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Abstract: When machining under conditions of insufficient stability of the technical system, significant risk for
vibrations occur. One typical example of the real life practice is machining of thin-walled beams with a rotary tool - mill.
In this case, the thin-walled beam is characterized with insufficient stability and is the unit of the technical system in
which vibrations are most likely to occur. In the production of series of parts CNC machine centers are mostly used.
Special fixtures are used as extra equipment for mounting parts to the work table. The existing methodologies for
designing special equipment aims at providing two conditions. The first is the specific orientation of the beam relative to
the working table (coordinate system) of the machine. This is achieved by removing the required number of axis of motion
through appropriately positioned anchor points. The second condition is the sturdiness of the already achieved
orientation. In the real life engineering practice solutions for improving the vibration resistance of the beam through the
design of the fixture are not yet widely popular. This publication presents the study done by the authors and the results
achieved on the development of a module to the existing methodology for the design of fixture type equipment in order to

increase the vibration resistance of thin-walled beams.
Keywords: Metal cutting, vibrations

BBBEJIEHUE

N3BecTHO €, 4e pa3BUTHETO HA MAIIMHOCPOEHETO MPE3 U3MHHAINUTE JECETHIICTHS € PEe3yJITar
OT Bpb3KaTa Ha HayKaTa C HWHAYCTpUSTAa W TMPUIAraHETO Ha U3CJIEJOBATEJICKU IOJIXOJ B
MPOU3BOJCTBOTO. TO3M MOAXOM OT €HAa CTpaHa CIYXHU KaTO KaTaJIu3aTop U YCKOpsBa HAYYHUTE
W3CIIEJIBAHMS, a OT Jpyra MOCTUTHATUTE PE3yJITaTH MOJydyaBaT peain3anus B pakTukaTta. ToBa € B
OCHOBaTa Ha MHOXECTBO pa3paboTtku, cpea kouto: (I'eoprues 2017, Ilerpos 2018, Cakakymies 2018,
Tomopos 2018, Tones 2013, Stankov 2018). M3BecTHO €, 4ue MEXaHUYHOTO 00pabOTBaHE HA AETANIU
dbopmupa CBIIECTBEH 51 B MPOM3BOJCTBHUTE pa3xoaud. ToBa ompenens W BHUMAHHETO KbM
edextuBHOCTTAa Ha mporecutre (dumutpoB 2007-2017,MBanoB 2018 ,Komesa 2018, MuxoB
2017,2018). dakT e, ye mpu 00pabOTBaHE B yCIOBUS HA HHUCKA CTAOMITHOCT MMa MPEANOCTABKU 3a
BB3HHMKBaHE Ha BUOpAIUH, KOUTO ca MpoOieM, BOJIEH 10 HamallsiBaHe Ha e(heKTUBHOCTTA. 3aTOBa, B
TaKuBa CIIy4au, C€ THPCST MOIXOSAIN PEUICHUs, KOUTO J]a HAMAJIAT WHTCH3UTETa Ha BUOpaIIUUTE.
3a menra € He0OX0IMMO U3CJIeIBaHE HA MOBEJCHUETO Ha TEXHOJOTHYHATA CUCTEMa KaTo II5UI0 U Ha
OTJICTTHUTE M €JIEMEHTH MPH KOHKPETHU YCJIOBHS 3a Jla C€ TMOTHPCAT HAW-TIOIXOISAIIUTE PEIICHHMS.
N3BecTHH ca MHOXeCTBO TeopeTudyHH u3ciensanus (bozayranosa 1993, Crostnos 2011,2014,2017,
Bemues 2003) u HayuHo ob6ocHoBaHM npakThuueku pemeHust (Hukonos 2017,2018), HacoueHn KbM
pEeXEMMUTE UHCTPYMEHTH, CbOTBETHO KbM TEXHUTE IbPKaYU U KbM METAIOPEKEIIUTE MAIIUHU U
3HAYUTEITHO TMO-MAJIKO TaKWBa, KOUTO C€ MpHUJIarat CIOpsiMO 3arOTOBKHTE M MPHUCIOCOOJICHHTA 32
YCTaHOBSIBAHETO UM.

2 JloknambT € IpPeACTaBeH B CeKlUs MeXaHuKa ¥ MallMHOCTPOUTENHU TEXHOJIOTMU Ha 25 oktomepu 2019 ¢
opuruHamHo 3arnaBue Ha Obhrapcku e3uk: W3CJIEJIBAHE HA BB3MOXHOCTUTE HA TIOAXOJ 3A
OI'PAHMYABAHE HA BUBPAITUUTE ITPU OBPABOTBAHE HA ThbHKOCTEHHU I'PEIN
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N3JI0’)KEHUE

ITpu mexannuHo oOpaOoTBaHE B YCIOBHS HA HEJIOCTAThYHA CTAOMIHOCT HAa TEXHOJOTHMYHATA
cucTeMa ChIIECTBYBAT 3HAYMTEIHH TPEANOCTaBKH 32 Bb3HMKBaHE HAa BUOpanuu. TakbB TUIHYEH
MIpUMeEp OT IMPAKTHKaTa € 00paboTBaHETO HA THHKOCTEHHU T'PEH C BHPTSIII CE HHCTPYMEHT. B cirydas
THHKOCTEHHATA Tpe/la Ce XapaKTepusupa C HEJOCTaThYHAa CTAOMIHOCT M € 3BEHOTO OT
TCXHOJIOTUYHATA CUCTCMA, B KOCTO MMaA rojisiMa BCPOATHOCT 3a BB3HHKBAHC Ha BI/I6paI_II/II/I. HpI/I
CEpUITHO MPOW3BOJCTBO 332 MEXaHUYHOTO 00pabOTBaHE Ha THHKOCTEHHHTE TI'PEIAHM CE H3IOJI3BAT
00paboTBaIIY LEHTPHU U CIICUAIHU IPUCTIOCOOIEHHUS 32 YCTAaHOBSIBAHETO UM KbM pabOTHATa Maca.
CrpImecTByBaIiara METOJIMKa 3a KOHCTPYUpPAHE Ha MPHUCIIOCOOJICHHSI IS OCHTYPSIBAHETO HA JIBE
ycnoBus. [IbpBOTO € 3a eaHO3HAuHA OMpPENENCHOCT (OpUEHTalus) Ha rpejara CHpsSMO MacaTa
(koopauHATHATA CHCTEMa) HAa MallMHaTa. ToBa ce MOCTHra ¢ OTHEMaHe Ha HeoOXOoAauMmus Opoi
CTeINeH! Ha CBOOO/Ia Ha TpeiaTa Ype3 MOIXOASII0 PA3IOI0KEHN ONOPHH TOYKH.
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@ue.1 Cxema 3a bazupare Ha NPUMAMUYHO MO

BTOpOTO YCIIOBHUC - 3a HCU3MCHHOCT Ha BCUC INOCTUTHATATA OPHUCHTAIUs CC IOCTUTA YpPE3
3aKpCHIBAHETO.

Que.2 Yemanossasarne na peanna epeda (Kpanosa cmpeia) npu MexanuyHo oopabomearne

B unxeHepHaTa IpakTHKa BCe OIle HE ca IOCTAThYHO MOMYJISIPHH PEIIeHus 3a MOA00pSIBAHETO
Ha BUOpPOYCTOMYMBOCTTA Ha Ipejara 4pe3 KOHCTPYKIMATA Ha MPHUCIIOCOOIEHHETO, KOUTO OIIe Ha
eTana MpOeKTHpaHe Jla Mpeanoarar MocTUraHe Ha 3HayuM peaieH edexr. OOMKHOBEHO MEpKUTE,
KOUTO C€ B3eMaT C€ CBEXJAT 10 IMOBHUIIABaHE Ha CTAaOMIIHOCTTA HAa TEXHOJOTHMYHATa CUCTEMa
(mpumococOiieHneTo W JAeTaiia) upe3 go0aBsHE Ha PETYJIUPYEMH OINOPH € JIOMBIHUTEITHHA
3aKpenBaHMs cpellly TaX. MecTara Ha Te3u Oonopu obade He ca pe3yaTaT Ha 000CHOBaH M300p, a ce
pasrmosiarat Ha y100HH, Hail-uecTo KpaTHU WM CUMETPUYHU MecTa. EcTecTBeHO e, ue epekThT, KOWTO
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ce MOCTUIa B TaKWBa Cly4yal HE BMHAru € JOCTaTh4YHO YJOBJIETBOPSBAL] U 3a Jla ce HU30erHe
HETaTUBHOTO BB3JCUCTBUE HAa BUOpPAIMUTE BBPXY KauyeCTBOTO HAa 00pabOTBaHE M TpaHOCTTA Ha
PEKEIIUTE MHCTPYMEHTH C€ Hajara IpoMsHAa Ha PEeXUMM Ha ps3aHe, T.e. paboTa ¢ peXUMH,
Pa3IUYHH OT ONITUMAITHUTE.

B ciydas ce npennonara, ue Hai-roisaM epeKkT Ou ce MOCTUTHAJ, aKO OIbIHUTEIIHUTE OMIOPU
Y 3aKperBaHus Ha 00paboTBaHMSA JETAII ce pasoioKaT B MECTaTa, KbAETO OMXa Bh3HUKHAIIN Haii-
rOJIEMHU aMILTUTYAHU OTKJIOHEHHs, ChbBIAJaIllM CbC cOOCcTBeHUTE (hopMU Ha aeTailia. CiieoBaTeIHO
3a 1enTa € HEeoOXOOUMO MpeABApUTENHO jaa ce ompeneniar codctBenute (opmu. Iloaxomsin
MHCTPYMEHT € MOJAJIHUAT aHalIM3 4upe3 MEeToJa Ha KpalHHUTE eJIeMEHTH, KOMTO 3a e/lHa peajHa
KOHCTPYKIHS U3UCKBA MPHJIATaHETO HA 3HAUYNTENIEH 00eM IPECMTaHus 32 ONPEIEIsIHE Ha COOCTBEHU
dbopMu M yecToTH Ha 0OpabOTBaHMS JETaill KAaTo €JEeMEHT Ha TEeXHOJIOTMYHATa CHUCTEMA.
[Tpon3BoauTEIHOCTTAa HA BBIPOCHUTE MPECMATAHHUS MOXE 3HAYMTEIHO Ja Ce YBEIHYH, aKo Ce
M3I10J13BAT Bb3MOKHOCTUTE Ha HAKOHM OT CUCTEMUTE 3a MHXKeHepHO rpaduuno 3D-monenupane, Hamp.
SolidWorks.

Pasrnenanu ca yerupu oOpasena Ha KyXH I'peAy C Pa3jIM4HU pa3MepU. 3a BCEKU OT TAX C
nomorra Ha SolidWorks e HarpaBen ananus3 3a onpeensHe Ha coOcTBeHUTe popMu U decToTH. [Ipu
aHaJIM3a € Bb3IPOM3BEACHA TUIIMYHATA CXEMA 32 YCTAaHOBSIBaHE Ha IpejlaTa — Ha JIBE IUIOCKU OIOpHU
B KpauIllaTa UM U IpUJIaraHe Ha 3aKperBaHe CPElly OMOPHUTE Ype3 IJIAHKK M BUHTOBHU 3aKpEIBaIld
ycrpoiictBa. Karo pesynrar ce mosyyaBa COMCBK C peAl OT COOCTBEHM YECTOTH M OHArJIEsBaIlU
¢burypu Ha gedopmanuuTe (aMIITUTYAUTE) Ha TpenaTa. B ciydas He e He0OX0IMMO J1a ce pas3TiiexaaT
BCUYKH PE3YJITAaTH WIM Te3U ¢ Hal-roisMa aMIuiutyna. OT MHOXECTBOTO COOCTBEHM UYECTOTH 3a
MPAKTUKATa CMUACHJ MMAT CAMO TE3H, KOMTO MOTAT J1a IOBEeIaT JI0 PE30HAHC, T.€. OHE3U, KOUTO Onxa
CBHBIIaJIHAJIM C YECTOTATa Ha eBEHTyaJlHaTa CMyIllaBallla IepuoAUYHa CUjia, OpojieHa B IIpoleca Ha
ps3aHe. JIOKOJNKOTO € M3BECTHO 3a Cera aHATUTHYHO € BB3MOXKHO Jla C€ ONpeNeId €AMHCTBEHO
YyecToTaTa Ha CMyIllaBallaTa CUiIa, Bb3HHMKBAILA NP IOCIEI0BATEIHOTO BPsI3BAaHE HAa PEKEIINUTE
pbOoBe Ha ppe3oBu HHCTpYMEHT. C orJie]] BEMOKHUTE PEKUMH Ha psizaHe, pa3MepH U Opoii 3501 Ha
peKeIInTe MHCTPYMEHTH UMa CMUCHII Ja ce B3emar npeasua yectorute 1o 1000Hz.

3a aHasoruuHUTE (PU3MUECKH 00pa3Iy HAa TPEIUTE € HAIPaBeH €KCIIEPUMEHT 32 YCTaHOBSIBAHE
Ha TEXHUTE COOCTBEHM YECTOTH C MOMOILITa Ha omuTHata ypeada, onucaHa B (Huxonos 2018).
Kyxara rpeaa (u3cneiBaHusAT 00€KT) UMa 3a/1aIeHa OPUEHTAINS B TPOCTPAHCTBOTO UPE3 TPU OTHETH
CTeNeHH Ha cB000/1a, KaTo € 0a3upaHa (KOHTaKTyBa C ONOPHUTE) HA IUIAHKU B JiBaTa cu Kpas. Cpeury
30HUTE Ha Oa3WpaHe Ha rpejnara € MPUIOKEHO 3aKpernBaHe KbM MacaTta Ha 0O0padoTBall LEHTHP.
IToBTOpsieMocTTa Ha BHAcsSHATa UMITYJICHA CMYIIIaBallla CUjla Ce MOCTUTra C TIOMOIITa Ha CTOMaHEHO
KOHyCc000pa3Ho ((pu3nyecko) Maxao, MpeBapuTETHO U3IUTHATO Ha OTIpeiesieH brui o. C moMorira
Ha aKceJepoMeThp ce IMOJydyaBaT JaHHM 332 YCKOPEHHETO B OIpeNeleHH TOYKM Mo rpepara. Cbe
CBhOTBETHUS COPTyep 3a perucTpupaHe u oOpaboTBaHE Ha JaHHUTE ce MojyyaBa MH(poOpManus 3a
JeWCTBUTETHUTE COOCTBEHU YECTOTH U (POPMU Ha TpenaTa.

Ha ¢ur. 3 ce Bmxkna crnekTporpamara (4eCTOTH M aMIUIMTYH), MOJTy4YeHa MPU KIACHYECKO
YCTAHOBSIBAHE Ha I'peiaTa BbpPXY JIBE ONOPH.

Ha ¢ur. 4 cnekrporpamara e moxy4eHa npu J100aBsHE Ha JOITBJIHUTENHA ONIOpa B cpeaaTa Ha
rpejiara 1 3aKkpenBaHe Cpelly ornopaTa.

CpaBHsiBaHETO Ha JBeTe rpadUKu MOKa3Ba, Y€ C JOIMBIHUTEIHOTO 3aKPENBaHe € MOCTUTHATO

3HAYUTCIHO (3a HSKOU HAJ SO-KpaTHO) HaMaJIIBAHC Ha aMHJ’II/ITy'IlI/ITC Ha TpCHTeHI/ISITa C 4eCTOTHU a0
1000Hz.
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U3BOIMN

C momormira Ha MomajieH aHaiau3 B cpena Ha SOlIdWOrks e BB3MOKHO OIpeaesiTHETO Ha
COOCTBEHHTE YECTOTH Ha 00PabOTBAHMUS JETAN, KATO €JIEMEHT Ha TEXHOJIOTHYHATA CHCTEMA.

Teopernuno 060CHOBaHHMAT HM300p Ha MSICTO Ha JONBIHHTENHATA OIOpa W 3aKpEIBaHE
OCHUTypsiBa MHOTOKPAaTHO HaMaJliBaHe Ha aMILTUTYIUTE Ha H30PAHUTE YECTOTH.

REFERENCES

Bozduganova, V.,M. Todorov. (1993) Numerical study of longitudinal impact of an elastic rod
using the finite element method.,Scientific Laboratories of the HigherSchool of Higher Education in
Bulgaria, T.27, HigherMilitaryGeneralSchool inV.Tarnovo -Tarnovo,1993,pp. 34-39

Dimitrov D., I. Georgiev.( 2015) Development of the concept of a metal-cutting machine for
processing of thin-walled large-size details, Scientific Conference - RU&SU’15 Balgariya,Ruse,171-
174 (Opurunaano 3aruaasue: Jumutpos J1., U. T'eoprues. (2015) Paspabomesane na konyenyus na
Memanopexcewa Mauwura 3a 0bpabomearne Ha MbHKOCMEHHU edpozabapumHuu Odemaiiiu,Haydana
koHpepeHIwms - PY&CY’15, 2015, 171-174)

Dimitrov, D., (2007) Three-coordinate measuring head, International Scientific Conference
AMTECH-07, Gabrovo, 223-226 (Opurunaauno 3araasue. Jlumutpos, /[, (2007).
Tpuxoopounamna usmepsamenna enasa, AMTECH-07, T'abposo, 223-226)

Dimitrov D., (2013). Experimental study of the influence of thermal deformation on the
accuracy of the 1SO40 conical tool holder mounting in the spindle, Scientific Conference -

=24 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2019, volume 58, book 2.1

RU&SU’13, Balgaria, Mechanics and mechanical engineering, Ruse, pp.57-60 (Opurunaaxo
3arnasue: [umutpoB [I., (2013) Excnepumenmanno uzciedsane GIUsSHUEMO HA MONIUHHUME
depopmayuu 8bpxy mouHOCMMAa HA YCMAHOBA8AHE HA KOHYCeH uHcmpymenmanen ovpicay 1SO40
6v6 gpemeromo,Hayuna xoHdpep. - PY&CY’13 B bwarapus, Mexannka ¥ MalIHHOCTPOUTEITHU
TexHosoruu, 57-60)

Dimitrov D. (2016) Analysis of coordnate measurements with 3D touch probe of machinning
centers,International Journal-Institute of Knowledge Management,N13.1,321-326,ISSN1857-92.

Dimitrov, D., Karachorova, V., Szecsi, T.(2014). Accuracy and reliability control of machining
operations on machining centres.Key Engineering Materials, 2014, No 615,32-38, ISSN 1013-9826

Dimitrov D., Karachorova V., Nenov G., (2017) Research the possibilities of the method for
determining the Tolerances in geometric precision of machining center, International journal for
sciense, technics and innovations for the industrtry,2017,6poii3,118-120, ISSN WEB 1314-507X.

Dimitrov D., Geotgiev I.,Karachorova V., (2017) Method for technology process control of
alignment to machining center with two spindles, International journal for sciense, technics and
innovations for the industrtry, 2017, 6poii 4, ctp. 174-177, ISSN WEB 1314-507X

Dimitrov D., V.Karachorova, V.Mihov, T.Szecsi. (2017) Investigating the possibilities of
compensating systematic errors of three-coordinate touch probes using contact signal.// Elsevier,
Procedia Manufacturing, 2017, No Volume 13, pp. 450-457, ISSN: 2351-9789.

Gueorguiev Tz., N. Dimitrova. The Latest Trends in the Standardization of Automotive Quality
Management Systems.International Journal 'Knowledge,2017,N0o16.1,pp. 443-449, ISSN 1857-
923X.

Ivanov K., Tonkovski B., (2018) Energy consumption and energy efficiency of machine tools
—an overview. IN: 57 nayuna kondepenius Ha Pycencku ynusepcutet ,,Auren Koaues* u Cbro3 Ha
yuenure — Pyce, 2018, ctp.78-82, FRI-1.417-1-MEMBT-13, ISSN 2603-4123

Koleva S., Enchev M., Beliov E. (2018) About the information assurance of technological
processes by machining parts. IN: 57 Scientific conference of the University of Rousse "Angel
Kanchev" and the Union of Scientists - Rousse "New Industries, Digital Economy, Society -
Projections of the Future”, Ruse, 2018 pp.45-50, FRI-1.417-1-MEMBT-07, ISSN 2603-4123

Mihov V., Experimental research facility for preliminary research of measurement method
with3DtouchProbeByTouchSignal,Ruse,2018,p.61-65FRI1-1.417-1-MEMBT-10,ISSN2603-4123

Mihov.V,St.Dermenji, T.Georg.,B.B.,Development of an ExperimentalTest Facility for a3D
ContactMeasuringHeadbyUsingaTouchSignal,pp.37-40,FRI-SSS-MEMBT-05,ISSN1311-3321

Mihov V., Cr. llieva, G. Dudev, P. K, Investigation of the accuracy characteristics of contact
three-dimensional measuring heads, SSS of RU’17, Ruse, 2017, pp.13-19, ISSN 1311-3321

Nikolov N., Examination of Crane Booms about their Propensity for Vibration in Mechanical
Machining, Ruse, 2018, ctp.61-65 FRI-1.417-1-MEMBT-09, ISSN 2603-4123

Nikolov N., R. Stoyanova, Ant. Boseva, Opportunities for a Theoretical Modal Analysis of
Type Construction “Crane Boom”,Ruse, 2018 pp.33-36, FRI-SSS-MEMBT-04, ISSN 1311-3321

Nikolov N., Cr. llieva, G. Dudev, P. Kotseva, Investigation of Methods for Vibration Reduction
in Machining of Machine Cutting Machines, SSS of RU'17, Ruse, 2017, p. 6-12, ISSN 1311-3321

Petrov Ml., Application of the Taguchi—Metodology for Data Analysis from Marketing Survey,
57th Science Conference of Ruse University - SSS, Bulgaria, 2018, Ruse, p.78-82, FRI-1.417-1-
MEMBT-13, ISSN 2603-4123

Sakakushev B.,M. Kokalarov, S. Parvanov. Perspectives for the application of the
photograpmetric method for large-scale details and structures. IN: 28 th International scientific
symposium September 10-14 Metrology and Metrology Assurance 2018, Sozopol, Bulgaria,
Publishing house of the Technical University of Sofia, Prepress Softtrade, 2018, pp. 160 - 163, ISBN
ISSN 1313 - 9126

Stoyanov Sv., St. Stoyanov. Experimental oscillating system. C: Scientific Works of the
University Angel Kunchev, Rousse, 2011, ISBN 1311-3321

Stoyanov, S. Sensors mass influence on the natural frequency of a cantilever beam.//
JOURNAL OF THE TECHNICAL UNIVERSITY - SOFIA, PLOVDIV BRANCH, BULGARIA,
“Fundamental Sciences and Applications”, 2017, No 23, pp. 147-150, ISSN ISSN 1310-8271.

-25 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2019, volume 58, book 2.1

Stoyanov, S. Vibration isolation experimental setup. Part Il: Theoretical investigation. IN:
Scientific papers of the University of Ruse, Ruse, 2014, pp. 33-37 ISSN 1311-3321

Todorov T., Denise Chucker. Problems with high-performance complex object grading 57th
Science Conference of Ruse University - SSS, Bulgaria, 2018, Ruse, 2018, p.51-54, FRI-1.417-7-
MEMBT-08, ISSN 2603-4123.

Tonev, D.H., Sotirov, B. S., Gueorguiev, Tz. K. Using the Possibilities of the Vibratory Surface
Plastic Deformation Process as a Method for Machining Surfaces Which are Suitable for Bearing
Fits.// Materials of the X international scientific-practical conference, 2013, No 10, pp. 49-56, ISSN
978-5-91891-349-9.

Velchev, D. Application of the finite element method for calculating a non-bearing skeletal
facade wall. In. AMTEH, Varna, 2003 (Opurunajno 3arjasue: Bemaues, /1., 2003) Ilpunooicenue
Ha mMemooa Ha KpaﬁHume ejlemMeHmu 3a U34uciieane Ha HeHocewa cKkeiemua qbaca()Ha cmena. B:
AMTEX, Bapna, 2003

Dynamich vibration technology http://www.vibrationmountsindia.com/CNC-vibration-
isolation.html

VERTICAL MC HAAS http://www.haascnc.com/DOCLIB/brochures/PDF/VMC.pdf?0629

This publication has been developed in conjunction with the FTM 03 2019 project from
the University of Rousse ""A. Kanchev ™ research fund.

- 26 -


http://www.vibrationmountsindia.com/CNC-vibration-isolation.html
http://www.vibrationmountsindia.com/CNC-vibration-isolation.html
http://www.haascnc.com/DOCLIB/brochures/PDF/VMC.pdf?0629

