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PREFACE 
 

This issue contains scientific papers from the 3
rd
 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 INTERFEROMET RY FOR DISPLACEMENT 

MEASUREMENT OF A MICROELECTROMECHANIC AL  

MEMBRANE  
 

Ieva MILAĠAUSKAITǞ 
Studies programme of Mechatronics, Kaunas University of Technology 

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

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

 

Aim: Nowadays there is a great need for development of systems that can 

perform parallel single ï 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 ï 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 membraneôs 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: 

 

d
II in

2
cos2

0
,    

dI
I in 2

sin
4 2

21
, 

 

where I in and ɚ are the intensity and wavelength of incident light, respectively, 

and d is the gap height. Separate photodetectors should measure the intensities of 

the zeroth (I0) and first (IÑ1) 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 
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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 ï at the bottom part of the substrate), but 

fabrication technique as well. Both structures are formed on the quartzôs 

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 ï 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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NOVEL SURFACE MICROM ACHINING FILMS FOR 

MICROELECTROMECHANIC AL SWITCH TECHNOLO GY 

DEVELOPMENT  
 

Algirdas LAZAUSKAS  
Studies programme of Mechatronics, Kaunas University of Technology  

Assoc. Prof. Dr. Viktoras GRIGALIȉNAS 
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 

Ăidealñ 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.  

 

1. Experimental setup. For the problem solution and technology 

improvement the following procedures were investigated:  

Fig. 1 SEM microphotograph illustrating 

fabricated device  
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Å 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 ñPlasma-600 

Tò device at 50 Pa pressure (radio frequency RF=13.56 MHz, P=0.3 W/cmӁ, t=5-

60 s). 

Å Silicon probe (commercially available crystalline Si <100>) was boiled 

in acetone for 2 min and dried with air pressure.  

Å 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. 

Å 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 ɛm x  11.0 ɛm, highest peak 4.8 nm, average roughness  

Ra=0.5 nm, root mean square roughness Rq=0.6 nm. 

 

2. Results. Analyzing results obtained using atomic force microscopy, 

contact angle measurements, scanning electron microscopy and x-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=66.4Ü very good 

surface roughness in terms of surface roughness parameters (i.e. Ra=0.5 nm, 

Rq=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 ï 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). 

 

1 

 
2 

 
3 

 
4 

 
5 

 
6 
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7 

 
8 

 
 
 

 

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 ñlift-offò 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, ñlift-offò 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. 
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ADAPTYVIȍJȍ DINAMINIȍ SLOPINTUVȍ ANALIZǞ, 

TAIKYMO UĢDAVINIAI IR Jȍ SPRENDIMAI 

ROTORINǞSE SISTEMOSE 
 

Simonas STANIUKYNAS  

Mechatronikos studijȎ programa, Kauno technologijos universitetas 

 Prof . Habil. Dr . Vitalijus VOLKOVAS  
Kauno technologijos universitetas 

 
Darbo tikslas. Ġio darbo tikslas yra: sukurti dinaminǱ slopintuvŃ su 

grǱģtamuoju ryġiu, kuris galǟtȎ slopinti vibracijas ne tik esant vienam 

rezonansiniam daģniui, o apimtȎ tam tikrŃ dģniȎ juostŃ, taip iġplǟsdamas 

dinaminiȎ slopintuvȎ panaudojimo galimybes. 

 

ǰvadas. Mechanikoje kritinis greitis yra teoriġkas kampinis greitis, kuris 

ģadina savajǱ Ǳrenginio daģnǱ. Paleidģiant rotorinň maġinŃ, kai jos Ǳsisukimo laikas 

gana ilgas, maġina gali pereiti kelis kritinius greiļius. Tai reiġkia, kad pasiekiamas 

rezonansas ir padidǟja vibracijos iki nepageidaujamo lygio. Tuomet velenŃ veikia 

iġcentrinǟs jǟgos ir jǱ deformuoja. Yra penki svarbiausi vibracijȎ maģinimo bȊdai 

pateikti 1 pav. Ġiame darbe nagrinǟjamas virpesiȎ izoliavimas dinaminiais 

slopintuvais turboagregato paleidimo ï stabdymo metu. 

 

 
1 pav. VibracijȎ maģinimo bȊdai 

 

RotoriniȎ sistemȎ adaptyvaus dinaminio slopintuvo struktȊra. Galima 

pasirinkti klasikinǱ dinaminio slopintuvo variantŃ, t.y. strypŃ, kurio viename gale 

bus pritvirtinta masǟ. Taļiau tai nǟra adaptyvus slopintuvas. Pritaikius valdymo 

sistema su grǱģtamuoju ryġiu 2 pav., jis taptȎ pilnai prisitaikantis ir 

nereikalaujantis ģmogaus pagalbos darbo metu.  

Schemoje nuolatos yra matuojamas faziȎ skirtumas ir nuolatos uģtikrinamas 

geriausias slopinimas, nes pavaros valdymas suderintas pagal pavaros valdymo 

dǟsnǱ, t.y. masǟs atstumas nuo Ǳtvirtinimo l parenkamas toks, kad slopintuvo 

savieji daģniai sutaptȎ su objekto daģniais ir juos slopintȎ slopintuvo valdymo 

ribose. 
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2 pav. Klasikinǟs konstrukcijos dinaminio slopintuvo su grǱģtamuoju ryġiu  

schema: 1 ï dinaminio slopintuvo strypas, 2 ï masǟ, 3, 4 ï keitliai,5 ï 

stiprintuvai, 6 ï fazǟs matavimo prietaisas, 7 ï valdomos pavaros maitinimo 

ġaltinis, 8 ï valdoma pavara, 9 ï rotorinǟ sistema    

 

Kitas  bȊdas organizuoti valdymŃ yra keisti laike slopintuvo ilgǱ, tuo paļiu ir 

standumŃ, pagal iġ anksto nustatytŃ dǟsnǱ. Ġis bȊdas taikomas tik maġinoms, 

kurios paleidimo metu turi stabilius rezonansus laiko atģvilgiu. Paleidimo metu 

matuojami maġinos parametrai ir gaunama kontroliuojamo objekto daģnio 

priklausomybǟ nuo laiko. Tuomet, pagal ġǱ dǟsnǱ suderinama valdoma pavara. 

Praǟjus tam tikram laikui nuo maġinos paleidimo sistema aptinka rezonansŃ. 

Slopintuvo masǟ pasislenka atstumu kuris paskaiļiuojamas pagal valdymo dǟsnǱ, 

tai kad slopintȎ rotoriaus virpesius. KurǱ bȊdŃ pasirinkti priklauso nuo to, kokie 

yra saugomo objekto parametrai. Pirmas bȊdas yra gerokai tikslesnis, taļiau 

brangesnis, nei antras. 

Galima rinktis vienŃ iġ dviejȎ variantȎ kŃ reguliuoti: tai gali bȊti kintama 

masǟ strypo gale ir nekintantis strypo standumas arba gali bȊti kintamas strypo 

standumas ir nekintama masǟ. Ġiuo atveju panaudotas kintamas strypo standumas, 

o masǟ iġliks pastovi, todǟl, kad standumŃ pakeisti paprasļiau nei masň. Ġio 

slopintuvo siȊloma struktȊra pavaizduota 3 pav. 

 

 
3 pav. Dinaminio slopintuvo struktȊra. 1 ï strypas, 2 ï valdoma pavara, 3 ï 

masǟ, 4 ï masyvus slopintuvo korpusas,  L ï strypo ilgis 
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Vienas iġ didģiausiȎ ġios struktȊros privalumȎ yra tai, kad pavara yra 

sumontuota  nejudamai slopintuvo korpuse, o ne masǟje, kaip yra kitoje galimoje 

struktȊroje.  

 

Slopintuvo skaiļiavimo uģdavinys. Tarkim, slopintuvas taikomas rotorinei 

sitemai, kuri Ǳsibǟgǟdama turi suktis gana ilgai, kad pasiektȎ nominalȎ greitǱ. Tuo 

metu, kai rotoriaus greitis didǟja, sistema patenka Ǳ kelis rezonaso daģnius, 

kuriems esant padidǟja vibracijos. MȊsȎ tikslas yra suskaiļiuoti adaptyvaus 

dinaminio slopintuvo parametrus taip, kad jis esant tiems daģniams slopintȎ 

vibracijas. Reikia atlikti matavimus, kad bȊtȎ galima nustatyti pikines vibracijȎ 

vertes rotorinǟje sitemoje. Tam atliekamas specialus tyrimas arba naudojama 

monitoringo sistema, kai turime virpesiȎ spektrŃ ir matome kokio daģnio yra 

pikinǟs vertǟs, galime pradǟti skaiļiuoti slopintuvo parametrus, kuriems esant 

savasis slopintuvo daģnis bȊtȎ lygus vibracijȎ daģniui. Vibracijos buvo matuotos 

specialiai modernizuotu TSDI laboratoriniu stendu (ģr. 4 pav.), imituojanļiu 

rotorinǟs maġinos paleidimo procesŃ.  

 

 
4 pav. Specialiai modernizuoto TSDI laboratorinio stendo bendras vaizdas ir 

danȎ firmos Bruel & Kjar virpesiȎ matuoklis Vibrotest 60 

 

5 pav. pavaizduota, kokiems sukimosi daģniams esant yra pikinǟs vibracijȎ 

greiļio vertǟs. 

Ġiam slopintuvui siȊloma naudoti pjezoelektrinň sraigtinň vibropavarŃ (6 

pav.), kadangi slopintuvŃ planuojama montuoti vertikaliai. SlopintuvŃ montuojant 

horizontalioje padǟtyje, galima naudoti ir paprastŃ linijinǱ vibrovariklǱ ar 

ģingsninǱ variklǱ, nes strypo neveikia svorio jǟga ir nereikia didelǟs jǟgos norint jǱ 

fiksuoti.  

Sraigtinǟ vibropavara nǟra naujas iġradimas, o ģinomas jau gana seniai [2]. 

Ġi pavara yra paprastos konstrukcijos. JŃ sudaro metalinis cilindras, kurio 

viduryje yra kiaurymǟ su sriegiu. Cilindro, galuose yra du pjezoelektriniai ģiedai, 
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kurie sukelia taip vadinamŃ bǟganļiŃ bangŃ metale ir taip priverļia per cilindrŃ 

einantǱ strypŃ suktis Ǳ vienŃ ar kitŃ pusň, bei reguliuoja atstumŃ  tarp masǟs ir 

pavaros.  Ġios pavaros konkretȊs skaiļiavimai ir gamyba numatomi kitame etape. 

 
 

 
6 pav. Pjezoelektrinǟ sraigtinǟ vibropavara 

 

Buvo iġmatuotas specialiai modernizuoto TSDI laboratorinio stendo virpesiȎ 

pasikeitimas, esant Ǳvairiems sukimosi daģniams, ir nubraiģytos kreivǟs. Stendas 

yra laboratorinis ir gerokai maģesnis nei reali rotorinǟ sistema, todǟl buvo 

pasirinktas taip pat maģesnis slopintuvas, nei realiai sistemai, atitinkantis 

laboratorinio stendo virpesiȎ parametrus. Slopintuvas buvo pagamintas be 

valdomos pavaros ir tokiȎ parametrȎs: masǟ m = 0,277 kg, virpesiȎ daģnis, kurǱ 

turǟtȎ slopinti slopintuvas yra 14,3 Hz, strypo skerspjȊvis D = 0,005 m, 

tamprumo modulis E = 200000 Mpa. Tikslas - Ǳsitikinti ar slopintuvas slopina 

virpesius ties rezonanso daģniais. 

Kad bȊtȎ tikslesni duomenys, slopintuvo strypo ilgis buvo parinktas 

eksperimentiġkai, t.y. buvo pasinaudota TSDI vibro stendu. Buvo matuojamas 

savasis slopintuvo daģnis, slopintuvo strypo ilgis buvo keiļiamas rankiniu bȊdu. 

To tikslas buvo suderinti slopintuvŃ su viena iġ pikiniȎ laboratorinio stendo 
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5 pav. Specialaus laboratorinio stendo horizontaliȎ ir vertikaliȎ virpesiȎ 

pasikeitimas esant Ǳvairiems sukimosi daģniams  
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rezononsiniȎ daģniȎ reikġmiȎ, kuriai esant bȊtȎ galima pritaisyti slopintuvŃ prie 

laboratorinio stendo ir realiai patikrinti, kaip slopintuvas slopina rezonansinius 

daģnius. Buvo pasirinkta viena iġ didesnň amplitudň turinļiȎ horizontaliȎ 

skersiniȎ virpesiȎ daģniȎ reikġmiȎ 14,3 Hz, strypo ilgis esant ġiai daģnio reikġmǟi 

yra 0,19 m.
 

Vertikalia kryptimi pritvirtinus slopintuvŃ prie laboratorinio stendo 

guoliavietǟs ir paleidus variklǱ suktis, buvo iġmatuoti virpesiȎ parametrai. 

Rezultatai pavaizduoti 7 pav. Matome, kad slopintuvas su kontroliuojamu objektu 

buvo suderintas tinkamai, nes ties pikine reikġme slopintuvas sumaģino virpesiȎ 

amplitudň daugiau, nei dvigubai. Tai reiġkia, kad slopintuvas realiai turi 

slopinimo efektŃ ir tas efektas bȊtȎ didesnis ar maģesnis per visŃ slopinimo 

intervalŃ tarp maģiausios ir didģiausios daģnio pikiniȎ verļiȎ. Jei bȊtȎ pritaikytas 

grǱģtamasis ryġys ir valdoma pavara, tuomet visŃ laikŃ slopintuvas bȊtȎ suderintas 

su kontroliuojamu objektu.   

 

 
7 pav. Specialaus laboratorinio stendo horizontaliȎ virpesiȎ pasikeitimas 

esant slopintuvui ir be jo 

 

Slopintuvui buvo parinktas iġskirstytȎ parametrȎ modelis. JǱ apraġanti lygtis 

skersiniȎ virpesiȎ atveju [3]: 
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SavȎjȎ daģniȎ lygtis skersiniȎ virpesiȎ atveju atrodo taip [4]: 

 

4
23,1

lF

JE

                                                  (3) 

 

ļia J ï apvalaus strypo inercijos momentas.      

Teorinǟ slopintuvo daģnio priklausomybǟ nuo strypo ilgio iġilginiȎ virpesiȎ 

atveju apskaiļiuota ir parodyta 1 lentelǟje. Naudojant ġiuos duomenis buvo 

nubrǟģtas grafikas (8 pav.), rodantis, koks yra slopintuvo valdymo dǟsnis 

skersiniȎ virpesiȎ atveju. Lentelǟje galime matyti, kad kai daģnis yra 14,3 Hz tai 

strypo ilgis yra 0,209 m. Atliekant bandymŃ su slopintuvu, toks daģnis buvo 

gautas esant 0,19 m. Tai reiġkia, kad praktiġkai iġmatuota valdymo dǟsnio kreivǟ 

turǟtȎ maģai skirtis nuo teoriġkos, iġ formuliȎ apskaiļiuotos valdymo dǟsnio 

kreivǟs. Tokiu atveju galima teigti, kad skaiļiavimai atlikti teisingai, o rezultatai 

skiriasi dǟl ǱsivǟlusiȎ paklaidȎ. 

 

Lentelǟ 1 

Daģnio priklausomybǟ nuo strypo ilgio 

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

ɤs, Hz 143,4 27,6 14,3 7,7 4,5 1,6 

 

 
8 pav. Slopintuvo valdymo dǟsnis 

 

Ġio laboratorinio slopintuvo strypo masǟs nepaisom, nes ji ģymiai maģesnǟ, 

nei strypo gale esanti masǟ. Tai yra vienas iġ iġskirstytȎ parametrȎ dinaminio 

modelio kraġtiniȎ atvejȎ, kurio savȎjȎ daģniȎ lygtis [3]:  
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             (4) 

 

Iġvados 

 PasiȊlytas rotoriniȎ sistemȎ kritiniȎ greiļiȎ vibracijȎ problemos 

sprendimas, naudojant adaptyvȎ dinaminǱ slopintuvŃ. 

 Pateikta lyginamoji grǱģtamojo ryġio, slopintuvȎ struktȊrȎ analizǟ, 

iġnagrinǟti tokiȎ slopintuvȎ valdymo principai. 

 Dinaminiam slopintuvui parinktas matematinis modelis, bei esant 

konkreļioms kraġtinǟms sŃlygoms nustatyta savȎjȎ daģniȎ lygtis ir slopintuvo 

valdymo dǟsnis. Valdymo dǟsnǱ pasiȊlyta realizuoti su pjezoelektrine vibropavara. 

 Pagamintas ir iġbandytas laboratorinio stendo vibracijȎ dinaminis 

slopintuvas.  

 Eksperimentiġkai nustatyta, kad teoriġkai apskaiļiuotas slopintuvo 

valdymo dǟsnis atitinka eksperimento metu gautus rezultatus. DaģniȎ 

nesutapimas maģiau 10 %.  

 Numatyta vystant tematikŃ praktiġkai pagaminti vibropavarŃ 

dinaminiam slopintuvui ir pasiekti slopintuvo adaptyvumo funkcijŃ. 
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Reziumǟ 

Viena iġ dideliȎ problemȎ rotorinǟse sistemose yra vibracijos. Kadangi, ġi 

problema nǟra dar pilnai iġsprňsta, aktuali, todǟl ji buvo pasirinkta tyrimams. 

VibracijȎ maģinimo bȊdȎ yra keletas, taļiau buvo pasirinktas vibracijȎ 

slopinimas dinaminiais slopintuvais ir ne bet kokiais dinaminiais slopintuvais, o 

adaptyviais, nes daģnai reikia organizuoti vibracijȎ slopinimŃ maġinose su 

kintanļiais parametrais, pvz. kintanļiu sukimosi greiļiu. Adaptyviu slopintuvas 

bus tuomet, jei turǟs galimybň keisti savo parametrus, pavyzdģiui, slopintuvo 

savuosius virpesiȎ daģnius. Ġiame darbe slopintuve siȊloma taikyti pjezoelektrinň 

vibropavarŃ, kurios pagalba galima keisti slopintuvo parametrus, tuo paļiu savŃjǱ 

daģnǱ suderinti su kontroliuojamo objekto virpesiȎ daģniu, iġsklaidyti dalǱ 

virpesiȎ energijos ir to pasekoje, tam tikram daģniȎ juostos intervale, sumaģinti 

kontroliuojamo objekto vibracijas.  
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Darbo tikslas. Iġanalizuoti cilindrinio MR stabdģio darbo reģimus. Pateikti 

MR stabdģio parametrȎ ǱtakŃ jo veikimui. Pateikti optimalius MR stabdģio 

geometrinius parametrus. 

 

1. Magnetoreologinis (MR) stabdis. SiȊloma MR stabdģio konstrukcija yra 
pavaizduota 1 paveiksle. Stabdis yra vieno disko formos ir veikia ġlyties reģimu. 

MR skystis uģpildo tarpelǱ tarp rotoriaus ir dviejȎ gaubtȎ. MR stabdģio 

efektyvumŃ apsprendģia dviejȎ parametrȎ santykis Ri / R0 (2 pav.). Vienas iġ 

svarbiausiȎ fizikiniȎ dydģiȎ yra ġlyties Ǳtempimai, kurie matematiġkai iġreiġkiami: 

 

h
B r

yd )(                                         (1) 

 

ļia:  - kampinis veleno sukimosi greitis; h ï tarpelis [1,3,5]. 

 

  

1 pav. MR stabdis [2,4] 

 

Atsiģvelgiant Ǳ praktines MR stabdģio veikimo sŃlygas, bendras 

perduodamas sukimo momentas Ttotal susideda iġ trijȎ komponenļiȎ: Tfric ï tai 

h 
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Ri 

 

Elektromagnetas 

Aktyvus MR skystis 


