH

Fig. 2. Power part of HVAC system

a

A A

3. Control system design. HVAC system control is performed using
computer system. Overall structure scheme of control system is given in Fig.3.
Detailed description of the system is given in [1].

Where: T, - internal air temperature, Q - current value of climate parameters

of interior, Q; - wishes of passengers, y, - control input to the decision making
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unit (DMU), E - summary energy consumption, E¢, E" , E" - energy
consumption of cooler, fan and heater respectively, CSC - control signal
controller. w,; , ¥, , Ul - HVAC power part control signals, v, - heat energy

flow, e, - comfort level difference, Ae, - changing rate of comfort level, fuzzy
variables: T\ - temperature, RH;: - humidity, N, - acoustic noise.

ref !

HVAC u T, N RH,,

w
CSC [,¢ Cooler
ot [e]
y v v
w +
FLC-2 N o 7| Fan < .
' A
" Vehicle Passenger
DMU \——»> Heater Interior

Outdoor

X%, Xs g

B, T
E I
RH:
EPS in

FLC-1
U, 1, f, Z
Q Ny

Fig.3. Heating control system structure

4. System control problem solving algorithm.
Step 1. Initialization. In the object O (vehicle passengers’ interior) HVAC system

provides minimal necessary climate parameters Q3 set by an operator.
RH!

Step 2. Passengers’ climate parameter perception slopes T, o

determined, and the comfort level setpoint Q] is defined by FLC-1.
Step 3. Summary comfort level characterized by signal Q is produced from
summed data obtained from environmental parameters’ sensors placed in the
interior of an object.

Step 4. FLC-2 is processing input signals and generates a crisp numeric value vy,
used as the control input to the decision making unit (DMU).

Step 5. DMU provides an optimal control regime of energy consumption.

Step 6. DMU output signals are processed by CSC. In the result, it forms control
signals of HVAC system oS, , W<, ,u .

ref 1 ref 1 ¢

NY are

Step 7. Work regime of HVAC system C>V(t) is set according computation

results.

Step 8. HVAC system, according to control signals, provides changes of climate
parameters in the object, taking into account optimal consumption of electro
energy: E(t) —» min. with comfort level of passengers’ Q(t) — max.
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5. Methodology of FLC modeling. FLC structure used in the modeling is
shown in Fig.4.

-r———— — — —
e |
Yn
e + Ae Fuzzifier . Defuzzifier «I—»
N N »| Decision »
Making |

Fig.4. Structure of FLC

The structure of it consists of the following elements:
e  Fuzzifier- converts incoming crisp signals e, and Ae, into a linguistic value

such as positive large with a membership grade,

e  Rules base- store information about respective actions of each function,

e  Decision making- depending rules base data gives command about doable
actions,

o  Defuzzifier- takes the fuzzy output of the rules and generates a crisp
numeric value y, for delivering it to plant.

Rules use structure: IF (e value is) AND (Ae value is) THEN (y value is).

The output from each rule can be treated as a fuzzy singleton. FLC control
action is the combination of the output of each rule using the weighted average
defuzzification method [4] and can be viewed as the centre of gravity of the fuzzy
set of output singletons:

2 GH,

(=

[N

y= 4

M=

H,

=~

=1

Where: ¢, - centers of gravity or means of the resulting rule consequents, H, -
their maximal heights, M - stands for the number of output membership functions.

6. FLC modeling results. Fuzzy logic controller operation modeling was
done using Matlab Simulink computer program. Created HVAC model is shown
in Fig.5. In this figure also slopes characterizing work regime of the main system
are given.

Membership tuning centre values of triangular input membership functions
for the linguistic labels zero (0), small (S), medium (M), and large (L) are at O;
0,2; 0,35 and 0,6 respectively. The universe of discourse for both e and ae is
normalized from -1 to 1. The left and right half of the triangle membership
functions for each linguistic label was chosen to provide membership overlap
with adjacent membership functions. Output membership functions for the labels
zero (0), small (S), medium (M), and large (L) are defined with end points
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corresponding respectively to 10, 30, 70, and 100% of the maximum output. Input
and output variables membership functions are symmetric to the origin. Selection
of the number of membership functions and their initial values is based on
process knowledge and intuition.

Cold flow

Fuzzy Logic
Contraller

Hal flaw

T | A
T 7

Hotstream

Temp
of Hot
source

ColdStream
value

Fassengers' interior | intenor temparsturs
\

Cooler

Z148

Temp. deg.C

f=lad «
. Temperature .
Temp. wariation 21 Tomperaura varation

of Cold |

source

Temperature Interior
setpoint Temperature

Fig. 5. Simulink model of fuzzy logic controller and work regime slopes

The FLC membership functions are defined over the range of input and
output variable values. They linguistically describe the variable's universe of
discourse (Fig.6).

The rules and membership functions of the FLC were developed using an
intuitive understanding of what a Pl controller does for a fixed delay on a first
order system. They generalized what a Pl controller does for each combination of
eand Ae in 12 rules (Table 1). Symbol N (in the table) means “negative”(cool)
and P- “positive”(heat).

0.6 03 02 02 03

OUTPUT

>
100 70 30 10 I 10 30 70 100 y;
0 Y.

Fig.6. Fuzzy Membership Functions
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Table 1
FLC Control rules

Ae
NL[NM [ Ns [ No [Po[ps] Pm [PL
NL NL
NM NM PS
NS No action ‘ NM ‘ PS No action
e NO NO
PO PO
PS No action NS ‘ PM ‘ No action
PM NS PM
PL PL

Conclusions. The provided results prove that the use of fuzzy logic
controller with application of the proposed algorithms can be useful for solving
HVAC technology control problems in the public electric transport. Usage of the
created models and algorithms in the climate parameters control system in the
passengers’ interior will raise possibility to increase efficiency of electro energy
usage, so exploitation costs of transport will reduce as well as passengers’
comfort level will be increased. The elaborated system model can be used for
sustaining microclimate in different facilities, public electric transport vehicles
and buildings.
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PJEZO-MAGNETOSTRIKCINIO JUTIKLIO KURIMAS IR
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Darbo tikslas. Sukurti ir iStirti pjezo-magnetostrikcini keitiklj, kuris
magnetinj lauka keisty i elektrinj signala ir atvirk$¢iai, elektrini signala keisty {
magnetinj lauka.

Ivadas. Darbe nagrinéjamos dveju aktyviy medziagu pjezoelektrinés ir
magnetostrikcinés derinys. Mano uZzduotis sukurti keitikli, kuris kintant
magnetiniam laukui, magnetostrikciné medziaga deformuotysi, toji deformuoty
pjezo keramika ir i$skirty elektros kriivininkus, kuriuos i§matavus biity galima
analizuoti kintanti magnetini lauka. Arba atvirkStine eiga, paveikti pjezo
keramika elektriniu kraviu Sis deformuotysi, deformuoty magnetostrikcing
medziaga, o toji deformuodamasi sukurty magnetini lauka, kuris kirsty solenoido
apvijas ir magnetinés indukcijos principu atsirasty elektrovara.

Tyrimas. Tiriamojoje dalyje, sudarytas keitiklio matematinis modelis ir
parinktos formulés reikalingos virtualaus keitiklio modelio kiirimui. Sudarytas
keitiklio baigtiniy elementy modelis, kuris analizuojamas ir iSsiaiSkinamos tam
tikros jo fizikinés savybés. Sudaryta pjezo-magnetostrikcinio keitiklio tyrimo
metodika, pagal kuriuos buvo atliekami eksperimentiniai bandymai. Pirmas
bandymas 1 pav., kai solenoidu sukuriamas magnetinis laukas veikia
magnetostrikcing medziaga, toji deformuodamasi, deformuoja pjezo keramika,
kuri sukuria elektrini signala. Antras bandymas 2 pav., kai pjezo keramika
zadinama elektriniu signalu deformuojasi ir deformuoja magnetostrikcing
medziaga, kuri sukuria magnetini lauka ir indukuoja elektrovara solenoide.
Trecias bandymas 3 pav., kai magnetostrikciné medziaga zadinama nuolatinio

magneto magnetiniu lauku.
_ Keitiklis Oscilografas
7adinamas solenoidas

1 pav. Sistemos Zadinant solenoida jungimo schema.
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Keitiklis
(zadinama pjezo
keramika)

Generatorius

2 pav. Sistemos jungimo schema zadinat pjezo keramika.

Oscilografas
T

Nuolatinés srovés
variklis su pritvirtintu
magnetu

Nuolatiné srovés
Saltinis

Keitiklis (zadinama

magnetostrikciné medZiaga)

Oscilografas

3 pav. Bandymo su varikliu sistemos jungimo schema.

Tyrimo metu sudarytas supaprastintas jutiklio modelis, pagal realiai turimas

medziagas ir ju formas, parinktos medziagy savybés artimos turimoms, ir
paveiktos apkrovomis kurios veikty rialy keitiklj.

Kadangi pjezo medziaga reaguoja tik { dinamines apkrovas, i$tiriama pjezo

medZiaga kartu su magnetostrikcine medziaga deformacijas nustatytais dazniais.
Dazniy diapazonas yra nuo 1 iki 50 kHz ir tyrimo zingsnis 500Hz. IS
amplitudinés dazninés charakteristikos 4 paveiksle matome, kuriems dazniams
esant yra rezonansas ir medziagy deformacija yra didziausia.

Amplitudine daznine charakteristika

2.2

I
@

{3
o
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=
o

Amplitude m
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2
@

0.6

o \
ol UA I jA\ e

0
0 1 2 3 4 S 6
Daénis kHz xigt

4 pav. Amplitudiné dazniné charakteristika, kai zadinama pjezo keramika
20 V jtampa.
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I8 grafiko matome, kad rezonansiniai dazniai yra 3451, 9456, 12208,17196 ir
26985 Hz. Analizuojant trimati vaizda galima spresti apie keitiklio labiausiai
deformuojamas vietas. Deformacijos pavaizduotos 5 paveiksle esant
rezonansiniam 3451Hz dazniui, kai deformacija 22 pm, padidinus 600 kartus.

eigfreq_smpz3d(2)=3451.157238  Subdomain: Total dsplacement [m] Deformnation: Displacement Max: 3.979¢-6

x10°

x1e-3

i

0
Min: 0

5 pav. Deformacijos esant 3451 Hz dazniui ir padidintos 600 kartu.

)

6 pav. Gembiskai itvirtintas keitiklis.

Eksperimenty rezultatai. Eksperimento metu magnetostrikcing medziaga ir
pjezo keramika suklijuojamos klijais, plonu sluoksniu. Pjezo keramikos
gabaritiniai matmenys yra 60x10x1 mm, 0 magnetostrikcinés medziagos 3x45x3
mm Magnetostrikcing medziaga priklijuoju ant pjezo keramikos, per vidurj, nuo
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itvirtinimo vietos 15 mm. Tam, kad sukurtuméme pakankama magnetini lauka,
kuris parenkamas atsizvelgiant { magnetostrikcinés medziagos santykinés
deformacijos priklausomybe nuo magnetinio lauko charakteristikos, ant
suklijuoty ir izoliuoty medziagy uzvyniojama 2000 apviju.

Amplitudine daZniné charakteristika

30

25

»
g 20
D
El N
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0
200 700 1200 1700 2200 2700 3200 3700 4200
Daznis Hz

7 pav. Amplitudiné daznine charakteristika.

Amplitudiné dazniné charakteristika
1400
1200
E 1000
2 800 A
g 600 / \‘ ——20V
[ N
400 / L8
< 200 M‘/ %ol eeeed
0 oo voses ¥ ol !
0O 5 10 15 20 25 30 35 40 45 50
Daznis kHz

8 pav. Amplitudiné dazniné charakteristika zadinant pjezo keramika.
Atliekamas bandymas keitikli gembiskai jtvirtinant stove, kuris pastatomas

ant Standos vibracijas izoliuojan¢io pneumatinio stalo, kaip pavaizduota 6
paveiksle. Magnetostrikcine medziaga zadinama solenoidu sukurtu magnetiniu
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lauku pagal pirmame paveiksle pavaizduota schema. Atlickama eilé matavimy
laikant pastovia 2 V srovg ir gauta amplitudiné dazniné charakteristika.

IS amplidtudinés dazninés charakteristikos paveiksle 7grafiko matyti, kad
amplitudés didziausios esant 361, 1510 ir 3200 Hz dazniams.

x=-1327m¥ my
0.5 25
0.4 20
0.3 15

0.2 -10
0.3 15
0.4 20
0.5 -25
0 50 100 150 200 250 300 350 400 50 500 s
ch A: AC voltage(mV) 1450
ch A: Frequency(kHz) 1.941
ch B: Frequency(Hz) 5538
ch B AC voltage{mV] 2308

Su vienu nuolatiniu magnetu
29May2008 18:24

9 pav. Kai variklis maitinamas 2 V nuolatine jtampa.

v x=-1327mV my
0.5 25
0.4 20
0.3 15

0.3 15
0.4 20
05 -25
0 50 100 150 200 250 300 350 400 450 500 ms
ch A: AC voltage(mV) 67.19
ch A: Frequency(Hz) 25.05
ch B: Frequency(Hz) 38.44
ch B AC voltage{mV] 2.651

Su vienu nuolatiniu magnetu
29May2008 18:24

10 pav. Kai variklis maitinamas 3 V nuolatine jtampa.

Sekantis bandymas atlickamas zadinant pjezo keramika, sistema sujungiu
pagal 2 schema. Pjezo keramika zadinama 20 V jtampa, daznj keiciant 1 - 50 kHz.
Magnetostrikcinés medziagos sukurtas magnetinis laukas solenoide indukuoja
elektrovara, kurios priklausomybe nuo daznio, galima pamatyti grafike 8.

Bandymas su nuolatiniu magnetu atliktas naudojant nuolatines jtampos
varikli prie kurio rotoriaus pritvirtintas nuolatinis magnetas. Sistema sujungta
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naudojant 3 paveiksle pateikta pajungimo schema. Varikli pajungtas prie
nuolatines srovés Saltinio ir pastatas vir§ keitiklio 10 mm atstumu, orientuojant
nuolatini magneta taip, kad jo linijos eity iSilgai magnetostrikcinés medziagos.
[jungus nuolatines srovés Saltini atlieckami bandymai kai, nuolatinés itampos
variklis maitinamas 2 V ir 3V ijtampa. Gaunami grafikai, kurie pavaizduoti
paveiksluose 9 ir 10.

I$ grafiky matyti, kad didinant variklio greit{ didéja solenoide indukuojama
elektrovara, nes A kanalo {¢jimo amplitudé iSauga nuo 14 iki 67 mV. Pjezo
keramikos sukuriamo signalo, abiem atvejais amplitudé 8 mV, i§ ko galime
spresti, kad magnetostrikciné medziaga abiem atvejais deformuojasi vienodai dél
nuolatinio ir magnetostrikcinés medZiagos traukos tarpusavyje. O tolesni
mazéjancios amplitudés svyravimai yra savieji keitiklio svyravimai.

ISvados

1. Buvo sukurtas naujas bimorfinio tipo pjezo-magnetostrikcinis keitiklis.

2. Atliktas gembiskai itvirtinto keitiklio modeliavimas. Gautos dinaminés
charakteristikos.

3. Pagal sudaryta pjezo-magnetostrikcinio keitiklio tyrimo metodika atlikti
eksperimentiniai bandymai ir gautos dinaminés charakteristikos.

4. Eksperimentiniy tyrimy metu nustatyta, kad magnetostrikcinis keitiklio
elementas, generuoja zymiai didesnius elektrinius signalus, kuriuos suzadina
keitiklio deformacijos, palyginus su pjezo elementu.

5. Magnetostrikciné medziaga gali dirbti ir nerezonansiniuose rézimuose, 0
pjezo tik rezonansiniuose.

6. Keitikliui keiCiant magnetini lauka i elektrini signala nenaudojamas
papildomas maitinimas $altinis.

7. Tyrimo metu nustatyta, kad magnetostrikcing medziaga zadinant pastovaus
magneto magnetiniu lauku, dél ju per didelés tarpusavio traukos,
magnetostrikcinés medziagos poveiki pjezo keramikai nustatyti nepavyko.
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ANALYSIS OF HIGH SPEED INSERTION PROCESS IN
AUTOMATIC ASSEMBLY

Sigitas KILIKEVICIUS
Kaunas University of Technology

Prof. Habil. Dr. Bronius BAKSYS
Kaunas University of Technology

Introduction. The main stages of automated assembly are matching of
connective surfaces and insertion of parts. Quasi-static assembly, where the
insertion speed is very low and the influence of inertia and gravity is negligible, is
analysed in the majority of works published about insertion mechanism [1-3].
However, successful and competitive manufacture requires decreasing duration of
assembly operations. Therefore, it is necessary to increase insertion speed. It is
not possible to apply quasi-static insertion theory for investigation of insertion
process, under high insertion speed. High speed insertion process is a complex
dynamic process, which is under the influence of many factors such as gravity,
inertia, insertion speed, compliance, friction etc. Efficiency and reliability of the
insertion process depends on properly selected parameters of the insertion
process. Parts can get wedged if it is selected improper parameters influencing the
insertion process. Therefore, the parts and assembly equipment can be damaged.
The model of dynamic insertion is investigated more properly in paper [4]. Still,
the influence of different parameters on the insertion process reliability is not
completely investigated.

This paper investigates high speed insertion process of cylindrical parts with
clearance, while bush is based immobile and the peg is based in the remote center
compliance device.

1. Mathematical model of insertion process. Insertion of mobile based peg,
which is moved in constant velocity v by robot, into immobile bush is
investigated (Fig. 1). Robot arm is equipped with remote center compliance
(RCC) device and gripper. The peg is hold by the gripper and only can turn
around the centre of compliance C and slip in radial direction.

Elastic components of the insertion force along x axis F,, along z axis F, and
torsion moment M about point C, are determined by the following equations:

Fx = Kx ‘(C _Xco: (1)
Fz:qut+ZC_ZC0: (2)
M=K,€-6, 3
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where, Xc and z¢ are the coordinates of point C; X and z¢g are the coordinates of
point C at the initial instant of time; @ is tilt angle of the peg; & is tilt angle of
the peg at the initial instant of time; K,, K,, K, are lateral stiffness, axial stiffness
and angular stiffness respectively.

2R
Fig.1 Scheme of robotic insertion: 1 — robot arm; 2 — RCC devise; 3 —
gripper

— —-—

Fig. 2 Chamfer crossing stage

While the peg is sliding along chamfer surface (Fig. 2), the peg is under the
influence of insertion force and torque (Fy, F,, M), gravity mg, inertia forces
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m¥X, , mZ; , inertia torque 14, reaction force F,, friction force uF,; where m is

the mass of the peg and gripper, | is inertia moment of the peg and gripper about
the centre of mass, g is gravitational constant, x is dry friction constant, xg and

Z¢ are the coordinates of the mass centre. Chamfer crossing is determined by the
following equations:

K,F, —F, —m¥; =0
K,F,—-F,—-mZ; —mg =0 4
€, cos0+F,sind €. —Ls +K,F,-M-16=0

where Lc is the distance from the lower end surface of the peg to the centre of
compliance; Lg is the distance from the lower end surface of the peg to the centre
of mass, « is angle of chamfer, K, =sina—ucosa , K, =cosa+ usina

K, = €K, — 1K, c0s8+ €K, +rK, sind.
When z, = €cosf - - Rjana =0 (Fig. 2), the insertion process steps into

one point contact stage.
Movement of the peg during one point contact stage is determined by the
following equations:

K,F,~F,—mis =0
K.F,-F,-mZ; —mg =0 (5)
€,cos0+F,sind L. -Ls +€-h-ur F,-M-16=0

where K, =cos@— usinég, K, =sind+ ucosé, h is depth of insertion.

Movement of the peg during two point contact stage is determined by the
following equations:

K,Fa—Fs —F,—mX; =0

K.F, +pFg —F, —mZ; —mg =0
€,cos0+F,sind €. -Ls ~M-1d+
+ Qg -h-—ur F, - €K, -rK, F, =0

(6)

Insertion process terminates when the specified depth of insertion h; is
reached.
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2. Simulation of the insertion process. Programs for the simulation of the
insertion process were written using MatLab software. A number of numerical
experiments of peg insertion into the bush were performed. The influence of
different factors on insertion process was investigated, in order to determine
conditions for the most reliable insertion, avoiding wedging. The following
initial values of the parameters of insertion process were used: m=0.1 kg,
r=0.009 m, R=0.01 m, 1=0.002 kg-m?>, L;=0.05 m, L.=0025 m,

a=rxldrad, #=01, v=0.3m/s, K,=2000 N/m, K, =2000 N/m, K, =20

N-m/rad, h, =0.05m, the initial tilt angle of the peg 6, = 0.01rad, 90 =0.01m/s,

the initial displacement from the centre of the lover end of the peg to the centre
line of the hole, along x axis direction ¢, =—0.001 m, &, =0.001 m/s.

9max:
rad

0.016

0.014

0.012

0.010 ‘ ’ ’
0 0.025 0.05a0 0.075 Le,m

gmax:
rad

0.015

0.013

0.5 2 3.5 1-107°, kg-m?
b

Fig. 3 Dependences of maximum tilt angle .. a — on distance L¢; b — on

moment of inertia I, under different values of m: 1 —m =0.05kg; 2-m=0.1

kg; 3—-m=0.3kg
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Insertion process can fail due to wedging. Wedging usually occurs in the two
point contact stage. Wedging occurs when reaction forces are inside the friction
cones and act in the same line. Therefore the peg can not move. This occurs when
tilt angle of the peg exceeds critical angle: >0, ~ R—r:/ (’,u:. Besides, the
peg can jump out of the hole when the tilt angle is very high due to its oscillating
movement along z axis direction. Regard to that, it is necessary to select such
values of the insertion process which ensure the lower value of maximum tilt
angle.

Ohnaxs
rad

0.018

0.014

0.010

9max;
rad

0.015

0.013

0.011 ‘ i

0.05 15 25 6-10%, m
b

Fig. 4 Dependences of maximum tilt angle .. a — on initial later

misalignment &; b — on assembly clearance &, under different values of

lateral stiffness K,: 1 — K, = 500 N/m; 2 — K, = 2000 N/m; 3 — K, = 5000

N/m
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When the distance L¢ is close to zero, maximum value of tilt angle G is
lowest (Fig. 4,a). When the moment of inertia | is increasing, the value of G
decreases (Fig. 4, b). The value of G, significantly increases when initial lateral
misalignment & is increasing (Fig. 5, a). When the clearance ratio becomes higher,
the value of G, increases more significant only under higher values of lateral
stiffness K, (Fig. 5, b). The value of 4, decreases when angular stiffness K is
increasing, lateral stiffness K, is decreasing, and mass of peg and griper m is
decreasing. Naturally, the value of 6, increases when initial tilt angle & is
increasing.

Axial stiffness K,, insertion speed v, distance to the centre of mass Lg do not
have high influence on the value of maximum tilt angle G,ay.

Conclusions. Mathematical model of cylindrical parts insertion was formed.
Numerical experiments of the insertion of cylindrical parts with clearance were
performed. It was determined that the reliability of the insertion process increases
when L¢ is close to zero, moment of inertia | is increasing, initial deviation g and
6 is decreasing, angular stiffness K, is increasing, lateral stiffness K, is
decreasing, mass of peg and gripper m is decreasing.
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Reziumé

Straipsnyje nagrinéjamas robotizuotas cilindriniy detaliy sujungimo su tarpu
procesas naudojant nutolusio paslankumo centro jtaisa. Sudarytas matematinis
sujungimo  proceso modelis.  Atlikti skaitmeniniai detaliy  sujungimo
eksperimentai. Nustatyta kokiomis salygomis sujungimo procesas vyksta
patikimiausiai.
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FUZZY CONTROL OF ROBOTS

Prof. Arkady S. YUSCHENKO
Bauman Moscow State Technical University, Russia

Abstract. Fuzzy logic control is a new and promising scientific direction in
mechatronics and robotics. One of the most important applications under
consideration is the fuzzy control of mobile or manipulation robots in
undetermined environment. This mode of remote control allows the human-
operator to form the fuzzy commands and the fuzzy rules of the autonomous
behavior for robot using a problem-oriented language. It is shown that using the
observation data of robot sensors it is possible to describe a fuzzy model of the
environment and of the basic robot operations. For complicated modes of
behavior the procedure of fuzzy Al planning is proposed. There are many
situations when the human-operator can not formalize the fuzzy rules of robot
behavior beforehand. For such cases the procedure of robot learning on the base
of fuzzy neural networks has been developed. The proposed procedures and
algorithms may be applied for different kind of robots activity such as rescue
operations, fire fighting, medical service etc.

1. Introduction. Mobile robots got widely applications for complicated
operations in undetermined environment. Among such operations in extremely
situation are demining, fire fighting, rescue operations etc. Modern mobile robots
are usually controlled by human operator whose experience and intelligence is
necessary to fulfill the hazardous and responsible operations. The control of
mobile robots is often realized now as a remote control by human-operator using
a kind of joystick. This mode of control is difficult for operator working in time
and information deficit and often inefficient. The problem is to control the mobile
robots using a problem-oriented language including the control by speech. The
operator’s interface in this case may be created using the linguistic variables both
for commands formalization and for information presentation. But the linguistic
interface realization pull the whole complex of artificial intelligence control
problems. Among them are the presentations of fuzzy models of environment, of
robot operations and of fuzzy rules of robot behavior. Using these rules it is
possible to solve the problem of linguistic control of robot for simple operations.
For more complicated tasks stated by human operator the problem arose of fuzzy
operations planning. The possibility of learning the control system of robot by
human operator is also important for there are many cases when it is impossible
to formalize the fuzzy rules beforehand. Some of the mentioned problems are
under consideration below.
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2. The fuzzy representation of environment and of the robot operations.
The basic model of fuzzy relations in world space and in time had been
introduced by D.A.Pospelov and collaborators [1]. The model of the robot
environment includes the fuzzy description of the objects of the external world
and fuzzy relations between them. The fuzzy properties of the objects allow
identifying them before the following robot operations. The spatial relations
allow representing the mutual positions of the objects of the world.

To determine the spatial relations between the objects of the external world
it is necessary to determine the linguistic variables of the distance and of mutual
orientation of the objects. For example the meaning of the first variable may be
“very distant”, “distant”, “close” and for the second variable * forward”,
“backward”, “a little to the left” etc. All the meanings are described by the
membership functions. The latter are to be presented beforehand taking into
consideration the peculiarity of human perception. While such relations are
determined for every pair of the objects we got a kind of fuzzy map of the
working scene. If the fuzzy map is known the robotic system may determine its
position toward any of the objects of interest using the observations of some of
them as bench marks [2]. The fuzzy model of the external world may be formed
using the data of robot sensors and information from robot vision system. It is
possible to represent information of the current situation using a problem-oriented
language similar to the natural one. Such information may be very useful for
example in the conditions of unsatisfactory visibility.

The fuzzy model of the world allows determining of the typical robot
operations in it. The classification of typical operations for remote control robots
has been proposed on the base of operations aims and control variables
description [3]. So we determined the operations as static ones if the aim is to
transform one static situation into another. Operations with the moving objects
were determined as kinematical ones. Dynamical operations propose the control
of the forces applied to the object of work by manipulator.

The fuzzy description of the external world and of the typical robot
operations forms the vocabulary of the problem-oriented language habitual for
human. Using this language and the fuzzy logic rules it is possible to control a
mobile robot or a manipulator movement to solve the typical tasks.

3. Typical tasks realization. Typical tasks realization by robot control
system demands the description of the fuzzy rules for robot operations and
movements in undetermined environment. There are two possibilities — the first is
the case when the fuzzy rules may be formulated by experienced human operator
beforehand. The second is the situation when human operator can not formalize
the rules of control in fuzzy terms. Fortunately many usual tasks of mobile robot
control are the tasks of the first type. Among them are such tasks for robot as to
approach to the given object, to pass a gates or a task to pursuit another moving
object. The errors of the sensors and vision system usually make fuzzy the
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accessible information of the external world. As for the rules of robot behavior it
may be often formulated as simple rules of production type. For example: “move
rapidly if the target is far off*, “move slowly if the target is near”, “turn to the
right if the target is a little to the right from the course” etc. As we mentioned
above the membership functions of the linguistic variables are to be determined
beforehand.

In real time scale it is necessary to fulfill the fuzzyfication procedure of the
observation data produced by sensor systems, i.e. the presentation the data in
terms of linguistic variables such as “the object is to the right and near”. After this
stage some well known fuzzy logic procedure of decision making may be applied.
To control the mobile robot fulfillment of the tasks mentioned above the most
simple and effective proved to be the Mamdany algorithm [4]. It made it possible
to control linear and angular velocities of mobile robot using information from
robot vision system. The Mamdany algorithm allows computing the necessary
control signals for robot drivers in real time scale. That is the way to control the
typical operations of robot in a linguistic mode. But for more complicated tasks
the problem of operations planning arose.

4. Artificial intelligence planning. Examples of the complicated tasks need
the operations planning may be the assembly or disassembly operations fulfilling
by manipulation robot. Al planning algorithms are under intensive investigation
[5], but known algorithms usually are not adapted for fuzzy logic procedures. An
Al planning algorithm had been proposed using the fuzzy presentation of the
world and the operations of robot presented above [6].

The algorithm includes the possibility propositions of the operations analyze
and use the back propagation reasoning for decision making. While the most part
of the known Al planning algorithms works in an abstract space determined by
invariant conditions the proposed algorithm allow the real control of possibility
propositions using the sensor system of robot. In the case of breaking of the
prescribed possibility propositions the re-planning in real time scale had been
provided.

Examples of the Al planning are the operations of the robotized assembly of
a unit from the parts arbitrary situated in the working space. Note that among the
operations for robot to fulfill in the proposed Al planning procedure there may be
the operations of cognitive type to get all the necessary information from the
external world. An example of such operation is the visual examination of the
parts by visual sensors of robot to identify them or to discover defects.

Real time expert systems are also may be applied for robot behavior
planning in undetermined situations. It seems most necessary for such
complicated and hazardous operations as we find in medicine robotics. Advanced
dialogue between robotic system and human operator is necessary in such
applications. Fuzzy representations in the Al planning system make the tasks of
the human operator easier to the great extent. It makes it possible for human
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operator not only to analyze the expert system conclusions but to change the rules
of behavior if necessary.

5. Robot learning using the hybrid fuzzy networks. Unfortunately there are
remains the situations when human operator can not formalize the rules of control
beforehand. Often the experienced operator controls robot using his personally
sensory skill. For example a skillful human operator can successfully control the
mobile robot movements in environment with complicated obstacles. Another
example is the assembly of the “shaft-hole” type. For such cases the hybrid neural
fuzzy network was proposed able to teach itself using the telemetry data received
for skillful human operator remote robot control

The problem has been investigated for the mobile robot with three pairs of
caterpillars getting over the obstacles [7]. The problem to control all of drives in
real time scale is too complicated for human. So the task was to teach the mobile
robot to get over the typical obstacles by itself. In the experiment the robot firstly
was controlled by experienced operator. The data obtained during experiment by
telemetry had been processed by cluster analysis method. It proved to determine
both the typical situations and the corresponding control signals formed by
operator. As the control mean the hybrid artificial neural network with three
hidden layers was applied. The neural network under consideration realized the
Sugeno fuzzy logic procedure. The input variables were the current angles of the
robot platform orientation and the torques of drivers. As the output variables the
controlled angles of four robot caterpillars were considered. After the training
procedure the fuzzy network showed results of control close to the same of
human control. As a matter of fact the hybrid network could by itself formalize
the fuzzy rules which human operator could not determine. The fuzzy mode of
control allows the robot to get over the obstacles of the prescribed type for wide
range of their parameters. But as new situation critically differs from the previous
ones the training process had to be repeated again. All the previous tunings may
be remembered in the system memory, so the robot “experience” is expanding
after all new training cycles.

The same learning control systems may be applied for many other types of
robotic system to form the “skill” of the artificial system.

Conclusions. The fuzzy logic methods allow realizing the concept of the
linguistic control of robots. Such control systems using the representation of the
external world natural for human perception will have wide applications in
different areas. Such mode of control does not demand some special knowledge
and skill from human operator; linguistic control using professional vocabulary
may be applied. Among the difficulties is the lack of the corresponding hardware
for fuzzy-neural hardware realization to implement many logical operations such
as fuzzy rules inference in parallel mode. The psychology problems of interaction
between human operator and intelligence robot are also of great importance. We
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hope that the concept under discussion will help to get over these difficulties and
expand the area of application of robotic systems.
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