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B npeuusHata TeXHWKA FOHUOMETPUYHUTE MOAY/N Ce WU3MO0/3BAT 33 OPUEHTUPAHE U
No3UUMOHMPAHE HA AeTalav U MOAYNM Ha MEXaHMYHW CUCTEMM C BMCOKA TOYHOCT, B
C/Nly4amnTe KoraTo e HeoHXoANMMO OCUrypsaBaHe Ha NOCTOAHHA OC HA POTALMA U U3MEpPBaAHe Ha
BrI0BU OTKNAOHEHMUA. TaKMBa NO3ULMOHMPALLY CUCTEMM OCUTYPSBAT bI/I0BA OPUEHTALMA Ha
Pas3/INYHM B3N U CUCTEMM, KaTO MOMEHTHUA LEHTBP Ha poTaLMA B NOBEYETO CAy4van ce
Hamupa M3BbH paboTHaTa naatdopma. B npeumsHaTa TEXHMKA U TOYHOTO ypPeAOCTPOeHe
4ecTo ce Hanara br/10BO MO3MLMOHMPAHE U OPUEHTUPAHE C BUCOKA TOYHOCT HA Pas/INYHU
06€eKTM OKOJI0 OCKM, HaMMpalLM MMEHHO M3BbH (OBMKHOBEHO M3HECEHW Haa) Hocew,aTa
nnatdopma.

B nbpBa rnaeBa ca pasrnegaHn pasAIMyHM MOAYAN U CXeMM 33 peanms3auma Ha
FTOHNOMETPUYHUN MUKPO-MO3NUNOHUNPALWLN CUCTEMU C Pa3/IM4HU BUOOBE HaMpasaABallu,
KaKTO U pa3/in4yHKN eKCni1oaTauMOHHU N TOYHOCTHU XapPaKTepPUCTUKKU Ha NO3NUNOHUNPpaLLUTe
cncremu.

BbB BTOpa r/1aBa € HafnpaBeH aHaAu3 U CUCTEMATU3UPAHE Ha elaCTUYHM HanpaBasBaLLm
3a bIr/10Ba OpPUEHTALMA, KAaTO Pa3/IMYHUTE BMAOBE Ca rPyNMpaHM B 3aBUCMMOCT OT TAXHATA
reometpua n ¢dopma Ha HanpasBAABalLMTE M Ca pPasriefaHu TexXHWUTe NpeavmcTBa U
HegocTaTbuu. PasrnegaHn ca  pasandHM  GaKTOpU U TPEWKU BAUAEWM  BbPXY
€KCN/I0aTaUMOHHUTE UM XapaKTepucTuku. OnpegeneHn ca napameTpuTe BAMAELLN BbPXY
enacTUYHUTE UM XapaKTEPUCTUKM M 0bxBaTa Ha paboTa.

B TpeTa rnaBa € NOKa3aHa paapa60TKa M aHanan3 Ha gBe NMOHUOMETPUYHUN CUCTEMU 3a
BrNOBO MMKPONO3ULNOHUPaHE C Pa3/IN4YHa reomeTpuAa Ha eNnaCTUYHnTE HanpaBaAaBalln — Ha
6asa enactuyeH YETUPU3BEHHNUK WU TaKbB C Kp'bCTOO6pa3HM €1aCTU4YHN  3BEHa.
CMMy/'IaLI,MOHHMFIT dHa/ I3 € HalnpaBeH NO MeTO4a Ha KpaﬁHMTe e/leMeHTU, KaTo Ca NOKa3aHu
Pa3NYHUTE MaTeMATUHECKN MOAOEeNTIN, KOUNTO morat ga ce mn3nonseart B 3aBUCMMOCT OT
maTepunana u d)opmaTa Ha enacTMyHuUTe HanpasnABalWM. AHANM3DBT BKAKOYBA PA3/INYHMU
d)aKTOpM BvAewn NpPAKO BBPXY TOYHOCTHUTE  XapPaKTePUCTUKKU, BKAKOYUTENHO
OTK/IOHEHWMETO Ha UeHTbPa Ha POoTaumnAa, Kato eanH OT OCHOBHUTE NapaMeTpu Npun To3n sna,
NO3NUMOHUPALLN CUCTEMNU.

YeTBbpTa rN1aBa BKAOYBA pPas3/IMYHU CXEMWU UM ANropuTtMM 3a MU3cCneaBaHe Ha
FTOHNOMETPUYHN NO3ULUNOHUNPALLN CUCTEMU, NOCPEACTBOM, KOUTO MOXKE Oa Ce onpeaenun
MOMEHTHUA LLEHTBP Ha POTaLMA U OTKZIOHEHUETO HA OCTa Ha poTauluA. MNokasaHa e n cxema
Ha na6opaTopHaTa YCTaHOBKa 3a u3cneaBaHe Ha TOHUOMETPUYEH moAays C €/1aCTUYHU
HanpasaABallu.
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Goniometric systems, as a type of rotational positioning system, are involved in almost
all areas of mechanics. In precision engineering, goniometric modules are used for the
orientation and positioning of parts and modules of mechanical systems with high accuracy,
in cases where it is necessary to ensure a constant axis of rotation and measure angular
deviations. Such positioning systems provide angular orientation of various assemblies and
systems, with the instantaneous center of rotation often located outside the working
platform. In precision engineering and accurate instrument making, high-precision angular
positioning and orientation of various objects around axes located precisely outside (usually
above) the supporting platform is often required.

The first chapter examines various modules and schemes for the realization of
goniometric micro-positioning systems with different types of guides, as well as various
operational and accuracy characteristics of the positioning systems.

The second chapter provides an analysis and systematization of elastic guides for angular
orientation, with the different types grouped according to their geometry and shape of the
guides, and their advantages and disadvantages are discussed. Various factors and errors
affecting their operational characteristics are considered. The parameters influencing their
elastic characteristics and working range are determined.

The third chapter shows the development and analysis of two goniometric systems for
angular micro-positioning with different geometries of the elastic guides — one based on an
elastic compliant mechanism and one with cross-shaped elastic elements. The simulation
analysis is performed using the finite element method, and the different mathematical
models that can be used depending on the material and shape of the elastic guides are
presented. The analysis includes various factors directly affecting the accuracy
characteristics, including the deviation of the center of rotation, as one of the main
parameters for this type of positioning system.

The fourth chapter includes various schemes and algorithms for investigating
goniometric positioning systems, through which the instantaneous center of rotation and
the deviation of the axis of rotation can be determined. A diagram of the laboratory setup
for investigating a goniometric module with elastic guides is also shown.

.6 Ny6nnKyBaHa KHUra Ha 6a3aTa Ha 3alWMTEeH AUCEPTALUOHEH TpYa,

Komapcku [. MNo3unumoHmnpalum cuctemn 3a brnosa opueHTtaums, Codus, Codtrpeina, 2024,
ISBN 978-954-334-275-4

Mo3nUMOHMPaLLUTE CUCTEMM 33 BI/I0BA OPUEHTALLMA YHACTBAT B NOYTM BCUYKK chepu Ha
MexaHWKaTa. Te HamupaT MPUIOXKEHME OCBEH 3a bBr/I0BO MO3ULIMOHMPAHE Ha OMTUYHU
e/leMeHTUN 1 Nla3epu, Taka CbLLO M B NPOU3BOACTBOTO U KOHTPO/A Ha MOAYNPOBOAHMKOBK
e/IeMEeHTWN, PEHTFEHOCTPYKTYPHMN aHaNn3uK, NpM N3MepBaHe reomMmeTpuYHMTE napameTpu Ha
POTaLMOHHO-CUMETPUYHN AeTallan 1 3a U3caeaBaHMA Ha maTepuani, 0Py B KpMOreHHaTa
obnact. B nocneaHo Bpeme MUKPO- U HaHO-NO3ULMOHUPALLIUTE CUCTEMM, U3rPafEeHM Ha
6a3a enacTMUHM HanpasAABaLLM M NMMe30-3a4BUMNKBaHNA, HAMUPAT LMPOKO MPUNOKEHME BB
BMCOKO TEXHO/MIOTMYHM MPOLECU KaTo BMONOTMYHO-KAETBYHO MUKPOMHMKEKTUpPaHE,
CKaHMpaHe C aTOMHO-CU/IOBN MUKPOCKOMWN, MUKPOENEKTPO-MEXaHNYHM CUCTEMWN U CUCTEMMU
¢ dpnbpo-onNTUYHO NoapaBHABaHE.

Rotary systems are involved in nearly all areas of mechanics. In precision engineering,
rotary modules are used for the orientation and positioning of components and mechanical
system modules with high accuracy, particularly in cases where a constant axis of rotation
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must be maintained and angular deviations must be measured. Such modules find
applications not only in the angular positioning of optical elements and lasers but also in the
production and inspection of semiconductor components, X-ray diffraction analysis,
measurement of geometric parameters of rotationally symmetric parts, and material
research—even in cryogenic environments. Recently, micro- and nano-positioning systems
based on elastic guides and piezoelectric actuators have been widely adopted in high-tech
processes such as biological cell microinjection, atomic force microscopy scanning, micro-
electromechanical systems, and fiber-optic alignment systems.

.7 HayyHu ny6nauKaumum B U3aaHMA, KOMTO ca pedepupaHuM U UHOEKCUMPAHU B
CBETOBHOM3BECTHU 6a3u AaHHM C HayYyHa UHPopMmauma

Diakov D., Komarski D., Micro-positioning Module for Angular Orientation Position of the
Axis of Rotation Analysis, 31st International Scientific Symposium Metrology and Metrology
Assurance, MMA 2021 DOI: 10.1109/MMA52675.2021.9610873

Positioning systems with flexures for angular orientation are used in many areas of
precision engineering. Used mainly for orientation and high accuracy positioning of
components or modules, part of mechanical systems that ensuring a constant axis of
rotation and angular deviations. This paper presents the results of the study of elastic micro-
position measuring system and the influence over accuracy and characteristics caused by
the manufacturing errors.

CuctemuTe 3a BINOBA OPUEHTALLMA C €N1AaCTUYHWN 3BEHA Ce U3MO03BAT B MHOMO 061aCTh Ha
NpeumMsHOTO WHXKeHepcTBO. M3Mon3BaT ce OCHOBHO 3a OPMEHTAUMS U BUCOKOTOYHO
NO3UUMOHMPAHE HA KOMMNOHEHTU WAW MOLYAWM, YacT OT MEXaHWUYHWU CUCTEMMU, KOMUTO
OCUrypaBaT MOCTOAHHA OC Ha poTauuA. Tasu CTaTMA NpeAacTaBA pesyntatute oT
M3cnenBaHeTO Ha enacTMyHa MWMKPOMO3MUMOHMPALLA CUCTEMA W BAWAHMETO Ha
NPOM3BOACTBEHNUTE FPELIKN BbPXY TOMHOCTHUTE N XapPaKTEPUCTUKM.

Vassilev, V., Komarski D., Retrofit of a Roundness Measuring Instrument, 34rd International
Scientific Symposium Metrology and Metrology Assurance, MMA 2024, (2024), ISBN: 979-
835035283-2, DOI: 10.1109/MMA62616.2024.10817687

This paper deals with the retrofitting of a roundness measuring instrument by upgrading
the length gauge, rotary encoder, the controller and the software. The retrofitting is based
on the requirements of versatility, modularity, low-cost, simplicity of the structure, ease of
maintenance and operation, as well as high performance of the measuring process which
meets the increased requirements for the accuracy of modern measuring instruments.

To3u AOKYMeEHT nNpeacTaBsa NpeobopyaBaHETO Ha MHCTPYMEHT 3a M3MepBaHe Ha KPbrnocT
ypes Hagrpa)kgaHe Ha W3MepBaTeNHUA yped, POTaUMOHHMA eHKoaep, KOHTponepa w
codTyepa. loobopyaBaHETO CE OCHOBABa Ha U3UCKBAHMATA 33 YHMBEPCAIHOCT, MOAY/HOCT,
HWMCKa LLeHa, NPOCTOTa Ha KOHCTPYKUMATA, IeKOTa Ha NOAAPDBIKKA U eKCnnoaTauma, Kakto u
BMCOKa NPOM3BOAMTE/NIHOCT Ha M3MepBaTe/IHMA MPOLEC, KOETO OTroBapA Ha MOBULIEHUTE
W3MCKBAHWA 33 TOYHOCT Ha CbBPEMEHHWTE U3MEPBATENHN ypeau.

Komarski D., Study of the Axial Stiffness of Micro-positioning Elastic Module with “Butterfly”
Flexures, 34rd International Scientific Symposium Metrology and Metrology Assurance,
MMA 2024, (2024), ISBN:979-835035283-2, DOI: 10.1109/MMA62616.2024.10817625;
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Spatial orientation of different elements in the field of micro- and nano-technology with
very high accuracy requirements is very demanding in high precision engineering.
Specifically, an angular orientation with elastic monolithic flexures is one of the preferred in
such a case, especially where high accuracy and minimal deviation of the axis of rotation or
low to no maintenance and operation in adverse/contaminated environment is required.
This is related to the fact that the module is monolithic, which practically means that there
are no assembled elements and there is no friction between the various components of the
system. As different axial and radial forces can have negative impact on the elastic systems,
this paper presents the results of the experimental study of the axial stiffness of the
developed micro-positioning elastic module with “butterfly” flexures

MpocTpaHCcTBEHAaTa OPMEHTALMA Ha PasNMYHM eneMeHTM B obnactta Ha MUKPO- U
HaHOTEXHO/NIOTMUTE C MHOFO BMCOKM WM3MUCKBAHMA 3@ TOYHOCT € MHOTO aKTyasHa B
NPeunsHOTO  WHXKeHepcTBO. [MO-KOHKPETHO, brNoBa OpMEHTauuss C  eflacTUYHU
HanpasAsABalWM € efHa OT NPeAnoYnTaHUTe, 0OCOBEHO KOraTo ce M3MCKBA BUCOKA TOYHOCT U
MWHUMANHO OTK/JIOHEHWE Ha OCTa Ha BbPTEHE, KOMBWHMPAHO C HUCKA WMAM HUKAKBa
noaApbKKa B HebnaronpuaTHa/3ambpceHa cpefa Ha pabota. lNpeacTaBeHUAT moayn e
MOHO/INTEH, KOETO Ha MPaKTMKa 03Ha4yaBa, Ye HAMA Cr10beHn eNleMeHTU U HAMaA TpUeHe
MeXAay PasNIMYHUTE KOMMNOHEHTU Ha CUCTeMaTa, KOETO e CBbP3aHO C TbPCEHUTE U3NCKBAHMA.
Tbi KaTo PasAMYHM aKCUMAHU U PaaMaNHU CUAW MOFaT a MMaT OTPULLATENTHO Bb3aeicTeure
BbPXY €1acTUYHUTE CUCTEMMU, TasW CTaTUA NPeaCcTaBA Pe3ynTaTUTe OT eKCNepumeHTanHo
n3cnefBaHe Ha akcManHaTa KopaBWHa Ha pa3paboTeHna MMKPONO3ULMOHMPALL, eNacTUYeH
MOJY/ C eNaCTUYHUN e/IEMEHTHU.

Diakov D., Komarski D., Study of the Rotational Axis Stability of Micro-positioning Elastic
Module with “Butterfly” Flexures, 34rd International Scientific Symposium Metrology and
Metrology  Assurance, MMA 2024, (2024), |ISBN: 979-835035283-2, DOI:
10.1109/MMA62616.2024.10817657;

Rotation positioning systems are widely used in different orientation positioning or
metrology systems. Analysis of their performance is an essential part of the development
and verification of the metrology requirements. As a second stage of the performance
analysis of the developed elastic micro-positioning module with “butterfly” flexures after
the simulation study is the experimental study. Such a case study is representing the
behavior of the elastic module in the application. One of the main accuracy characteristics
is the deviation of the axis of rotation as it has major impact of the metrology performance
of angular positioning modules. This paper presents the results of the study of the axis
stability of micropositioning elastic module.

POTauyOHHO MNO3WUMOHMPpALLM CUCTEMM CE€ M3MOAN3BAT LWWMPOKO B  PasiMyHU
NO3MUMNOHUPALLU NAN METPOSIOTUYHMN CUCTEMWU. AHANU3BT Ha TAXHATA pa60Ta € CbllecTtBeHa
4acT oT pa3pa60TBaHeTo n anpo6au,14ﬂTa Ha MeTPOJIOTMYHUTE XapaKTepUCTUKKU. Kato BTopm
€Tan OT aHa/IM3a Ha pa3pa60TeHMﬂ eNnaCthyeH moayn 3a MUKPONO3UUMOHUPaHe C
€/1aCTU4YHN €/IeMEeHTH, cnen M3BBPLLUEHOTO CMMYNaULMOHHOTO n3cnensaHe e
EKCNeEPUMEHTANNHOTO U3CnenBaHe. To mnscnegBa nosBefeHMETO Ha enacTUyHMA moayn B
pa60THa cpea. EnoHa OT OCHOBHUTE XaPaKTEPUCTUKN Ha TOYHOCTTA € OTKZIOHEHMETO Ha OCTa
Ha poTauuA, Tbl KaTo TO MMa rofIAMO BAUSAHUE BBbPXYy METPONIOTUYHUTE XaPAKTEPUCTUKN Ha
MmoayimTe 3a BbrnoBo MNMO3NUMNOHUPAHE. Tasn cratma npegcraBa pe3yntratute ot
n3cnenBaHETO Ha CTabMNHOCTTA Ha OCTa Ha MUKPONO3NLMOHUPALL, eNaCTUYEH Mmoay .
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Diakov D., Nikolova H., Komarski D., Dimitrova D., Systems for Measuring Deviations of
Shape, Orientation and Position, 34rd International Scientific Symposium Metrology and
Metrology  Assurance, MMA 2024, (2024), ISBN: 979-835035283-2, DOI:
10.1109/MMA62616.2024.10817664;

In precise engineering, as well as in micromechanical system design, manufacturing and test
equipment, it is essential to measure the deviations of the form, orientation and mutual
arrangement of flat surfaces of the various modules. The requirements for measuring systems,
depending on the specific field of application, are becoming higher both for functional and
accuracy capabilities (working range, resolution, measurement accuracy, repeatability and
reproducibility of measurement results, etc.). A key point in the development of high precision
schematic solutions of measuring systems is the comprehensive study of the currently existing MSs
and their metrological capabilities

B NPEUN3HOTO UHMKEHEPCTBO, KAKTO U B MNPOEKTUPAHETO, NPOU3BOACTBOTO M TECTOBOTO
o6opyp,BaHe Ha MUKPOMEXaHUYHU CUCTEMM € OT CbLleCTBEHO 3Ha4YeHue nOa Ce U3mepsaT
OTK/IOHEHUATA Ha d)opN\aTa, OpPUEHTAUUATAE U B3aMMHOTO pPa3NoO/IoKeEHUE Ha NNAOCKUTE
NOBBPXHOCTU HaA pPaA3/IMYHUTE MOAYNN. M3NCKBAHMATA KbM n3mMepBatesIHUTeE CuUCtemMu, B
3aBUCMMOCT OT KOHKpPETHAaTa obnact Ha NPUNOXKEHNE, CTaBaT BCE MNO-BUCOKM KaKTO 3a
dDYHKLI,MOHa/'IHM, Taka U 3@ TOYHOCTHUTE XaPaKTEPUCTUKUN (pa6OTEH Anana3oH, pa3aenntesiHa
CI'IOCO6HOCT, TOYHOCT Ha U3mepBaHE, NOBTOPAEMOCT U Bb3MNPOU3BOAMMOCT Ha PE3yNTaTuTe OT
N3MEPBAHETO U p,p) Kntouos mOMeEHT B pa3pa60TBaHeTo Ha BUCOKONpeun3HN CXxeMHUu pelleHnA
Ha WU3MepBaTe/IHM CUCTEMM € UANOCTHOTO WM3CneaBaHe Ha CbliectsyBalMTE B MOMEHTA
namepsartesiHn CUCTEMUN U TEXHUTE METPOJIOTUYHUN Bb3MOXKHOCTU.

Komarski D., Goniometric Module with Cross-shaped Elastic Guides Study, 34rd
International Scientific Symposium Metrology and Metrology Assurance, MMA 2024,
(2024), ISBN 979-835035283-2, DOI: 10.1109/MMA62616.2024.10817666;

Micro-positioning goniometric stages are precision instruments used to rotate objects
around a specific axis. It is commonly utilized in scientific research, engineering, and
industrial applications to measure angles or align components with high accuracy. It allows
precise control over the angular positioning of a sample or object, making it crucial in
experiments and tasks that require meticulous alignment, such as optics, crystallography,
metrology, and material science.

MunKpONo3nNLNOHMPALLMUTE TOHUOMETPUYHM MACK Ca NPELU3HN MHCTPYMEHTH, N3MON3BaAHMU
3a 3aBbpTaHe Ha 06eKTn okono onpepgeneHa ocC. O6uKHOBEHO ce M3Mo/s3Ba B Hay4HU
n3cnenBaHnA, MHXEHEPCTBOTO U PA3/IMYHN MHAYCTPUAZTHU NPUNOHKEHNA 3a U3MEPBAHE Ha
BrAV UKW NOAPaBHABAHE HA KOMMOHEHTM C BUCOKA TOYHOCT. [103BOIABAT NpeLn3eH KOHTPOoA
BBbpPXY Brn10BOTO NO3NLUNOHUPAHE Ha O6eKTM, KOETO ' npasu pellasaliy npmn eKCnepnmeHTun
n 3a4ayn, KOUTO U3NCKBAT TOYHO NOApPaBHABAHE, KAaTO B ONTUKATaQ, KpMCTaﬂOFpad)MH,
METPO/IOTNATA N MaTeEPUNA/IO3HAHUNETO.

Diakov D., Komarski D., Goniometric Compliant Mechanism with Elastic Guides Design and
Accuracy Characteristic Analysis, 34rd International Scientific Symposium Metrology and
Metrology  Assurance, MMA 2024, (2024), ISBN  979-835035283-2, DOI:
10.1109/MMA62616.2024.10817675;

Goniometric compliant mechanism with elastic guides is an advanced precision device
that integrates compliant mechanism principles with elastic guiding elements to achieve
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precise angular positioning and smooth motion. This type of mechanism is designed to
rotate or tilt objects around a specific axis with high accuracy, leveraging the inherent
flexibility and deformation of the materials used, rather than relying on traditional joints or
bearings. It is particularly suited for applications requiring ultra-precise angular adjustments,
smooth motion, and long-term reliability, making it valuable in fields such as optics,
nanotechnology, and precision engineering. This paper presents result of the study of design
parameters that could have significant influence of the accuracy characteristics of the elastic
system.

FOHMOMETPUYEH MEXaHM3bM C e/1aCTUUYHWN HanpasiABaLLM e NMPeLn3HO YCTPONCTBO, KOETO
M3Mo/i3Ba MeXaHU3MW C eNnacTUYHW HanpasaABallM 3a MOCTUraHe Ha MPeLM3HO bI/I0BO
MO3ULIMOHNPAHE U NAaBHO ABuKeHue. To3n TUM MexaHM3bM e NPoeKTMpPaH Aa 3aBbpTa MK
HaK/aHA 06eKTU 0Koo onpeaeneHa oc C BUCOKa TOYHOCT, KaTo M3Mo/13Ba eNacTMYHOCTTa Ha
W3MN0A3BaHUTE MaTepuanu, BMeCTo Aa pas3yuTa Ha TPaguUMOHHUTE CbedUHEeHUs WUAn
narepu. Tolh e ocobeHo NoaxoAsall, 3a NPUNOXKEHUA, N3UCKBALLN CBPBbXNPELM3HU BII0BM
HACTPOMKN, NNABHO ABMNKEHME U AbAroCPOYHA HaAEeMKAHOCT, KOeTOo ro NpaBu LEHeH B
06.1acTV KaTo ONTUKA, HAHOTEXHONOTUN U NPELU3HO UHXKeHepcTBOo. Tasn cTaTuA Npeacrass
pes3ynTaT oT U3CAefBaHETO Ha XapaKTEePUCTUKKU, KOUTO BMxa MOTAU Aa MMaT 3HaYUTENHO
BNMAHME BbPXY TOYHOCTTA Ha eflacTUYHaTa cucTema.

.8 HayyHu nybamkauum B HepedpepupaHu CMUCAHUA C HAYYHO peLeH3upaHe uan B
peaaKTUpaHu KONEKTUBHU TpyaoBe

Komapckn [., Mo3MumoHMpallmM CMCTEMM 3a brnoBa opueHTaums, CoopHMK aoknagu ot VI
HayuHo - TexHMYecKa KoHdepeHUMa ¢ MeXXayHapoaHo yyacTue "MalwnHo3HaHne n MalnHHK
EnemenTtun 2011", c. 151-159, ISSN 1314-04-0X

Mo3nuMoHMpaLLMTE CUCTEMU 32 BII0BA OPUEHTALMA HamMmMpaT NPUIOXKEHNE B NMOUYTU BCUYKM
chepun Ha dMHaTa MexaHMKa, KaTo ce M3NoA3BaT Hail-Beye 3a OpUEHTUPaHE M NO3ULIMOHNPaHe
C BMCOKa TOYHOCT Ha AeTai/iv U MOAY/IM OT MeXaHWYHU CUCTEMM, 33 OCUTYPABaHE Ha NOCTOAHHA
OC Ha poTauMA U 38 U3MEPBAHE Ha bI/TIOBU OTKAOHEHUA. B HacToOALMAT AOKNAA ca pasrnenaHm
pa3NYHUTE BUAOBE MNO3ULMOHMPALLM MOAY/NM 32 BI/IOBA OPUEHTAUMA U Ca aHaAU3UPaHU
TeXHUTe 0CoObeHOoCTH.

Angular orientation positioning systems are found in almost all areas of precision mechanics,
being used mainly for high-precision orientation and positioning of parts and modules of
mechanical systems, for applications providing a constant axis of rotation and for measuring
angular deviations. In this report, different types of angular orientation modules are reviewed
and their characteristics are analyzed.

Komarski D., Deviation of elastic goniometric module’s center of rotation caused by location of
the applied force, International Scientific Conference UNITECH’24, 21-22 November, 2024,
Gabrovo, UNITECH — SELECTED PAPERS — 2024, ISSN 2603-378X

Goniometric elastic stages provide high accuracy angular positioning along one or more
rotation axes. One of the main accuracy characteristics is the deviation of the center of rotation.
There are many factors that could impact this characteristic like material, geometry and
position of the elastic guides, load, position of the applied force for the movement,
manufacturing process, etc. As main factor that could have effect on design and accuracy of the
elastic module, the position of the applied force e.g. position of the linear actuator and it effect
on deviation of the center of rotation is subject of this paper. Based on the finite element
analysis, different positions have been studied. These results are important as there are many
cases where the position of the applied force can’t be on the optimal theoretical position or
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there are different deviations during production or assembly that could have impact on the
accuracy/deviation of the center of rotation.

FOHMOMETPUYHUTE eNaCTUYHMU MACK OCUIYPABAT BUCOKOTOYHO BIIOBO MO3ULMOHUPAHE MO
efHa MAM noBeye OCU Ha BbpTeHe. EgHa OT OCHOBHUTE XapaKTEPUCTMKM Ha TOYHOCTTa €
OTK/IOHEHWETO Ha LEeHTbPa Ha poTaums. Mma MHoro ¢akTopum, KOUTO MOTaT Aa NOBAMAAT Ha Ta3K
XapaKTePUCTMKA, KATO MaTepuan, reoMeTpus W NO3UUMA Ha €eNacTUYHUTE eNeMEHTH,
HaToOBapBaHe, MO3ULMA HA MPWUIONKEHaTa CWNA, NPOU3BOACTBEH npouec M T.H.. OCHOBEH
daKTOp, KOMTO MOMKE [a OKaXKe BAMAHME BbPXY KOHCTPYKUMATA M TOYHOCTTA Ha enacTUyHUA
MOAY/ € MNO3UUMATA Ha NPUAOXKEHATa CUAa, KOETO BCHLLHOCT € MO3MUMATA Ha JNHENHUA
334BMKBALL, MeXaHM3bM. EPeKTbT OT npomaAHaTa Ha MO3MUMATA HA NPUAOXKHATA CMUIA BBPXY
OTK/IOHEHWETO Ha LLeHTbPA Ha poTaumA e NpeaMeT Ha Tasu cTaTua. Ypes aHaan3a no meToa Ha
KpalHWUTE eNeMeHTU ca U3cie[BaHN Pas/IMYHM NO3ULMKN HA NPUNOXKEHaTa cuna. PesynTtatute
Ca Ba*KHM, Tbi1 KaTO MMa MHOTO Cy4Yau, NPU KOUTO NO3ULMATA Ha MPUNONKEHATA CUTA HE MOXKE
Aa 6bae Ha ONTMMANHATA TEOPETUMYHA NO3MLMA UAU MMA PA3/IMYHU OTKIOHEHMA NO BPeMe Ha
Npou3BoACTBO WAW CcrnobaBaHeTo, KOUTO 6OuMxa MOrAM Ja OKaxaT BAMAHWE BbHPXY
TOYHOCTTa/OTKNOHEHNETO Ha LLEeHTbPa Ha BbpTeHe.

Komarski D., Effect of the position of the applying force on elastic compliant mechanism’s
transfer curve, International Scientific Conference UNITECH’24, 21-22 November, 2024,
Gabrovo, UNITECH — SELECTED PAPERS — 2024, ISSN 2603-378X

Precision rotary positioning systems are used for orientation of different objects at a certain
angle around its axis of rotation with high accuracy. Goniometric positioning systems as a part
of the rotary systems provide high precision angular positioning but the axis of rotation is
outside the working area, most commonly above the working platform. These systems are used
in a wide variety of applications, including optics, microscopy, semiconductor manufacturing,
aerospace. As these applications need high accuracy positioning systems in the field of micro-
and nanotechnology, a Goniometric positioning system with elastic guides was developed. One
of the main characteristics of such a system is the behavior of its transfer curve or how
linear/predictable it is in a different use case. Subject of this paper is a study of the effect of the
position of the applying force over the transfer curve nature based on the Finite element
analysis. This is important as the position where the linear actuator is applying force on the
goniometric elastic module could impact the transfer curve e.g. accuracy in case there is a
deviation during manufacturing. assembly or different design constrains that doesn’t allow this
position to be the optimal theoretical position.

MpeunsHnUTe poTauMOHHN CUCTEMM 33 MO3ULMOHUPAHE Ce M3MNOAN3BAT 33 OPUEHTUpaHe C
BMCOKa TOYHOCT Ha pPas/nYHKU obekTH noa onpegeneH brb/s1 OKOJZI0O OCTa MM Ha poTauunA.
[OHMOMETPUYHUTE NO3ULMOHUPALLM CUCTEMM, KATO 4YacT OT pPOTAUUOHHUTE CUCTEMM,
ocurypAasaTt Nnpeun3HO brnoso NO3MUMOHUPaHeE C OC Ha pOTaunA € U3BbH pa60THaTa 30Ha, Hait-
4YeCTo Haj pa60THaTa nnaTd)opma. Te3n cuctemu ce M3MNON3BAT B PA3/IMYHU MPUNOIKEHUA,
BKNHOYNUTENHO ONTUKATa, MUKPOCKONKU, NpPoOn3BoACTBO Ha nojaynposogHWUU, KOCMUYECKOTO
NPOCTPaHCTBO. Tblh KaTo Tesun NPUNOXKEHUA Ce HYXAAAT OT CUCTEMMU 3a NMO3ULMOHUPAHE C
BMCOKa TOYHOCT B 06/1aCTTa Ha MWUKPO- U HAHOTEXHONIOTUUTE, € pa3pa60TeHa FTOHNOMETPUYHA
Cncrtema 3a no3snUMoHmnpaHe C enacTtn4HM 3BEHa. EnHa OT OCHOBHUTE XapPaKTEPUCTUKUN Ha TaKaBa
cncrema € nosegeHMeTo Ha HelHaTa npegasartesiHa dDYHKLI,MFl AN HelHaTa JIMHEeMHOCT B
pa3sinyeH cnyyvyan Ha yn0Tpe6a. I'Ipe,u,meT Ha Ta3n CTatma € CMMyn1auMOHHO n3cnenBaHe Ha
B/IMAHMETO Ha NO3UUMNATA Ha MNMPUNOXKHATA CU1a BbPXY JNIMHEeMHOCTTa Ha npegaBaTtesiHaTa
¢YHKLI,MFI. ToBa e Ba)kHO, Tbl KaTo no3numnATa, B KOATO JNIMHEUHUAT 3a4BUNXKBALW, MEXAHU3DM
npunara cuna BbPXY TOHUOMETPUYHHMA €N1aCTU4eH Mmoaysl, MOXKe Oda NoBJ/nAe Ha
npegasarte/siHaTa dJYHKLI,MFl, KOETO MOXe Aa 6b,u,e nopoaeHoO OT OTK/IOHEHME NO Bpeme Ha
npon3soAacTBoToO, crnobssaHe UK pPa3/IM4HN  KOHCTPYKTUBHU OrpaHN4YeHUA, KOUTO He
Nno3BO/1ABAT Ta3n NO3NUMNA Oa 6b/:|,e ONTUMa/IHaTa TEOPETUYHA NO3NLUA.
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CnucbK Ha ny6avkauuure

r.s.4a Komarski D., BansaHMe Ha TEXHONOTMMYHWUTE HETOYHOCTM BbBPXY XAPAKTEPUCTUKMUTE Ha
FTOHMOMETPUYEH enactTuieH moayn, MexayHapoaHa HayvyHa KoHpepeHunsa YHUTEX 24, 21-22
Hoemspwu, 2024, rp. Nabposo, UNITECH International Scientific Conference — 2024, ISSN 1313-
230X

Orientation of different elements in the field of micro- and nano-technology with very high
accuracy requirements is very demanding in high precision engineering. Specifically, an angular
orientation in precision engineering finds application in different field, including optics, micro-
and nanotechnology, semiconductor production where high accuracy and minimal deviation of
the axis of rotation is required. As a solution to meet these requirements is the developed
goniometric monolithic compliant module with elastic guides. During the production or
assembly of such a module with multiple elastic guides, different error could occur that could
have impact of the accuracy characteristic. Subject of this paper is a study of the impact of the
manufacturing process on the operational characteristic of the developed module. The study is
focused on different deviation on the dimensions of the elastic guides that could happened and
their impact on the transfer curve and the deviation of the center of rotation.

OpueHTaumATa Ha Pas3/iMuyHM efieMeHTH B 061acTTa Ha MMKPO- M HAHOTEXHOIOTMMTE C BUCOKM
M3UCKBaHMA 338 TOYHOCT € MHOMO TbPCeHa B MPELMU3HOTO NHXKeHepCTBO. briosata opueHTaumsa
B NPELM3HOTO MHXXEHEPCTBO HAMMPa MPUIOKEHWE B Pa3indHM 061aCTU, BKIOUYUTEHO ONTHKA,
MUKPO- U HaHOTEXHO/IOMMK, NPOU3BOACTBO Ha MOYNPOBOAHULM, KbAETO CE U3NCKBA BUCOKA
TOYHOCT M MMHMMAJ/IHO OTKNIOHEHME Ha OCTa Ha BbpTeHe. KaTo pelueHune 3a U3nb/HEHWe Ha Tesn
M3UCKBaHWA e pPa3paboTeHUAT TOHMOMETPUYEH MOHOAUTEH MOAYA C  enacTUYHU
Hanpasasasawu. Mo Bpeme Ha NPOM3BOACTBOTO WAM CrNOBABAHETO Ha TakbB MOAYA C
MHOMECTBO eNacTUUYHWN efleMeHTU, MOXKe A3 Bb3HWKHAT Pas3/IMyYHU rpeLlku, KOUTO MOXe Aa
NOBAMAAT Ha HEroBUTE XapakTepucTukU. MNpeameT Ha HacTosuWaTa paboTa e M3cneaBaHe Ha
BAUAHMETO Ha NPOU3BOACTBEHMA MPOLEC BbPXy EKCMA0aTaUMOHHUTE XapaKTepUCTUKU Ha
paspaboTteHus moayn. M3cneasaHeto e (OKYCUPaHO BbBPXY Pas3UUYHU OTKAOHEHUA B
pasmepuTe Ha enacTUYHUTE eNemMeHTU, KOUTO 6uxa MOrAM Aa Bb3HUMKHAT U TAXHOTO
Bb3AeicTBMe BbPXY NpedasaTenHaTa GYHKLMA U OTKAOHEHMETO Ha LieHTbpa Ha poTauus.

Codusa, 2025 rn. ac. g-p . Komapcku
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