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HAYKA N OBEPA30BAHVIE 3A
WHTEAUIEHTEH PACTEX

CBBPEMEHHO CBbCTOSAHHUE HA MEMC B MEXATPOHUKATA
STATE OF THE ART OF MEMS IN MECHATRONICS

Em. npo¢. Credan Kupuios KnpryHos
skartunov@abv.bg

Abstract: The high-tech nature of MEMS, research and rapid development, combined design, manufacturing and test
methodologies, make the creation and maintenance of MEMS more and more a challenge for the development of
mankind and in particular in mechatronics. The purpose of this report is to analyze the state of MEMS in mechatronics.
In order to achieve the goal, the tasks of classification, technology, areas of application and the state of the market are
set. The setting of the study is the overview-analysis of MEMS. As a result, the state of the market, data and forecast for
the sales of MEMS in the market are indicated. Creating and maintaining MEMS is increasingly becoming a
technological challenge. The research used 4 sources by the author, and it itself can be applied in research projects for

the development of specific MEMS.

KaouoBu AYMHU: MUKPOCTICKTPOMEXaHUYHU CUCTEMH, KOHCTPYKIO WA, TEXHOJIOTUA

1.BbBEJAEHHUE

Pa3BuTHETO Ha MUKPO €NEKTPO-MEXaHUY-
nute cucremu (MEMC) Beue uma nan 50-ro-
IWIIHA OQUIIMAIHA HMCTOPHS, HO I[IUPOKO
MPAKTUYECKO Pa3MpPOCTPAHCHUE T€3H CUCTEMU
noyyyaBar B cpefarta Ha 90-roguHu Ha MUHA-
nus Bek. B Hawanoro Ha 90-re MEMC ce
MOSIBSBAT OT HEOOXOJMMOCTTA J]a C& BIPAJAT
CEH30pH, aKTyaTOpPH M KOHTPOJIUpAIIU (yHK-
MY B UHTETPATTHH CXEMHU Ype3 M3IMOJI3BAHETO
Ha TPOU3BOJICTBEHH MPOIIECH KATO CEJICKTUB-
HO eI[BaHEe W MHKpOoCcTpykrypupane. [Ipenu
okoiio 10 r. Te npepactBat B HEMC (ot anri.
esuk Nano Electro Mechanical Systems). B
pesyatat Ha eBontonuara Ha MEMC ce noiy-
YaBa yMaJICHUE B MEXaHHUYHUTE KOMIIOHEHTH
Ha CUCTEMHTE JI0 HaHOpa3MepH, HaMallsIBar ce
TAXHATA Maca W 3HAYCHUSATA B MapaMETPUTE
Ha B3aUMOJICHCTBUE, NIPH TOBA CE€ yBEIMYaBa
pE30HaHCHATa MM YeCTOTa, KOETO O3HauaBa
3HAYUTEIIHO TMOBUIIIABAHE HA TsIXHaTa (DyHK-
uoHamHocT. ToBa pa3BuUTHE Hamara Ja ce u3-
ciensa ceerosHuero Ha MEMC kaTo u3Bsect-
HU pa3paboTku npenaarar Yole,
Databridgemarketresearch, Fraunhofer Institut
U JIPYTH MOCIEI0OBATEIHO U C MOAPOOHU pe-
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3yAaTatd. MHOTo oT GUpMHUTE BeYe HE J1aBar
JaHHH TI0 pa30upaeMu MPUYMHU 32 KOTUIECT-
Boto npomaaenn MEMC. 3aroBa ToBa u3-
ClIe[BAaHE CH TIOCTaBsl CKPOMHATa 3ajada Ja
000011 U TIPECTaBU TaHHU, HEOOXOUMU 32
KOHKYpeHIIUATa B OpaHIIa.

2.13JIOKEHHUE

2.1.OIPEJAEJIEHHME 3A MUKPO-
CUCTEMA. KIIACU®UKALIUA

Ilenta Ha TO3W JOKJIAJ € Jla C€ aHAJIU3UpPa
cecrossHueTo Ha MEMC B MexaTpoHuKara
KaTo ce pasriiefar KOHCTPYKLUATA, TEXHO-
JorusiTa, 006JacTUTE Ha MpHIIOKeHHe U (up-
MuTe Ha maszapa. MiHpopmarnusaTa e BaxkHa 3a
MPOU3BOUTENN U Pa3pabOTUMIU U Tpesyiara
€IHO BIDKJaHE Ha aBTOpa BCIEICTBUE Ha-
TpYHaHHs OMUT MPe3 TOAUHUTE.

Karo mukpocucrema Moxe na ce nedu-
HUpPA BCEKU €JIIEMEHT, ypeJ WU CHUCTeMa, 3a-
MECTEHH OT OmpefesieH Opoil KOMITOHEeHTH |1,
2,3, 11, 12,]. MEMC npexacraBnsBat KoMOu-
HUpaHE Ha MEXaHWYHH €JIEMEHTU (KaTo CeH-
30pU U aKTyaTOpH) C EJEKTPOHHHU EJIEMEHTH
Ha eJ[Ha 00II1a CUJIMIIMEBA TOIOKKA YPE3 MH-
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»MEXATPOHUKA, EKO U EHEPI'OCIIECTSABAIIIN
CUCTEMMU U TEXHOJIOT'UH“
I'ABPOBO 23

‘ HAYKA N OBEPA30BAHVIE 3A
WHTEAUIEHTEH PACTEX

KpO-IIPOM3BOJICTBEHA TEXHOJIOTHUS. MUKpo-
CUCTEMHTE C€ KOHCTPYyHpaT OT KOMIIOHEHTH,
M3TOTBSIHU [0 TEXHOJIOTUM BBPXY Pa3IUYHU
MOJIOKKH, HO HAaKpas CBBbP3aHU 3a€HO BHB
BUJI Ha xubpuona muxpocucmema. Hanpu-
Mep, B CWJIMLIUEBUS YUII MOXKE J1a CE pPean3u-
pa ympaBisBaiia cCxema, IOKaTo YIpaBJisiBa-
HUTE OT HEsl M3MBJIHUTEIHU MEXaHU3MHU MO-
raT Jia ce M3roTBAT OT IUIacTMaca 4pe3 ¢op-
MoBaHe uiu u3noi3BaHe Ha LIGA texHono-
rust (¢ur. 1,a). Bropara BB3MOXXHOCT € BCHY-
KM KOMIIOHEHTH Ha CUCTeMara Ja ObaaT u3-
TOTBEHH B 00IIa MOJIOKKA (HAIIPUMEp, CUIIU-
LMEBA) Ype3 MOAXO0/SIIA TEXHOJIOTUS BbB BUJL
HA MOHONUMHA (UHMEZPANHA) MUKpPOCUCHe-
ma (¢ur. 1, B, c). NI30panusT npumep aaBa
II'bJIHA IIpencTaBa 3a Bugosere MEMC.

Cnowna weTerpanna
enexTpomexannuHa
MMKpOCHCTEMA

cxema

®@ur. 1. Buooge muxpocucmemu 6 3a8uUcUmMocm
Om U3NON36AHAMA NOONONCKA

MEMC ycrpolicTBarta ce pas3ieisaT U Ha
IIACUBHU U aKTUBHH, CIIOPE] THUIIA HA MEXAHU-
KaTa, KoATO ce u3noisBa. J[pyra knacuduka-
uus Ha MEMC ycrpolicTBa MOXe /1a ce Ha-
MPaBU B 3aBUCUMOCT OT MSCTOTO U (DyHKITHSI-
Ta Ha enHa cucrema: BwHmHM RF (RF
extrinsic) MEMS, npu xouTto cTpykTypara ce
Hamupa u3BbH RF Bepurara u 3aaBmxBa Win
KOHTpPOJIMpA APYTH YCTPONCTBA B Hesl (HaIpu-
Mep HacTpoiBaeMH IpeJaBaTEIIHU MUKPOJIEH-
TOBM JIMHUH, (ha30M3MepBaIly JTUHUA U Ma-
tpui), Berpemau RF (RF intrinsic) MEMS,
pu kouto RF cTpykrypara ce Hamupa BbTpe
B RF Bepurara m uma enHoBpemeHHO RF
(GYHKIMU U B pe3ynTaT Ha MEXaHHUYECKO JIeH-
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CTBUE (HAIPUMEpP MHMKpPOKIIOYOBE U KOHJIEH-
3aropu Tun ,,rpedeH*) u PeaktuBau RF (RF
reactive) — npu 1x MEMS cTpykTypara e jo-
KaJu3upaHa BBTPE BBB Bepurara (Hampumep
IUTAaHAPHU MUKPOBBJIHOBH (puntpu). Tepmu-
HbT RF MEMS o3HauaBa MukpoenexkrpoMe-
XaHMYHA CHCTEMA 3a PaJin0-4ECTOTHU IPUIIO-
xenus ot 300 MHz no 300-400 GHz na no-
BHCOKHU YECTOTU — aHTEHH, IIPEIABATEIIHU JIU-
Hun u mukpopenera. MEMC enemeHture,
KOUTO C€ U3I0JI3BaT BbB BUCOKOUECTOTHUTE U
CBPBbXBHUCOKOYECTOTHU CUCTEMH, MOrarT Jia ce
pa3nenarT B HAKOJIKO OCHOBHU I'PYIM: Paauo-
yectotHn RF MEMC kitouoBe u Mukpopese-
ta, RF MEMS 0600uHH, WHIyKTUBHOCTH U
KoHzeH3atopu, RF Mukpomammuuu ¢aszope-
ryiaropu W usMecTtBamd ¢uarpu (phase
shifters), RF MukpoMammHHU TpeaaBaTeNHu
nuHUM (transmission lines), RF wmukpoma-
IIIMHHU aHTEHHU U BapHKarlu.

2.2.TEXHOJIOT' U

Pa3pabotkure B obmacrra Ha
MHUKPOCHUCTEMHATa TEXHHWKA C€ Pa3BUBAT WH-
TEH3UBHO B TEXHOJOIMYHO OTHOIICHHUE H
M3II0JI3BAT BPBh3KaTa MEXIy HMPOHU3BOJICTBEHA
TEXHOJIOTUS, (U3MKa Ha TpOLECUTe B
CJIEMEHTUTE U MPOEKTUPAaHE HA MHTErpajHaTa
oOpaboTBaia cxema, BCUYKH MMOJYMHEHU Ha
M3KCKBaHUATa KbM crnenuduunara MEMC.
JIoKaTo eJNeKTpOHHUTE 00paldoTBaIM CXEMHU
ce TPOM3BEXKJIAT MOCPEICTBOM IIO3HATHTE
IUTAHAPHU TEXHOJOTMYHH MPOIECH 3a Ch3Ja-
BaHE Ha HMHTETPAIHUTE CXeMH (OHIONApHH,
MOS, CMOS, BICMOS), To MUKpOMEXaHUY-
HUTE KOMIIOHEHTH W3MOI3BAT IOAXOSIIN
nporecu 3a "3D-mukpooOpaboTka", TakuBa
KaToO CEJIEKTUBHO €I[BaHe Ha CHJIMIMEeBaTa
MOJUIOKKA, WIIN J100aBsSHE HA HOBH CTPYKTYp-
HU cjoeBe 3a (opMHpaHe Ha MEXaHUYHU U
enekTpoMexanuuHu enementu [S]. MEMC e
U TPOM3BOJCTBEHA TEXHOJIOTUS - HOB HA4MH
32 U3TOTBSIHE HA CJIOXHM €JIEKTPOMEXaHUYHU
CHCTEMH 4pe3 M3MO0JI3BaHe Ha TPYMOBH METO-
1 32 TMPOU3BOJCTBO, MOJOOHM Ha TE3U 3a
MIPOU3BOICTBO HA UHTETPATHU CXEMH, OT KOs~
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HAYKA N OBEPA30BAHVIE 3A
WHTEAUIEHTEH PACTEX

TO TPSKO 3aBHCU KOHCTPYKIMSATA U KOETO I0-
3BOJISIBA MHTETPALUS Ha €NEKTPOMEXaHHYHH-
T€ €JEMEHTH C eJIeKTpOHHaTa o0paboTBalia
cucrema. CrieioBaTeTHO UMa €IMHCTBO MEX-
1y KOHCTPYKLHUS U TEXHOJIOT UL

2.3.0BJIACTHU HA TIPUJIOKEHHUE
Tunuaau 001acTy Ha MPUTIOKEHUE Ca:
v" MoOWIHM KOMYHHKAIIUH KaTo:
TenneHusaTa B ChBPEMEHHUTE KOMYHHKA-
IIUM € 32 Ch3JlaBaHe Ha YCTPOWCTBA C BCE IO-
BEUE BB3MOXKHOCTH (Hampumep ‘‘cMapTdo-
HU), IMAIF BCE MTO-MaJIKK rabapuTu u pado-
TEIIM Ha BCE IO-BHCOKM YECTOTH, H3HMCKBA
yBenn4aBaHe Ha cioxHoctta Ha MIC u Hama-
nsBaHEe Ha Opos Ha BBHHIIHUTE EJICMCHTH.
VYuactuero Ha MEMC e MHOro egekTHMBHO
MpeId BCUYKO 32 3aMsHA Ha CHIECTBYBAIIUTE
JTMCKPETHU KIF0YOoBe, OOOWHU, BapuKamu W
pe3oHaTopu ¢ Hamupamu ce B camara UC
MEMC peanuzaunu. Hanpumep npu MEMC
no 25GHz, orpaxenmero (Reflexion Loss)
IpU 3aTBOpEH Koy € -1,2 dB, koepuuueHTsT
Ha W30JIAIUsl Ha OTBOpeHus Kirod e -35 dB, a
yectoture kakto cieasa: GSM (900 MHz &
1800MHz), UMTS/3G/(1.9-2.2GHz),
Bluetooth (2.45GHz) u ocobeno BrnusHUE 3a
5G- mpexure.
» Wireless Local Area Networks/WLAN’s/
- HIPERLAN (5.2-5.8 GHz);
> CatenuTHM KOMyHHKauuu - Mobile
Satelite Services/MSS /(0.3-30 GH2z),
3a HaBuramusa GPS(1.2-1.6GHz), 3a ca-
tenuTHa TeneBuszus - DBS(10-12GHz),
caTeJIUTHHU Tene(pOHHU yCITYTH, METEOPO-
JIOTUYECKHU CaTeIIUTHU YCIIyTH;
> EnextpoHuka B aBTOMOOHUIIOCTPO-
eneto-NOD- cuctema 3a pa3no3HaBaHe Ha
OJM3KOCTOSIIM  TPEAMETH, JIETEKTOpHU
npyu yJaap, yCTpoHCTBa 3a pa3no3HaBaHE
Ha panap (24GHz), unentudukanus Ha
MPEBO3HOTO CPEACTBO, YCTPOMCTBa 3a
KoHTpoJ1 Ha ckopoctTa (ACC — 2GHz);
> Panap-nabmiofeHue, MOHUTOPHHI Ha
IIPEBO3HU CPEACTBA, U3MEpPBaHE HA CKOPOCT,
Hapuranus (1-100GHz);

www.eufunds.bg

> OTOpaHUTENIHU CHCTEMH-EIEKTPOHHHU
cuctemu BbB BoeHHOTO neno (EW-electronic
warfare), ccTeMu 3a HaJ30p U JETEKTUPAHE;

> Axcenepomerpu - B cpaBHeHue c
KJIACUYECKHUTE aKCeJIePOMETPH, MPOU3BEICHH-
te upe3 MEMS texHonorus ca mo-maiuku, Jie-
KA U HAJXKIHU U B IIBTU MO-€BTUHU. ToBa
OTIpeJielisi OCHOBHOTO MM 3acera MpuJIokKeHHue
— 3a 3ajeiicTBaHe Ha BB3/IyIIHATA BH3IJIaBHU-
1a pH pSA3KO crupaHe Ha aBromodwmna. Ilog-
paznenar ce nmo Obxeamwvm (Range), koiTo
MOKa3Ba JMana3oHa Ha YCKOPEHHsI, KOUTO MO-
rat na Opnat u3mepsanu (0,1g — 500g), a mo
HA4MH Ha paboTa — HA aHAJIOTrOBH, IU(POBU U
umnyJicHu. [1o KOHCTpyKIMS ca eqHo-, 1BY- U
TPUOCHH CIIOpe OCHOBaTa Ha Kopmyca. Oc-
HOBHOTO TPEIUMCTBO Ha JIBY- U TPHOCHHTE
aKceNepoMeTpH €, Y€ IUIACTHUHUTE Ca CTPOro
NEPIECHANKYJIAPHA €IHa Ha Jpyra ¥ HsiIMa
OMacHOCT Ja ce pa3MecTiT. M3mepBaHOTO
ycKkopeHue ce npespblia B 10-paspeaHo uu-
clo, KoeTo ce mpeaasa upe3 SPI uaTEpdeiic.
[Tonxoasmia KOMaHAa MO HErO MOXE J1a CMe-
Hs oOxBaTra Ha *£2g W CHOTBETHO IOBHUINIABA

qyBCTBUTENIHOCTTa Ha 256LSB/g.
>

®@ur. 2. Cenzop 3a yckopenue Ha pupmama Bosch
GmbH ['epmanus u axcenepomempu

v XKupocKomnu WM CeH30pHTE 3a BIIIOBA
ckopocT (Angular Rate Sensor).
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L HAYKA 1 OBPA3OBAHIE 3A
VHTEAUMEHTEH PACTEXX

BbB Bcuuku Bugose MEMC- xupockomnu
BBPTAILIOTO CE TSAJIO CE Pealu3upa BbPXY CH-
JULKAEB KPUCTAT U JBUKEHUETO MY CE OCHUTY-
psiBa 4pe3 Ch3JaBaHE HA EJIEKTPO-MATHUTHO
WIM €NEeKTPOCTaTUYHO moje. MuHuaTiopHaTa
MeXaHUYHa CUCTeMa BUOpHUpa Ha pe30HAHCHA-
Ta cu vectora. ChIIECTBYBAT >KUPOCKOIU C
eaHa oc (KaTo MpaBWiIoO Z) U TaKUBa C JBE OCH
(X 1 Y). CpiHoCTTa Ha MPUIIOKEHUETO HA
KUPOCKOIIUTE € CJIEJICHE Ha IOJI0KEHUETO Ha
nasieH 00eKT U U3pabOTBaHE Ha EIEKTPUICCKU
CUTHAN TpU TpoMsHaTa My. brioBara cko-
poct W Ha BBPTSILO C€ TSAIO MOKa3Ba Ha KOJI-
KO rpajayca TO Ce 3aBbpTa 3a 1S U ChbOTBETHO
uma u3mepenue °/s. JKupockon ot taszu cepus
e ADXRS300. CepuiecTByBaT KOMOMHUpPAaHU
MOJYJIH, ChIbPXKALU AKCEICPOMETHP U KHU-
pockorn. ®upma B Opanma e Liocrebifx, Ku-
Tau.

Gyroscope
frame

Gimbal Rotor
®@ur. 3. Ilpunyun Ha paboma Ha HCUPOCKON.
DubdpoonmuueH Hcupockon
Jezenoa: pavka, Kapoa, oc Ha 6bpmeHe U

pomop

> Mukpoornenana - TbHBK allyMUHUEB
JMCT ¢ KBaJ[paTHA WM Kpbria (opma, KOWTO
orpassiBa HaJl 90% oT momnajgHanara BbpXy He-
ro ceemuHa. Llenust npouec Ha Gopmupane
Ha U300paKeHNETo ce Hapuya udposa odpa-
6otka Ha cBemmHata DLP (Digital Light
Processing). CelecTByBar crenualn3upanu
ypeau 3a MpUHTEpU Ha eneKTpodoTorpadcku
npuHiun ¢ 7056x64 nukcena, KOUTO 3a JIUCT
A4 ocurypsiBaT pazJeNuTeNIHa CIIOCOOHOCT
600dpi. [Ipyra obiacT Ha MPUIIOKEHUE HA MU-
KpoorjejajiaTa ca ONTUYHUTE KOMYHUKAIUH,
KBJETO BEYE CE€ HAIOXKU TEPMUHBT Micro-
Opto-ElectroMechanical Systems, MOEMS.
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HeoGxomumocTTa OT yBEIMYaBaHE Ha CKO-
POCTTa Ha MpeAaBaHe M0 CBETOBOAUTE HAJ Jie-
ceruna  Gbps  uW3uCKBa  M3MOJ3BAHETO
Ha uzysano onmuunu Kaouoee (All  Optical
Switch). HaGop oT TakuBa KIIOYOBE C Bb3-
MOKHOCT 32 HAaKJIOHSBAaHE B J[BE B3aWMHO
nepneHukyisipan ocu (RX u RY) or Buna
Ixn, nxl u nxn mnpousBexaa Qupmara
Colibrys. MHOro BaXHO MNpPUJIOKEHHE € 3a
peanuzanusl  Ha  Hacmpoueaemu  Jjaazepu
(Tunable Laser), npkuHAaTa Ha BBIHATA HA
YHUATO CBETIMHA C€ MPOMEHS upe3 JBHKECHHE
Ha MHUKpPOOIJIEJANO0 B MEPHEHIUKYJISApPHA IO-
COKa Ha MOBBpPXHOCTTa My. Hampumep mu-
Kpoorjenajata OT TO3W THI Ha (Qupmara
MEMS Optical morar na ce mpuaBuXBaT Ha
pascrosiare Mexay 10 m 100um. OuakBa ce
NPUJIOKEHHUATa HAa  MHUKpoorjiejanara B
ONTUYHUTE KOMYHHMKAIIUM CHIIHO Jla HapacT-
BaT Mpe3 ClIeABALIUTE TOAUHU.

1. OGpaGorka Ha
AWCKoBETE

2. dotonutorpacus 3. Wonen obmen

4, Paspensne Ha yvwna 5, Cebpasade cbe ceeToBogm 6. Kopnycupane
B it

AWIME

®ur. 4. Texrnonozuuen npoyec 3a ONMUYHU

cmpykmypu Ha unmepghepomemvp. Muxpo-
o2nedano ¢ pomayus no 2 ocu, UHMezpupano Kom
Yun ¢ NpsaKo peghaekmupane 3a NOAUSOHeH CKeHep
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— HAYKA N OBEPA30BAHIVIE 3A
WHTEAUIEHTEH PACTEX

®urypa 4. [5] naBa npeacrasa 3a TEXHOJIO-
THYEH TMpolec Ha (PUHU ONTUYHU CTPYKTYpHU
3a CEH30pHAaTa rjaBa Ha MHTETPUPaAH Jla3epeH
OINTUYEH UHTEP(HEPOMETHP U OTJIEAATIO 3a MO-
JUTOHM W CKEHEp 3a TEeJEeBU3MOHHU H300pa-
xenus. @upmu B Ta3u obmact ca Equinox
Graphics, Ormocer.
> MEMC B meaunuHata — B kpas Ha
XX-BeK 3arlovyHaxa Ja ce BHeIpABAaT KOM-
IUIEKCHU MUKPOCHCTEMH 3a aHalu3, pazpado-
TEHH BBbpXY eauH umil. [Ipumep 3a ToBa mpen-
CTaBJsiBA CcXeMara 3a KpbBHa mpoda 3
(¢urypa 5), KosTO ce ChCTOM OT KaHamu 1,
MPOBEXKJIAIIM PEareHTUTe U MUKPOBEHTHII 2.
Mukponomnata 4 nojaBa npodata KbM CEH-
30p 5, KbIETO CE OLCHSBAT PA3IMYHHUTE ChC-
TaBku Ha KpbBTa (Na, K, rimko3a). Ympasis-
BalaTta cxema 6 peryiumpa NMpOTUYaHETO Ha
nporeca U U3BEKJIa U3MEPEHUTE MapaMeTpH.
B mocnencteue te3u 6uo-MEMC nmpumobuxa
Hail-pa3nuyHau  (QYHKIMKM 32 TeparneBTUYHU
NPaKTUKH, BKI. — U 32 KoBun. EnHo Bk aane
3a npunoxxenne Ha MEMC B Menununara e
npeacraseHo B [13].

Applied
Voltage

MEMS Sensor _Gluconolactone

Glucose
Oxidase

®@ur. 5. Mukpocucmema, uzspabomena c
npunazame Ha tioHHo-1vyeso eysane. buo- MEMC
na Southwest Center for Microsystems Education

(obpazosanue)

> MEMC B HiFi-texnukara.
Mukpodonu u caymanku. ['oBopurtenn

www.eufunds.bg

ITo cBosiTa CHITHOCT T€ Ca KOHJIEH3aTOPHU
MUKPO(OHM, M3BECTHH KaTO Hail-BUCOKOKa-
gyectBeHust TUI [6]. Te3u MukpodoHu ca oco-
OEHO MOIXOMSIIM 32 BCSIKAKBU MHHUATIOPHU
armaparypu, HampuMmep MOOWIHM TenedoHH,
aBToMOOMIM U peructpanus. upmure Ha ma-
3apa ca: STMicroelektronics, TDK, Know-
les, Joi-IT, Infineon, Adafruit — CAILI, Dahua
u ap. [lopagu aHU30TpONUATA B CTPYKTypara
Ha CTHKJIOTO NPH €I[BaHE B TEYHU KUCEITMHHU
pa3TBOpH ce oOpasyBaT oTBopu. Ilpumep 3a
erBaHe Ha GoToUyBCTBUTENHO CThKIO FOTU-
RAN® 3a npunoxeHue B ayJUOTEXHHUKaTa €
npenctaBeH Ha ¢wur. 6. (chumka Schott GmbH
I'epmanus) [7]. IlpeauMcTBO Ha MHKpO-
CTPYKTYpUTE OT (POTOUYBCTBUTEIHO CTBHKIO
IIPU MPAKTHYECKO MPUIOKEHUE € TSIXHATa BH-
COKa TeMmIlepaTypHa M XHMHYECKa YCTOHYH-
BOCT. bBe3KHUHM CIyIIagKd MpOU3BEXKIAT
¢upmute Xiaomi, Lenovo, TWS, Dacom u
ap. T'oBopurenurte paboTAT riaBHO Ha 0aza

MIUE30€ICKTPUYHN CIIOEBE C ONPEACICHO Ha-
IIPEKEHNUE.

Que. 6. Muxpogon na pupma Knowles
Electronics, CALL]. /lemaiinu na ciywaniku om
cmvrno FOTURAN®. T'oeopumenu AudioXpress

> MuKkpoeneKTpoMeXaHUYHA
YCTPOWCTBA — pa3fensT Cce OCHOBHO Ha MH-
KPOMEXaHUKa Ha MOBBPXHOCTHUS CIOW U Ha
obema Ha TBBPAOTO TSUIO B 3aBUCUMOCT OT Ha-
yruHa Ha QopmupaHe Ha cioeBere. OnmUcaHu
ca moapo6Ho B [8].
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> MEMC B exosorusra — MNpeaulleH
erar Ha uscnensane [10].

24.AHAJIN3 HA ©®UPMUTE H
CBCTOSAHUETO HA ITA3APA
[TpunoxeHu ca MoxBaTH 3a aHAIU3a, MOJ-
XOZSIA 3a MOCTUTAaHEe Ha LeTa KaTo U3CIe-
BaHe ne’nbpT Ha MEMC no BuaoBe, pbCTHT 3a
Pa3BUTHETO UM Ipe3 FOJUHHUTE, ThPCEHE, HO-
BU pa3paboOTKu, mpoaaxOu Ha masapa u Jp.
Bopemure — GuUpMU-TIPOU3BOIUTENKH  HA
MEMC ca: Bosch mponbikaBa ga Obae mu-
nep Ha MEMS ¢ u3kmountener 6usHec u pa-
crex. Ilo cpmmsa HauMH mnpomaxxOuTe Ha
STMicroelectronics u TDK napacHaxa 3Hauu-
tenHo npe3 2021 r. RF MEMS ¢unrtpure Ha
Broadcom, Qorvo u Skyworks npoabmkasar
na ce asmxkar ot 5G BwiHara. [IspBure 10-Ha
¢bupMu 3ama3BaT CBOETO TPAJUIIMOHHO MSCTO
1pe3 MOCIEAHUTE HAKOJIKO TOANHH, a MT0-MaJ-
ku ¢upmu karo SiTime, USound, xXMEMS,
OQmented, Sensirion ¥ T.H. MMaT pacTex
Onmarogapenue Ha HOBO-Bbh3HUKBamu MEMC.
Cera ce nosBABaT KOMIIAHUH C T.H. ,,A3HECECHO
npou3BoacTBO karo Sylex, Teledyne wu
TSMC, xouto yBenuuaBaT NPUXOIUTE CH.
besnpeneneHTHOTO ThpceHe 0COOCHO Ha CEeH-
30pu J0BeAE 10 MHBECTHUpAaHE BHB HOBU (ha-
Oopuku ot Bosch 3a 300 MM cununmeBu u-
CKOBE-IIOIJIOKKH, SilTerra, Silan
Microelectronics, ma3apbT € HacUTeH C 000-
pyIBaHe Ha BUCOKH IICHH, & CPOKBT 3a JIO-
CTaBKa € mo-royisiM ot 15 meceru. [Ipunodu-
BaHETO Ha OM3Heca ChIIO € B X0 Karo Silex
kynu Elmos, Mitsumi — Omron, a UMW (Du-
nununute) — EIIUK (borteBrpan). Bonemara
MO3UIIMS C€ ONpeeNnss OT AUaMeTbpa Ha JH-
CKOBETE-TIOIOKKHN ¢ TeHAeHIMs KbM 400mm.
PvcrpT Ha mpoumseoacrBoro Ha MEMC or
2012 nmo 2019 r. e 13%, cnegBa pbCT OT
11,3% mnopamu KoBun. HuadpopmarnmonHaTta
(IT) u aBTOMOOMITHATA UHYCTPHS JBITO Bpe-
Me Osixa pasBuBamu ce maszapu 3a MEMC
cenzopure. Cera na3apsT ce popmupa OT CEH-
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30pH 3a yckopeHue, xxupockomnu (10%), akce-
nepometpu (6%), ypeau 3a usMepBaHe Ha Ha-
KJIOH, a CBILIO Taka M CEH30pU 3a HaJsraHe
(6%) u nebur. HoBU mpmiiokeHUs BKITIOYBAT
uH(ppadepBEeHN CEH30pH 3a Ka4eCTBO HA BbH3-
JyXa, MUKPOCKEHEPH 3a JUCIUIEH, a ChIIO Ta-
ka 1 MEMC-ocuiiatopy ¥ CUCTEMH 3a PEKY-
IpUpaHe Ha EHEeprus, CUCTEeMH B OTOpaHaTa,
KOCMHUYecKaTa TEeXHUKa U Jpyru. Bce max
2021 r. ce Oenexu OT CEH30PUTE 32 ABTOMO-
OWJIHM, UHTEIUTEHTHU YaCOBHUIIM, KaKTO U Te-
3M 3a MEAMLIMHCKUTE U MHAYCTPUAIHM Ia3a-
pu, oco0eHO IenbT Ha NOTpeOUTEICKaTa
enekTpoHuka 3a 2022 r. octaBa Hall-roysM.
Cunnoto Thpcene Ha MEMC u 3ambiaHeHUTE
rpadunu 1o kpas 2023 r. Boau 10 HaMamsBa-
HE Ha pbcTa Ha 9% mopaau No-BUCOKUTE pas3-
XOJM, JIUIICa Ha CTaHJApTU3alMs U MakKpo-
MKOHOMMYECKAa CUTyallus Ipe3 ToguHaTa u
OYakBallaTra ce Mmo-KbCHO 110 KbM 2027 T, 1o-
pu peer 12,9% no 2028 r. Hag 70 ¢upmnu
MpOU3BEKAAT u3Aenus, wusnoiasBamu DLP
TEXHOJIOrusATa, Kato caMo Texas Instruments
TOJIMIITHO TpojaBa 2 MiH. MHoro ot pupmure
BeYe HE JIaBaT JaHHU MO pa3OupaeMH MpHYH-
HU 3a KosnyectBoTo nponanenn MEMC, Ho
ako ce Oasupame Ha gaHHM oT 2004 r. 00110
ot 4.10°6pos, Moxke Ja ce ChIOCTaBH KOJH-
4ecTBOTO Ha 0a3a HampaBeHuTe 06opoTu. [lo-
AeraiiiHa MHPOpPMALUS 10 Pa3IMYHU KpUTe-
puu MOXke 1a ce Hamepu B [14] u ot caiiToBe-
Te Ha ¢upMuTe. A3MATCKO-TUXOOKEAHCKUAT
PErMoH MMa JOMHUHHpAILA PO B III00ATHUS
nazap (npeaumHo fnoHus), enxHa 4eTBbPT OT
npousBoacTBO € B CeBepHa Amepuka, CAILL
B Bbwarapus, boresrpan u IlnoBnus ¢upmu-
te-npeacrasutenu Ha UMU, Cencata u Me-
JIEKCUC TPOMU3BEXKIAT EIEKTPOHHU MOAYJIH U
KOMIIOHEHTH 3a aBTOMOOWJIH, uMa U jabopa-
topun u IIIIII 3a mpoexrupane mva MEMC
[9]. KondepeHiuu, Ha KOUTO ce OTYUTA ChC-
tossnuero Ha MEMC, ca TpaauiMoHHaTra B
Mionxen-21, ['peno6wn-22, HWHpoTex-23,
MICRO.tec 1 z1p.
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®ur. 7. Cocmosanue na MEMC nazapa xvm kpas
Ha 2022 2.

Cnen HampaBeHUST 0030p-aHAJN3 TaHHHUTE
U mporHo3ata 3a mnpoaax6bu nHa MEMC ca
00061enu B Tabnunal:

Ipooasicou na MEMC 3a nepuoda 2004- 2027 e.
Tabnuya 1.

20 | 20 | 20 20 20 20 | 20 | 20| 20 | 20
04 | 06 | 11 12 18 19 120 |21 ] 26 | 27

11, | 150 | 22 | 1000 | 208 | 240 | 57 | 69 | 12 | 13
5. 0. | 0. 0. 10. 14. | 0. . 2. | 3.
10° | 10° | 10 | 10° 10 | 10° | 10 | 10 | 10 | 10
$ $ 6 $ $ $ 6 7 9 | o

$ $ | $ [ $ 18

Cratryc Ha MEMC-ungycrpusita no no-
knax Ha Yole Intelegence ot 2022 r. 3a ¢up-
MUTE C pa3BOMHA U NPOU3BOJCTBEHA JIEHHO-
ctu [15]. Pesynrarute cmsaram 3a mgo0pe
IIPEJICTABEHU U Ca B CbOTBETCTBUE HA JIOCTHII-
HUTE OT KOHCYJITAaHCKH (PUPMHU.

3. UI3BOIN

Konuenmusra 3a HHTErprpaHe Ha CEH30pH,
U3IBJIHUTEIIHA MEXaHU3MH, EJIEKTPUYECKH,
€JICKTPOHHU Y MEXAHUYHU YCTPOUCTBA B €AUH
YUIl UM CUCTEMA CE CUUTA 3a €IHA OT PEBO-
JIOLMOHHUTE TexHosoruu. KoHcTpykuusra u
TEXHOJIOTUATA 34 IPOU3BOJCTBO CE OTBKIE-
crBsaBar. IlazapHo nocrenaute MEMC 3a-
CTBIIBAT CaMoO €JHa 4acT OT OOJIaCTHTE Ha
npuioxenue, B kouto MEMC umar rossm
noreHuuan. Bee mo-sedye ce mosiBABaT Clie-
LUAAIU3UPAHU TAKUBA, IPOCKTUPAHU 32 OTACII-
HU OpaHIIOBE KaTO MEXaTpOHUKaTa U JOpU

www.eufunds.bg

HMUTHPAITE MHUKporporecopu. CIOXKHOTO U
BUCOKO-TEXHOJIOTHYHO ecTecTBO Ha MEMC,
U3CIEIBAHUATA U PA3BUTHUETO, KOMOMHUPAHO
C JWIcaTa Ha CTaHJApTH B 00JIACTH KAaTO KOH-
CTpyHpaHe, TPOU3BOACTBO U TECTOBU METOIH-
KM, IpeBpbIIaT cb3aaBaneTro Ha MEMC R&D
MporpaMu M U3CJEBAaHUS BCE MOBEYE B TEX-
HOJIOTUYHO TMPETU3BUKATEICTBO 3a pa3BUTHE-
TO Ha 4oBe4eCTBOTO. OCHOBHOTO, OTKPOSIBa-
moto ce 0000ImeHne Ha HW3CIEABAHETO €
€AMHCTBO MEX]Ty KOHCTPYKIHUS U TEXHOJIOTHsI
B pa3BUTHETO U IIpou3BoacTBoTO HAa MEMC.
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CBBPEMEHHU TEHAEHIINHU B PASBBUTUETO HA EJIEKTPOHHUTE
CUCTEMMU 3A ITIO3UIIUOHUPALLIM CUCTEMUA

MODERN TRENDS IN THE DEVELOPMENT OF ELECTRONIC SYSTEMS
FOR POSITIONING SYSTEMS

Prodan Ivanov Prodanov
Department of Electronics, Faculty of Electrical Engineering and Electronics
Technical University of Gabrovo
4 Hadji Dimiter str., 5300 Gabrovo, Bulgaria

pprodanov@tugab.bg

Abstract

The currently observed trends of active application and implementation of positioning systems, in particular servo
drive systems and systems with stepper motors in the industry, is conditioned by the growing requirements for
technological equipment and the quality of processing and production of the final product. The purpose of the study is
to research and present the current trends in the development of electronic systems used in the control of positioning
motors. The main tasks are related to the systematization of parameters and functionality of this type of electronic
systems. As a result of this study and systematization, a criteria for a reasoned choice for a specific technological
operation or process can be presented. The limitations in preparing this paper come from the fact that there is a wide
range of company and patent solutions that cannot be comprehensively covered. The practical benefit of the conducted
studies is related to the summary in a synthesized form of the directions in the development of modern electronic
systems for servo- and stepper drive for positioning systems.

Keywords: servomotors, stepper motors, positioning systems, stepper drivers, servo controllers.

BBBEJIEHUE

CbBpeMEHHHUTE JOCTHXKEHUS B TEXHOJIO-
T'UsATa Ha TO3ULMOHHUTE eNEKTPUYECKUTE 3a-
JBMDKBAIIM CHCTEMH CIIOMaraT 3a 3HAYUTEITHO
HaMaJsiBaHE Ha EKCIUIOATAI[MOHHUTE Pa3Xxoau
U TH MPaBsT BCE MO-TPEANOYUTAHO PELICHHE
IpU peaju3upaHe Ha TojisiM KPBI OT 3aJau
M3HCKBAIIH MPEIU3HO U ObP30 MO3ULUOHUPA-
He. OCHOBHHUTE XapaKTEPUCTHKH Ha TMO3UIUO-
HUpAIIUTE CUCTEMH ca: MOoJ00peHa eeKTHB-
HOCT, YChBBPIIECHCTBAH KOHTPOJI Ha Ipolieca,
aJlalTUBHOCT U I'bBKAaBOCT, MO3BOJISBAIIA UM
CBBp3BaHE KbM Pa3IMYHH BHJIOBE YIIPaBIIsSBa-
mu ycrpoiictBa karo PLC, CNC, kakro u us-
rpaxaHe Ha cuenu(UYHU 32 JaJeH MoTpedu-
ten pemeHus. OCHOBHO TMO3UIIMOHUPAIINTE
CHCTeMH OHMBAaT H3rpaXJaHU ChC CEepBO3a-
JBMDKBAIIM CUCTEMH U CUCTEMH ChC CTHIIKOBU
nuratenu. Te3u Ba OCHOBU BH[A, IO ChIIE-
CTBO CHIBP)KaT B cebe CH eNEeKTPOHHA CHCTe-

www.eufunds.bg

Ma 3a yIpasieHue (T. Hap. ApaiiBep), NO3H-
[IMOHEH JBUTATE€l M MHOXECTBO OOpaTHU
BpPB3KH, OCHOBHATA OT KOUTO € Ta3u 3a Clese-
He Ha Tekyiara no3uius (enxkonep). [lpu usz-
rPaKJIAHETO HAa CHUCTEMUTE CBC CTHIIKOBHU
JIBUTATENN CHIIECTBYBAT PEIICHUS KaKTO C
Hannuue Ha oOpaTHa BpbB3Ka 3a MO3UIUS (XU-
OpUIHM CTBHIIKOBU 3a/IBW)KBAHUS), Taka U 0e3
oOpaTHa Bpb3Ka 3a TEKyIa Mo3ulins (KOHBEH-
[MOHAIIHU CTHIIKOBH 3a/IBXKBAHUSA).

N3JI0KEHHUE

Haii-001mo mo3unuoHupanmTe CUCTEMHU
MoTar Jia ObJaT pa3riekIaHu KaTo CEPBOCHUC-
TeMH (ChIBPKALIM CEPBOKOHTPOJIEP, CEPBO-
JIBUTATEN M CEH30p 3a MO3UIIMOHUPAHE), KOH-
BEHIIMOHAJIHA CTHIIKOBHU 3a/IBUKBaHUA (ChC-
TOSILIU C€ OT ApaiBep U CTHIIKOB JBUTATEN) U
XUOPUIHU CTHIIKOBU 3a/IBHKBAHUS (CHCTOS-
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M C€ OT CepBOApaiBep, CTHIIKOB JABUTATEN U
BI'PAJICH CEH30p 3a IMO3UIHS).

A. Tenoenyuu 6 pazgumuemo Ha opaisep-
HUme cxemu U CUCMEMU 3 CIBNKOBU 08U2A-
menu

JlpaiiBEpHUTE CXEMU 3a CTBIIKOBU JIBUIa-
Tenu Morar na Obaar Kiacu(puIMpaHu B HS-
KOJIKO KaTeropuu, Karo o0OOIIeHO ca mpea-
CTaBeHM B Ta0numa 1.

Taoa. 1. Knacugpurayus na Opaiiseprume cxemu
34 CMBNKOSU 08ucament

Knacudrkammo DYHKIUOHAIHYU Bb3MOKHOCTU U
HEH IPHU3HAK rapamMeTpu
Haunn Ha bunonapno (90% ot pazpaborBaHuTe
yIpaBieHUE HA | JpaiiBepHTe B IOCIECAHUTE TOAUHN) TN
JIBUTATEIIs VHUNOJSIPHO YIIPABICHUE
Hanugue na Koneenyuonannu (6e3 obpaTHa Bpb3Ka);
obpaTHa Xubpuonu (c obpaTHa Bpb3Ka — ONTHUCH
BpB3Ka TN MAarHUTEH CEH30] 3a MO3UIINS).
Cropen camo cunosa cxema (Power circuit);
CTPYKTypaTa camo ynpasnasawa cxema (control logic
Ha or translator);
npemiaraHara | xombunupanu (Power circuit + translator)
nuc
Cropexn Manomownu (Hanpexxerre 10 36V u no
MOII[HOCTTA 2A);
Cpeonomownu (nanpesxxenue 10 S0V u
TOK 10 5A);
Mownu (Hanpexenne Hax S0V 1 Tok Haf
5A);
Crnopen 6posiT om 1:1001:16;
MUKPOCTBITKH om 1:2 0o 1:64;
om 1:2 0o 1:256
om 1:16 0o 1:64 (c BrpaJieH BETpEIICH
MOJyJIaTop OT 256 MUKPOCTBIIKH)

OCHOBHHS TJIACBK B Pa3BUTUETO HA JIpaii-
BEPHUTE CXEMH M CHUCTEMH 3a CTHIIKOBUTE
nBUTaTeNnu O€ JaieH OT Pa3BUTHETO HA IMO3U-
[MOHHPAIIUTE CUCTeMHU Biaranu B 3J] mpuH-
Tepute. B mocneaHOTO AeceTusieTre Bce TO-
Beue BOJeIU GUPMHU B 00JIACTTa Ha EJICKTPO-
HUKaTa U (UPMH TPOU3BOAUTEIN HA HWHTE-
TPaHU CXEMH pasIIupsiBaT CBOETO MOpTdo-
WO OT MpeAJIaraHd MPOAYKTH U PEIICHUs B
Ta3u 00acT.

OcHoBHaTa Hacoka B Ta3u 00JACT € yChb-
BBPIICHCTBAHETO HA MAJIOMOIIHUTE JpaiBep-
HU CHCTEMH, KAaTO Pa3BUTHETO € HACOYEHO
KBbM TOJIO0psIBAHE HA CXEMOTEXHHUKATa, HAYH-
HUTE Ha yIpaBJieHHEe W (YyHKIMOHATHH BbH3-

www.eufunds. b

MOKHOCTH Ha JIpallBEpHHUTE CXEMH, MPEIHA3-
HAYEHU OCHOBHO 3a YIPAaBJICHHE HA CTHIIKOBU
JBUTATENIM U3MOI3BaHu B 3/] mpuHTEpH.

Bogemu dupmu [1, 2 u 3], kaTto Hanpumep
Allegro, Texas Instruments u Trinamic Ha-
COYBAT CBOUTE YCHJHMS KbM Ch3JJaBaHE Ha
JpailBEpHU CXEMH, KOUTO Ja OTTOBOPST Ha
CbBPEMEHHUTE U3UCKBAHMS, KaTO ChUETaBaT B
e/lHa MHTErpajHa CXeMa CUJIOBA U YIIpaBIIsiBa-
ma cxema. ToBa criomara Jia ce IoJay4du JIpai-
BEpPHA CXeMa C HaMaJICHU T€OMETPUYHU pa3-
MepH (B nuamnazona 5x5 mm 110 6x12 mm). Oc-
BEH TOBA HENPEKHbCHATO CE€ YCHBBPIICHCTBAT:
MUKPOCTBIIKOBHUSI PEKUM Ha YIpaBICHUE, J10-
0aBAT ce JAOMBIHUTEIHM (QYHKIUH (KaTo Ha-
IIpUMEp aKTUBHO pEryJMpaHe Ha TOKa 110 Bpe-
Me Ha paboTa, MPEHHU3HU PEeryIaTopu Ha TOK
U HalpeXeHUE 3a MOoA0OpsSBaHE KOHTPOJIA U
TOYHOCTTA NMPH MHUKPOCTBIIKOBUTE PEXKUMHU U
Ip.), KaKTO M HAYMHHUTE 33 KOMYHMKAIUU
(ocBen crannmaptaus STEP/DIR mpotoxkon,
Bede ce 100aBs Bb3MOkHOCT 32 UART wimn
SPI komyHuKanus.

Ha ¢ur. 1 ca mpencraBenu Haii-pasmnpo-
CTpaHEHUTE BHJIOBE MAJIOMOIIHUA MHTETPATHU

cxeMu Ha Bojemure ¢upmu — Texas
Instruments, Allegro, Trinamic u
STMicroelectronics.

8) [patieep mun A4988 2) Apaiieep mun DRVES2S
@Due. 1. Paznosuonocmu na MaiomouwHu
Opatieepu
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B Haii-o0mm BuJ, CTpyKTypaTa Ha JApai-
BEpHUTE cxeMU [4] uMa BHJIa TOKa3aH Ha (ur.
2. B u3xozna uMa JIB€ MOCTOBHU CXEMH, IpE.-
HA3HAYEHW 3a YNPABIECHUETO HA CTHIIKOBUS
JBUTaTel, KaKTO M LIYHTOBU pE3UCTOpa 3a
CJIEJICHE Ha TOKA IPe3 HAMOTKUTE.

PDN/UART

UART uirepdpeitc

DIAG
[ INDEX

—_— QK IN

VeC 10

QDue. 2. Bvmpewna cmpykmypa Ha ManomMowHu

Oopatieepu
Taoa. 2. Vevevpuencmseanu ynkyuu u nodooperu
napamempu [3]
DyHKIUHN Omucanne 1 Bb3MOXKHOCTH
Stealth [IpeacraBnsiBa mpeuu3eH  peryiarop 3a

Chop2™ | HampejkeHHE C aNTOPHUTHM 332 HaMaJlIBaHE Ha
mymMa W BHOpamuMUTe IpU ABIKCHUE W
yckopenue. [1o3BomsBa o-06p30 yckopsiBaHe
U CHHMpaHe Ha JBHTaTeNsd, KakTo W
HaMaJsIBaHe Ha TOKa Ha MOKOH (IIpH JIMIICa Ha
YIPaBISIBAIIN CUTHAIIN).

Spread [IpencraBnsBa mNpenu3HO peryaHpaHe Ha
Cycle™ TOKa Ha JBUTATENs, IUKBJI IO IUKBI 3a
MOoNly4yaBaHE Ha IMO-BUCOKO JTHUHAMHYHO

JIBIDKCHHE.

Micro MUKPOCTBIIKOB ~ MHTEpHoiatop or 256

Plyer™ BBTPEIIHO IIOJYyYEHHM MHUKPOCTBIIKM C L€l
MOJTy9aBaHe HAa CHHYCOMIAICH HM3XOACH TOK
pu TI0-MaJIka, BBHHIITHO 3a7aneHa

MHUKPOCTBIIKa, 3amousamm oT 1:1 go 1:128
MIPH PA3THYHATE MOJICIIH.

Stall Bescenzopao BpBINAHEe B HOME
Guard4™ | mo3uIMOHMpaHe, KOSTO Mpe/na3Ba KpaiHuTe
M3KIJIIOYBATEIN U NPEAyNpekaaBa B Clydai
Ha OpPETOBAPBAHE Ha JIBUraTeNs

Cool Tasn ¢QyHKIMA U3MON3BA HM3MEpBaHE Ha
Step™ StallGuard, 3a pma amanTHpa TOKa Ha
JIBUTATEJIS CIIOPE/ HATOBAapBAHETO, TP KOETO
ce momydaBa 1o JoOpa  eHepruiHa
e(eKTUBHOCT ¥ HaMaJIsiBa TeMIlepaTypaTa Ha
JIBUraTelisi ¥ Ha JpaiiBepa.

Brpanen W3non3Ba ce mpu NPUIIOKEHHUA B KOUTO €
Step Pulse | HeoOXomuMo ABUTATENSAT 1@ CE JBIDKH 3a
TeHepaTop | OIpEAENICHO BPEME U C ONPEAENICHa CKOPOCT.
Konrpommpa ce upe3 UART unrepdeiic, karo
HE OCHTypsiBA paMIla Ha YCKOPCHHE W
CIHpaHe.
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OCHOBHO pa3nuuMsiATa, NPU PaA3IUIHUTE
MIPOU3BOIUTENIN UIBAT OT BrpaJieHUTE (PyHK-
LMY, KOUTO CE€ Pa3BUBAT B CJIEIHUTE HACOKHU:
OrpaHMYaBaHE HA TOKA HA IOKOi, HaMalliBaHe
Ha BUOPALIMOHHU U IIIyMOBHU XapaKTEPUCTUKH,
noJI00psiBaHe Ha JEJICHETO Ha MUKPOCTBIIKU-
T€ U YCBBBPLICHCTBAHE HAa TO3M AJITOPUTHM,
noJo0psiBaHe Ha KOMYHHMKAlIMOHHHUTE BB3-
MOXHOCTU. B Tabnuna 2 ca gageHu OCHOBHU-
Te (PyHKIIMH, KOUTO Ce pa3BHBAT B MOCIEIHH-
T€ TOAMHM, YaCT OT KOUTO NATEHTOBAHU OT
¢upma Trinamic.

Ha ¢wur. 3 e mnoka3zaHo [eiicTBueTo Ha
¢ynkuuara MicroPlyer ¢ wu3momsBane Ha
BrpaJIeHUs1 HUHTEPIIOIATOP OT 256 MUKPOCTBII-
ku [5]. B pesynarar Ha ToBa, U3XOJHUS TOK €
BUHArd ChC CHHycOHJAaIHa (OopMa, HE3ABUCH-
MO OT JEJICHETO Ha MUKPOCTBIIKATA.

Tek M. @5t M Pas: 0,000 MEASURE Tek 1. ®sup M Pos: 0,005 MEASURE
+ oH + CH
Freq Freq
B483Hz 163.8Hz
CH1 CH1
Period Period
11.82ms 5.590ms
CH1 CH1
™ Pos Width 1» Pos Width
ATR.T s 5.740ms
CH1 CH1
Rise Time Rise Time
6.800ms 2.333ms
cH1 CH1
Fall Tirne Fall Time
.740ms 2.950ms
CHT S00md 1 5.00ms CHT 71024 CHT 500md, 4 2.50ms CHT 7 =6dmd
23-Mar-22 11:41 1.05623kHz 23-Mar-22 11:06 1.75306kHz
(a) TMCxxxx (6) DRVxxxx u A4988

Due. 3. U3xo0en mox Ha Opalieepume 8 perCum
Ha 1:4 mukpocmvnku npu paziuynu opaieepu

Ha ¢wur. 4 e mnokaszaHo neiicTBueTo Ha
¢ynkuusara CoolStep ¢ usnon3BaHe Ha Tpe-
IIU3HO peryiupaHe Ha Toka npu padora [6]. B
pe3yaTaT Ha TOBa, OpailBEpUTE OT CEpHsTa
TMC pabotst ¢ 45% mo-HHCKa TeMIepaTypa,
CbOTBETHO HaMmalleHa KOHCyMalMs Ha eHep-
T'Hd.

28/03/: :
28/03/22 20145 i

EROESS RT=31.9¢

ES0N95 RT-31.9¢

a) opatieepu TMCxxxx 6) dpaieepu A4988 u DRVxxxx
Due. 4. Tonaunen pesxcum Ha opatigepume 8
HOMUHALEH pabOmeH pexlcum
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b. Tenoenyuu 6 pazeumuemo na opatisep-
HUme cxemu u cucmemu 3a XUOPUOHU CMbN-
KOBU 3A08UNCEAHUSL

XUOPUIHUTE CTHIKOBU 3aJBH)KBAHUS Ch-
yeTaBaT CTBIKOB ABuraren [7, 8, 9], npaiiBep
yIpaBIsiBAaH OT CEPBOKOHTPOJIEp M OOpaTHa
Bpb3Ka. OCHOBHHUTE HACOKH NPH peau3upa-
HETO M MpEeAJaraHeTo Ha TaKbB TUIl CUCTEMH
ca YCHBBPIICHCTBAHE HA: BHJA W TUIA Ha
oOpaTHaTa BpB3Ka, Ype3 U3MOJI3BAHE Ha pa3-
JUYHU BHJIOBE CEH30pPH 3a MO3MLHUA; (YHK-
IIUHTE 32 yrpaBlieHne (M3M0JI3BaHe HA MMOXBa-
tuTe W (QyHKIMHUTE NepUHUpaHU B TaOI. 2;
KOMYHUKAI[MOHHU HHTep(EelcH, KbM CTaH-
naptauss STEP/DIR mporokon, codtyep 3a
porpamMupaHe U HaCTPOIKa, KaKTO U J100aBs-
He Ha OaHKH TaMeT 3a 3aliC M M3BEXIaHe Ha
napameTpu — Tadun. 3.

Taoa. 3. Kiacugurayus na xubpuoru cmvnkogu
3a08UICBAHUS

Knacudrkanno | OynkumoHanHN
HEH IPU3HAK | MapaMeTpu

BB3MOKHOCTH u

Pa3smep u Bvpmsaw momenm (0,2+20) N.m
BBPTAIL Pasmep na osueamena (NEMA size) — om
MOMEHT NEMAS 0o NEMA42

Bug u msacro
Ha oOpaTHaTa
BpB3Ka

Ilo 6u0 - Domopacmepen
npeobpasysamen (PPII) unu macnumen
enxooep (c enemernm Ha Xon)

Ilo macmo - Bepaden unu 8vhuien
Pezonroyus — 0o 5000 umn/o6.

Bun u msacro
Ha JIpaiiBepa

Omoenen cepgoopatigep, 6a3upan Ha DSP
mwm ARM cortex (Cortex M4) mporniecop
W JWUCKPETHH  TPAH3UCTOPH WU
cnenuanusupana apaiisepaa NC
Mooynno unmezpupan cepeokonmponep
KBM €HKOZEpa M ABHTATeIsl — BCHYKO B
€IMH KOpIIyC

Kamo nnamxa, ¢ BCHYKH HEOOXOIMMHU
€IEMEHTH, C BB3MOXKHOCT 32 MOHTaX
BBHPXY CHIIECTBYBAIIM BEUC PEIICHIS,

Cropexn Hsznonszeane Ha cepsoynpasienue,
JOIBIHUTENHU | KOMOUHUPAHO cve cvepemeHHume
¢byHKIIH ¢yukyuy  TIpH  YOpPABICHHETO  HA
KOHBEHIIMOHATTHUTE CTBIIKOBH

3aJBIKBAHI JIaJICHU B Ta01. 2
Komynukanmo | Konsenyuonanen STEP/DIR unmepgeiic;

HeH uHTepdetic

HWsnonzeane Ha unoycmpuanen
KOMYHUKAYUOHEH unmepcetic om
cneonume munose: CAN, CANopen,
EtherNet/IP, ModBus, FieldBus, RS485

www.eufunds.bg

Ha ¢ur. 5 ca nmoka3zanu pa3iu4yHUTE BHJO-
BE XMOPHIHU CTHIIKOBH 3aJBMKBaHUs. Morar
na ObJaT BBB BapUaHT KaTO MHTETPUpPAH MO-
IyJl, @ TaKa ¥ KaTo OTIEIHU MOIYJIH — Jpai-
Bep M asuraren ¢ esHkozaep. C mpeunusHOTO
yIpaBJeHUE IOCPEACTBOM 3aTBOpPEHa C 00-
paTHa Bpb3Ka CEPBOCUCTEMA, UHTETPUPAHUTE
JpaiiBepu OCUTYpsIBAT EHEPruitHO eeKTuB-
HO UM MHOTO JOOpO TEXHUKO-WKOHOMHYECKO
pelieHue, Koraro KbM IMO3ULMOHUPAIIA CUC-
T€Ma MMa U3UCKBAHUs OTHOCHO 1[€HA-Ka4yecT-
BO.

8) Opatieep Ha Schneider Electric
Due. 5. [lpatieepu 3a XubpuoHu cmvnKosu
3A08UNCEAHUS

Ha ¢ur. 6 ca moka3zanu cucrteMu 3a Xu-
OpUIHO CTHIIKOBO 33BMKBAHE C BB3MOKHOCT
3a YChBBPILEHCTBAHE Ha ChILECTBYBAIU, BeE-
ye u3rpajaenu 3aasuxBanus [ 10].

6) Opatisep 3a NEMAI17

Due. 6. [patieepu 3a XubOpUOHU CMbRKOBU
3A08UNCBAHUSL 30 MOOUDUYUPaHE HA

CbUeCmBy8auu CMbIKOBU 3A08UNCBAHUS

a) opaiisep 3a NEMA23
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Monudukanuara TO3BOJIsABA JO0ABSHETO
Ha MOCTOSHEH MarHWT Ha BaJla HA JBUTATENs
(mBuratens TpsiOBa 1a € ¢ IBOIHA OC) U ILIaT-
Ka, KOATO C€ MOHTHpA TUPEKTHO KbM JIBUTA-
tens [11], kakto e mokazaHo Ha ¢wur. 7.
OcBeH ToBa JpaiiBepuTe ca ¢ KOMYHUKAIIHO-
HeH uHTepdeiic mo CANOpen mmm RS485,
KakTo U 14-0utoB MaruuTeH eHkoaep. OCHOB-
HUTE MPEIMMCTBA HA TO3W THI 3aIBUKBAHUS
ca noxyuaBaHero Ha (30-50)% mno-Bucoku
000pOTH Ha BHPTEHE HA CTHIIKOBUS JBUTATEN,
HAJIMYUETO Ha CIIEACHE U MOJIbpKaHe Ha Te-
KyIlara TO3UIMs, MO-MaJKUTe TrabapuTHU
pa3MepH | IIeHa CIPSMO KIACUYECKUTE cep-
BOCUCTEMH, BB3MOKHOCT 32 MOICPHUZHPAHE
Ha CHINECTBYBAIH CTHIIKOBU MO3UIIMOHHHU 3a-
JIBUKBAHUS upe3 JOOaBsHE HA MAarHUTEH €H-
KOZep W IJIaTKa CHeIHaliHO pa3paboTeHa 3a
JaJIeHusl KOPITYC Ha CTHIIKOBUS JBUTATEN.

Mnatka
Apansep

BUHT M3

L ! ceHsop AS5048

T

MocTosHeH /

MarHuT

>+
Busaymna mexanna
0.5mm - 2.5mm

@Duz.7. Monmupane Ha cepgodpaiisep ¢
MaznHumen eHKooep KbM CbUjecmays8auo
CMBIKOBO 3A08UNCEANE

HenmocraTpiure Ha TO3M €Tall ca BCE OIIE
HUCKHUTE JMHAMHYHU CBOWCTBA Ha Mpejyiara-
HUTE CUCTEMHU M MO-HUCKUTE 000OpPOTH M TIpe-
IU3HOCT CIPSIMO CEPBO3JBMKBAIUTE TO3U-
IUOHUPAIIH CUCTEMH.

B. Tenoenyuu 6 pazeumuemo na opatigep-
HUme cxemu u cucmemu 3a XUOpPUOHU CMbN-
KOBU 3A08UNCEANUSL

MobOunHuTe poOOTH, KAKTO M EJIeKTpUie-
cKaTa MOOWJIHOCT JIJaBaT OCHOBHHTE HACOKH,
IPpU Pa3BUTHETO W HOBUTE TCHJICHIIMU B CEp-
BO3a/IBMKBamuTe cucremu [12, 13, 14]. O6-
IIMTE XaPAKTCPUCTHKK HAa TaKbB THII MIPHUIIO-
KCHHs BKJIFOUBAT TMOJOOPSBAHETO HA TOY-
HOCTTa Ha TO3HMIMOHUPAHE, Pa3IIUpsSBaHE Ha
o0xBara Ha JIeiiCTBHE, Bh3MOKHOCTHUTE 3a KO-

MYHHKaLUs, KAKTO U MOA0OpsSBaHE HAa Maco-
rabapuTHHUTE cBoOcTBa. B Tabnuua 4 ca npex-
CTaBEHU OCHOBHHUTE TEHICHIMU B Pa3BUTHETO
Ha TO3u Tun cuctemu. IlomoOpsiBaHeTo Ha
TOYHOCTTA Ha MO3UIIMOHUPAHETO CE M3BBPII-
Ba mocpenactBoM [14] nBoitHa yHuUBepcaiHa
oOpatHa Bpb3ka — ¢ur. 8. ToBa ce u3mon3Ba
MAIllMHU ¥ CHUCTEMH 3a yBelMYaBaHE Ha TOY-
HOCTTa U €IMMUHUpPAaHE HA BB3MOXHH Jy(h-
TOBE B MEXaHWYHaTa cucrema. EHkonepa, UH-
TErpUpaH B JIBUTATENS OCUTYpsBa IUIaBHA,
KOHTPOJIMpaHa CKOPOCT, MPU NMPOMsIHA Ha Ha-
TOBapBaHETO, JIOKaTO BTOPHS EHKOJECP MOH-
TUPaH KbM TOBapa, OCUTYpsiBa MPELU3HO IO-
3ULIMOHMPAHE IPH TOBapa, HE3aBHUCHUMO OT
ny(dToBEeTE MM KOraTo MMa HETBBbPAM TPaHC-
MUCHOHHU KOMITOHEHTH.

Taoa. 4. Vcvevpuencmseanu ynkyuu u nodooperu
napamempu npu cepeo3ad8uiICeauume Cucmemu
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DyHKIIMHN OnncaHue ¥ Bb3MOKHOCTH
JIBoiiHa IlpencTaBnsiBa cpueTaHWe Ha JBE OOpaTHH
obpaTHa BPB3KH IO TO3MIIS — €AHAaTa HHTETPUpPaHa B
BpB3Ka JIBUTATeJIs, IPyraTa MOHTHPaHa KbM TOBapa.

VYuusepcan | IIpencraBnsBa yChbBBPIICHCTBAH BAPUAHT HA

Ha oOpaTHa | ABoWHata oOpaTHa BpB3Ka, Karo [aBa

BPB3KAa IO | BB3MOXKHOCT 32 M3IIOJI3BAHE HA PAIMYHH IO
TIO3HIHS BHA C€HKOAEpPH - WHKpeMeHTamHH A/B,

KBaJpaTHIHH, KAaKTO W PA3INIHH MPOTOKOIIH
3a abcomoTHa oOpaTHa Bpb3Ka kato BiSS-C,

Endat, SSI u np.
FlexPro IIpoekTupane Ha MHOrOMOZYyJIHAa CHCTEMa 3a
CBBp3BaHEC B ITapayiesl WIM 3a Ch3[aBaHe Ha
MHOTOOCOBO ~ CEpBO33[BI)KBAaHE B EAWH

KOpIyC.

Aptomarnu | Tasm ¢yHKUMS ce MHTErpHUpa B codryepa 3a
Ha IIporpaMupaHe u HACTpOHKa Ha

HacTpoika | cepBOKOHTpojepa. OCHOBHOTO MPEIUMCTBO €
Ha OB 3a | HamamsBaHETO HAa BPEMETO 3a HACTPOHKa H

CKOPOCT M | J]aBaHeTO Ha ao0pa OTMpaBHa TOUYKa IIPH
TIO3ULHS pbuUHA HACTPOHKA.

MHOTOOCOB | Tasm ¢QyHKOMS WHTETpUpa pemieHust 3a
FlexPro ynpasineHue Ha 2-, 3- wm 4- ocu B eauH
MOy MOJyJ, KO€TO HaMalsiBa Maco-rabapuTHHTE

CBOWCTBAa M yBeNHM4aBa (DYHKI[OHAIHOCTTA
Ha Moxyuna. [Ipunara ce mpu mopraman CNC
pemenus, genta poboTH, pOOOTH3NPaHHU PhIE

¥ MOOWITHH poOOTH.
SSI Oynxmmsra SSI mpexcTaBisiBA  CHHXPOHCH
CHKOZEP cepueH MHTepdeiic, KOUTO ce M3MON3Ba KaTo
MIPOTOKOJ 3a 00paTHa BPB3Ka OT a0COIIOTCH
€HKoJIep 3a 00paTHa Bpb3Ka. Te3u MpOTOKOIH
pmouBar  BiSS-C, EnDat, Hiperface wu

Tamagawa..
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Jlpyra pa3HOBUJHOCT W TEHICHLUS B pa3-
BHUTHUETO HA TO3UW BUJ CUCTEMH € BBBCKIAHEC-
TO Ha yHHBEpcajHa BTOpa OOpaTHa Bpb3Ka
(Dual Universal Feedback.

Motor ﬁ

Motor Encoder
I Load

Motor Feedback

Load Feedback Load
Encoder

Duz.8. Cepsozadsudiceawa cucmema ¢ 080UHA
obpamua 6pwv3Ka

OCHOBHOTO IIPEIUMCTBO Ha Ta3U TEXHOJIO-
I'Usl € Bb3MOXHOCTTA 3a I'bBKaBOCT IIPU Ha-
CTpOWiBaHETO Ha oOpaTHaTa Bpb3Ka B CEPBO-
cucremute. Karo 6a3oB mpumep Moxe Ja ce
[IOCOYM, CIy4asT KOraro JBUTaTeis MMa WH-
TErpUpaH €HKOJEp HMMa €IUH THII, JO0KAaTo
JUHENHOTO IBMKEHME Ha TOBapa H3I0JI3Ba
pasnuyeH TaI oopaTHa Bpb3ka. Bmecto na ce
IIPOMEHS BHJIa HA €HKOJIEPUTE, 3a 1a ChbOTBET-
CTBa Ha JApYTrus, TO3U MOJIXOJ MO3BOJSABA Ch-
YyeTaBaHE Ha Pa3IMYHU CHUCTEeMH 0e3 HyXkJa
OT UJECHTHUYHU KOMIIOHEHTH.

3AK/IIOYEHHUE

HanpaBenus nperien M KpUTUYEH aHAIIN3
Ha TEHJICHLMUTE B PA3BUTUETO HA OCHOBHUTE
TPY BHJA 33[BMXKBAIlM CHCTEMU BOIU [0
CJICIHATE HAKOJIKO OCHOBHHU U3BOJIa: OCHOBEH
TIachbK B Pa3BUTHUETO Ha JApailBEpUTE 3a CThII-
KOBU JBHUraTeld HuMa pa3BuUTHeTO Ha 3]
MPUHTHPAIINTE CUCTEMH, KaTO B YACTHOCT C€
oJI00PSABAT U YCHBBPIICHCTBAT MAJIOMOIIHHU-
T€ MpallBEpHU CUCTEMHU C TEXHUTE (YHKLIHO-
HaJIHU BB3MOXKHOCTH W IapaMeTpu; H3IOJ-
3BaHETO HA XUOPUIHU 33ABMKBAHUS TTO3BOJIS-
BAa YCBBBPIIEHCTBAHETO HAa CBhIIECTBYBAIIU
ITO3ULIMOHUPAIIY CUCTEMHU ChC CTBIIKOBU JIBU-
rateiy, KaTo € BBb3MOXKHO 3ala3BaHETO Ha
JBUTaTelsl ¥ M3MO0J3BAaHETO HAa MHTErPUpPaHU
peleHus, KOUTO MOA00psSBAaT TOYHOCTTA WU
CKOpPOCTTa IIpU JABUKEHUE; MHOIOOCOBUTE
CepBO3a/IBUKBaHU, JBOWHATa 00OpaTHA BpPbH3-
Ka U YCBHBBPIICHCTBAHUTE KOMYHUKALIMOHHU
IIPOTOKOJIM IIO3BOJISIBAT YHUBEPCAIHOCT, Je-
CHa HAacTpoOIKa U ChbIJIacCyBaHE Ha IIapaMeTpH-
T€ Ha UHyCTPUAITHUTE CEPBOCUCTEMU.
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MACHINING OF TOOTH PROFILES ON CNC MACHINES

Hristo Hristov Yakimov
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Irina Stefanova Alexandrova
Technical University — Gabrovo

Yosif Mitev Mityev
Technical University - Gabrovo

Abstract

Conventional methods of tooth machining using worm modular milling cutters, gear wheels and gear combs have
common disadvantages - they require specialized equipment, are characterized by complex readjustment and relatively
low productivity, which are eliminated in tooth turning. This paper views the possibilities for machining tooth profiles
by means of tooth turning on CNC turning-milling machines. A new version of the kinematics of the process upon
cutting inclined teeth has been implemented, where the feed is in the direction of the tooth, no correction in the angular
speed is required and a tooth-turning tool profiled according to the profile of the machined surface is used. Meshing of
a tooth pair with crossed axes is reproduced. As a result of the crossing, slipping of the profiles occurs, which is the
main cutting movement. The cutting speed, as a determining mode factor, can vary widely and depends on a number of
design and technological parameters. Single-factor experiments have been conducted to determine the influence of the
conditions of the implementation of the tooth turning process (the crossing angle of the tool axes and the workpiece,
determining the magnitude of the cutting speed, and feed rate) on the quality parameters of the machined surfaces
(tooth profile deviation, tooth direction deviation, accumulated pitch error, largest pitch difference and radial runout
error) and the corresponding graphical dependencies have been constructed. A 7-12 degree of accuracy of the
machined tooth profiles has been ensured.

Key words: tooth machining; tooth turning; tooth-turning tool; CNC turning-milling machines

BbBEJIEHHUE

3p0HUTE TIpOouIU ce (HOPMUPAT OT IEPUO-
JMYHO MOBTAPSIIU CE CIOKHH MOBBPXHUHH U
HajaraT MPUJIOKEHUETO Ha CIECIHATHU METO-
¥ WU UHCTPYMEHTH 3a M3pa0OTBAHETO UM,
KOETO BOJM JO DPa3BUTHE Ha OTACIEH KJac
CHEIMAM3UPAaHUd MAIIUHA W WHCTPYMEHTH.
HeoOxoaumocTTa OT KOHIIGHTpAIMs Ha oOre-
paruTe Hajlara ThPCEHETO Ha BB3MOKHOCTH
3a MHTETpUpaHE HAa Te3W METOJU KbM ChBpe-
MEHHUTE MAlIuHU, TUIT 00pabOTBAaIIl IEHTHP.

Karto mepcrnektuBeH meton 3a oOpaboTka
Ha IUJIUHAPUYHH 3BO0HU KoJlena, 3500CTpyTo-
BaHETO € HACHhPYABAHO OT MHOTO THPTOBCKH
npyxectBa, kato Gleason, Mitsubishi u
Prawema [1-3]. IlpoBenenu ca uscinenBanus,

www.eufunds.bg

MIOCBETEHH Ha TEOPHSATA U MPUIOKEHUETO Ha
3p0OCTPYrOBaHETO M HACOUEHH KbM KHHEMa-
TUKaTa Ha Tpoleca M OCOOECHOCTUTE Ha
CTpyKK0oOoOpa3yBaHeTo. Ch3aieH! ca Teope-
TUYHU METOJM 3a npoduirpaHe Ha 3600CTpy-
TOBU MHCTPYMEHTH.

B peauua craTtuu ca mpeacTaBeHd M3CIea-
BaHUSl Ha KOHCTPYKLHUATA Ha 3b00CTPYroBuUs
MHCTPYMEHT, Ha bI'bJla Ha psi3aHe U Ha CUiIa-
Ta, He0OXOAMMa 3a IUTh3raHe Ha 3LOHUTE MPO-
¢wm upe3 yncnenu meroau [4]. Mscneasano
€ KaKTO MpEeIBAPUTEIHOTO, TaKa M OKOHYAa-
TEJHOTO 00paboTBaHEe HA MHIYKIIMOHHO 3aKa-
JIeHU 3bOHHU KoJjena [5].

PazpaboTtkure BbpXy mporieca 3500CTpyro-
BaHE HE OOXBamaT B JOCTaThb4YHA CTENEH
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- HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

MonuduKanusaTa Ha npoduiaa Ha 3p0a. Ha
NPaKTHUKa MpaBUIHATA MOJU(UKaINA Ha 3602
MOXKE Ja MOMOTHE 3a HamalsiBaHE Ha YyB-
CTBUTEIHOCTTa HA 3BOHHUTE NPEIABKH KbM
TPEeIIKH B TpoIeca, KOETO € MHOI'O BaKHO B
ChbBpEMEHHATa WHAYCTPHS 3a U3pabOTBaHE HA
3p0HHM KoJiena [6,7].

Ilen Ha HacrosmaTa pa3paboTKa € u3Cciea-
BaHE Ha TEXHOJOTMYHHUTE BB3MOXKHOCTU 32
peanuzaus Ha Tpoueca 3b00CTpyroBaHe
BBPXY CTpYro-ppe3oBu 00paboTBAIIN IEHTPH
U OmpejiessiHeE Ha TOYHOCTHHUTE XapaKTepHu-
CTUKM Ha OOpabOTEeHHTE dYpe3 TO3U METOH
3p0HU TTPOGUIIH.

N3JI0KEHHUE

HapsizBanero Ha 350HM KoJiena upe3 3b00-
CTPYrOBaHE CE OCHOBaBa HAa METOJA LIEHTPOU/I-
HO OOXOXKJIaHe, pealn3upaH MOCPECTBOM 3a-
IIEMBaHE Ha IBOMKA 360HU KOJIeJa ¢ KPpbCTOoca-
HU ocu. [Ipu To3u merox (¢ur.l) neraitnbr u
MHCTPYMEHTHT M3BBPIIBAT CTPOIO CHUHXPOHHU-
3UpaHd BBPTEIMBU JBWKEHHUS CbC CKOPOCTH
W H W3 .

@Due. 1 Cxema na npoyeca 3v060cmpyeosane

B pesynTar Ha KpBCTOCBAHETO HAa OCUTE Ha
MHCTpYMEHTa M 00paOOTBaHMs JETaill 1Mo
BI'BJI ) € HAJIUIIE OTHOCUTEIHO TUTh3raHe MEX-
Ay npo¢uiuTe Ha 3bOUTE HA MHCTPYMEHTA U
JieTaiisa, KOeTo € IIIaBHOTO JIBHXKEHHE 32 IPO-
neca. [TogaBaTtenHOTO JBIKEHHE Ce M3BBPILIBA
OOMKHOBEHO OT MHCTPYMEHTa M0 OCTa Ha po-
TaIys Ha 3arOTOBKaTa.

CroifHOCTTa Ha CKOPOCTTa Ha psi3aHe Vc e
OT CBHIIECTBEHO TEXHOJIIOTUYHO 3HAYCHHE, ThI

www.eufunds.bg

KaTo TS OMpeAess TpailHOCTTa Ha HHCTPYMEH-
Ta U € B 3aBUCUMOCT OT (PM3UKO-XMMUYHHUTE
CBOIicTBa Ha 00paboTBaHus MaTepuai. Ompe-
JETAIUTe KOHCTPYKTHBHU (pakTopu ca u3-
BECTHH, JIOKATO 32 TEXHOJIOTMYHUTE UMa MHO-
ro MaJKo HH(popManus.

CkopoctTa Ha pszaHe Vc ce ompenens 1o
clleIHaTa 3aBUCUMOCT:

V¢ = o1.sin), [m/min],

KBJIETO It € paAlyChT Ha HUHCTPYMEHTA.

KagecTBOoTO Ha 00paboTeHuTe mpopuan u
MIPOM3BOJUTEIHOCTTA Ha TMpolieca 3500CTpyro-
BaHE 3aBUCAT OT CKOPOCTTA Ha psi3aHe U OT I0-
JlaBaTeHaTa CKOPOCT. 3a OIlEHKA Ha BIMsSHUE-
TO Ha Te3W (HaKTOpU BBPXY TOUHOCTHHUTE Xa-
PaKTEpUCTHKH Ha U3pabOTEeHU upe3 3600CTpy-
roBaHe 3p0HU MPOGIIU BBPXY CTPYro-Ghpe3o-
Bu oOpabotsami 1eHTsp TM2500 ca mpoBene-
HU ca enHO(AaKTOpPHU eKcrepuMeHTH. B ka-
YeCTBOTO Ha MapamMeTpu 3a OIeHKAa Ha TO4Y-
HOCTTa ca N30paHy OTKJIOHEHUETO OT Mpoduia
Ha 3b0a, OTKIOHEHHE OT HAIPaBICHUETO Ha
3p0a, HaTpyIaHara rpelika Ha CThIIKaTa, Haii-
roixsMaTa pasiifKa B CThIIKaTa W TpelKara oT
panuanHo Ouene. M30panute ymnpaBisBaiiu
(baxTopu ca BrbJIBT HA KPHCTOCBAHE ) U MOAA-
BaTeHaTa CKOpoCT.

breabsT Ha KpBhCTOCBaHE ), ce Gopmupa OT
BIIIUTE HA HAKJIOH Ha 3p0UTE Ha Aeraitna > u
Ha uHCcTpyMeHTa f1 [1-3]. 3a ekcriepumenTuTe
e n30upaH auanasoH 3a u3MeHeHnue ot 10° 1o
30°, K0eTO CHOTBETCTBA Ha 3L0HU KOJIENA C Ha-
KJIOHEHHU 3B0U.

Jlnana3oHbT Ha IMOJaBaTeHATa CKOPOCT €
n3bpan or 100 mm/min mo 500 mm/min c
OrJIeJl ThPCEHE Ha ONTHMAIHA CTOMHOCT, OCH-
rypsBallia 3a/1ajieHaTa TOYHOCT TPH 3ama3BaHe
Ha TJIAJKOCT U TPOU3BOUTEIHOCT.

ExcrniepuMeHTaHUTE W3CIIeABaHUS Ha TPO-
1eca 3b00CTPYroBaHe ca IPOBEIEHH BBHPXY
ormuTHA ypenoa (¢ur. 2), BKIOYBAIIA CTPYro-
¢bpe3oBu obpadoTBam meHTbp TM2500, HEOO-
XOAMMaTa EKHIIMPOBKA 33 YCTaHOBSBAaHE Ha
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JIeTala U pexeny MHCTpyMeHTH. Te ca pea-
JTU3MpaHU B ycnoBusATa Ha jabopartopus C1.2.
“CAD/CAM cucremu 3a poOeKTUPaHE U TPO-
M3BOJICTBO Ha BUCOKO-TEXHOJIOTUYHHU MPOIYK-
™" B lleHThpa 3a KOMIETEHTHOCT ,, IHTENN-
T€HTHU MEXAaTPOHHH, €KO- U €HEeProcrecTsiBa-
LI CUCTEMH U TEXHOJIOTHUH .

|

®uz. 2 Onumna ypedba

Pexemusar HMHCTPYMEHT € 3b00ABIOaYHO
Koueno ¢ moayn m = 0,8 mm, O6poit Ha 3p0uTE
z = 60 u BrbJl Ha HAKJIOH Ha 3K0uTe [1 = 0°.

OOpaboTeHUAT NeTaiiil € 3b0HO KOO ¢
BBHIIHM 360U OT adymuHueBa criaB D16T ¢
moayn m = 0,8 mm, Opoii Ha 3b0uTE Z = 32 U
BI'bJl HA HAKJIOH Ha 3bOUTE CHOTBETHO f2 =
10°; 15°; 20°; 25° u 30°. upounHara Ha
3BOHHS BEHELl € 6 MM, a BHHIIHHUAT AUAMEThP
D, e ompeneneH OT ChOTBETHaTa 3aBUCHMOCT
CTiope]l brbJia Ha HAKJIOH Ha 3h0UTE.

Pesynratute or excnepumeHTHTE Ca Mpea-
craBeHM B rpaduueH BHJ, TPEACTaBIISBAIL
(GyHKIMS HAa CHOTBETHHUST HapaMeThp Ha TOY-
HOCTTa OT BI'bJla Ha KPCTOCBAHE U I0JIaBaTe-
Hara ckopocT (¢ur. 3 + ¢ur. 10). [Tomyyenure
pEe3yJTaT ca anpoKCUMHUPAHU C TIPaBU JIMHHU.

Ha ¢wur. 3 e mpeacraBeHO BIMSHHUETO Ha
BI'bJla Ha KPBCTOCBaHE BBPXY OTKIOHEHUETO
Ha rpo¢uiia Ha 360a, CHOTBETHO 3a JIEBUS IIPO-
¢wun - Far, 3a necaust nmpodun- Far u cpenHOTO
otkioHenue - Fa. C yBennyaBaHe Ha bI'bjia Ha
KPBCTOCBaHE ce HaOI0[aBa TEHJCHIUATA 3a
yBeJIMYaBaHEe HA OTKIOHEHHATA, PECIICKTUBHO
3a HaMaJIsIBaHEe HAa TOYHOCTTA Ha 00padoTeHuUs
npodui, KaTo TS ce U3MEHS B JUana3oHa oT 9

www.eufunds. b

no 12 creneH Ha TOYHOCT. XapaKTEpHO €, 4Ye
HApacTBAHETO Ha OTKJIOHEHUETO € B pa3jinyHa
MOCOKa 3a JBETe CTpaHu Ha 3b0a - 3a JsBara
cTpaHa FaL HapacTBa B OTpuIlaTeNIHa TOCOKA, a
3a JsicHaTa Far HapacTBa B MOJOKUTENHA I10-
coka. /Iere M3MeHEHHs HE ce KOMIIEHCHpaT,
KaTo cpenHara croifHocT Fa HapactBa ¢ 8§ um
32 U3CIE/IBAaHM AUATIa30H.

ToBa BiusiHME MOXeE J1a ce OOSICHU C JBE
npuurHd. OT eHa CTpaHa, yBeJIMYaBaHETO Ha
BI'bJIa HA KPBCTOCBAHE BOJAM JI0 yBEIHYaBaHE
Ha CKOpPOCTTa HAa OTHOCHUTEIHO MPHUILTH3BaHE
Ha sBaTa nmpoduna. OT npyra crpaHa, pu pas-
JUYHHUTE BIIU CE M3IMOJI3BA €UH U ChIL MH-
crpymerT ¢ 0° HakIOH Ha 3B0UTE, IOpagy
KOETO MpO(MIBT My HE CHOTBETCTBA Ha IPO-
¢wiia Ha 3p0a.

XapakTepbT HAa U3MEHEHNE Ha OTKIOHEHHUE-
TO OT HampaBiieHHeTo Ha 3b0a Fp B 3aBucH-
MOCT OT BI'bjIa Ha KPbCTOCBAaHE € MPEACTaBEeH
Ha Qur. 4. HabmonaBa ce yBenuuaBane Ha Fp
C yBEJIM4YaBaHe Ha bI'bJIa Ha KpbcTOCBaHe. [1pu
MHHUMAJIE€H BIBI 0T 10° OTKIOHEHHETO €
okoso 2+3 pm, mpu 30° HapactBa 3+4 mBTH
10 15 um. ToBa u3MeHeHue ChbOTBETCTBA HA 7
- 12 crenen Ha TOYHOCT. XapakTepbT U ToJje-
MHUHATa Ha OTKJIOHEHUETO Ha JIEBUS M JICCHUS
npodui ca NpUOIU3UTEITHO €JHAKBO.

VYBenuuaBaHETO Ha OTKJIOHEHHETO OT Ha-
NPaBJICHUETO Ha 3b0a MpU yBEIMYaBaHE Ha
BI'bJIa Ha KPBCTOCBAHE ce O0sACHSBa C (hakTa,
4e 30HUTe MPEeMUHABAT OT TUI ,,HAKJIOHCHU B
THN ,,BUHTOBH’, TOECT oOpa3yBaIiara Ha 3b0a
ce NMPOMEHS OT IpaBa BHB BUHTOBA JIMHUSL.
[Ipu cbcTaBsiHETO Ha yIpaBJisBallaTa Mporpa-
Ma 3a 3b00HAPSI3BAHETO € MPUETO, Ye UHCTPY-
MEHTBT C€ JABWXKHU M0 mpaBa JuHusL. C yBemnu-
YaBaHETO Ha BI'bJIa Ta3U TPACKTOPHS CE OTIIH-
YyaBa OT JCWCTBUTEIIHATA BUHTOBATA JIMHHS Ha
3p0a. CneoBaTesHO MpH paboTa ¢ MO-ToJIeMHU
BIJIM Ha KpbCTOcBaHe OT 20° € JKelaTesnHo
TPACKTOpUATA HA MHCTPYMEHTA J1a Ce TIPOMEHHU
OT MpaBa B TPaeKTOpHsA, CHOTBETCTBAIIA Ha
JCWCTBUTEIHA BUHTOBA JIMHUA Ha 3b0a, KaTo
TOBA III¢ HAMAJM OTKJIOHEHHSTa OT HarpaBJe-
HUETO Ha 350a.
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CrOfMOCT 18 OTIAOHEINETO | jum

Brat i kpacrocsane

Que. 3. Bruanue na vewvaa na Kpbcmocsaue 8vbpxy
OMKIOHEHUEemo Ha npoguia Ha 3v0a

[TapameTpute, XapakTepusupaliyd OTKIIO-
HEHHETO B CTHIIKaTa Ha 3bOHTE (HATpymaHa
rpellika Ha creikara Fp u Hal-ronsmara pas-
JIMKa B CThIIKAaTa Rp), BbB (QPyHKIUSA OT BI'bia
Ha KpPBCTOCBAHE ca MpeAcCTaBeHH Ha ¢wur. S.
Hab6nronasa ce yBenuuaBane Ha Fp ¢ yBennya-
BaHE Ha bI'bJIa Ha KpbcTocBaHe. llpu MuHm-
MasieH Brbl OT 10° OTKIOHEHHETO € OKOJIO

30 um, npu 30" mapactsa 2 mbTH 10 70 pm.
Haii-romsimara pasnuka B creika Rp mokassa
TEH/ICHIUS 32 HapacTBaHE MPHUOIMU3HUTENHO C
60 um. Te3u U3MeHeHus ChOTBETCTBAT HA 7 -
12 cTeneH Ha TOYHOCT.

25

B

Crofinect Ma oTKIoNCHITO

TR p—

Duez. 4. OmrioneHue om HanpasieHuemo Ha 360a
6 3A8UCUMOCIN OM bEBAA HA KPLCOCEAHE

80

&0

8 OTAIOHEHINCTO B jum

redinoct w

10" 15° 20 = 30"

brad i XphcTocRaNe

@ue. 5. Omrnonenue 6 CmvnKama Ha 3voume -
HAMPYNAHA epeuKa Ha CMbIKama U Hat-eoaama
PA3IUKA 8 CIbNKAMA

a0 . = - . R,

www.eufunds.bg

V3MeHeHHeTo Ha Tpelikarta OT paguaiHo
Ouene F; B 3aBUCHMOCT OT bI'bjJla HA KPBCTOC-
BaHe € mpeacraBeHo Ha ¢ur. 6. [lomyuenure
CTOMHOCTH OT 67 pm 10 89 pm chOTBETCTBAT
Ha 8 creneH Ha ToyHOCT. CTOMHOCTUTE HA pa-
IUATHOTO OmeHe ce (opMHpaT OCHOBHO OT
TPELIKH [P YCTaHOBSIBAHE Ha JeTaiina.

CrofiHocT Ha OTKIONCIIETO B Jum

10" 15* 200 25" 30

BIhA #a KPRCTOCBANE

Due. 6. ['pewuxa om paduanto buene

BnusiHuero Ha mojaBaTenHaTa CKOPOCT
BBPXY OTKIOHEHMETO Ha mIpoduia Ha 3b0a
(¢ur. 7) e sicHO U3pa3eHO, KATO U3MEHEHHETO
Ha ckopocTTa oT 100 10 500 mm/min Bou 10
yBenuuaBane Ha Fa 4 mpTu. [lonyuenure pe-
3yATaTd CchOTBeTcTBaT Ha §8-11 cremeH Ha
TOYHOCT. 3aBUCUMOCTTa c€ Halo/1aBa KakTo
IpU JIEBUS, TaKa W MpPHU JECHUS 3bOCH Ipo-

CT0i{HOCT Ha OTKANHEHHETO B jm

CKOpOCT Ha OABATETHOTO BIKEHNE B mm/min

Due. 7. BrusHue Ha nooagamenHama cKopocm
8bPXY OMKIOHEHUEMO Ha npoduia Ha 3v0a

B oTKIIOHEHHETO OT HAMPaBJICHHUETO HA 3b-
0a (¢ur. 8) ce HabmrogaBa HapacTBaHe Ha Fy C
yBeNIMUaBaHE Ha TojaBaTeiHaTa ckopoct. [Ipu
nonaBarenHa ckopoct 100 mm/min, OTKIO-
HeHueTo € 20 um ¢ OTpUIaTeNieH 3HAK, a MpH
HapacTBaHe Ha ckopocTta a0 500 mm/min Fy
noctura 10 37 wm. ToBa u3MeHeHHe OTroBa-
psi Ha 7-12 cTeneH Ha TOYHOCT.
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JIM3UPAHO BJIIMAHUCTO HA bI'bJIa HA KPBCTOCBA-

Eegggggagrxggﬁa CUCTEMU U TEXHOJIOT'IH™ - ® HAYKA U1 OBPA3OBAHVIE 3A
MHBECTHLIAGHHW #OHI0DE TABPOBO 23 VHTEAUMEHTEH PACTEXX
: 3AKJIOYEHUE
% 0 I[OKaBaHa € BB3MOXHOCTTA 3a pcajiu3nupa-
é iz 2 y HC Ha mporeca 3’]560CprFOBaHe BBpPXY CTpy-
R r—— pe o ro-(ppe3oBu 00pabOTBAL LIEHTHP, KATO € aHa-
5

CKOPOCT HA MI0AABATENHOTO ABILKeHle B mm/min

Duz. 8. Omraonenue om Hanpasienuemo Ha 360a

3aBUCUMOCTUTE 3a OTKJIOHEHHUATA B CTBII-
KaTa ca mokasaHu Ha ¢ur. 9. Harpynanara
rpelllka Ha cThIKaTta Fp 3aBUCHM MUHUMAIHO
OT CKOPOCTTa Ha IMOJABATEIHOTO JIBUKCHME,
KaTo CTOMHOCTTA M C€ IPOMEHS B PAMKHUTE Ha
15 pum, KoeTo chOTBETCTBA Ha 7 CTENEH Ha
To4yHOCT. Hali-ronsmara pasiuka B CThIIKAaTa
Rp HapactBa 10 70 um c yBennuyaBaHE Ha IO-
JlaBaTeaHaTa CKOpOCT.

Jm

100 200 300 400 500

CKROPOCT 18 HOZABATETIOTO TRICKSIME B MEymin

Duez. 9. Omkronenue 6 cmvnkama Ha 3v0ume-
HAMPYNAHAa epeuKa Ha CMviKama U Hat-eoaama
PA3IUKA 8 CIBAKAMA mexcdy 08d 3604, KOumo He
ca cvceoHu

I'pemikara ot panuanHo OueHe Fr B 3aBu-
CUMOCT OT CKOPOCTTa Ha MOJaBaTEeIHOTO JABH-
xenue (¢ur. 10) ce u3MeHs TUMHEHHO, KaTo
HapacTBa ¢ 45 um 3a uenus auanasoH. [lomy-
yeHuTe cTOMHOCTH OT 49 um 10 90 pm cbHoT-
BETCTBAT Ha 12 cTeneH Ha TOYHOCT.

CTOMHOCT Ha OTIJIOHCHHETO B pm

100 200 300 400 500

CKOpOCT Ha 1I0ABATE THOTO BiTAeHME B mm/min

@Due. 10. I'pewxa om paduanto buere

www.eufunds.bg

HE U Ha I0/IaBaTeliHaTa CKOPOCT BBPXY TOU-
HOCTHHUTE MapaMeTpu Ha H3pabOTeHH 3HOHU
npodwin (OTKIOHEHHE OT mpoduia Ha 3b0a,
OTKJIOHEHHE OT HaIlpaBJICHHETO Ha 3b0a, Ha-
TpynaHa Tpellka Ha CThIIKaTa, Hai-roisMa
pa3iuKa B CTBIIKaTa M TpeliKa OT PaguaHo
OMcHE).

[ToxydeHure pe3ynTaTd OKa3BaT, 4ye Me-
TOIBT 3BOOCTPYrOBaHE Ce€ XapaKTepu3upa c
JOCTaThYHAa TOYHOCT 3a INPEIBApUTEIHO U B
OIIpEZIeIeHH CITydal U 3a OKOHYATeITHO 00pa-
0oTBaHe Ha 350HU TTPOPHIIH.

ABTOpPBT H3Ka3Ba CBOsITa OJaroJapHOCT KbM
BCHUYKHA PCICH3CHTH 3a TEXHUTE CBBETH U
OpeJIoKEHUsT 3a TMOA0OpsBaHE Ha Ta3u Iy-
Oymkarusi. ABTOPBT M3Ka3Ba CBOsITA OJ1aro1apHOCT
Ha npoekt BGOSM20P001-1.002- 0023 Llentsp
3a KOMIETEHTHOCT ,,JIHTeIUTreHTHH MEXaTpOHHH,
€KO- W EHEeprocmecTsBallld  CUCTEMU U
TEXHOJIOTHH .
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MYJITUCEH30PHA CUCTEMA 3A OKAYECTBSBAHE HA
CJIBHYOIVIEAOBO MACJIO HA BA3ATA HA ,,EJIEKTPOHEH HOC*

MULTISENSOR SUNFLOWER OIL QUALITY ASSESSMENT SYSTEM
BASED ON “ELECTRONIC NOSE”

Stefan Ivanov
Technical University of Gabrovo

Todor Todorov
Technical University of Gabrovo

Abstract

Toshko Nenov
Technical University of Gabrovo

In the current paper is presented a multi-sensor system for recognition and classification of food products based on
a sensor module with three independent metal oxide gas sensor elements, which is characterized by low energy
consumption. Based on experimental data obtained with the multi-sensor system, an artificial neural network was
trained. The neural network recognizes the different classes of sunflower oil with very good accuracy.

Keywords: gas sensors; electronic nose; multisensor system .

BBBEJIEHUE

["a3oBUTE CEH30pUM HMMAaT BCE MO-TOJSIMO
3Ha4YeHHE B CbBPEMEHHOTO UHIYCTPUAIIHO 00-
IIECTBO, ThU KaTo ce M3IMOJI3BAaT B ILIMPOK
CIEKTBp OT obyacTu U npuioxenus. [1, 2].
Heo6xonumo e na ce orOenexu, ye pazpabot-
BAaHETO Ha CEJIEKTUBEH CEH30p, KOMTO Jia pea-
rupa caMo Ha €IMH ra3 € CIOXKHa 3a7a4a. 3a-
TOBA MEPCIIEKTUBUTE 3a pa3lIupsIBaHe Ha MPH-
JIOKEHHUATA HA Ta30BUTE CEH30pPH CE€ CBBP3BAT
OCHOBHO C yCIIeXHUTe B 00paboTKaTa Ha CUTHA-
ute oT TAX. Oco0eHO MACTO MPH TOBA HAMHU-
pat MyITHCEH30PHUTE CHUCTEMH, Mpearaiiu
CBBBPILEHO HOB MOJXO/ MPH U3MEPBAHETO HA
MHOTOKOMITOHEHTHH ra30BH CPEH C TOMOIITA
Ha HECEJIEKTUBHU CEH30PH.

ITox TepmuHa ,,eJEKTPOHEH HOC” ce pa3du-
pa aHAIUTUYHO YCTPOWCTBO, CHCTOSIIO C€ OT
HECEJICKTUBHH T'a30BU CEH30PH, IPUTEKABAILN
KpPbCTOCAaHA UyBCTBUTEIHOCT U METOIH 32 Ma-
TemMaThyecka oOpaboTKa HAa CUTHAJIHUTE OT He-
ro 3a KaueCTBEHa M KOJIMYECTBEHA OICHKA Ha
ra3oBe, I1apu, apoOMaTu U MUpU3MH [3].

[TpoBexxaT ce M3CcienBaHUS 3a MPUIIOXKE-
HUE Ha eJIEKTPOHHUS HOC B pa3IMyHH 001aCTH

www.eufunds.bg

OT yoBelKara JeiHoct. [lopaau npeaumcrsa-
Ta CH NPH OTKPUBAHE M UIACHTU(DUIMpPAHE HA
ra3oBe TOW MOKE J]a c€ U3I0JI3Ba B MHOT'O 00-
JacTH, KaTo MOHUTOPHUHI Ha KayeCTBOTO Ha
XpaHHUTe, MEAULIMHCKA TUATHOCTHUKA, OTKPHUBA-
HE Ha OINACHU Ta30Be, CEJICKO CTOIMAHCTBO,
Ola3BaHe Ha OKOJHATa Cpela, OTKpUBAaHE Ha
B3pPUBHU BEILIECTBA U HAPKOTULIU U Jp. [4-6].
OreHkara Ha aBTEHTHYHOCTTA HA XPaHUTE
CTaHa MHOTO Ba)KHA Mpe3 MOCIEAHNUTE TONHH,
TJIABHO MOPay mpodema ¢ panmupuimupane-
T0. ToBa Hayara HOBM MHCTPYMEHTH 3a MpO-
BEpKa Ha KAa4yecTBOTO Ha XpaHUTE, Mpeau U
cien o0paboTka. EnekTpoHHUAT HOC ce sIBsiBa
o0eraBail MHCTPYMEHT 3a CIpPaBsHE C Te3U
npobJIeMH, Thil KaTO MOXKE JJa OTKpPHBA M pa3-
rpaHUyYaBa MPOCTU U MHOTO CIOKHU MUPU3MHU
€IHOBpEMEHHO. EJIeKTpOHHHMAT HOC MOXe Ja
Cce M3II0JI3Ba 32 OTKpUBAHE HA HUBA Ha (hanmu-
¢buKays B XpaHd WM Pa3MYHU KOHIIEHTpa-
I[IMY Ha CTICHU(UIHH JICTIIMBY CheAMHEHHS [ 7-9)].
B HacTosmmara pabora e npeacTaBeHa MyJi-
THUCEH30pHA CHUCTEMa 3a pa3lO3HaBaHE U KJa-
cuduKanys Ha XPaHUTEIHU MPOIYKTH Ha Oa-
3aTa Ha CEH30pPEH MOJYJ C TPU HE3aBHCUMU
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METaJIOOKCUIHHA Ta30BU CEH30PHU €JIEMEHTA,
KOWTO CE XapaKTEpU3Upa C HUCKA KOHCYMaLHs
Ha eHeprus. MynTHCeH30pHATa CUCTEMA € U3-
MOJI3BaHa 3a Kiacu(uKauus Ha CI'bHUOTIIE-
JI0BO MacJjo Ha 0a3aTa Ha U3KYCTBEHA HEBPOH-
Ha Mpexa.

CEH30PEH MOAYJ

Pazpaboten e ceH30peH MOy 3a ChOupaHe
Ha JaHHH OT PEaKIUsITa Ha Ta30BUTE CEH30PH
(¢pur. 1). CeH30pHUAT MOIYT € pealu3upaH Ha
0azara Ha ra3oB cen3op MICS-6814 [10] 3a
OTKpHMBaHE Ha TPH BHUJA ra30Be: BBIIICPOACH
okcun (CO), azoren auokcun (NO2) 1 aMOHSIK
(NHs).

MICS-6814 MEMS

as sensor
Analog to digital &

converter

ADS1015
Micro USB FT230XS USB/ Pic18F45K22 N MCP9700
interface UART converter  microcontroller temperature sensor

SHTC3 humidity and
temperature sensor

@Due. 1. Broxosa cxema Ha CEH30PHUSL MOOYI

MICS-6814 cpabpxka TpU YyBCTBUTEITHHU
PE3UCTUBHHU €JIEMEHTa OT METaJlleH OKcui. Te
IIPOMEHSAT CHIPOTUBIEHUETO CU NIPU HAIUUUE
Ha ra30Be€, KbM KOUTO ca YyBCTBUTENHU. OKu-
CIIUTEITHUTE T'a30B€, KaTO 030H MUJIM a30TEH -
OKCH/JI, IPUYMHSBAT yBEJINYaBAHE HA ChIIPOTH-
BJIEHUETO HA YYBCTBUTEIHUTE €JIEMEHTH, J10-
KaTo peJyLUpaLIUTe I'a30B€, KATO BBIIIEPOIEH
OKCH/JI WUJIH JIETJIMBU OPraHUYHU ChEIUHEHMS,
IIPUYMHSABAT HaMaJIsIBaHE HA CHIIPOTHUBJICHUE-
TO. MOIyIbT € 3aTBOPEH B CHELIUAIHO IPOEK-
TUpPaH KOpITyC, TIOKa3aH Ha ¢ur. 2.

3a noy4aBaHe Ha JaHHH OT CEH30PHUS MOJLJI
CE M3I0JI3Ba CTHKIIEH ChJl, B KOMTO c€ HAIUBAT
TECTOBUTE MPOOH OT CIBHYOTIIETOBO MACIIO.

www.eufunds.bg

Cnen ToBa CEH30PHUST MOIYJ CE MOCTaBs
BBPXY CTBKJIEHHUS CbhJ] M 3al04BaT U3MEpBa-
Hus. [1o Bpeme Ha U3MEpPBaHUATA, CTHKICHUAT
ChJl MOXKE Ja ObJie TOCTaBEH BbPXY Harpena-
TEeJIHA TIIoYa, KOSITO c€ KOHTPOJIMpa Aa MOJ-
nbpxa remrneparypa mexay 40°C u 50°C.

Pa3paboTeHa e mporpama 3a HEpCOHAJICH
KOMITIOTHD 32 CbOMpaHe Ha JaHHU C ITOMOIITA
Ha LabVIEW 3a uereHe m cbxpaHsiBaHE Ha
TAHHWTE, II0JIy4eHH oT ceH3opa. Ciexn ycneni-
HU TECTOBe, Mporpamara Oerie KOMIHJIMpaHa
KaTO CaMOCTOSATENHO MpHiokeHue (¢ur. 3).

[Iporpamara ce xapakTepus3upa C HIKOJIKO
OCHOBHHM CBOICTBa, KaTO MHTYUTHUBEH IMOTpe-
ourencku uHTepdeiic, rpapuuHO NpecTaBsIHE
Ha TMOJYYEHHUTE JaHHU U BB3MOXKHOCT 3a Cb-
xpansBanero uM B Excel ¢aitn. OcBen ToBa
mporpamara IO3BOJISIBA BU3yalM3UpaHE Ha
nananTe B BMP n300paxeHus U chbXpaHsBa-
neto uM B Excel daiin.

— HAYKA 11 OBPA30OBAHME 3A
WHTEAUTEHTEH PACTEX

5] Gatrrserscdras
‘ CwbupaHe Ha AaHHM oT MICS-6814 rasos ceHsop
V360p Ha cepvient nopt e
g’coms E IR noz P v B co I Tc B
Bpoi Toukn e NO2, mV
430 £ 00 o
g
3 700 NH3, mV
Craptvpan wiksn 2 600 (e
i
faw com
H o 762
H Tempearture, C
Crapr Ha cubup g 30 26
Ha panHu £ 200
o
g 100
Howmep Ha Tekylo uamepaat 2 ok 1
30 17:45:07.682 17:46:03.812
12102021 r. 12102021 1.
Bpewme
3anuc Ha Excel Gaitn 3anuc Ha "BMP" daiin
T ];D‘\on;ecls\, as_sensor_head\testxls E' DAProjects\Laby..\Gas sensor_head\aa E‘
Paspeusagane Ha 3an¥c Ha "BMP" daiin

@Due. 3. [Ipoepama 3a cvoupane Ha OaHHU

CBbBUPAHE HA JIAHHHU 3A
CJIBHYOI'JIEAOBO MACJIO

3a HACTOAIIOTO U3CIIEBAHE Ca U3II0I3BAHU
pa3NUYHU BUJIOBE MPOOH OT CIBHYOTIIETIOBO
Maclio OT TEXHOJOTMYHHS Ipolec Ha ¢upma
OmuBa AJ] — eKCTpakUHMOHHO, (DUITPUPAHO,
nerymupano u padunupano. B Tabmn. 1 ca no-
Ka3aHU U3IOJ3BAHUTE MPOOU CI'BHUOTIIEIOBO
Macio.
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Taonuua 1. Tunose civH1u021€0060 MACIO

Nwme Howmep Tun
Ha Ha Kjaca | CIbHUYOIJIEN0BO
KJaca Macio

D 4 Jlerymupaso
class

E 3 Excrpakunonso
class (aeduntpupano)

F 2 @untpupaHo
class

P 1 Papunupano
class (ITpomyxT 3a

1azapa)

Bsetu ca gBajeceT TeCTOBH MpoOU OT BCEKH
KJIaC MAacJjo, KaTo Ype3 CEeH30pHHS MOIYJ ca
MOJTy4EHH JTAHHU 32 MAacJIOTO BHB BCSKa IMpooda.

One measurement with gas sensors
T T

0 n I

0 50 100 150
Data points

Due. 4. Eono usmepsane cvc cenzopume,
NpemMuHaAgawyl KoM YCMOUYUBO CbCMOSHUE

[enusT mpoliec Ha U3MEpBaHe MPOAbIKABA
3 MUHYTH, HO CaMO JAHHUTE OT IMOCIICTHUTE
100 cexynau ce M3MON3BAT 3a MOJIy4aBaHE Ha
CpeIHUTE CTOMHOCTH Ha M3XOIHHS CUTHAI Ha
ceH3opa B mV.

[TokazaHusTa Ha ceH30pa OsXxa 3ama3eHu B
ornennu ¢ainose. Thil KATO CEH30PHUST MO-
TyJ U3UCKBA U3BECTHO BpEMe, 3a Jla YCTAHOBHU
U CTa0WIM3Upa CBOWTE TOKa3aHUS (KaKTO €
MoKa3aHo Ha ¢wur. 4), 6sixa ce0panu 06110 150
TOYKH Ha HM3MepBaHe, KaTo mocienHute 50
TOYKH C€ CUMTAT 3a CTaOWIHU cToiHOCTH. OT

www.eufunds.b

20 ¢aiina c gaHHU, TeHEPUPAHH 33 BCEKU KIIac,
camo nocneaHuTe 50 TOUKH 0s1Xa U3BJICYCHU U
KOMOHMHHpaHHU, 32 Ja Ce Ch3AaJIe HOB (aiil, Ch-
IbpaKail o000IIeHUTe JaHHH 3a TO3H Kiac. B
pe3yaTar Ha ToBa Osixa Ch3JaJCHH YETHUPU
¢aiina c JaHHU 32 00y4YeHHE 32 YETUPUTE KJIa-
ca CITbHYOTIJICZIOBO MacIIo.

Ha ¢wur. 5 rpadpuuno ca npeacraBeHu JaH-
HUTE, CbOPaHU 3a CITBHYOIIIEIOBO MACIIO KJIAc
E, u3non3Banu 3a o0yueHue Ha U3KyCTBEHATa
HEBpPOHHA Mpexa.

1000

900 NP e e

800

700 NO.
NH

co

600

500

Voltage, mV

400

300

200

100

0 100 200 300 400 500 600 700 8OO 900 1000
Data points

@Due. 5. Ilocneonu 50 npudobumu mouku om 20
usmepeanus 3a macio kiac E

0

Ha ¢ur. 6 e mpencraBena Bu3yanu3anys Ha
JAaHHUTE 32 OOyYEHHETO 3a YETHPHUTE Kiaca.
I'paduxara nokassa, ye kiaacoBere D, Eu P ca
pa3noJOXKEeHH B HEMOCPEACTBEHA OIU30CT
€AVH 0 ApYr, KOETO NMOTCHIUAIHO MOXE J1a
JOBEZE 10 HETOYHOCTH B PA3[I0O3HABAHETO UM.

Sunflower oil data sets
1400

1200

D-data
E-data
F-data
P-data

[ 4
S
600 q
400
200
400

1000

* kK ¥

800

co

200

1200 1400 1600 1800 2000

NO,

3 800 1000

Que. 6. Buzyanuzayus na npocmpancmeenu
Mecma om pasiudHu K1acose
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OBYYEHHUE HA HEBPOHHATA
MPEXKA

3a pasno3HaBaHE HA OTJEIIHUTE KJIACOBE €
U3IOJI3BaHA  KJIACH(MKAIIMOHHA HEBPOHHA
Mpexa. Ta3sum HEBpOHHa Mpexa umMa €IuH
CKPHUT CJIOH, chCTOAL ce OT 10 HEBPOHA, KaKTO
Y M3XOJICH KJIaCH(PUKALIMOHEH CIIOH, CriocoOeH
na Ki1acupuIUpa YETHPUTE Kilaca TaHHU.
CrpykTypara Ha HEBpOHHATa MpeXka € IoKas3a-
Ha Ha ¢ur. 7.

Hidden
Output

Output

1

Input

QDue. 7. Cmpykmypa Ha HeBPOHHAMA Mpedca 3d
Kracugpuxayus

HeBponnara mpexa Oemie o0yuyeHa ¢ mo-
MomTa Ha u3Bajaka ot 4000 BekTopa, KOUTO
onucBaT yetupure kiaca macio. Ot oOmara
u3Bajaka 70% ca u3nona3BaHu 3a 00y4YeHHE, J10-
KaTO OCTAHAJINUTE Ca U3I0JI3BAHU 32 LIEJINTE Ha
BaJMJIUpaHe U TecTBaHEe. Mpeskara Oerie 00y-
YyeHa B poab/ukeHne Ha 112 urepanuu (¢ur. 8).

Best Validation Performance is 0.0051129 at epoch 112

Train
Validation
Test

Best

-
o

-
o
ra

Cross Entropy (crossentropy)

-
o
[}

=T

20 40 60 80 100
118 Epochs

Due. 8. 'paguxama na npoyeca Ha obyueHue Ha
HEe8POHHAMA Mpeica

SRR

ol
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OLIEHKA HA  PABOTATA HA
HEBPOHHATA MPEXA

Cnen kato enHa HEBpPOHHAa Mpexa Oble
o0y4yeHa OT HaOOp OT JaHHU, HEWHaTa MPOU-
3BOJMTEITHOCT MOXe€E Ja ObJe OLIEHEHa C IO-
MOIITa Ha PA3JMYHU TOKA3aTeNn, KOUTO U3-
MepBaT KOJKO TOYHO MPOTHO3UPA MPABUIIHUS
U3XO]I.

M360pbT KOS METpHKa Jla Ce M3I0JI3Ba 3a-
BHCH OT KOHKpETHATa 33/1a4a 1 U3UCKBAHUATA
Ha npuioxkenuero. TouHnoctra (Accuracy) us3-
MepBa Jeja Ha MPaBUIIHO KIACU(PHUIIMPAHUTE
npobu crpsiMo obmmus Opoit npobu. Brnpekn
TOBa, caMo IO cebe CU TOYHOCTTAa MOKE Jla He
€ JIOCTaThbuHa B ONPEACTICHU CUTYaIlUH, KaTo
HarpuMep KoraTo eIuH Kjac € 3HaYMTEIHO M0-
pa3npOCTpaHeH OT APYTHUs WM KOTaTo LeHaTa
Ha (AJIIIMBO TOJNIOKUTEIHO MM  (aIUBO
OTPHILIATEIIHO MPOTHO3KPAHE € pa3nuyHa. B Ta-
KHBa CIy4Yad YECTO CE M3MOJI3BAT METPUKHUTE
npeumsHoct u Recall.  IIpeumsnocrra
(Precision) n3mepBa jaena Ha MPaBUIHO TPO-
THO3MPAHUTE TOJ0KUTEIHNA IPOOU OT BCHUKU
MIPOTHO3UPAHU TIOJIOKUTEITHH MPOOHU, JTOKATO
MmeTpukata Recall u3mepsa iena Ha mpaBUITHO
MPOTHO3UPAHUTE TOJOXKHUTEIHU MpPoOH OT
BCUYKH JICHCTBUTEIIHU TMOJIOKUTEITHU MPOOH.
Mertpukara F1 score e uecTo u3nona3BaH noka-
3arel, KOUTO KOMOMHHUPA KaKTO MPELU3HOCT,
taka u Recall B eqna croiinoct. ToBa e cpen-
HaTa XapMOHUYHA CTOWHOCT Ha MPEUU3HOCTTa
u Recall u ocurypsBa Oanancupana Mspka Ha
7BaTa Tmokasareis. Bcuuku Te3u mokasarenu
ce OCHOBaBaT Ha OpOsl Ha MCTUHCKH TOJIOXKH-
TEJIHU, HICTUHCKHU OTPULIATETTHH, (DAIIIUBH I10-
JIOKUTETTHU U (aJIIUBH OTPULIATEITHU PE3yJl-
TaTH, KOUTO Morar 1a OpgaT 0OOOIIEeHH B Ma-
TpHlIa Ha pe3ynTarute. Marpuuara Ha pe3yd-
TaTHUTE € TabIuIla, KOSATO MOKa3Ba Opost Ha rpa-
BUJIHO U HETIPABHIIHO KJIACU(UIIMPAaHA TIPoOH
3a BCEKH KJIaC M MOXKE J1a J1aJIe MPECTaBa KbJIe
HEBpPOHHATa MpeXka MpaBH Ipemmku. Marpuma-
Ta Ha pe3yJTaTHTe 3a OOydeHaTa HEBPOHHA
Mpexa e mpejcTaBeHa Ha ¢ur. 9.

Jlpyrure mokasaTes uMaT CTOMHOCTH, I10-
Ka3aHu B Ta0u. 2.
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-X

Confusion Matrix

1000 0 0 0
25.0% 0.0% 0.0% 0.0%

0.0% 24.8% 0.0% 0.3% 1.1%

0.0% 0.0% 24.7% 0.2%

Output Class

0 9 1 979 98.0%
0.0% 0.2% 0.3% 24.5% 2.0%

98.9 97.9 99.0%
1.1% 2.1% 1.0%

Target Class

Due. 9. Mampuya na pesyimamume Ha 0OyYeHU
ANN c 6b3modcHOCIU 34 KiAcupurayus

Tabnuya 2. Cmotinocmu Ha OCHOBHUME
noxkazamenu 3a oyerxka Ha ANN

Mertpuka CroitHoCcT
Tounoct (Accuracy) 0.9949
[Tpeumsnocrt (Precision) 0.9898
Recall 0.9898
F1Score 0.9898

TECTBAHE CbC CUMYJIUPAHU
JAHHUA

3a orieHKa Ha epeKTUBHOCTTA HA O0y4YeHara
HEBpPOHHA Mpexa 0s1Xa M3MOJI3BaHU CUMYJIH-
paHM CTOMHOCTH ¢ J00aBEH CIyyaeH IIyM.
Cpennure moOKa3aHHWA Ha BCEKU CEH30p B
MICS-6814 3a Bceku Kj1ac Maciio MOCITyKHXa
KaTO OCHOBA 3a TeHEPUPaHE Ha CUMYJIMPAHHUTE
JaHHU.

3a u34KCIsIBaHE HAa CPEIHUTE MIOKAa3aHUs Ha
CEH30pa 3a BCEKH KJIaC Maclio € M3IO0J3BaHa
cieaHara Gopmya

1
p=13N, %, (1)

kpaeTo N e Opoil Ha ocpeTHeHUTe CTOWHOCTH
Ha X.

HAYKA 11 OBPA30OBAHME 3A
WHTEAUTEHTEH PACTEX

B Ta6un. 3 ca mpeacraBeHu CpeJHUTE CTOM-
HOCTH Ha OTYUTAHE HA CEH30pa B MV 3a BCEKHU
OT pa3JINYHUTE KIIACOBE.

Tabénuya 3. Cpeonu cmovnocmu

Knac NO,,mV |[NH3;,mV |CO, mV
D kiac |{1061.58 34.642 423.78
E xknac | 923.53 19.55 308.47
F xmac |1192.64 53.25 519.47
Pxnac |1747.47 |220.67 923.44

JloGaBeHUAT 1Iym Oelie reHepupaH C Io-
MOIITa Ha CTAaHJAPTHUTE OTKJIOHEHHS Ha II0-
Ka3aHHUsTa Ha CEH30pa 332 BCEKH THII MaCJIO. 3a
U3YHCIIIBAaHE HA CTaHJAPTHOTO OTKJIOHEHUE
Oerre n3nonssana popmyna (2).

o= [FEL -

)

Pesynrarure 3a cTaHgapTHUTE OTKIIOHEHHUS
ca mpeAcTaBeHu B TaoIl. 4.

Tabnuna 4. CTangapTHH OTKIOHEHUS

Kiac NO,;, mV NH;, mV CO, mV

D knac 41.09 4.17 33.80
E knac 28.21 2.29 41.38
F xnac 52.22 6.51 31.14
P xmac 63.17 45.50 172.08
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N3no3Baliku CTaHIaPTHUTE OTKIIOHEHUS U
CpPEIHUTE CTOMHOCTH Ha MOKa3aHUATAa Ha CEH-
30pa, Osixa renepupanu 100 nmpousBoiHU TO-
Ka3aHMs 32 BCEKU KJIac Macllo, 3a J1a Ce CUMY-
JUpaT AaHHU OT U3MepBaHeTo. [ eHepupanure
JAHHU UMAT CTaHIAPTHU OTKJIOHEHUS J[Ba ITb-
TH NIO-TOJIEMHU OT TE€3U HA PEATHO U3MEPEHUTE
JAHHH, KaKTO € PEJICTaBeHO B Ta0I. 4.

PasnpeneneHneTo Ha CUMYJIMPAHUTE JaHHU
B IPOCTPAHCTBOTO, OIIPENIETIEHO OT CEH30pUTE
3a NO2, NH3 u CO, e u300pa3zeHno Ha ¢ur. 10.
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PR B2OTALMO A SONAOBE TABPOBO 23 MHTENNTEHTEN PACTEXC
it Ha Ga3aTa Ha TOBa MOXe Ja Ce 3aKIII0YH, Ue
o MR o0y4yeHaTa HEBPOHHA MpeXa MOXKeE YCIEIIHO
o RS A J1a ce M3M0JI3Ba 33 KiIacH()UIMpaHe Ha OIuca-
800 * -sim 1
R « pam| | gRARE HHUTE KJIACOBE CIBHYOIJIE0BO MACIIO.
g 00 * }*ﬁ g
400
200 3AK/IIOYEHHUE
PazpabOoTenaTta MynaTHCEH30pHA CUCTEMA 3a

1800
1400 600

3 1000 1200
NO,

2

@Due. 10. Cumynupanu knacoge 3a mecm

N3non3Ballku CUMYJIUPAHUTE JAHHU, W3-
KyCTBEHaTa HEBPOHHA MpEKa IIPOU3BEXKIA
KjIacu(uKkanus Ha BXOAHUTE JaHHU B €IUH OT
YETUPUTE KJ1aca Ha U3CJIEABAHOTO MacCJIo.

Confusion Matrix

100 o o 0
25.0% 0.0% 0.0% 0.0%

0.0% 23.8% 0.0% 0.2% 1.0%

0 0 o7 5
0.0% 0.0% 24.2% 1.2%

Output Class
w

0.0% 1.2% 0.8% 23.5% 7.8%

96.5%
3.5%

Target Class

@Due. 11. Mampuya na pezynmamume Ha
CUMYIUPAHA KNACUPUKAYUSL HA OAHHU

Bbnpeku ye cTaHIapTHOTO OTKJIOHEHHE Ha
CHUMYJIMPaHUTE JIAaHHH € JBa I'BTU MO-TOJIIMO
OT peaJHUTE JaHHU, U3MOI3BaHM 32 00yueHHe
Ha HEBPOHHATa MpeXa, CUMYJIMPAHUTE JaHHU
ca TOYHO Pa3MO3HATH U KJIaCH(PULIMPAHHU, KaK-
TO € ToKa3aHo Ha ¢wur. 11.

Tabnuya 5. Cmotinocmu Ha ocHO8HUmME
nokazamenu 3a oyenxa Ha ANN

Mertpuka CroitHocT
Tounoct (Accuracy) 0.9825
ITpeunsnocrt (Precision) 0.9650
Recall 0.9650
F1Score 0.9650
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pasno3HaBaHe U Kinacudukamus Ha 6azara Ha
CEH30pEH MOYJI C TPU HE3aBUCUMHU METAIOOK-
CHJIHU Ta30BH CEH30PHU €JIEMEHTA CE XapaKTe-
pu3npa ¢ HUCKa KOHCyMalus Ha eHeprus. Ha
0azaTa Ha €KCIIEPUMEHTAIHUA JaHHH 32 CI'bH-
YOIJIeIOBO MACJIO, MOJIYYCHH C Hesl, € 00ydeHa
M3KYyCTBEHa HEBpOHHa Mpexa. HeBpoHHaTa
Mpexa KiIacu(puiupa pa3ITuYHUTE KIACOBE
CIIHYOIJIEIOBO MAaclio ¢ MHOro J00pa Tod-
HocT. Ilo HaTaTeIIHATE WU3CIEOBAHUA IIE Ob-
JaT HACOYCHW KbM CHOMPAHETO Ha JaHHU 3a
CIIBHYOTJIEIOBO MACIO OT PAa3IUYHU MPOU3BO-
TMTEIH, 32 Ia Ce CPABHHU i JaHHUTE Ha pa3-
JTUYHUTE ETay Ha MPOU3BOJICTBO MEXKIY MPO-
W3BOJIUTEIINTE Ca CPABHUMU WIIH Jalld UMa 3a-
OENeKMMH PA3JIUKH B 3aBUCHUMOCT OT IPOU3-
BOOUTENd M H3IOI3BAHOTO TEXHOIOTHYHO
obopyBaHe.
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Abstract

The increasing lighting quality and energy efficiency requirements are a prerequisite for manufacturers and
distributors of luminaires to observe their electrical, photometric and color characteristics. The measurement
capabilities of a goniophotometer and spectroradiometer, built according to the Competence Center project at the
Technical University of Gabrovo are studied in this article. The LSG-1700B goniophotometric system measures
important photometric indicators and characteristics of different types of luminaires, such as luminous flux, luminous
intensity, light distribution curves, beam angle, field angle, luminaire efficacy and glare rating. With an LMS-9000B
spectroradiometer with an integrating sphere, the measurement of electromagnetic radiation of the visible spectrum,
correlated color temperature, color rendering index, electric current, active power, power factor and harmonic
components of current and voltage of lamps and luminaires is performed. The obtained results prove the comprehensive
capabilities of the measurements with the goniophotometer and spectroradiometer which are in accordance with
established international and European lighting engineering methods and standards.

Keywords: goniophotometer, spectroradiometer, tested LED luminaires, photometric and colorimetric measuring.

BBBEJEHUE

[loBumaBamure ce€ M3UCKBAHUS KbM
eJIeKTpOeHepruiiHaTa e()eKTUBHOCT M KadyecT-
BOTO Ha €JEKTPUUYECKOTO OCBETJICHHE ca
NpearnocTaBka (UPMUTE TNPOUZBOAUTENH U
pasnpoCTpaHUTENN HA JIAMIIM M OCBETUTENIN

www.eufunds.bg

Ja ChONIONAaBAaT TEXHHUTE ENEKTpHUecKd, (o-
TOMETPUYHH M IIBETOBU MapaMeTpH M Xapak-
TEPUCTHUKH.

B Texuuuecku yHuBepcurer — ['aGpoBo,
110 1poekT LleHTsp 3a KomMnereHTHoct ,,J1nTe-
JUTEHTHH MEXAaTPOHHH, €KO- U EHEpProcrecTs-
Bau cucremu U texHonornu™ (LIK UMEECT),
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HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

or 2020 r. ¢yHKUIMOHMpA CIEIHATU3UPaHA
Hay4JHOM3CenoBarencka yaboparopus C7.3
,,EKOJIOTHYHH, EHEPrOCIEeCTSBAIIN U EJIEKTPO-
MarHuTHO CBBMECTHMHU CBETJIOTEXHUYECKH,
LED u BEUM KOMIOHEHTHM M TEXHOJOTMHU.
OcHoBHUTE JeiHOCTH B JabopaTopusTa ca
CBBpP3aHU C U3MEPBAaHE Ha EJIEKTPOCHEPTUii-
HU, (POTOMETPUYHU U I[BETOBU XaPaKTEPUCTHU-
KM W TapaMeTpH Ha CBETJIMHHHU W3TOYHHUIIM U
OCBETHUTENH 3a BHTPEIIHO, BHHITHO M YJIUYHO
NPUJIOKEHHE, KAaKTO M C H3MepBaHEe Ha
napaMeTpu 3a KayecTBO Ha eNeKTpuyecKara
CHEeprus B NPOMEHIMBOTOKOBH 3aXpaHBAIIU
CHCTEMH, BOJT-aMIEPHU XapaKTEPUCTHKH M
MPOU3BOAUTENHOCT Ha (oToBontanunu (PV)
Moxynu. Te3u mapameTpu U XapaKTepUCTUKH,
MOJIyYeHH OT JTabOpaTOpPHUTE M3MEPBaHUS, Ca
HEOOXOIMMH 32 HYXKIUTE Ha MPOU3BOAUTEIN
U THPrOBIM HAa OCBETUTENH, EJNEKTPOHHO
obopynBane u cobctBenunu Ha PV cucremu
U IIEHTpalid, KAaKTO MU 3a OOy4YeHHETO Ha
CTYACHTH U JOKTOPAHTH.

B noknama ce mpeacraBAT pesyiTaTtd OT
CBbBPEMEHHH J1a0OpPAaTOPHU CBETIOTEXHHUYE-
CKH M3MEpPBaHUs MOCPEACTBOM FOHHO(OTOME-
Thp U CHEKTPOPAIMOMETHP C HMHTErpHpalia
cdepa Ha OCBETUTENH C PA3JIMYHO MPEIHAZHA-
YEeHUE, KOHCTPYKIIHS, THIT U MOIIIHOCT.

N3JI0KEHHUE

CepriacHo HayuyHaTa nporpaMa Ha LleHTs-
pa 3a KoMIeTeHTHocT B mepuona ot 2020 r.
1o 2023 r. B naboparopusTa ca 3aJ0KEHH U
CE M3I'BJIHABAT CIEIHUTE AEHHOCTH:

- U3MepBaHE Ha (OTOMETPUYHH, IIBETOBU
U €JNEeKTPOCHEPTUMHU XapaKTEpUCTUKH Ha
nporotunu Ha ceetoauoanu (LED) ocBetuTe-
JM 32 BBTPEIIHO, BHHIIHO U YJIUYHO MPUJIO-
KEHHUE;

- MOJeNnupaHe M CpaBHUTEIHU (HOTOME-
TPUYHU U3MEPBAHMSI HA ONTUYHU KOMIIOHEH-
1 3a LED ocBeTuTeny;

- W3MEpBAaHE Ha BOJT-AMIIEPHU XapakTe-
pUCTUKHA U epeKTHUBHOCT Ha PV momymu u
CTPUHIOBE C Pa3IMu€H MaTepual;
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- M3CleJBaHE Ha MOKAa3aTeJIUTE 3a KayecT-
BO Ha €JIEKTPHUECKaTa EHePrHsl Ha CBETIOTEX-
Hudecko 1 BEU enexTponHo 06opyaBaHe;

- IEMHOCTH, CBBP3aHU C aKpEAUTHUPAHE Ha
nabopaTtopusara 3a M3MUTBAHE HA CBETIIOTEX-
HUYECKH M EJIEKTPOTEXHUYECKU XapaKTepHu-
ctuku Ha LED ocserurenu u uzMepBaHe Ha
KOJINYECTBEHU M KAuyeCTBEHM IOKAa3aTelHu Ha
BBTPEIIHN U BBHHIIIHA OCBETUTEIHH ypea0u.

CBetyoTexHuueckaTa jgadoparopus € pas-
JieTIeHa Ha JIBE€ U3MepBaTeIHH 30HU. B eqnara
30Ha, KOSITO HSIMa JOCTBI JI0 BHHIIHU U3TOY-
HUIIM Ha CBETJHMHA, C€ pas3mojaraT rOHHO(o-
TOMETBD, JIa3ep 32 ONTHYHO IIEHTPUPAHE, JIBE
ONnTUYHU OneHmu u Qortonerekrop. Pazcros-
HUETO MEXJy roHnodporoMerbpa U (orose-
TEKTopa € 8 m, ¢ KOETO Ce M3IIBJIHSABA U3HCK-
BaHETO 32 Pa3CTOSHHE, 5 MBTHU MO-TOJISIMO OT
Hail-rojeMus JMHEEH pa3Mep Ha CBETIMHHUS
U3TOYHUK, U C€ OCUTypsBa HEOOXoIauMara
TOYHOCT Ha (OTOMETPUYHHUTE H3MEPBAHHUS.
[ToBbpxHUHUTE B TabOpaTOpUsATa Ca TPETUPA-
HU C YEPHO MOKPHUTHE C KOS(UIIMEHT Ha OTpa-
xeHue p < 10 % [1,2,3,4]. U3mepBaTennara
armaparypa KbM TOHHO(OTOMETHPa, Pas3mnoio-
’KeHa B 000COOEH KOMITJIEKT, M KOMIIOThPHA-
Ta KOH(QUrypaIys ChC CIeHUANIU3UPaH COPT-
yep 3a ympaBiIeHHE Ha W3MEpBATEIHHUTE IPO-
[IECH Ce HamMHpaT W3BBH 30HATa MEXAy IO-
HuooTomeTbpa U (poTomeTEKTOpA, OTHEICHA
C JIOITBJIHUTEIIHA YepHa Tmperpaja - ¢ur. 1.

@Due. 1. BvHuwien 610 Ha 20HUODOmMOMEMPUYHA
cucmema LSG-1700B
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B®B BTOpara m3mepBaTenHa 30Ha B Jabo-
paropusiTa ce pasroJyarat CeKTpOpaJauoMeThp
¢ uHTerpupama chepa ¢ quamersp d = 2 m,
M3MepBaTeIHa anaparypa, 000cobeHa B KOM-
IUIEKT, W KOMIIIOTBPHAa KOH(HUIyparus CbhC
crienuanu3upad codryep, ¢ KOSTO ce ympa-
BJISIBAT MU3MEPBATEIHUTE TpoLecH - ¢ur. 2.

Due. 2. BvHueH 610 Ha uzmepeamentus
xomnnekm LMS-9000B ¢ unmezpupawama cgepa

[ITbpBOHAYANIHO CE U3BBPIIBA KAIMOpUpPaHE
Ha ronuodoromersp LSG-1700B cbe cran-
JapTHAa HaXKe)kaeMa XaJIoTeHHa JlamMIa 3a MH-
TEH3UTET Ha cBeTinHara SLS-150W, npunpy-
’KEHa ChC CBUJETEJICTBO 3a KaluOpHupaHe, B
KOETO Ca MOCOYEHU: MOCTOSHHO HAIPEKEHUE
30 V; tok 6,110 A; cBeTIMHEH NHOTOK @ =
4353,7 Im; MHTEH3UTET Ha CBeTIMHATa [ =
399,26 cd; kopenupaHa LBETHa TeMIIeparypa
T. = 3195 K. I1o BpeMe Ha KanmuOpUpPaHETO CE
3amaBar 4pe3 crenuanmsupan copryep LSG-
1700B Goniophotometer ¥ MOCTOSHHOTOKOB
peryiarop KbM H3MEpBATEIHUS KOMIUIEKT Ha
cucTeMara TOYHUTE CTOMHOCTH Ha TOKa W Ha-
MIPEXKEHUETO Ha JlamIiaTa, KaTo ¥ Kaauopupa-
HaTa CTOMHOCT Ha MHTEH3UTETa Ha CBETJIMHA-
ta [8]. W3uucinenoto cien KamuOpupaHETO
pas3cTosiHue MEXIy ronnodoromerspa U (ho-
TOJIETEKTOpa CHOTBETCTBA Ha JICHCTBUTEIIHO-
To — 8 m. Kamubpupanero Ha ronnoporome-
Thpa ce U3BBPIIBA MPHU HACTBIIBAHE Ha MPO-
MsiHAa B 003aBeXJaHETO Ha jadoparopusra u
OpU  aKTyaau3alMs Ha CIEeHUATU3UPAHUS

codryep.
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C BHenpeHata B JabopaTopusta roHHO(O-
tomerpuyHa cucrema LSG-1700B ce u3Bbp-
IIBAa U3MEPBAHE ¥ aBTOMATU3MPAHO U3UUCIS-
BAaHE HAa CBETJIMHEH IOTOK, CBETJIOpasnpene-
JUTETHU KPHUBH, BI'bJI HAa CBETJIMHHHS CHOII
(0,5./max) W Brea Ha CBETIMHHOTO TOJIC
(0,1./max), MPOCTPAHCTBEHU M30IYKCHHU U U30-
KaHJEIHU KpHUBH, CTENEH Ha 3acielsBaHe,
KOC(QHIIMEHT Ha HM3MOJ3BAaHE HA CBETIMHHUSA
MOTOK, TOK, aKTUBHA MOIIHOCT, (pakTop Ha
MOIIIHOCTTA, CBETOOT/IaBAHE U OIPENEISHE Ha
KJlaca Ha eHepruifHaTa e(eKTUBHOCT HA JaM-
nu U ocBetutenu. MOTOMETPUUHUTE U3MEp-
BAaHHUA Ca B CbOTBETCTBUE C MEXIYHAPOJHUTE
n EBponeickure craHgapTd U METOIU, U CE
IIPOBEXKJAT NPU OIPEAEICHHU IapaMeTpu Ha
OKOJIHaTa Cpella — OTHOCHUTEIHA BIAXXHOCT U
TeMIieparypa Ha Be3ayxa [1,2,3,4]. B nepuo-
na 2020 r. = 2023 r. B maboparopusita ca u3-
BBPIICHH (HOTOMETPUYHU M3MEpPBAaHHUA Ha
CTOTHIIM BAPHAHTU HA ONTHYHUTE CUCTEMHU Ha
64 6pos LED ocerutenu ¢ pasnuyHa KOH-
CTPYKLUS, TUII M MOIIHOCT 3a BBTPEILHO,
BBHIIHO U YJIMYHO OCBETJICHHUE.

Pesynratute OT M3BBpLICHH Ja0OpaTOpHU
(oToMETpHYHN U3MEPBaHMS C TOHUO(OTOME-
TpuuHa cucrema LSG-1700B 3a ynuuen LED
OCBETUTEN ¢ MOIIHOCT 55 W ca moka3zaHu Ha
¢ur. 3+6. OOTOMETPUYHUTE H3MEPBAHUS CE
IIPOBEXKAAT MPU JOCTUI'AHE HA YCTAaHOBEH TEM-
[EpaTypeH PEKUM Ha OCBETUTEIUTE — OCH-
I'YpeHO BpeMe 3a noArpsisane ot 30 MUHYTH.

@Due. 3. Io3uyuonupare Ha yruyeH u
unoycmpuanern LED oceemumenu xom
eonuogomomemvp LSG-1700B

37

Ilpoexm BGO5SM20P001-1.002-0023 - Llenmvp 3a Komnemenmuocm ,, Hnmenuzenmuu mexampoHunu, eko- u
enepzocnecmsagauwiu cucmemu u mexuonozuu*, punancupar om Onepamusna npoepama ,, Hayxa u obpasosanue 3a unmenucenmer
pacmedic”, cohunancupana om Esponetickus cvio3 upes Eeponeiickume cmpykmypHu u uH6eCmuyuoHHu poHooge.


http://www.eufunds.bg/

MEXIYHAPOJIHA HAYYHA KOH®EPEHLIUA

EBPOINENCKW CbIO3
EBPOMEMCKI CTPYKTYPHV 1
VHBECTVLIMOHH ®OHAOBE

»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN
CUCTEMMU U TEXHOJIOT' MU
I'ABPOBO 23

L HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

Ha ¢ur. 7+9 ca nmokazanu pealn3upaHute
CBETJIOPA3NPEIECICHU OT M3MEpPBaHUs C
rouuooromeTbpa Ha (POTOMETPUUYHHUTE Xa-
pakrepuctuku Ha LED ocBerurenu 3a BbHII-
HO (ur. 7), BpTpenrHO (¢dur. 8) U peKIaMHO
(¢ur. 9) mpunoxenue.

90 20

80 80

70 : 70

60 60
W C0-C180 482

50| WC90-C270 603 Unit: cd/klm 50

40 30 20 10 0 10 20 30 40

Due. 4. Uzmepenu ceemnopasnpedenenus 8
PA3UYHU YOMOMEMPUUHU PAGHUHU HA YIUYHUSL
LED océemumen

BVH 80°-90° |
86Im |
09%

] FVH 80°-90°

— [ 7om
— 08%

BH 60°-80°
908 Im
9.8%

FH 60°-80°
1350 Im
14.5%

BM 30°-60°
1344 Im
14.5%

FM 30°-60°
3468 Im
37.3%

BLOS30°  0° FLO-30°
BACK LIGHT 737Im 1331Im
79% 143%

FORWARD LIGHT

@Due. 5. Pasnpedenenue Ha 30HATHUSL CBEMIUHEH
nomoxk Ha yauunus LED oceemumen

—A\/

= Revt Steect Wi /£ Mowtine Hesiet

Due. 6. H3uucnen xoedpuyuenm Ha U3NOA36AHE
npU pasiuuHo CbOMHOUEHUe HA WUPOUUHA HA
VAUYAmMa u 6UCOYUHA HA OKAYBAHE HA
oceemumens Npu pasiuier bebll Ha HaKIOHA

H3mepBaHuATa Ha CBETIOpA3NpPEACICHU-
Ta Ha LED ocBerurenure ce u3BbpIiBaT Ipu
MHTEpBaJI Ha U3MEHEHHE Ha (OTOMETpUYHATA
C-paBHHMHA TIpe3 5° U Ha BepTUKAIHHS (HOTO-

METpHUUYEH BI'BA ¥ Ipe3 1°, ¢ KoeTo ce yno-
BIICTBOPSIBAT W3HMCKBAHUATA 32 JOCTaThYHA
TOYHOCT mpu To3u BuA uzmepsanus [1,3]. I1o-
JTy4eHUTE OT M3MEPBAHMITA CBETIOpa3Ipeie-
JIEHUSI C€ TMPEJACTaBAT B JBaTa OCHOBHU IIU-
¢poBu ¢aitnoBu dopmara — *.1dt u *.ies, c
KOUTO CE U3BBPIIBAT HA TIO-KHCEH €Tal U3YH-
CIIeHUs ¢ TPO(ECUOHATHU CBETIOTEXHHUYE-
cku copryepuu mponaykru (DIALux, Relux u
1p.) 3a IPOEKTUPAHE Ha OCBETUTEITHH YPEIOH.

90 90
83
80 80
70 ? 70
60 1 60
50 ' 50
40 40
30 919 30
20 10 o 1020

Due. 7. Usmepenu ceemnopasnpedenerus Ha LED
oceemumen 420 W 3a vHwno oceemaenue

S0

10 20

0
Due. 8. Uzmepenu ceemnopasnpedenenus Ha LED
oceemumen 33 W 3a 6bmpewino ocgemuenue
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90 20
80 80
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60 60
50 44
40 40
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Due. 9. Uzmepenu ceemnopasnpedenenus Ha LED
oceemumen 12 W 3a pexnamHo oceemneHue

B T1abn. 1 ca mpencraBeHu pe3yiTaTd OT
na0opaTOpHU HU3MEpPBaHUS C TOHHO(OTOME-
TpuyHa cuctema LSG-1700B 3a moutHocT P u
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OCHOBHU (POTOMETPUYHH TOKA3aTEeId — CBET-
JIMHEH MOTOK @, MaKCUMajJeH MHTEH3UTET Ha
CBETJIMHATA [;nax 38 YCIOBEH CBETIIMHEH MOTOK
@ = 1000 Ilm, Brea Ha CBETIMHHHUS CHOII
0,5.1nax, CBETOOTIABAHE 77 U ONpPENEIEH KJlac
Ha eHepruiiHa e(heKTUBHOCT Ha U3CIICIBAHUTE
LED ocseruTenu ¢ NpPeACTaBEHUTE IIO-TOpPE
CBETJIOpPA3MIPEACIICHUS.

Taobn. 1. H3mepenu mownocm u 0cHo8HU homomempuiHu
noxazamenu na LED oceemumenu ¢ paz3nuyno npunodicerue

LED W3mepenn (I)O;OMe’l'pI/I‘IHI/I napaMeTpu
OCBCTHUTCI - P ) " 10,5 Ina
npuiokeHne | [W] | [Im] IEE% ’ [°] [lm7/7W] Knac
VYimaHo 55 | 9294 | 482 | 1494 | 167,8 | C
BbHIIHO 420 |58044| 736 | 68,8 | 1382 | D
Bobrpenno 33 | 3298 | 414 | 929 | 99,9 | F
Pexnamuo | 12,3 | 1008 | 446 | 1684 | 82 F

M3mepBaHeTO Ha ILIBETOBUTE XapaKTEpH-
CTUKU Ha JIAMIT U OCBETUTEIM CE W3BBPIIBA
CbC CHEKTPOPAJAUOMETHpP C 2-METpoBa HMHTE-
rpupama chpepa LMS-9000B. Tounoctra Ha
LMS-9000B 1o oTHoOIIEHHE HA CIIEKTPAIHUSA
ChCTaB U CBETIIMHHHS TOTOK CE€ TapaHTUpa OT
CTaHJapTHA XaJIOTEHHA JIaMIla 3a CBETJIMHEH
notok SLS-100W cbc cBUAETENCTBO 3a Kalu-
OpupaHe C BHCOKAa TOYHOCT: EIEKTPUUYECKH
ToK 4,2013 A; cBetmHeH mmoTtok @ = 1272,6
Im; xopenupana mBerHa Temmeparypa . =
2856 K. CroiiHOCTMUTE Ha NapaMeTpuTe Ha
JaMIiaTa ce 3a7aBaT Ipe3 CleUUaTu3upaHus
copryep LMS-9000B, cmem xoeto ce
enekTpo3axpanBa [8]. Kanubpupanero ce us-
BBpIIBA CJIE/ YCTAHOBSIBAHE HA CBETIMHHHUS
notok 3a 15 munytu. Ha ¢ur. 10 e mokazan
eKpaHEH IPO30pell C BHU3YAIU3HPAHO CIIEK-
TpaJIHO pa3Ipe/eNicHHe Ha eTaJOHHaTa JamIia
cliel] KanuOpupaHe.

CbC cHeKTpopaguoMeThpa € HHTErpupa-
mara cpepa LMS-9000B B naGoparopusita ce
U3BBPIIBA M3MEPBaHE HAa CBETJIMHEH MOTOK,
CIIEKTPAJIHO PA3Mpe/IeIeHue Ha U3IIbUBAHE ()
BBB BUAUMHUS ceKTbp — A = (380 + 800) nm,
KOpenMpaHa LBeTHa TeMrepatypa 1., HHICKC

www.eufunds.bg

Ha I[BETONpeaAaBaHe R, M YaCTHH WHJICKCU Ha
useronpenasane (R1 + R15), koopaunatu Ha
I[BETHOCT X, ), IOMHHAHTHA As U TIUKOBa A,
IBbJDKMHA Ha BbJIHATa, HACUTECHOCT M HIOAHC
Ha IIBETOBETE, KAKTO M EIEKTPUUYECKUTE TOK,
MOIIIHOCT, CBETOOT/AaBaHe, (aKkTOp Ha MOII-
HOCTTa M XapMOHUYHH CHCTABSIIN HA TOKA OT
1-Bu 10 50-TH OPSIIBK.

N3mepBanuara ¢ LMS-9000B ce n3Bbpui-
BaT B CHOTBETCTBUE C MEXKIyHAPOJHUTE U
EBponeiickute cranaaptu u metoau [4,5,6,7].
B mepuoma 2020+2023 r. B maboparopusTa
ca U3BBPIICHH YCIICITHO U3MEPBAHUS Ha IIBe-
TOBU XapakrepucTuku Ha LED ocserure-nu ¢
paznuueH Tun U MmomHoctd oT 0,5W 1o
420W 3a BBTpEIIHO, BBHIIHO, YJIUYHO U
OpaHXepuiHO ocBeTIeHHe - ¢ur. 11.

Spectrum Calibrate [Integration Sphere Test] ==

Power Source  (DC_ Series v| Communicaton  [cOM®  v| [ search | Auto Power On Vihen Start /] Auto Pawer OFF When End
CutentofStandardLamp (A) 42 Limited Voitage (V) » Power On

Last Calbration: 2021-04-16 14:16:35
Spectral Radiant Fux Standards

@ IoutCCTandFlix  CCT of Standard Lamp () 2% Fuxof SandardLamp (m) 112027

Get From File [ Browse... [

Integration Tme (ms) w4 DAk AverageTmes 10 Lamp steady time (min): 15

zero | [t ][ o Lood e |

Callbratan completed

X0A475, 04074, CCT:2856K, Flux1120.27Im

Relative Spectrum

50 600 650
Wavelength (nm)

+

‘ Save and Exit Cancel ‘

@Due. 10. Cnexmpanno pasnpedenerue Ha
emanoHHa 1amna

Que. 11. Hzmepsane Ha cnekmpaiuo
pasnpedenenue Ha opandicepuer LED oceemumen
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L HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

CreKkTpaJIHOTO pasNpeAcieHUue Ha H3JIb4-
BaHe, u3MepeHo ¢ LMS-9000B, 3a tpu LED
OCBETUTENS C PA3IMYHO INpEJHA3HAUYECHUE €
nokaszaHo Ha ¢ur. 12+14. Twit kaTo ocBeTHTE-
JUTE ca ¢ pa3sinyHa reoMeTpudHa Qopma, 3a
BCEKM OT TAX CE€ W3BBpILIBA ONPEICIISIHE Ha
Koe(UIMEeHTa Ha 3aCCHYBAHE.

Ot wu3cnenBanuATa B J1aboparopusTa, 3a
nepuona 20202022 r., ca uznanenu 11 nayu-
HU nyOnukanuu B bearapus u uyxx6una, 5 ot
KOHMTO pedepupanu B Scopus.

1.0
08
0.6
0.4 p
0.2 . |
0.0 - —
430 480 530

380

¢

580 630 680 730 780
A, nm
Due. 12. Cnekmpanno pasnpedenenue na LED
oceemumen 5,5 W, mun E27, 3a bumoeo
oceemieHue
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Due. 13. Cnekmpanno pasnpedenenue na LED
oceemumen 33 W 3a 6bmpeuwtno uHOyCmpuaiHo

¢
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@Due. 14. Cnexkmpanno pasnpedenenue na LED
oceemumen 12 W opamnodicepuiino ocgemnenue

3HAUUTENHA YacT OT pe3yATaTUTE ca MoJly-
YEeHU KaTo JEHHOCTH Ha 1abopaTopHsTa B U3-
II'BJIHEHHE Ha CTOIMAHCKa JEHHOCT 1Mo 0010 8
norosopa ¢ 4 ¢upmu ot bearapus u equn — ¢
BB3N0XkHUTEN (pupma ot bapcenona, Vcnanus,
KAKTO M KaTO ChbBMECTHA HAy4YHOMU3CIIE[OBa-

www.eufunds.bg

TeJCKa JAEHHOCT C NMApTHOPCKU YHUBEPCHUTE-
tn ot [Ipoext UK UMEECT.

3AK/IIOYEHHUE

[losnydyeHuTe pe3ynaTaTd OT HU3BBPLICHUTE
eJIEKTPOCHEPTUHHU, (POTOMETPUYHU U I[BETO-
BU u3MmepBanus Ha LED ocserurenu ¢ ronuo-
¢doTroMeTBpa M CHEKTPOPATUOMETHPA, Kallu-
OpHpaHH C €TAJOHU OT BHCOK KJac, I0Ka3BaT
paboTocmocoOHOCTTa M TOYHOCTTAa HAa BHE-
JIPEHOTO O0OpyZIBaHE, KaKTO M IOBHIIEHATa
KBaJTM(HUKAIMA Ha €KUMa B HAyYHO-H3CIIEIO0-
Baresncka saboparopus C7.3 , Exomoruynu,
€HEpProcrecTsABAIU U €JIEKTPOMAarHUTHO ChB-
MecTuMu cBetriorexuudecku, LED u BEHU
KOMIIOHEHTH M TexHojoruu“. Hayunure my-
ONMMKalMM M peaTu3upaHuTe JOTOBOPH 3a
CTONaHCKa JIEHHOCT ¢ ¢upmu OT bbirapus u
qy:XOMHa YTBBpPXKIABaT JIaOOpAaTOPHUATA KaTo
€/IHa OT BOJELIUTE B PETHOHA 3a U3BBPILIBAHE
Ha CHBPEMEHHHU J1a0OpAaTOPHHU CBETJIOTEXHHU-
YeCKM M3MEpPBaHMS W M3NUTaHMUS HA KOJM-
YECTBEHUTE U KAUECTBEHUTE II0Ka3aTelud |
XapaKTEPUCTUKU HA JIAMIIM M OCBETUTENN C
pa3IMyYHO NpeJHa3HAYECHHUE.

BJIATOJAPHOCT

Hacrosmure uscinensanus € MoJAKpereHa
ot EBporneiickus (oHJ 32 pernoHagIHO pa3Bu-
tue B pamkute Ha OII ,,Hayka u oOpa3zoBanue
3a uHTenureHTeH pacrex 2014 - 2020%, Ilpo-
eKT LIeHTbp 3a KOMIIETEHTHOCT ,, IHTEIUT eHT-
HU MEXaTPOHHM, €KO- U EHEProcCIecTsABallu
cucteMu u TexHoyorun, No BG05SM20P001-
1.002-0023.
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MN3CJIEABAHE HA XUJIPOAKYCTHYHU CUT'HAJIA OT AEJIOUHU

EXPLORATION OF HYDROACOUSTIC DOLPHIN SIGNALS

H. Zhivomirov
Technical University of Varna

I. Nedelchev
Technical University of Varna

Abstract

H. Pirovsky
Technical University of Varna Technical University of Varna

G. Dimitrov

Dolphins inhabiting the Black Sea region are an interesting environment for research and an opportunity to obtain
information about their communication and social activity. Marine mammals use echolocation systems to locate under-
water objects such as landform features, food, and predators. Measurement of the underwater signals generated by
them is one way to reveal characteristic features in their communication and obtain more information about the influ-

ence of human activity in their environment.

Keywords: hydroacoustic, measurements, signal processing, marine mammals

BBBEJEHUE

Mopckute 0o3aitHunu (1enpUHE, KHTOBE,
KallajJjoTh) reHepupaT 3BYLHU B IIUPOK dYec-
TOTEH CIEKThp. Te3u 3BYLUM U3IIBIHABAT
pa3nuyHu QPyHKIUN — aJipecupaHe KbM JApy-
M WHIUBUAM, KOMYHHKAIMs, JOKalus Ha
npeaMety u ap. [1].

M3ydaBaHeTo Ha mapaMeTpuTe Ha CHUTHA-
JUTE€ 33 KOMYHHKALUS MEXAY MOPCKUTE
oOMTaTeIu, KAaKTO U TEXHUS KOHTEKCT, Ou
JIOBEJIO JI0 TIO-5ICHA Tpe/CTaBa 3a HauuHa UM
Ha *uBOT. Ha (hoHa Ha nmpoyuBaHusiTa B CBe-
TOBEH Maiad, KOMyHHUKALUATa MEXIY MOp-
ckuTe 0o3aiiHUIM B UEpPHOMOPCKHS pPEruoH
ca cinabo m3cnenBanu. ETo 3amo, eKumsT oT
naboparopust ,,M3cnenBane Ha MOJIBOJIHU
IIYMOBE, CHUTHAJIM M BHOpalMd HAa MOPCKH
ChJIOBE U CBHOPBHKEHHS M3IIBJIHABA 33/1a4H
3a pa3KpHBaHE HA HIKOM MAJKO W3CJIEeIBAaHU
acIeKTH B Ta3u 00JacT.

N3JI0KEHHUE

1. Excnepumenmanna nocmanoeka
[Ipu n3cnenBaHeTo Ha NOABOAHU CUTHAIN
32 KOMYHUKAIUs MEXTy MOPCKH OOUTATENH,

www. eufunds.bg

OCHOBEH OOEKT TMpE/CTaBIIsBAT CUTHAIUTE
MOpOJCHU OT AenduHuTe, odutaBamm Yep-
HOMOpCKHS peruoH. Kakto e u3BecTHO, TpU
ca BHJIOBETE, KOUTO ce cpemaTr B YepHO Mo-
pe: MyTKyp (Mopcka cBuHS) — Phocoena
phocoena, obukHoBeH nendun — Delphinus
delphis n adana (OyrunkoHoc nenduH)—
Tursiops truncatus [2]. U3cnenBanusita umat
3a 1e] 3amuc U 0oOpaboTkKa Ha CUTHAIHA OT
Te3W BUJOBE NeN(UHH, KAKTO U Kilacu(uka-
[UsATa Ha TEHEPUpPAHUTE OT TSIX CHUTHAIH,
cbh3/1aBaHe Ha 0a3a OT JaHHU C IIeJl OCUTypsi-
BaHE Ha BB3MOXKHOCT 3a TSAXHATa IOHATa-
ThILHA 00paboTKa.

B xoma Ha muiaHupaHuTe AEMHOCTH 3a
OCBILECTBSIBAHE Ha TE3W IIeNIU, Ce MOSBU H
BB3MOJKHOCT 332 CPaBHSBAHETO MM ChC CHI-
HaJIM, TE€HEpUpaHU OT ACI(PUHHU DPOACHU B
KapuOckusi pernoH, KOUTO ca Ha pasmolio-
xeHue BbB ,,Decra Jlenduanpuym Bapna®.
Taka ce odopmuxa nBa acmekra Ha U3CIel-
BaHETO: 3aIMC Ha CUTHAJIM OT NUTOMHH Jel-
¢uHN B KOTpHONMpaHa cpena (BvB ,,Decta
Hendunapuym Bapna®) u 3amuc Ha cuUrHaimu
OT IUBH JAeI(PHUHU B MPUPOJAHA cpeda (B ak-
BaTOpUATa Ha BapHEHCKH 3a/1UB).
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L HAYKA 11 OBPA3OBAHVE 3A

WHTEAUMEHTEH PACTEX

[Ipu mbpBUS eTan Ha U3CIEABAHETO, CHUT-
HAJINTE TeHEPUPAHH OT MUTOMHU JeTIPUHU ca
3alMCBAHM 4Ype3 XHJPOAKyCTUUEH KaHaj
(XAK), cberosimy ce or: xuapodon B&K
8104 [3], xuapoakyctuueH ycunsaren B&K
Nexus 2692 [4], monmyn 3a cwrOupaHe Ha
nanau NI USB 6211 [5], xommioTsp U aB-
Topcku codryep (pa3paboTeH B cpenara Ha
Matlab) [6], xkabenHu BpPB3KHM U MOOUIHO
3axpaHBaHe Ha ycunBarens (¢dur. 1).

Xuapodon

Bruel&Kjaer
8104-W-001

kaben 10 m
I
| KOHEKTOp MPEXOIHHUK
xaben 1 m
JP-0415 11-0415 JP-0226

cucrema 3a cbop
yCHIIBaTEN
Bruel&Kjaer

Ha JaHHHU
Kaben Kaben
NIUSB-6211 f————>
[_] ] - .

BB3IYX | BOJIA
1

2692-A-084

Due. 1. XuopoakycmuueHn KaHal 3a U3Mepeane 8
bacetin — cxema (2ope) u pearuzayus (001y).

Bropust ertan kacae u3MepBaHETO Ha CUTHA-
TU B OTKpUTH Bomu. IIpum Hero ce m3mon3Ba
xuapoakyctuaeH jorep (XAJI) SoundTrap
600 HF [7], yusito eHepruiiHa aBTOHOMHOCT
ce o0ycrnaBsi OT BrpajJicHa CHepruiiHa 0aHka B
Kopiryca My, a uH(QOpMAaIOHHATA MYy aBTO-
HOMHOCT € OCHUTYpEHa upe3 KapTu 3a JaHHU
no 1 TB. XAJI npurexxaBa Bb3MOXHOCT 3a
3amuc 6e3 He0OXOAUMOCT OT TEXHUYECKO 00-
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clly’kBaHe J10 4 Mecela. YpeabT € BrpajieH B
CIELIMATHO U3Pa0OTEH 3a LeNITa MOPCKH U3-
MepBareseH OyH, 3aKOTBEH B MOMEHTa B akK-
BaTOpUsATa Ha BapHEHCKH 3aj1MB, Ha MO3ULIUS
c reorpadcku koopmuHatm: 43°12'02"N,
27°57'S7"E na 1,5 kM ot OperoBara JIMHUS.

Due. 2. XAJI (cope) u Hocewus uzmepeamerien
Mopcku 6yl (0011y) npedu NO3UYUOHUPAHEMO M).

W3mepBanusTa B GaceifHa Ha nenduHapu-
yma Osixa M3BBPIICHU B IMPOABIDKCHUE HA
TPU Mecela, PU Pa3InYHU THUIIOBE JEATEI-
HOCT Ha JaenduHUTE — CBOOOJIHA WTpa, Tpe-
HUPOBKA, HOIIIHA aKTUBHOCT.

H3mepBaHusaTa B OTKPUTH BOAM Osxa
OCBIIIECTBEHH Ha JIBA €Tara: IbpPBHAT Oere
U3NUTBaTeNIeH 3a Oys W cucremara ¢ Ipo-
IBJDKUTEITHOCT JBE CEIMHIIU, 3 BTOPUST €Tall
— aKTMBHHU 3alliCH Ha CHUTHAIM B OJIM3KaTta
okonmHOCT Ha Oys. Ilo Bpeme Ha Te3u nBa
eramna Osxa chbOpaHU IIEHHU JaHHU 32 ChCTO-
SHUETO Ha TOJBOJHATA IIyMOBa cpena B 3a-
JIMBA.

[IpenBua xapakrepa Ha T€HEPUPAHUTE OT
JNEeN(pUHUTE CUTHAIM, YUSITO YECTOTHA JICHTA
noctura o 120 kHz [8], uudposute npeod-
pasyBaTelqd Ha W3MEpBATCIHUTEC KaHAIH —
MOJyN 3a chOupane Ha maHHu u XAJl Osixa
HACTPOCHM Ha 4YECTOTa Ha JAMCKPETH3alMs
cpoTBeTHO 250 kHz 1 384 kHz.
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2. H3zcnedoeamencku mexHuku

[Tonmyyenure curaiuTe B CypoB BHJI HE ca
MIPUTOJTHH 32 aHAJIU3, CPAaBHEHUE U Ki1acupu-
Kalusi, 3aT0Ba ca HEOOXOJUMM HSKOMU Ipell-
BapuTenHu 00paboTku (signal conditioning):

(i) ¢unTpanus Ha curHajga ¢ Orjie] OTCT-
paHsBaHe Ha IIyMOBETE, MOPOACHU OT IOMITH
(B OaceifH) WM [BUTATENW HA IJIABATEIHU
cpeacrBa (B OTKpuTH Boau). M3mo3BaH e
HUCKOYECTOTEH (MITHP C YecToTara Ha cpe-
3a 500 Hz. Ilo T0o3u HayuMH, BCUYKA HHUCKO-
YECTOTHU CMYILEHHs ce OTCTpaHsBat, a Io-
JIe3HUs] CUTHAJ HE ce 3acsira, ThH Karo He
10Tajia B TA3M JICHTA.;

(i) ormensiHe (CerMeHTHpaHE) Ha TOJE3-
HUTE CUTHAJH, TeHEPUpPaHH OT NeN(UHHU OT
ryMoBus (DOH Ha cpenaTta;

(iil) aMIIMTYAHO HOPMHpaHE HA IOJIyye-
HUTE CUTHAIHU MOCJIEIOBATEITHOCTH.

Taka 00paboTeHH, MOJE3HUTE CHUTHAIU
MoraT J1a ObAaT CpaBHABAHU U pa3IpeIeIeHU
0 TPYIIU CHOpPE] XapaKTepHU TEXHU Oemnes3u.
EnvH OT OCHOBHHMTE HAUMHU 3a Ki1acu(uka-
IIUS] Ha CUTHAJIMUTE T€HEPUPAHU OT JAEI(PUHU €
TAXHaTa CTpyKrypa. HelWHOTO paskpuBaHe
CTaBa 4Ype3 HAKOJIKO TEXHUKHU:

(1) BU3yaJIHO M3CIlIe/IBaHE CTPYKTypaTa Ha
CHUTHaJla BbB BpeMmeBaTa oOiact, yupe3 HaO-
JIO/IGHUE Ha OCLMIOrpamara.

(i1) ycTaHOBsIBaHE Ha pasIpeieIeHUEeTO Ha
SHeprusATa Ha CUrHaJla B YeCTOTHAaTa 00JacT
C M3MOJI3BaHE HA BPEME-4eCTOTEH aHaJIH3 U
cnekTporpama [9];

(ii1) oTKpUBaHE Ha OCHOBHHSI TOH M HETO-
BU xapMoHHuHH (pitch detection) ¢ u3momns-
BaHE Ha T.HAap. KEICTpajJeH aHalu3 M Kel-
ctporpama [10];

(1v) aBTOKOpeNaIMoHeH aHaIu3, C el J0-
I'BJIHUTENTHA BepUUKAIMS Ha pe3yiaTaTuTe
[10].

W3non3BaHuTe TEXHUKU 32 00paboTka Ha
M3MEPEHUTE CUTHAIM Ca pealu3upaHu B cpe-
nara Ha Matlab upe3 codryep, cp3mangeH or
YJICHOBETE HA €KUIIa Ha JJabopaTopusTa.
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3. Ocnoenu pesynmamu

B pesynrar Ha HampaBeHHUTE W3MEPBAHUS
0s1xa MoJIy4YeHH JTaHHH, KOUTO ciesl 00paboT-
Ka, Os1xa KiIacu(UIUpaHUd M paslpesiesieHU
CHOpEeN TEXHHUTE CTPYKTYPHU OCOOEHOCTH.
[TomydyeHuTe MONE3HU CHUTHAIM, HapUYaMme
cekBeHIMU (mocnenoBaTenHoctu). CraHa
SICHO, Y€ HE3aBHCHUMO OT CpeJaTa W H3TOY-
HUKAa Ha curHana (nenduHu B OaceiH WM
JIMBU MOPCKH 0O3aifHHIIN), C€ OTKPOSBAT JBa
THUIIa CUTHATIH.

[IspBUTE ca ChCTaBEHU OT MOCIEAOBATEIN-
HOCTH OT KpaTK{d UMIYJICH, YAUTO aMILIUTY-
IV ¥ UHTPA-UMIYJICHO PA3CTOSHHE CE IPO-
MEHSAT TIpe3 BPEMETPACHETO Ha CHUTHAaja.
CTpyKTypHO TE€3HW MOCJIEIOBATEIIHOCTH Ha-
nono0sBaT KOMOWHAIMSA OT AMIUIHTYJHA H
gectoTHa Monynanus (¢ur. 3). TakuBa TH-
MOBE CHUTHAJIM Ca W3BECTHH KaTO KIIMKOBE

(clicks).

Oscillogram of the signal
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@Due. 3. Knux cuenanu (Click signals).
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Oscillogram of the signal
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@Due. 4. Bvpcm cuenanu (Burst signals).

JlpyraTta royisMa rpyrna CHTHaJd HamoJ0-
OsIBaT MIyM C MPOMEHJIMBA BHB BPEMETO aMII-
TuTya Ha oOBuBamaTa kpuBa (¢ur. 4). Toa
ca T.Hap. ObpcT curHamu (bursts). Te umar
KpaTka MpPOJIBIDKUTEITHOCT U CE Pa3MpOCTH-
par B IIMPOK YECTOTCH CIIEKTHP.

Crnen mpoBesieH aHalU3 ca TMOIYYEHU U
CIIEKTPUTE Ha W3MEPEHHWTE CHTHATU. 3a
NPErJIEHOCT Ha pe3ylNTaTuTe U TMo-100pa
WH(POPMATUBHOCT, € M3MOJI3BAHO MPEICTaBs-
HETO MM KaKTO BbB BpeMeEBaTa Taka M B yec-
TOTHaTa 00JacT — upe3 crekrporpama (dur. 5).
Ha ¢ur. 6 ca maneHu kencrporpamu Ha JBa
CHTHAJIa, TPEJACTABUTEIN HA JBETE TPYNU —
KJIMKOBE U ObpcTOBE. B 1uiomnira Ha rpaduka-
Ta ca OTKPOSHM 00JaCTUTE, KOMTO AaBaT WH-
dopmanus 3a MEPUOAUYHOCTH B H3CJICIBA-
HUTE CUTHAJIM, KAKTO U TEXHUTE CTOMHOCTH B
ms.
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Spectrogram of the signal
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Duz. 5. Cnexmpoepamu HA AHANUIUPAHU CUSHANU
om Odengunu. I'ope — na 6vpcm cueHan, 0ony — Ha
KAUK CUSHA.

Cepstrogram of the signal
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QDuz. 6. Kencmpoepamu na ananusupanu cueHamu
om odengunu. I'ope — na 6vpcm cueHan, 0ony — Ha
KUK CUSHA.
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Normalized amplitude
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Due. 7. J[lsoen umnync, om Koumo ca usepadeHu
KUK CUSHAUme.

4. Ananusz na pesynmamume

Taka onarnmenenu cien oOpaboTkara, pe-
3yNTAaTUTE ChIbpKAT MH(POpMAIMs 3a mapa-
METPUTE, Ype3 KOUTO MOKE Ja C€ OCHILECTBU
KOMYHUKAIUS MKy HHIUBUIUTE.

bepcr curHanmuTe umar urymoronoOeH
XapakTep ¢ 4eCTOTHA JIEHTa A0 okojo 20 +
30 kHz. IIpu moBe4yeTo OT TIX ce pa3KpHBa
CKpUTa TMepHOAWYHOCT (¢ur. 6), Koero ce
o0yciaBsi OT MMITYJICUTE, 0Opa3yBalldl CHT-
HAJIUTE M OT COHApHHs amapar Ha JenduHu-
Te, 4pe3 KOWTO ca reHepupaHu. Te ce cpemar
MHOTO TO-pSAKO B oOmIara nopeauna OT
CHUTHAJIM 3a OOIlyBaHE M BEPOSTHO HMaT
OIO3HABATENICH XapakTep, Karo HarpuMmep
MOXE Jla ChABpXKAT HH(pOpMAIMsi 3a HME,
Hayvajlo MM Kpail Ha pa3roBOp WM H3peue-
HUE.

JpyrusiT BUJ ca KIMK CHTHAJIUTE, KOUTO
Harozo00sBaT COHapHU curHamu. Te ca che-
TaBEHU OT MOpenuIla KpaTkKh U CTPbMHHU
JIBOWKHA HMMITYJICH, C Pa3CTOSHUE TOMEXIY
uM ot okotio 0,1 ms (dwur. 7).

[Ipu KIMKOBETE MMa SICHO M3pa3eHa amIl-
JUTYAHA MOAYJIAIUS, & B MHOTO CIy4au TS €
CBITBTCBAHA M OT YECTOTHA MOJyJauus, T.e.
UMIYJCUTE W3MEHAT KaKTO aMIUTUTyJara,
TakKa ¥ MO3ULHATA CH BbB BPEMETO, B X0J[a Ha
e/lHa TI0CJIEe0BATEIHOCT. TO3M BUJ CUTHAIH
ca Hail-yecTo TeHEepHpaHHUTE U MpPH TIX Ce
Ha0Jr0/1aBaT JIB€ OCHOBHU MEPHOAMYHOCTH —
e/lHa CPAaBHUTEIHO MOCTOSIHHA M HHUCKA KaTo
CTOMHOCT (HSAKOJKO MS), MOPOAEHA OT CIie-
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nuuKaTa Ha COHApHH amapar Ha JenduHa
U OTTOBApSIl Ha Pa3CTOSTHUETO MEXY JBOM-
HUTE UMITYJICH; U BTOpPA — KBa3H MEPHOANYHA
(chC CTOMHOCTH HSIKOJIKO JIECETKH mS), IO-
pOJicHa OT MOAYyJAIMATa HAa HMMITYJICUTE B
yecToTHaTa obnact. Ypes TO3M THUI CUTHAIU
nenpUHUTE MOTaT Ja pa3no3HaBaT OOEKTH C
pa3nuyHa rojieMHHa O] BOJaTa, KaTo roje-
MUHAaTa Ha OOCIIeZIBAaHUS OOCKT U PE30TIOIH-
ATa Ha MOJy4eHHUs: 00pa3 3a HEro ce ompeze-
71 OT 4ecToTaTa Ha M3MOJ3BAaHUS OT aendu-
Ha COHapeH curHaja. Bucokara yecrora Ha
UMIYJICUTE BbTPE B I€HEPUPAHUTE HMITYJIC-
HU TIOCJEIOBATENHOCTH, OOYyClaBs IO-
BHCOKA PE30JIIOLNS Ha CKAaHUPAHUS OOCKT U
M0-BUCOKA TOYHOCT HA TOJy4eHaTa KapTHHA
B Mo3bka Ha JenduHa. ToBa oO0sicHABa U
IpoMsSHAaTa Ha YeCTOoTaTa Ha HMMIIYJICUTE B
X0/la Ha eJlHa MOCJIEIOBATEIHOCT — 10 TO3HU
HauuH JAeAPUHBT ,yTOUHSIBA“ pasMmepa Ha
o0ekTa, cy0OeKTa WM 4YacT OT peneda mon
BOJIaTA.

Kakro Oemie otbens3aHo, ApyraTa xapak-
TepHa OCOOCHOCT Ha TO3U THIl CHTHAIH €
TAXHATA AaMIUIUTYAHAa MOJIyJanus, KOsITO
¢dopmupa T.Hap. oOBUBaIIa KpuBa (¢ur. 8).

Signal in the time domain

051

Normalized amplitude
(=}

0 0.5 i 1.5
Time, s
Due. 8. Obsusawa Kpusa Ha KUK CUSHATU.

B xoMyHMKallMOHHATa TEXHHUKA, MOJyJa-
[[UATA CEe M3IOJ3Ba 3a MpeHacsHe Ha UH)Op-
Marus Ha pasctosiHue. To3u T Moaynamnus
Ha W3CJIEABAHUTE CUTHAJIM B TOJIsIMA CTEINEH
Hamono0sBa aMIUIUTYJHATa MOJMYJAlUs B
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TCIICKOMYHUKAIITUUTEC U BCPOATHO ChbAbpiKa
uHpopMalus, 4pe3 KOATO MOXKE Jla C€ OCh-
IIECTBSABA PEATHO IpeJaBaHe HAa CMUCICHU
bpazu Mexy pa3IiyHU UHAWBUIM B TpyIia-
Ta.

3AK/IIOYEHUE

Ot HampaBeHUs 0030p Ha M3CJICIBAHUTE
CUTHATM OT HSKOJIKO BuAa nendunu B Oa-
CEH W B OTKPHUTH BOJW, MOraT jaa Obaar
HaIMpaBeHHW HSIKOU OCHOBHH WU3BOJIH:

1. TlomyyenuTte curHAJIM MOTAT 1a ObIAT
pa3aenieHy Ha JBa OCHOBHH THUIA: KIIMKOBE —
3a KOMYHUKaIlUs U JIETEKIUs U ObPCTOBE —
3a pa3no3HaBaHe U MO30BaBaHE.

2. CurHamute OT TpUTE BUAA NEINPHHH B
aKkBaropusaTa Ha BapHeHCKus 3anuB HMar
€IHaKBa CTPYKTypa M OCOOEHOCTH, KaKTO U
CUTHAJIUTE 3alliCaHu B OaceiiH B KOHTPOJIH-
paHa cpena, u3aBaHu OT adald pPOJICHU B
Kapubckus peruon. ToBa Boau A0 3aKiode-
HUETO, Y€ HE3aBHCHMO OT BHUJA Ha Jei(uHa,
napaMeTpuTe Ha KOMYHUKAIHMSITA Ca €THAKBU
U TS Ce U3BBPIIBA 10 €MH U CHIIl HAYHH.

3. AMmauTyAHaTa MOJIyJAlMs HpU KIH-
KOBETE ChAbPKa KOMYHUKAIlMOHHA HH()OP-
Marus.

4. UYectoTHaTa MOAYyJNAlUs TPU KIHKO-
BETE € MPSKO CBBP3aHA C Pa3MEPUTE U PE30-
JIOIMSATA HA 00pa3a Ha JeTEKTUPAHUS OOCKT.

B pesynrar Ha HampaBeHUTE 3alUCH H
aHaJIM3HU € ch3JajeHa 0a3a ot jmanuum [11, 12],
KOSITO C€ M3MOJ3Ba OT JIMHTBUCTH B YHUBEP-
cuterta B rp. HoBa I'opuna (CnoBenus) 3a
pa3KpuBaHe Ha €JIEMEHTAapPHHUTE HHMBA Ha KO-
MYHHKALUs MKy AeapUHUTE OT pona ada-
a.

Upe3s aerailtHOTO 00OCiIeBaHe HA XUPOA-
KyCTUYHH CUTHAJIM BBB BOJHA Cpela HMa
BB3MOXHOCT 32 YCTaHOBSIBAHE BIUSHUETO HA
aHTpoToreHHUTe (HaKTOpU Ha cpelaTa BbPXY
MOPCKHTE OOMTATENH, Ype3 CHUTHAIU TeHe-
pUpaHU OT MOPCKHU CHIOBE, KAKTO U B aKBa-
TOpUATA HA TIPUCTAHUIIHUA PAOHU.

Exunpr Ha nmabopatopusta miaHupa Ob-
JICIU U3ClIeIBaHus B Ta3W 00JIacT, KaTo HU3-

BBPIIM 3aCHEMaHE Ha IIyMOBU Npoduian Ha
MOPCKH CBHJIOBE M KaTO pabOTH MO Ch3/1aBaHE
Ha IIYMOBHU KapTHU Ha NPUCTAHUIIIHU PAOHMU.
IIpunoxkpuBaHeTo Ha YECTOTHUTE CIIEKTPU U
HUBAaTa Ha AHTPOIIOTCHHUTE XHUAPOAKYCTHY-
HU CUTHAJIM B TOJIsIMa CTENeH Ouxa pasKpuiu
CTEIIEHTA HA TaKOBA BIIUSHUE.
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Abstract

There is a necessity for a consistent framework for the integration of the robotic and assistive technologies for the
purposes of the rehabilitation which covers the entire spectrum (preventative, restorative, supportive, palliative
rehabilitation) and explores all aspects of the of the recovery process — physical, emotional, and mental while allowing
for real-time adjustments and flexibility based on the individual patients’ needs. In this paper we propose a set of tools
for a rehabilitation solution that provides personalized care for the patients from the diagnose to the process of active
recovery while measuring and evaluating the individual’s condition after surgery, injury or a trauma to restore and
maximize the previous function. The main objective for implementing the assistive technologies into the physical
therapy is to personalize the process of recovery based on the specific requirements of the patients. To achieve this,
physical, emotional, and virtual devices are utilized mitigate and improve the physical and emotional challenges for the
patients. In parallel with the implementation of the robotic technologies, custom-made 3D printed devices are also
introduced and explored. To evaluate the effectiveness of the program, a 3-step methodology is applied — 1) diagnose of
the patient, 2) implementation of the assistive technologies, 3) tracking the progress and making the necessary
adjustments to the process and/or the devices.

Keywords: Assistive and robotic technologies, patient-driven rehabilitation, 3D printed custom-made devices, physical
rehabilitation, rehabilitation robotics.

INTRODUCTION

The main focus of this study is to develop a
new rehabilitation framework integrating the
physical, virtual, and emotional robotic and
assistive technologies for the needs of the
physical rehabilitation which will lead to

www.eufunds. b

outcomes set and driven by the patient’s
condition and progress.

According to a recent report, 2.41 billion or 1
in 3 individuals worldwide live with the
conditions that impact their functions in daily
life and would benefit from rehabilitation

49

Ilpoexm BGO5SM20P001-1.002-0023 - Llenmvp 3a Komnemenmuocm ,, Hnmenuzenmuu mexampoHnu, eko- u

€

eHepzocnecmagawiu cucmemu u mexuonozuu*, punancupar om OnepamusHa npoepama ,, Hayxa u obpasosanue 3a unmenucenmen
pacmedic”, cohunancupana om Eeponetickus cvio3 upes Eeponelickume cmpykmypHu u uHéeCmuyuoHHu ¢ponooge.


http://www.eufunds.bg/

MEXIYHAPOJIHA HAYYHA KOH®EPEHIIUA

EBPOINENCKW CbIO3

EBPOMENCKN CTPYKTYPHU U
WHBECTULIMOHHW ®OHAOBE

»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN
CUCTEMMU U TEXHOJIOT'UH“
I'ABPOBO 23

- HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

therapy [1], [2]. Within the next 30 years the
population over 60 years will double, the
majority of whom will live with chronic
diseases. This demographic distribution
change will lead to a great amount of unmet
rehabilitation needs [2].

Rehabilitation focuses on reaching functional
independence in daily activities, work,
recreation and education, while taking a
meaningful role throughout those activities.
Rehabilitation is a set of interventions
designed to optimise functioning in
individuals with health conditions (diseases —
acute or chronic, injuries or trauma, aging,
stress or genetic predisposition) in interaction
with their environment. It consists of 4 parts
[3]: preventative, restorative, supportive and
palliative rehabilitation. Preventative: takes
place shortly after a new diagnosis or onset of
new impairments. The aim is to provide
education, advice and interventions to prevent
or slow down the onset of further
impairments and maintain a person’s level of
ability. Restorative: focuses on interventions
that improve impairments such as muscle
strength or respiratory function and, in
cognitive impairment, to get maximal
recovery of function. Supportive: Supportive
rehabilitation increases a person’s self-care
ability and mobility using methods such as
providing self-help devices and teaching
people compensatory strategies or alternative
ways of doing things. Palliative: enables
people with life limiting conditions to lead a
high quality of life physically,
psychologically and socially, while respecting
their wishes. It often focusses on relieving
symptoms such as pain, dyspnoea and
oedema, preventing contractures, breathing
assistance, psychological wellbeing,
relaxation, or the use of assistive device in
order to maximise the  functional
independence and support comfort, dignity
and quality of life. This work aims at
including all 4 parts of the rehabilitation
within the same framework.

www.eufunds.bg

Amongst the reasons for using robots in the
rehabilitation process is to provide therapy
which is superior to conventional therapy [4],
[5], [6], [7]. In addition to the incorporated
robotic technologies, custom designed and
fabricated devices, tuned to the patients’
specific requirements, are also explored,
evaluated and implemented to address the
aspects of customization and especially in the
low-budget solutions where currently there is
a lack of wearable options due to the cost
limitations.

To enhance the emotional state of the
patients, a set of scenarios and games will be
developed and integrated in parallel with the
physical solutions to assess and help measure
the emotional and neurological progress of
the therapy and make the process more
engaging via adopting virtual and mixed
reality headsets. These devices allow for real-
time feedback and therefore, evaluation of the
performance by a visual or haptic input,
which makes them suitable for motion
restoration activities [8].

Another component of the framework is the
Socially assistive robots (SARs) which help
patients to process negative emotions and
develop healthy and engaging strategies,
reducing stress and improving the overall
emotional well-being by adjusting to the
physical and social changes related to their
condition and recovery [9]. SARs can also
help patients to improve their social skills,
increase  their confidence and overall
experience during rehabilitation. Combining
physical and emotional rehabilitation will lead
to faster recovery of the injured patient. The
humanoid socially assistive robots of type
Pepper and Nao will participate as mediators
in the rehabilitation sessions 24/7 in the
Intensive Care Units (ICU) or other Burn and
Injury Departments (BID) as in [10], [11].
The robots will be programed to start the
rehabilitation process as soon as possible after
the intervention by either emotionally
engaging the patients or showing the
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movements required for the rehabilitation
process (via the embedded “Motion animation
mode” to mimic human movements) for the
purposes of the emotional rehabilitation or
partial  assistance  of  the  physical
rehabilitation, respectively. These robot
animations will be used in the ICU or other
departments and show the movements in the
rehabilitation protocol, in case of the Range
of Motion (ROM) of the robot is suitable for
that purpose.

DISCUSSION AND RESULTS

The current state of the art accounts for either
only the physical, or the emotional, aspect of
the rehabilitation process. Furthermore, the
application of robotic devices 1is not
widespread, these are not accessible without
the guidance of experts, and do not fully
cover the condition of the patients. The
proposed integrated framework for physical,
virtual, and emotional robotic devices in
sensorimotor  rehabilitation  therapy s
illustrated at Figure 1. This integration leads
to interconnection between physical and
emotional states, where improving one
component helps the other and vice versa.

Fig. 1. Integrated Framework for Person-
centered Rehabilitation

Such implementation will lead to the
following benefits:
e fast response to the patients’ needs;
e flexibility for providing individual and
customized treatment based on the
diagnosis;

e adjustment of the level of difficulty of
the exercises according to the patient’s
condition;

e the robot can execute repetitive tasks
tirelessly.

These assistive technologies are applicable in
have different stages of the rehabilitation
process as shown in Table 1.

Table 1. Implementation of the Technical
Solutions for the Various Stages of the
Rehabilitation

Technology | Investigate | Evaluate | Improve
Collaborative
Robot X v v
3D Printing
& 3D X X v
Scanning
Haptic
Devices X Y v
AR/VR X v v
Motion
Capture v X X
System
BCI v X X
Smart
Wearables Y Y Y
Socially-
assistive X v v
Robots

www.eufunds.bg

Figure 2 shows example applications of the
assistive  technologies in the physical
rehabilitation.

Fig. 2. Example Applications of the Assistive
Technologies in the Physical Rehabilitation
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In Figure 2 a), an application of a
collaborative robot for the needs of the upper
limb range of motion and strength recovery is
illustrated; b) shows the restoration of the fine
motor skills of wrist with the help of a haptic
devise that provides resistance during motion;
c) presents an implementation of a 3D scanner
for precisely measuring the shape and form of
the patient’s hand to create ergonomic, light
weighted and personalized assistive devices;
d) is a 3D Printed knee supportive device with
customized parameters. Some of the factors
that must be considered in the designing
phase of such devices is their range of motion
and stiffness based on the state of the
patient’s recovery. This influence is addressed
on Figure 3 where a set of interchangeable
assistive devices for ACL (Anterior Cruciate
Ligament) rehabilitation with different
stiffness to range ratios are provided.

AV

Moment [Nm]

hy B

Fig. 3. Grading the 3D Printed Supports Based
on their Peak Moments

As it can be clearly observed, the distribution
of the moments and compatibility of the
supports. By varying the parameters such as
the radius of the curvature and the number of
flexures, more individual solutions could be
generated.

Squat Pattern

Trunk Angle

\
1
| Knee Angle\

S——

Ankle Angle

Fig. 4. Implementation of the Assistive Devices
into the Rehabilitation Process

In addition, the exercise recommendation is
prescribed based on the recovery status as
illustrated on Figure 4. For initial peak
moments shown on Figure 4 the supports are
used for improving the resisted knee flexion
through concentric contractions and resisted
knee extension eccentrically. After the ROM
and the quadriceps strength improve, the
patient can transition to a device with a
greater stiffness in order to further increase
the muscular strength during knee flexion and
extension. When the patient can perform full
ROM controlled knee flexion with the stiffest
support, they can transition to another
exercise such as the squat pattern. For the
squat, the patient starts with the stiffest
support that will provide the highest level of
stability and gradually transitions towards the
more flexible options until they no longer
need any additional assistance and are capable
of performing the motion on their own.

The methodology of this study integrates
different stages of the rehabilitation process
and aims to provide a complete recovery of
the patients, including physical, emotional,
and mental support. To achieve this goal, the
implementation of the assistive robotic
technologies depends on the stage of
recovery. To make the process as objective as
possible, the methodology, adopted in this
study, is divided into 3 levels. First, is to
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investigate the condition and the diagnosis of
the patient. At this stage, based on the
condition, initial parameters will be
established, measured, and tracked. Next, the
process of evaluation will define the
complexity of the condition and the required
technologies to be implemented in order to
accelerate the healing of the patient. Finally,
the last step is the implementation of the
technologies into the rehabilitation protocols,
tracking of the improvement and adjustment
of the process, based on the specific personal
necessities and requirements.

Rehabilitation, as a highly person-centered
process, needs to be tailored toward
individual specifics of each patient which
requires real-time adjustments. Implementing
the robotic technologies will give that
flexibility to the therapists and extend their
field of operation. To target all stages of the
rehabilitation, various types of assistive
technologies and devices will be implemented
— robots, custom-made assistive systems,
virtual and mixed reality headsets, integrated
with interactive scenarios, tools for
monitoring the telerehabilitation, enhancement
of the emotional and mental recovery as well
as artificial intelligence algorithms to allow
personalized data analysis and real-time
adjustments of the solutions by improving
the trained models. This methodology will
carry the following benefits:

» unified rehabilitation protocol;
» implementation of the optimal technology;

» quick reaction to the patient’s
condition;

» flexible customized solutions, depending
on the individual requirements;

» real-time adjustments to the process
regarding the current condition of the
patients.

To incorporate the above methodology into
modern rehabilitation, there are several

www.eufunds.bg

challenges that need to be addressed and
overcome. Defining the parameters to track
and measure with the robotic equipment is
such a complex matter. To resolve this, the
experts in charge with the technical solutions
will be working closely with the medical
professionals  throughout all steps to
determine the most relevant data-driven
processes. Another one is the integration of
the interactive scenarios to work coherently
with the virtual reality glasses. To accomplish
such an integration, the software developers
will need to follow the medical requirements
provided by the physicians as an input for
their platforms.

CONCLUSION

This research introduces a novel framework
for implementation of robotic and assistive
technologies in the process of physical
rehabilitation while acknowledging the
influence of the emotional and mental state of
the patients on their physical condition and
vice versa. In other words, all aspects and
stages of the rehabilitation, their connections
and relations are explored. Furthermore, the
real-time progress tracking and adjustment
requirements are discussed to improve the
process and provide customized solution for
the patients. The framework includes the
implementation of physical devices such as
robots, virtual reality headsets for emotional
release as well as custom-made patient
specific supports after injuries, stroke
recovery and trauma. The integration of 3D
printing and 3D scanning is explained and
illustrated. Lastly, a methodology for
evaluation of the patients’ condition,
technology selection, progress tracking is
introduced and integrated.

This study recognizes the limitations caused
by the budget restrictions and expertise
requirements for the full implementation of
the novel framework in the rehabilitation
protocols. However, the availability and
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accessibility of the robotics in parallel with
the modern days rapid technological
advancements will inevitably lead to
mitigating the impact of these challenges and
soon lifting all barriers holding the progress
and innovations in the field of rehabilitation.
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USING ARTIFICIAL INTELLIGENCE TO GENERATE THE DESIGN OF
OBJECTS
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Pestome: Hacmoswus 00KIa0 npedcmass NPULONCEHUEMO HA PA3TUYHU 2eHEPAMUSHU MOOeIU U3KYCHGEH
UHmMeneKm, KOUmo moz2am 0d ce UNOA36am 3a Cb30d6aHe HA OU3AUH HA PA3TUYHU O0OEKmMU Om apXumexkmypamd,
UHOyCmpuama u usKycmeomo. Mznonzeanume mooenu cv30a6am paguyHu u300padiceHus 6b3 0CHO8A HA HANPAGEHO
0emaiiiHo ONucaHue Ha XapakmepucmuxKume, Koumo mpaoea da ce cvovpoicam 6 uzoopasicenusma. C npuiazanemo Ha
U3KYCMBEeH UHMENEKN ce YCKOPABA npoyeca Ha OU3aUH, Kamo cmaed 6b3MONCHO 6bP30 0a 6b0am 2eHepupanu pasiuiu
BU3VATIHU PEUleHUsI HA NOCMABEHUs. NPOOIieM, KOUmo 0a ca 8 NOMOW HA OUSATIHEPU, APXUTEKMU U UHICEHEPU.

Abstract: Current paper presents the application of various generative artificial intelligence models that can be
used to create designs for various objects from architecture, industry, and art. The models used here create graphical
images based on a detailed description of the features that should be contained in the images. With the application of
artificial intelligence, the design process is accelerated, making it possible to quickly generate different visual solutions

to the given problem, to help designers, architects and engineers in their work.

BBBEJIEHUE

IIpeceunara Touka Ha W3KYCTBEHHS HHTE-
nekt (Al- Artificial intelligence ) u TBOpUYe-
CKUTE AUCLHUIIIIMHY, KaTO HHKEHEPCTBOTO, ap-
XUTEKTypaTa U U3KyCTBaTa, pa3Kpu BbJIHYBa-
I BBb3MOXXHOCTH 3a T€HEpHUpaHE Ha MHOBa-
TUBHU U BU3YaJIHO 3aBJIa[sBallu Au3aiHu. Al
CHCTEMHTE, CIIOCOOHM J1a TeHepHpar u300pa-
JKEHMsI, TIPUBJIMYAT 3HAUUTEIIHO BHUMAHUE U
ce MPEBPHIIAT B LIEHHU UHCTPYMEHTH 3a Ipo-
¢becnonanucTute B Te3u odnactu. Hacrosmus
JOKJIaZ, MMa 3a Lel J1a MPEeACTaBU NPUMEPH
3a TeHepUpaHe Ha W300pakeHHs, CIELUATHO
IIPUTOJIEHU 3a HY)KJIUTE Ha JU3aliHa B MHXKeE-
HEPCTBOTO, apXUTEKTypara U U3KyCTBara.

JIM3aiiHbBT UTpae OCHOBHA POJI B 0OpMS-
HETO Ha Hamara ¢U3MYecKka cpeia M apTu-
CTUYHM U3pa3u. TpaIuLIMOHHO AU3alHEPUTE B
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o0J1lacTTa Ha MHXXEHEPCTBOTO, apXUTEKTypara
Y U3KyCTBaTa Cca pa3yuTajlv Ha CBOS OIUT, UH-
TyULHS U PBYHM MPOLIECH, 32 J1a Ch3aadar 3a-
BJIaJIABAIM JU3ailHu. Bberpeku ToBa, CKOpOI-
HUST HANPEIbK B U3KYCTBEHHUS MHTEJIEKT Bb-
Be€JI¢ HOBM MOJIXOAH, KOUTO MOraT Ja IOMOT-
HAaT M BIBXHOBAT JU3ANHEPUTE B TEXHUTE
TBOPYECKHU THPCECHMUS.

N3non3Bailku cwiiara Ha U3KYCTBEHUS HH-
TEJIEKT, IU3aHEPUTE BEYE€ MOraT Ja TeHEepH-
par BapuauMM Ha JW3aiHa, JAa U3CienBar ai-
TEPHATUBHUA BB3MOXHOCTU U JOPU Ja OTKPH-
ST W3LAJI0 HOBU KOHIICHIIUM 3a Au3aiH. I eHe-
pUpPaHETO Ha U300paKECHHSI MOXKE Ja TIOMOTHE
MpY ABTOMATHU3UPAHETO HA IOBTAPAIIM CE 3a-
Jlaud U C€ YCKOpHU IpOIEca Ha Ch3/1aBaHE Ha
KpalHHMs [u3aiiHa 4ype3 MOBUILABAaHE HA Kpea-
THUBHOCTTA U IPOU3BOJUTEIIHOCTTA.
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MEXIYHAPOJIHA HAYYHA KOH®EPEHIIUA

EBPOINENCKW CbIO3
EBPOMEMCKI CTPYKTYPHV 1
VHBECTVLIMOHH ®OHAOBE

»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN
CUCTEMMU U TEXHOJIOT'UH“
I'ABPOBO 23

L HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

B ob6nacTTa Ha MHXKEHEPCTBOTO TeHEpHUpa-
HETO Ha W300paKeHUs, 3aIBWKBaHO OT Al,
MMa TIOTEHIMaNa Ja PEBOJIONHUOHU3UpA [TH-
3aifHa Ha CTPYKTYPH, MallliHA U cuctemMu. OT
TeHepUpaHe Ha apXUTEKTYpHU O(OPMIICHHS
70 ONTUMHU3HpPAHE Ha CIOXKHU WHXCHEPHU
KOMITOHEHTH, T€3H CHCTEMH MOrar Ja IOMOr-
HaT Ha WH)KCHEPHUTE B CH3/1aBaHETO HA edek-
TUBHH ¥ MHOBATUBHU MPOEKTH, KOUTO OTIOBa-
pAT Ha cHelUUIHA H3UCKBAHUS U OTpaHU4e-
HUSL

B apxutekrypara Al cucremurte 3a reHepu-
paHe Ha M300paKEHUsSI MOrar Jia TIOMOTHAT Ha
APXUTEKTUTE MPU BU3YATU3HPAHETO HA apXU-
TEKTYpHU KOHIICTIIIUU, TCHEPUPAHETO Ha pea-
JTUCTUYHU W300pKEHUS U M3CICABAHETO Ha
pa3IMYHA TMPOCTPAHCTBEHU moApenou. M3-
noy3Baiiku Al, apxuTekTuTe Morar Ja BIbX-
HaT JKUBOT Ha CBOUTE UJCH, ]a KOMYHUKHPAT
e(eKTUBHO TPEUIOKCHUATA 32 AW3aiH U Ja
MOCTUTHAT €(PEKTUBHO MPOCKTHPAHE.

Ocgen TOBa, B c(hepara Ha uU3KycTBara, Al
CUCTEeMHTE Tpejyiarar HOBM MHCTPYMEHTH 3a
XyJOXKHUITH, 32 J1a eKCIIEpUMEHTHpAT, Ja Te-
HepHUpaT YHUKATHH BU3yalIW3alldd U Ja pas-
IUPSBAT TPAHUIIUTE HA TBOPUECTBOTO. Karo
MO3BOJISIBAT TEHEPUPAHETO HA H300paKCHUS
BB3 OCHOBA Ha TEKCTOBU OIMHMCAHUSI UJTH ChIIe-
CTBYBAII[ MPOU3BENCHUSI HA U3KYCTBOTO, Te-
3M CHCTEMH JIaBaT BH3MOXKHOCT Ha XY/IOKHU-
UTEe W Ju3ailHepUTe Ja W3CcIenBaT HOBU
ApPTUCTUYHU CTHIIOBE, Ja MPEOCMHUCIAT Tpa-
JTUIIMOHHUTE TEXHUKH U J1a Ch3aBaT 3aBIajIs-
BaIly IUGPPOBH POPMHU Ha U3KYCTBO.

Steps: 1 Steps: 2 Steps: 3 Steps: 4

B MoMeHTa ca HallMYHU MHOXECTBO CpEIU
3a reHepupaHe Ha u3zoOpaxeHus [1-4], Kouto
MOTar /1a c€ M3I0J3BaT 3a HYKIUTE Ha apXu-
TCKTypaTa, HWHKXCHCPHHUA W XYyHOXKCCTBCHUIA
nu3aH. EnHa TakaBa cucreMa € cpenara
Stable Diffusion [5].

Cpena 3a reHepupaHe Ha H300paKeHUsA
Stable Diffusion Web Ul

Stable Diffusion e Al Moxein, KOWTO TeHe-
pupa U300paKeHHs B Pa3IMYHU CTUJIIOBE WU
pasmepu. M3o0pakeHusta Morar na Obaar
(boTopeanTuCTUYHH, B apTUCTUYEH CTUJ, NEH-
3a)KH, TIOPTPETH U MHOTO Npyru. Haumna, mo
KOWTO T€3U CHCTEMH MOTaT Jia ObJ1a U3I0JI3Ba-
HU € CIIC[HUAT: MOTPEOUTENAT NpeaaBa -
PEKTHU TEKCTOBH OIUCAHUS HA MOJENA, KOWTO
OT CBOS CTpaHa Clie/l U3BECTEH IepuoJ] OT Te-
Hepupa U300pakeHue, CIeABANKY 3a/1aICHUTE
TEXXECTH Ha yNpaBIIsSBaIINTE TeHEpaLusATa na-
paMmeTpH.

3a reHepupaHeTo Ha MU300paKEHUs Ce U3-
MOJI3BaT MOJIENIM Ha HEBPOHHU MPEKHU, KOUTO
Morar Ja ce CBaIAT cBoOoAHO oT MHTepHer
WIN JIa c€ Ch3/1aAaT U TPEHUpAT CaMOCTOSATEIN-
HO oT morpebutens. Ilpum u3non3BaHeTo Ha
MojieNia, TEHEpUPAaHETO Ha HM300paXKeHHUs ce
OCBIIIECTBSABA TIOCJEOBATEIHO C OIpEIeIIeH
Opoit cTeiku 3a reHepanus. Ha ¢ur.l moxe
71a ce BUM IOCIIETOBATEIIHOCT OT M300pake-
HUsI, TEHEPUPAHU ChC KII0YOBara ayma “cat”,
B pamkute Ha 20 cTenku. [IspBUTE CTBIIKH OT
reHepanusaTa Ha IpakTHKa ce J00nmKaBar 10
I'aycos mym.

Steps: 5 Steps: 10 Steps: 15 Steps: 20

Jlocta oT MojenuTe, KOMTO ca Ch3aJieHU
3a Stable Diffusion, OuBaT BIIOCJIEACTBHE H3-
NoJ3BaHM OT mareHu Web 6asupanu yciyru

www.eufunds. b

3a reHepanus. EQMH OT MalkoTo reHeparopu
Ha CHUMKH, 0a3upaH 3a paboTa C JIOKaJHa Ma-
muHa, e Stable Diffusion Web UI - 6pay3sp
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MEXIYHAPOJIHA HAYYHA KOH®EPEHIIUA
»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN

EBPOTEVICKM CbI03 CUCTEMMU U TEXHOJIOT'UH“ o e

VHBECTULIMOHH! ®OHOOBE l"ABPOBO 23 ﬂﬁ‘r”éﬁv‘."ré)ffé‘.? 222;'3(“
6azupan uHTEpQENc M3MON3BaIl BHICOKAPTa- xeHus. Ha ¢ur. 2 e npencraBen usriena Ha
Ta Ha MOTPEOUTENS 32 TeHepuUpaHe Ha n300pa- TOBA MPUIIOKEHHUE.

Stable Diffusion checkpoint
dreamshaper_33BakedVae.safetensors [1dceefer

ta2img | img2img

Generate

Sampling method Sampling steps

Eulera

Restore faces Tiling Hires. fix

Width

Height

Batch count
Batch size

CFG Scale

ControlNet
Send to Send to Send to
LLuL img2img inpaint extras
Script

None

APl « Github - Gradio + ReloadUl
python:3.10.11 + torch: L12.1+cull3 « xformers:N/A « gradio:3.16.2 + commit: OccOeelb « checkpoint: 1dceefeco?

Due. 2
IIpumep 3a npujioKeHne HA N3KYCTBEHHS MEHSIBaHE Ha apXUTEKTYpeH M3IVIeA Ha ChIIe-
WHTEJIEKT B apXUTEKTypara CTByBallla crpajaa. 3a menra € u30paHa CHUM-
Karo mpumep 3a nmpuiioKeHHWE Ha HM3KYyCT- Ka Ha peKTopara Ha TeXHUYeCKH YHHUBEPCHUTET
BEH MHTENIEKT MOXKE J[a Ce MPEJCTaBH OChBpPE- — T'aGpoBo (¢ur. 3)
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MEXIYHAPOJIHA HAYYHA KOH®EPEHLIUA

EBPOINENCKW CbIO3
EBPOMEMCKI CTPYKTYPHV 1
VHBECTVLIMOHH ®OHAOBE

»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN
CUCTEMMU U TEXHOJIOT'UH“
I'ABPOBO 23

L HAYKA U1 OBPA30BAHUE 3A
VHTEAMIEHTEH PACTEX

C nmomomra Ha Stable Diffusion u apxu-
TEKTypEeH MOJIeNI, TPEHHPaH BbPXy H3IJieNa Ha
CTpajii MOTar Jia ce Mmoiy4ar QpyTyprUCTUYHH
N300paKeHUsT Ha PEKTopaTa, ¢ J00aBEHH OT
Mozena m3MeHenus. Ha ¢ur4 ca npencrase-

HM HSIKOJIKO TaKHBa reHeRHRaHI/I H3IIICA.

- w 'EiE ;'lg—ll |

Duz.4

[To TO3M HayMH C TOMOINTA HA HM3KyCTBE-
HUSI MHTEJIEKT MOTar Ja Ce TMOJIydyar pa3InyHu
MHTEPECHH KOHIEMIUU 32 OBbJCIIN apXUTEK-
TYpPHHU U3MCHEHHUs BbB (hacajara Ha Crpajara.

IIpumep 32 npUI0KEHHE HA U3KYCTBEHHS
HHTEJEKT B MHAYCTPUAJHHUSA AU3alH

[Ipn mHOycTpUamHus NDU3aliH € Bb3MOXKHO
Jla ce IOIy4Yd UHTEpPEeCHa BHU3yaau3alus Ha
pa3nuuHu Mozenu Ha aeraii. [lpu cbiie-
CTBYBAIll MOZIET HA JIETailll, Ch3/1aeH Ha Oaza-
ta Ha Hikoss CAD mporpama, M3KyCTBEHHST

www.eufunds.bg

MHTEJICKT MOXKE J]a MPEUIOKH KOHLEIIINU 32
WU3MCHEHMSI B HETOBUSI BHHIIICH BHI.

Ha ¢ur. 5 e nokazan CAD mozen Ha KyTHust
3a eJIEKTPOHHO YCTPOMCTBO.

Due.5

C nomoura Ha yHuBepcaieH Al Mozen ca
TeHEPUPAHHU CIETHUTE U3MEHEHUS B TU3aliHa
Ha KyTusTa — Qur. 6.

Due. 6

I'enepupanure nu3aiiHM Morar na ce u3-
MOJ3BaT OT pa3paboTyMka 3a HM3MCHCHHUS B
CAD (aiina, Taka dYe pa3pabOTBAHOTO
YCTPOMCTBO (KyTHS 32 €JIEKTPOHUKA) Jla MPH-
nobue GyTypUCTHYCH U3TIIE.

IIpumep 3a npuiIoKeHHEe HA H3KYCTBEHHSA
HHTEJIeKT BbB IH3aiiH HA KOMIIOTHPHH
UTpH

IIpu ch3gaBaHeTO Ha KOMIIOTBPHU WIPH,
JU3aiiHa ¥ CTUJIA HA TEpOUTE ca OT TOIIMO
3HaueHue. [Ipu SCHM KIIOUOBM YEPTH U U3-
IbYBaHe, JU3aiiHEpa MOXe 4pe3 MOMOIITa Ha
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EBPOINENCKW CbIO3

EBPOIMENCKN CTPYKTYPHU U
VHBECTULIMOHHW ®OHAOBE

»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN
CUCTEMMU U TEXHOJIOT'UH“
I'ABPOBO 23

L HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

HU3KYCTBCH MHTCJICKT Ja I'CHCpHUpPa OCHOBHUA
o0pa3 Ha repoute — Qur. 7.

| Due.7

I'enepupanus au3aiiH € 6a3upaH Ha Clea-
HUTE KJIIOUYOBHU YCJIOBHS, KOUTO Ca 3a/IaficHU
KaTo TEKCTOBO omucaHue kbM Al Mmonena:
OpOHHpaH Tepoil ChC CTy/IeHA TEMAaTHUKa, CBET-
Jopyca Koca U CHHU o4H. B mocnencrsue re-
HEpHUpaHUTE HM300paKeHUs Morar nga Obaar
W3MOJI3BAHU OT BU3YAIHUS JHU3aifHEp Ha Urpa-
Ta KaTo OCHOBA 32 BRHIIHUS OOJUK Ha reposl.

3AK/IIOYEHUE

B mHacrosimara pabora ca mpeacTaBeHH
BB3MOKHOCTUTE Ha CbBPEMEHHUTE MOZEIH 32
reHepUpaHe Ha U300paKeHus, KOUTO MOraT Jia
C€ M3II0JI3BaT B IIOMOILl Ha apXUTEKTH, UHXKeE-

www.eufunds. b

HEpU M Ju3ailHepu. Belpeku, ue mopenure
UMaT HSIKOM OTPaHUYCHHsI, TO ObP3UHATA, C
KOSITO C€ Ch3/aBaT, pazHooOpazmero Ha ¢op-
MU U CIIOCOOHOCTTA Ha CPEAUTE 3a TeHepupa-
HE Ha W300paXKCHHsI C pa3lIMYHa CTEIEeH Ha
MPUBBP3AHOCT KbM BXOJHHU JIaHHU, MIPABU H3-
MOJI3BAHETO HAa W3KYCTBEH HMHTEIEKT B 00Ma-
CTH KaTO apXUTEKTypa, U3KYCTBO M WHIKECHEP-
HU JIEHHOCTH M3KITIOYUTEITHO 00eIaBario.
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EBPOE/CKM CblO3 CUCTEMMU U TEXHOJOI'NU“ : s
EBPOMNENCKN CTPYKTYPHU N o HAYKA U1 OBPA30OBAHUE 3A
WHBECTULIMOHHN ®OHIOBE I"ABPOBO 23 WHTEAUMEHTEH PACTEX

IHHOJYYABAHE U U3CJIEJIBAHE HA CTPYKTYPATA N
MEXAHUYHUTE CBOMCTBA HA KOMIIO3UTHMU CJOEBE B
CUCTEMATA TI-B YPE3 CKAHUMPAILI EJIEKTPOHEH CHOII

SYNTHESES, STRUCTURE AND MECHANICAL PROPERTIES OF
COMPOSITE LAYERS IN THE SYSTEM TI-B OBTAINED BY A
SCANNING ELECTRON BEAM

Fatme Padikova
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Abstract

Due to their excellent functional properties, Ti-based alloys are used in various industries and medicine. Titanium-
based composite layers, such as TiB, are characterized with very high hardness values. In this work, surface layers in
the titanium-boron system were formed by electron-beam treatment. A mixture of boron powder and acetone, in ratio
1:1 was evenly deposited on the top of the Ti substrates and after drying and evaporation of the acetone, a
homogeneous boron film was formed. The thickness of deposited film is approximately 8 um. The electron beam surface
treatment is performed via means of a scanning electron beam Evobeam Cube system. The technological conditions
were applied: accelerating voltage — 60 kV; beam current — 18 mA; scanning frequency — 200 Hz, circular deflection
geometry. During the process, the speed of the movement of the specimens was 4 mm/s and 6 mm/s. The phase
composition, microstructure and chemical composition were investigated by X-ray diffraction (XRD), scanning electron
microscopy (SEM), and energy-dispersive X-ray spectroscopy (EDX). The hardness of the obtained samples was
determined by a Vickers hardness tester. The results obtained for the mechanical properties of the composite layers are
discussed concerning the applied technological conditions and formed phase composition and microstructure.

Keywords: Ti-based alloy; titanium boron; electron-beam treatment; composite layer.
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MEXIYHAPOJIHA HAYYHA KOH®EPEHIIUA

EBPOINENCKW CbIO3
EBPOMEMCKI CTPYKTYPHV 1
VHBECTVLIMOHH ®OHAOBE

»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN
CUCTEMMU U TEXHOJIOT' MU
I'ABPOBO 23

L HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

BBBEJEHUE

[Topany OTAMYHHUTE CH EKCILIOATAIMOHHU
CBOICTBA, CIUIaBUTE HA OcHOBaTa Ha Ti ce u3-
MOJI3BAT B PA3JIMYHU OTPACId Ha TPOMHUIILIE-
HocTTa u MenunuHata. Ha durypa 1 ca npen-
CTaBEHU HSIKOU OT MOTCHIIMATHHUTE MPaKTHUe-
CKU TIPWJIOKEHHSI Ha TO3HW Marepuai. Brmpe-
KM TOBa, OMXa MOIJIM Ja C€ OTOCIEeKAT HAKOH
HEJOCTaThIIM, TAaKWBA KAaTO HHUCKA TBBHPIOCT
[1-5]. CsblecTByBaT pasiIuyHUd METOIU 32
TAXHOTO TPEOJOJIIBaHE, KAaTO HAW-TIOIXOIs-
IUTe ca TEXHUKHUTE 3a MOIUPUIIMPAHE Ha
CTpyKTypaTa W CBOWCTBAaTa Ha MaTepUAHTE
Ha MOBBPXHOCTTA, Thil KATO TaM T€ ca H3JIO-
YKEHU Hali-aKTHUBHO Ha €KCILIOATaIlus.

EHGKTpOHHOH’B‘IeBI/ITe MCTOAOH 3a IMOBBPX-
HUHHA MOIUQUKaIUs ca cpel ocoOeHOo mep-
CIEKTHBHUTE JHEIIHO BpeMe. Te ce Xxapakre-
pH3Hpar ¢ peauia MPeUMYIIecTBa Mpe]] KOH-
BCKIIMOHAJTHUTC TaKWBA MOpaAn U3KIIHOUUTCII-
HO KpaTKOTO BpeME Ha Ipoleca, paBHOMEp-
HOTO pasmnpe/ieliecHHe Ha CHeprusita Ha
CNEKTPOHHHSI JIbY, BB3MOXHOCTTA 32 MHOTO
ToyHa moBTOpsieMocT. ChIO Taka, TO3U Me-
TOJl C€ XapaKTepu3upa ¢ MHHHUMAIIHH Pa3Xo-
AU. HpI/I TE3W TCXHOJOIHMH, KHHCTHYHATA
SHeprusl Ha eNeKTPOHUTE ce TpaHchopmupa B
TOIUTMHA, KOETO JOBEKAa 10 (GopMHupaHe Ha
TCMIICPATYPHO ITOJIC OT HOBBPXHOCTTA B OAbJI-
OounMHa Ha Marepuayna. TeXHOJOTUYHUTE
YCIIOBUS Ha TMpoIlieca Morar aa ouaar moaopa-
HU Taka, 4ye 00paboTeHaTa MOBBPXHOCT /1a Ob-
ne pastorieHa — QopmupaHe Ha TeuHa (asza
(Teuna Bana). [Ipu BBBEXKIaHE Ha JIETHPAIIH
eNIEMEHTH B TeuHarta ()a3a W MoCiIeaBaioTo i
BTBBpIsBaHE ce€ (opMUpaT KOMIIO3UTHU
CJIOCBC MU MOKPUTUSA CHC 3HAYUTCIHO IT1OJ0-
OpeHU eKCIIOATallMOHHU CBOMCTBA B CpaBHE-
HUE C OCHOBHUS Matepua (o uioxka) [6, 7].

KoMm1o3uTHuTe cioeBe Ha TUTAHOBA OCHO-
Ba, kato TiB, ce xapakrepu3upar ¢ MHOT'O BU-

www.eufunds.b

COKH CTOMHOCTH Ha TBBPAOCT M Ca M3KIIOYH-
TETHO TMEPCIEeKTHBHHU 3a MOJOO0pSBAaHETO Ha
CIIOMEHATHs MEXaHUYEH ToKa3arel [§].

Astopurte Ha [9, 10] ca mpoBenu uscnenBa-
HUS BBPXY BB3MOXKHOCTUTE 3a Moauduimpa-
HE Ha KOMIIO3UTHU TUTAHOBU MAaTPHUIM 4Ype3
BbBeXKIaHe Ha TiB» wacTuim u momydaBaT
3HAQUUTEJIHO YBEJIIMYAaBAHE HAa MUKPOTBBP-
noctta. B apyru uzcnenBaHusi ca mpeacTaBe-
HU PE3yJITaTU OT €JIEKTPOHHOIbYEBA MOBbPX-
HUHHA MOJIU(UKAIMS HA THTAHOBH TOJIOKKHI
ChC CIIOEBE OT ATYMHHUN U HUOOWH, KaTO Ch-
o0 ce HaOIlto/aBa MOBHINIABAaHE HA TOPECIIO-
MEHaTUs MEXaHWYEH Mokaszaren. BaxHo e
obaue 51a ce oTOeNeKH, e U3CIEeABAHUS Bbp-
Xy MOJUGUIIUPAHETO HA TUTAHOBHU MOJIOKKHI
¢ 0Op, KaKTO ¥ BH3MOKHOCTHTE 32 MOTy4yaBa-
HE Ha KOMIIO3UTHH MOBBPXHUHHU CTPYKTYPH
B cucremarta Ti-B ca kbM MOMEHTa J0CTa clia-
00 uzydenu. [lopanu Tasu mpudmHa, eATa HA
HACTOSIIIOTO M3CIIEJIBAHE € J]a Ce U3y4daT Bb3-
MOXHOCTHUTE 3a IOJy4yaBaHE Ha KOMIIO3UTHHU
nokpuTHs B cuctemara Ti-B, mputexaBamun
3HAQUYUTENIHO MOBUIIEHA TBBPJOCT MO OTHOIIIE-
HUE€ Ha OCHOBHATA TUTAHOBA MOJIJIOKKA.

@Due. 1. Ilpunosicenue Ha mumano8u Mamepuaiu

N3JI0KEHHUE

B Ta3su pabota NMOBBPXHUHHHU CJOEBE B
cUCTeMara THTaH-00p Osixa MOJIy4YeHH dYpe3
eJIEKTPOHHO-TTbUeBa 00paboTka. Cmec ot 6o-
POB Tpax M aleToH B choTHoIIeHue 1:1 Oerre
pPaBHOMEPHO HaHECeHa BBbPXY TOpHAaTa 4acT
Ha MOJUTOKKHUTE OT Ti M ciiex u3cyliaBaHe u
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u3napsiBaHe Ha aleToHa ce 00pa3yBa XOMOTe-
HeH O0opoB pumm. (dur. 2)

Solid B+C,H,0H

Electron Beam Source
C,H,OH
Solid
Carbon
Particles

& B}
(1

Electron Beam

L

v, mmis
R

Infrared Heater

Que. 2. Cxema Ha mexHoao2usma 3a
eNeKMPOHHOIbYUEBA MOOUDUKAYUS 3a NOTYUABAHE
Ha noxpumus 8 cucmemama Ti-B.

JleGenuHata Ha HaHeCeHHUS (QUIM € TpHU-
O6mu3utenHo § um. EnexkrpoHHONBYEBaTa 00-
paboTKa Ha MOBBPXHOCTTA € M3BBPILIEHA IO-
CPEACTBOM CKaHMpalla eJIeKTPOHHOIbYEeBA
cucreMma Evobeam Cube. Ilpunoxenu ca
CIICZIHUTE TEXHOJIOTUYHU YCIIOBUS: YCKOpSBa-
mo Hampexenue - 60 kV; Tok Ha apua - 18
mA; yectora Ha ckaHupase - 200 Hz; xpbro-
Ba reoMeTpHs Ha oTKIoHeHHueTo. [1o Bpeme Ha
Ipoleca CKOpOCTTa Ha JBIKEHHE Ha 00pas-
uuTe € 4 mm/s u 6 mm/s. @a30BUAT CHCTAB,
MUKPOCTPYKTYpaTa U XUMHUYECKHIT CbhCTaB
0sxa M3CIIeIBAHU Ype3 PEHTreHOBa IHudpax-
nus (XRD), ckaHupaia eaeKTpoHHa MHUKpO-
ckonust (SEM) m eHepruiiHo-AuCIIEpCUOHHA
pentrenoBa crnekrpockonus (EDX). Tebp-
JOCTTa Ha MOJYy4YEHHUTE 00pasliy € orpeselie-
Ha ¢ TBbpAOMep Ha Bukepc.

PE3YJITATHU

Ha ¢urypa 3 ca mpencraBeHH eKcIiepu-
MEHTAJHO TMOJYYEHUTE PEHTTEHOBU IH]pax-
TOrpaMM Ha M3cienBaHuTe obpasmu. Vzmep-
BaHUATA Ca PeaTM3UpPAaHU B BIJIOB JUANa30H
ot 25" 10 85° B ckana 20. INonyuenure cuse-
TeJNcTBaT 3a ABy(aszHa cTpykTypa. Habmona-
BaT ce JU(PPaKIMOHHU MAKCUMYMH, CbOTBET-
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CTBAIllM Ha MOJUKpUCTATHHUTE (a3 Ti, KakTo
u TiB; u B 1Bara ciydass Ha CKOPOCT Ha JBU-
’KeHHe Ha oOpasena Mo BpeMe Ha eJEeKTPOH-
HoJbueBa oOpaboTka. CrenoBaTenHo, OU Mo-
I'JIO JIa C€ 3aKJII0YHM, Y€ TOPECIOMEHATHAT TeX-
HOJIOTHYEH TapaMeThp Ha TEXHOJOTHATa 3a
CJIEKTPOHHOIbYEBA MOAU(DUKAIIUS HE BIUsEC
Ha (ha30BUS CHCTAB HA MOJIYUYEHUTE MTOKPUTHUS
[P TOK Ha E€JIEKTPOHHMs cHON OT 18 mA u
yckopsiBaio Hampexenue ot 60 kV. Ceiio
Taka, YCTAaHOBEHO €, 4e He ce HabIoaaBar
3HAYUTEIHU OTMECTBAHMS Ha TU(PPAKIIUOHHU-
T€ NMUKOBE B 3aBHUCHMOCT OT CKOpPOCTTa Ha
JBIDKEHUE Ha oOpaszera, KOeTO O3HayaBa, ye
IpoMsSHAaTa Ha TO3M TEXHOJIOTHMYEH Iapame-
THP HE BOJIM JI0 MPOMSIHA Ha MEXTYTIOCKOCT-
HUTE pa3CTOSHU, KakTo npu ¢azata Ti, Taka
u npu TiB,. CnenoBarenHo, mapameTpuTe Ha
eJIEMEHTApHUTE KIETKH Ha JBeTe (a3u ocra-
BaT CBILO HEIPOMEHEHU. Moke aa ce 3aKiIto-
YM, Y€ JOMBJIHUTEIHU OCTaThbUHHU Harpexe-
HUS, B CJIEJICTBHE Ha MPOMSHATa Ha CKOPOCT-
Ta Ha JIBWKEHHME Ha IMpoOuTe He ce Habmroaa-
BarT.

*-Ti 6 mm/s

®-TiB,

4 mm/s

Intensity, a.u.

20, deg.

Due. 3. Penmeenosa ougpakmozpama Ha
nonyuenume 06pasyu.

Ha ¢urypu 4 (a) u 4 (6) ca npencraBeH!
M300paKEHUS, TOYYCHU YpEe3 ONTUYCH MHU-
KPOCKOII Ha HAIMPEUYCH Cpe3 Ha MOJYUYCHHUTE
MOKPUTHSI TPH CKOPOCTH HA JBIDKECHHE Ha
obpazerna ot 6 u 4 mm/s, chOTBETHO. Bmxka
ce, ue W B JiBara ciiydas ¢ (opMHpPaHO MOKPH-
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THEe B cucreMmara Ti-B, KoeTo € B chriacue ¢
pe3yaTaTUTE, MOTYYCHH YPE3 PEHTTCHOCTPYK-
TypeH ananu3 (¢urypa 3). I[lokputuero moiy-
YEeHO 4Ype3 M3IOJ3BaHE Ha IO0-BHCOKATa CKO-
pocT Ha JBMXKEHHE Ha oOpasena (6 mm/s) ce
XapaKTepu3upa ¢ Mo-Majka aedennHa, KaTo €
YCTAHOBEHO, Y€ TS € OT Mopsabka Ha 50 pm.
[TokputHeTo, KOETO € MOJY4eHO 4pe3 IIo-
HHUCKaTa CKOPOCT Ha JBIJKEHHE Ha mpodaTa
(4 mm/s) e oxono 100 um, xoero € okoio 2
'BTU MO-TOJIsIMA JIeOSTMHA B CPAaBHEHUE C Jie-
OenvHATa MOJyuyeHa MPHU EICKTPOHHOIbUCBA
Mo TU(UKAIHS C TIO-HUCKAaTa CKOPOCT Ha JIBU-
JKeHue Ha oOpasena. JI[MCKyTUpaHUAT B Ta3u
CTaTusl TapamMeThbp WMa BaXHO OTHOIICHUE
BBPXY KOJHMYECTBOTO BBBEACH Marephal B
TeuHara (a3za. BeBexmaHero um pasmpenerne-
HUETO Ha JICTHPAIX CJICMCHTH Ha IMOBBPX-
HOCTTa Ha EJEKTPOHHOIBYEBO 00paboTeHU
MOBBPXHOCTH ce 0a3upa Ha MHTCH3MBHA KOH-
BEKIIUs THI MapaHTrOHH, KOSTO € IPUYHMHEHA
OT BHUCOKOTEMIIEPATypHHS IPAJUCHT B TEYHA-
ta aza [11, 12]. B To3u cnyuaii, ”HTCH3UBHU
KOHBEKI[HOHHU TOTOIM JCHCTBAT OT MOBBPX-
HOCTTa KBM IBIOOYMHATA, KATO TE€ Ca OTrO-
BOPHHM 3a TPEHOCA M pa3lpelelICHUETO Ha
€JIEMEHTHUTE B T€YHATa BaHa. B ciryyail Ha no-
HHUCKa CKOpOCT, TeMIleparypara € IO-HHUCKa,
KOCTO KOPECHOHIMpPA KbM IO-HUCHK TEMIIe-
patypeH TpajueHT, KbJACTO KOHBCKI[HOHHHUTE
MOTOLM HE Ca TOJIKOBA CHIIHO HW3pa3eHH, B
cpaBHEHHE C 00paboTKara NpH MO-BHCOKaTa
ckopoct. CienoBaTenHo, IO-MAJIKO KOJH-
4ecTBO OT B mpax ¢ Oui BbBEJICH B TUTAHOBA-
Ta MOJUTOKKA U MOKPUTHETO, MOJIyUEHO MPH 6
mm/s CKOpPOCT Ha JIBH)KEHHE Ha oOpasena e
IMO-TBHKO. BaXHO € chIIo 1a ce oTOEeIeKH,
4e U B J[BaTa Cliydas Ha 00paboTKa, Mo/ MoJIy-
YEHOTO MOKPHUTHE ce HabironaBa u3apeOHeHa
30HA, U3BECTHA OIlE KAaTO 30Ha Ha TEPMHUYHO
BIIMSIHHE.
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Due. 4. Uzmepsarne Ha MUKPOMEBLPOOCH HA
obpasyume cbc CKOPOCH HO 08UdICEHUE HA
obpazeya : a) 6 mm/s; 6) 4 mm/s

N3cnenBana € 1 MUKPOTBBPAOCTTA HA IO-
Jy4eHHUTe 00paslu, KaTo 3a Ta3H Lel € U3M0J-
3BaH METOIBbT Ha Bukepc mpu HaTtoBapBaHE
ot 200 rpama. [lonydenure pesynratu cBuje-
TeJCTBAT 3a (hOpMUpPAHE HA MOKPUTHUS B CHUC-
temara Ti-B ¢ M3KIIOYUTETHO BHCOKU CTOM-
HOCTH Ha FOpECIOMEHATUsl MEXaHUYEH IOKa-
3aren. M3mepeHuTe CTOMHOCTM Ha MHKPO-
TBBPAOCTTAa HAa IIOJYyYEHUTE IOKPUTHUS U B
nBata ciaydas ca okoso 4000 HVo2, kxoero
3HAUUTEIIHO Ha/IBUIIABA Ta3U HAa OCHOBHATA
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TUTAHOBA MOJUIOKKA. Pe3ynrarure mokassar,
Ye MUKPOTBBPIOCTTA, U3MEPEHA B 30HATa Ha
TEPMUYHO BIIUSIHUE, KAKTO U Ta3U Ha TUTAHO-
BaTa TMOMJIOXKAa € 3HAYUTEIHO IO-HUCKA.
CroltHOCTUTE, TOJIydeHU B OCHOBHHUSI THUTa-
HOB Martepuain ca okojo 160-170 HVo,. Tosa
O3HayaBa, Y€ MUKPOTBBPAOCTTA Ha TOJIy4de-
HUTE MOKpUTUS B cucremara Ti-B e moseue
or 20 mbTH MO-BUCOKA OT Ta3W HAa OCHOBHUSA
TUTAHOB MaTepual.

3AKJIFOYEHUE

[TomydenuTe pe3ynTaTH MOKa3BaT Bh3MOXK-
HOCTTa 3a TMOJIy4aBaHE Ha CIIOEBE OT TUTAHOB
O6opun BBpXy mnomnoxka ot Ti  upes
€JIIEKTPOHHOIbYEBA MOBLPXHUHHA MOU(DUKa-
mus. [lo Bpeme Ha €KCIIEpUMEHTUTE € H3TOJI-
3BaHa KpPBroBa T'E€OMETPUS Ha CKaHHpaHE.
MotHocTTa Ha €NEKTPOHHUS CHOM Oerne
1080 W. CkopoctTa Ha JABHXKEHHE Ha 00pa3-
[UTE 1O BpPEME Ha EJIEKTPOHHOIbYEBATA IO-
BbPXHUHHA MoJudukanus oemre 4 u 6 mm/s,
cbhoTBeTHO. [lomydeHnure pe3ynraTu MokasBar,
4e eJIEKTPOHHOIbUYEBATa MOBBPXHIUHHA MO~
¢bukanus, peanu3upaHa Mpu ropecroMeHaTH-
T€ TEXHOJIOTHYHU YCIOBHS BOJIU IO 00pasy-
BaHe Ha koMmo3uTeH cioit ot Ti -TiB,. N3wme-
peHata MHKPOTBBPIOCT Ha OOpa3yBaHUTE
KOMIIO3UTHH ciioeBe ¢ okojio 4000 HV, xoeTo
e 20 TpTU MO-BUCOKO OT TOBA HA OCHOBHUSA
cyoctpar ot Ti.

baaropapHocru:

Hacrosmure usciensanus ca CBbp3aHU C
U3IBJIHEHUETO Ha 3aJa4yd 10  IPOEKT
BG05M20P001-1.002-0023 - Ilentsp 3a
KOMIIETEHTHOCT ,,JIHTENUIreHTHH, MeXaTpoH-
HHU, €KO-U €HEPrOCIECTABALU CUCTEMU U TEX-
HOJIOTUH .
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Abstract

The idea of this paper is to present basic components of a flexible assembly system (FAS), discuss it characteristics,
classify the systems and describe an application. This equipment offers professional training according to the industrial
reality, simulating a real assembly process and including different technologies from Industry 4.0. The FAS consists of
an automated flexible assembly cell with five different stages: assembly, handling, quality inspection, transfer and
warehouse. It is the ideal answer to research and training in industrial automation. The main advantage is that it has
Sfully modularity in keeping with industrial reality. The technologies included in its different assembly modules, as well
as the assembly process with several variants, allow the user to develop the professional skills required by advanced
automation. In this work the conventional control approach is presented with programmable logic controllers (PLC)

and SCADA level.

Keywords: flexible manufacturing systems, flexible assembly systems, intelligent manufacturing systems.

INTRODUCTION

Smart Manufacturing is considered as a
new paradigm that make work smarter and
more connected, bringing speed and
flexibility through the introduction of digital
innovation [1]. Today, digital innovation is
closely linked to the ‘“sustainability” of
companies. Digital innovation and
sustainability are two inseparable principles
which are based on the concept of circular
economy. Digital innovation enables circular
economy model promoting the use of
solutions like digital platforms, smart devices,
artificial intelligence that help to optimize
resources.

The main part of Smart Manufacturing are
flexible assembly systems [2]. A flexible
assembly system is a fully integrated
production system consisting of computer
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numerically controlled assembly stations,
connected by an automated material handling
system, all under the control of a central
computer. The FAS is capable of
simultaneously assemble a variety of product
types in small to medium-sized batches and at
high rate comparable to that of conventional
transfer lines designed for high volume/low
variety manufacture [3].

The aim of this paper is to present basic
hardware components of a flexible assembly
system and discuss it characteristics, classify
the systems and describe some real
applications. The FAS-200 system is the ideal
answer to research and training in industrial
automation. It is fully modular and flexible
equipment and in keeping with industrial
reality [7], [8].
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AUTOMATED INDUSTRIAL SYSTEMS

The fully automated manufacturing
environment has been the ultimate goal of
industrial companies that for a few decades
already [4]. The idea was first put forward
with the rise of the Computer Integrated
Manufacturing (CIM) [5] in the early 1980s.
Nowadays  sophisticated = communication
technologies, big data analytics, Industry 4.0
technologies and integrated electronic
components and modules enable automation
possibilities and the realization of new
business models [6]. However, only a small
number of companies still aims for a
completely deserted and fully automated.

Today, the workers and employees are seen
as flexible and agile factory assets who should
be supported in the best way possible. With
the combination of human flexibility and
experience on the one hand and the potential
of process and factory automation on the
other hand, major breakthroughs in the
manufacturing environment are achievable.
An effective human-machine collaboration
enables companies to establish a production
line or factory site suited for complex and/or
highly integrated products that will continue
to be profitable in future. Even though today’s
machines run automated processes, these are
typically based on linear control systems. The
concept of the automated factory transfers the
already successfully applied use cases of
automated basic processing steps at the single
machine level (e.g. assembly of particular
components) to an in-house and even to a
global industry level. Automated factories
conduct major steps from material preparation
via production to testing in an automated
manner. The demand-driven self-operation of
production allows parallel instead of linear
production workflows within one factory and
along the entire supply chain, e.g. products
are being tested virtually while materials are
being prepared for its production.
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Only the automated factory with an
optimal supported flexible workforce can lead
the industry to an efficient mass-
customization of goods. To achieve these
goals, FAS is pivotal as shown in the next
section.

ASSEMBLY SYSTEM DESCRIPTION

It is described a training equipment in
mechatronics connected with Industry 4.0
technologies. This is a flexible assembly
system FAS — 200, installed at laboratory of
Intelligent ~ Automation Manufacturing
Systems in the new Centre of Competence
“Smart Mechatronic, Eco- and Energy Saving
Systems and Technologies “

FAS 200 [7] is comprised of different
stations, each performing a part of assembly
process. The flexible assembly system has
been specially conceived for persons to
acquire professional capabilities in connection
with the Occupational Groupings of
Electricity/ Electronics and Maintenance,
such as: -Installation, Electromechanical
Maintenance and Line Transport; - Industrial
Equipment Maintenance; - Automatic Control
and Regulation Systems. It enables the
development of various skills associated with

pneumatic,  electropneumatic, electrical,
robotic and handling automatisms,
programming and PLC  technologies,
industrial communications,  supervision,

quality control and fault diagnosis and repair.
It also allows the study of a wide range of
sensor types: - magnetic detectors; inductive
detectors; optical fiber sensors; photoelectric
detectors; capacitive detectors; pressure and
vacuum switches; linear encoders. The system
includes a flexible automation cell which
carries out an assembly process involving a
number of predetermined parts with different
possibilities. The parts are transported
consequently to the connected modules by an
automated linear transfer line with
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corresponding stoppers and precision lifters-
positioners. Parts are mounted on pallets. The
process modules function either independently
of the transport system, in single or couple
modes, or integrated into it, in cell mode. The
modules are located in a side of the linear
transfer, and may be withdrawn for re-positioning
in a different order (the repositioning of
different modules of the system can mean
repositioning of stoppers, lifters-positioners
and reprogramming of the controllers of the
system), moved for future extensions or work
in completely independent, in a single mode,
or with its complementary module in a couple
mode (requiring reprogramming of the
control). Each station has its own electrical
panel, where the wiring system and PLC are
fully visible, while new elements may be
fitted to the panel if it is necessary. The users
may design and build their own projects with
different PLCs and subsequently integrate
them in the station. They can develop a
further series of skills envisaged in the
training cycles for those persons who form the
target group for the cell. The front of each
station incorporates the start, stop, step-by
step/continuous cycle and reset pushbuttons.
In addition, the control pushbuttons
incorporate a main switch on/off and
emergency pushbuttons for emergency stops.
The system is modular and may be extended,
which allowed a future incorporation of other
process modules according to the user needs.
The modules are mounted on aluminum
sections, which are tables with a large surface
area and multiple slots. This allow all types of
extension and modification. The assembly
process performed is as follows:

Process A: Feed body or base to which the
other parts are assembled and verification of
its orientation.

Process B: Pick and place bearing and
measurement of its height.

Process C: Press bearing in hydraulically.

www.eufunds.bg

Process D: Pick and place shaft and
verification of its orientation and material.

Process E: Pick and place cover and
verification of its orientation, material and
color.
Process F: Fit screws.
Process G: Robot screw driving.
Process H: Quality control by artificial vision.
Process I:Unloading, storage and palletization
of final assembly.

In addition to transport processes between
with a linear conveyor.

Transfer and vision inspection module

The transport system, fig.1 is composed by
long lines including five modules to facilitate
the envisaged assembly process.

Fig. 1. Linear transfer module.

Different layouts can be defined for future
expansions. The transfer follows a rectangular
path or linear path. The master PLC controls
and coordinates the rest of the PLCs
connected to the network and it is located in
the “body feeding and checking” station.
There is a longitudinal channel in one side of
each module and of the linear transfer to
provide the electrical power connections and
the air supply connections between the
different stations (and in the communication
connections). The  modular  transfer
incorporates a pallet assembly to transport
parts and assemblies across the handling
stations. The pallets and the transfer stoppers
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incorporate a binary coding system using
inductive detectors, which allow the control
system to identify the position of each pallet
at any time.

Vision system:

The body is going to the first of two
inspection positions, and a vision camera
confirms the color and presence of the shaft,
the height, the color and the presence of the
cover and the presence of two of the four
screws, fig. 2. The system is used with
monitoring purposes, based on an open-loop
concept. Then it rotates to the second
inspection position and the vision system
confirms the presence of the remaining two
screws. If the inspection results are good, the
turning mechanism is returned to the pallet
retained at the transfer. The vision system
consists in a vision sensor with integrated
camera and controller. It can be used to easily
achieve simple inspections and
measurements.

Fig. 2. Vision system.

Feeding and transferring module

This feeding module feeds the bearing
which is going to be placed inside the housing
formed in the body by the next module. Also,
this module transfers, fig.3 the bearing to the
measurement position located on the next
module, where the height is measured to
differentiate between the two sizes of bearing.

The feeding operation begins when the
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pallet is positioned opposite to the next
module. The pallet is held in a determined
location by a stopper and a positioner-lifter on
the linear transfer. Confirmation that the
pallet is in the correct position is provided by
a microswitch which sends the appropriate
signal to the PLC of the next module which in
turn sends the signal “start cycle” to the PLC
of feeding module.

Fig. 3. Manipulators of the feeding module.

The feeding module, like the others, may be
divided into a series of manipulators. Each
sub-module has been made as a set of
components which performs a specific
operation within the whole assembling
process carried out at the module. The feeder
which supplies the bearing is of the gravity
feed type. The bearings are stored in a
column. The next bearing is extracted at the
moment the cycle starts, so when the bottom
bearing is removed, the next falls into the
place under the its own weight and that of the
ones above it. In this case, a sensor in the
form of a microswitch checks for a bearing
presence. This allows the PLC to verify that
the bearing really has been extracted after the
feeding procedure. This way it is possible to
determine when the bearings loaded in the
feeder have run out. A manipulator moves the
bearing from the feeding position to the place
where the height measuring operation in the
next module will be performed. The
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manipulator uses a rack and pinion type rotary
actuator which describes an angle of 180°. To
the rotary actuator it is attached an arm, which
moves a two-finger parallel-opening gripper
which grips the inner part of the bearing. This
arm houses a mechanism consisting of a
toothed belt and two pinions. The purpose is
to keep the gripper orientation throughout the
turning movement, so that it can reach the
measuring point in horizontal position.

Measuring and transferring module

The measuring module is complementary to
the previous one. It is measured in this
module the height to differentiate between the
two sizes of bearings, fig. 4. This module
rejects the bearing or places it inside the
housing of the body on the pallet, depending
of the signal “tall bearing” or “short bearing”.
The confirmation of the bearing has got the
correct height is got by a linear potentiometer
like a measurer turning on an internal flag of
the PLC, signal “tall bearing” or “short
bearing”.

Fig. 4. Measuring manipulator

When the pallet is positioned opposite the
module this operation begins. The pallet is
held in a determined location by a stopper and
a positioner-lifter on the linear transfer
system. When the PLC of the third module
sends the signal “end cycle” to the PLC of
this fourth module. The task of placing the
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bearing is performed on the pallet brought by
the belt conveyor and carrying the body fed
and assembled by the previous modules. The
bearing fitting operation requires the pallet
carrying the body to be precisely situated in a
predetermined place. To achieve this
precision, once the pallet has been retained by
a stopper, it is lifted by a pneumatic cylinder
and centered at the same time by four pins
which fit inside housings formed for this
purpose in the bottom of the pallet.

The measuring module, like the others,
could be divided into a series of manipulators.
Each sub-module has been made by
considering it as a set of components which
performs a specific operation within the
whole process carried out at the main module.

* Measurement of height:

The module allows the possibility of
feeding bearings of different heights, because
a measuring manipulator is included to
measure the height and to select them. The
bearing is placed on a platform, with a
centering device operated by a pneumatic
cylinder which locates it at a very precise
position. That is needed to perform the correct
measurement of the height. This platform is
lifted by a rod less pneumatic cylinder. This
way the bearing contacts a touch sensor and
gives the height reading. The touch sensor
consists of a linear potentiometer with an
output, connected with an analogue module,
included in the PLC. The lifter returns to its
original position after measurement. After
that, a cylinder pushes the bearing towards a
ramp, in case the height does not correspond
to the selected one. The final operation is
performed by a manipulator. It comprises a
rotary-linear system, with an arm to which a
two-finger gripper has been fitted. After
picking up the bearing, the arm goes up, turns
through 180° and then goes down again to
insert the bearing in the housing of the body.
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Cover classification module

The fourth of the components to be
assembled in the system FAS200 is a cover
which is fitted into a housing formed on the
body for this purpose, fig. 5. The cover serves
to retain the turning mechanism shaft
mounted at the previous modules. While the
preceding modules saw the introduction of a
variant in the form of different materials for
the shaft, this module increases the number of
variants by offering the choice of three
different materials for the cover: aluminum,
white nylon and black nylon, in addition to a
choice of two different cover heights, giving a
total of six possible combinations for this
particular assembly task. The need for
appropriate checks to determine which type of
cover is to be assembled at each module cycle
means that this module is one of the most
complex in terms of the operations to be
carried out. It is also essential that the module
control coordinates part selection operations
in accordance with the commands supplied by
the master responsible for production
management in the FAS-200. This
classification module feeds the cover which is
the closure cap for the turning mechanism,
and verifies its material, color and height.

Fig. 5. Manipulators of the cover classification
module.
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Then, the next module rejects the cover or
places it onside the housing of the body on
the pallet, depending of the signals “metal
cover”, “plastic cover”, “black cover”, “white
cover”, “tall cover” and “short cover”. The
confirmation of the cover is the correct one
(material, color and height) is got by some
sensors (an inductive detector, a photoelectric
detector and a pneumatic cylinder with stroke
reading) turning on some internal flags of the
PLC, the previously mentioned signals. This
operation begins when the pallet is positioned
opposite the module, held in a determined
location by a stopper on the linear transfer
system. Confirmation that the pallet is in the
correct position is provided by a microswitch
which sends the appropriate signal to the PLC
of the module which sends the signal “start
cycle” to the PLC of this module. The feeding
module, like the others, may be divided into a
series of manipulators. Each sub-module has
been made by considering it as a set of
components which performs a specific
operation within the whole assembling
process carried out at the module.

* Index plate:

This element is used as a system of
alternating rotary movement, in the sense that
each turning movement moves the plate round
by a number of degrees equal to the
circumference divided by the number of
defined positions. In this case, it is a plate of 8
different positions. To achieve this effect, the
system incorporates a pneumatic pusher
cylinder with back and forth movement
giving the required angular advance. There
are a further two stop cylinders which
function alternately, one moving which holds
the plate during the turn, and another fixed
cylinder which locks the plate in position
when movement has ceased. In this way, the
plate is held firmly and the pusher cylinder
can return to its initial position to await a new

cycle.
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* Cover feeder:

The covers stored in a gravity type feeder
are deposited on the first plate position via a
step-by-step feed system involving two
pneumatic grippers. These grippers are in a
permanent counterpoise position, so that
while the lower one releases the next cover
from the feeder, the upper one holds the rest
in place. A presence sensor in the form of a
fiber optic detector allows the PLC to verify
that there is really at least a cover in the
feeder to continue the feeding procedure. This
makes it possible to determine if the covers
loaded in the feeder have run out.

 Cover measuring position:

The fact that covers of two different heights
may be assembled necessitates a height
measuring device. Owing to the teaching and
training objective for which the cell has been
designed, various solutions have been used to
perform similar operations, so that while
components such as pneumatic cylinders with
correct height detectors or analogue output
touch probes have been employed at other
modules, this particular module uses a digital
transducer which provides a pulse output, as it
is a linear encoder. The component used
consists of a pneumatic cylinder which moves
the probe until it touches the cover. An
integral linear encoder in the cylinder sends
pulses which are counted by a quick counter
input at the PLC, making it possible to
determine the distance the cylinder advances
until it contacts the cover. This information
allows direct determination of the height of
the cover.

* Material detection position:

As described above, this module offers the
possibility of working with aluminum, white
nylon and black nylon respectively. To
differentiate these types, the next index plate
position is fitted with an inductive detector
and a photoelectric detector which supply the
necessary signals to the PLC.
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Detection of the metal covers necessitates
the use of a inductive sensor, which supplies a
signal when the part detected is made of
metal. The final cover differentiation process
is that between black and white nylon, and for
this purpose a photoelectric cell as in figure is
fitted. This component only detects white-
colored nylon covers.

Cover rejecting and transferring module

This module, fig. 6 is complementary to
previous one. This module rejects the cover or
places it onside the housing of the body on
the pallet, depending of the signal about the
cover material from the PLC of the previous
module. This operation begins when the pallet
is positioned opposite the module, held in a
determined location by a stopper on the linear
transfer, and when the PLC of the module
sends the signal “end cycle” to the PLC of
this module. The task of placing the cover is
performed on the pallet brought by the belt
conveyor and carrying the body-bearing-shaft
assembly fed and assembled by the previous
modules. The cover fitting operation requires
the pallet is stopped and retained by a stopper.

The tenth module, like the others, may be
divided into a series of manipulators. Each
sub-division has been made by considering it
as a set of components which performs a
specific operation within the whole process
carried out at the module.

* Rejection of incorrect cover:

If the cover reaches the last-but-one index
plate position (on the previous module), and
the various material or height sensors have
indicated that it is not of the material or height
indicated by the main controller in charge of
production of the system.

FAS 200, then it must be rejected. This
operation is implemented at this module by a
two-cartesian axes manipulator, which picks
the cover off the index plate and deposits it on
a removal ramp if the corresponding signal is
received.
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Fig. 6. Cover rejecting and transferring module.

The manipulator comprises two pneumatic
parallel rod cylinders, at the end of which is a
suction plate with three vacuum-holding cups.

+ Cover insertion:

Cover insertion, carried out from the last of
the index plate position (on the previous
module), is performed by a rotary-linear type
manipulator. This rotary- linear cylinder
makes it possible for a single component to
pick up the cover, take it to the unloading
point and insert it. The cylinder offers the
possibility of independently commanding rod
in stroking and out stroking as well as turns to
left or right. It is this cylinder which turns an
arm fitted with a parallel opening gripper used
to holds the cover throughout the movement,
which is lifted and turned towards the
unloading point by a rotary- linear pneumatic
actuator.

Warehouse module

Once the final assembly is completed, the
warehouse module has to be removed from
the transport system. This storage module,
fig. 7 uses a system based on two coordinate
axes, so that the bodies (with bearings, shafts,
covers and screws) picked off the conveyor
belt may be allocated at any point on the
surface of the module. The storage module,
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like the others, may be divided into a series of
manipulators. Each sub-division has been
made by considering it as a set of components
which performs a specific operation within
the whole process carried out at the module.

* Vertical axis:

The system of holding the components of
turning mechanism consists of parallel rod
cylinder equipped with a plate including four
suction cups which to hold the assembly until
it is positioned at its storage point.

* Positioning axes:

The first operation consists of placing the
vertical axis mentioned above over a fixed
pick-up point over the place where the pallet
is stopped.

Fig. 7. Manipulators of the warehouse module.

This operation is carried out by two shafts:
one of them is a pneumatic actuator and the
other one is a positioning shaft driven by
servomotor with absolute encoder to provide
instantaneous reading of motor rotation,
achieving the precise regulation of position
and speed via their corresponding driver
which set up a closed loop position regulation
system. This involves encoder feedback and
the position setpoint required at any particular
moment supplied by the PLC controlling the
module.
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ASSEMBLI LINE OPERATION

During operation with the flexible
assembling system they are used functional
PLCs software programs implemented like
structural function codes, evident from fig. 8.
It is wused KEPServer for devices
communication and SCADA system, fig.9.
All stations are presented as clients: FAS 203,
FAS 204, FAS 209, FAS 210, FAS 216. Next
figure presents the device parameters for the
first station with PLC S7-1200 and defined IP
address. The Input and Output assignment is
presented on fig.11. These are addresses used
in user program for system functionality.

FIRST SCAN CYCLE

0 | VAITING TO START CYCLE

D atabasze Creation
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)
g FAS-200
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Flexible assembly system
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Fig. 12. SCADA main screen
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FAS-216 FAS-210 FAS-209 FAS-204 FAS-203
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-

Fig. 13. All modules in the project
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Fig. 14. Screen for monitoring and control of
the first module, FAS203

The prepared SCADA project with Omron
software CX-Supervisor is presented. On fig.
12 the main screen is given and operating can
be started. The monitoring and control for the
first module is presented on the fig. 14. It is
for feeding stage of the manufacturing
system. The quality control, sorting and
rejection are shown on fig. 15. Respect to the
user definition and selected options this
module operates. The nest station includes
different covers for parts and can be
predefined and selected from three types. Fig.
16 general screen for cover classification and
table with positioned covers.

The assembly stage is presented with screen
on fig. 17. At this step can be make rejection
as well as it is possible in module at FAS 204.

FAS204

‘Bealiny fr je 7 7 |

A M L

Air e—
@@

Power @ Measue 0

Fig. 15. Screen for quality control, FAS 204
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== oorr: EF
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Fig. 16. Screen for covering, FAS 209

The last station is focused on placement of
the ready production, fig. 18.

FAS2I0

Cover assembling / rejection

A w| [ R ¥
0@ O.s
- - P\)WEL@

Fig. 17. Screen for assembling stage, FAS 210

The results obtained during operation of FAS
200 show a correct function of the system and
software implementation. For this purpose, it
is used a SCADA operational system for
configuration, communication and monitoring
of all system elements.

FASZIE

Warehouse module

e 4 4

£000000000000000000

Fig. 18. Screen for warehouse storage, FAS 216
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CONCLUSION

In recent years the manufacturers have
invested most to the beginning and of the
production process. To the designing stage by
introducing of FAS systems and to production
stage by modernization of production. FAS
systems became standard by majority of
manufactures, therefore if they still want to
increase competitiveness, they have to
increase efficiency, productivity and quality
of production. This is main reason that
technologically advanced countries focus on
preparation and realization of modern
manufacturing systems, mainly new.
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Abstract

The concentrated surfactant solutions have a wide application in industry, oil recovery, drug delivery, turbulent
drag reduction, etc. The competition between the companies-producers has led to use of new kind of formulations to
improve: washing action, skin and eye irritation; stability and durability; biodegradability; tolerance to hard water.
Here, we present a review on the state of the art and our contributions to the molecular thermodynamic theory and
experiment on the growth of giant micellar aggregates. Despite the considerable advances in theory and computer
simulations, agreement with experimental data has been achieved only in isolated cases. Our predictive molecular
thermodynamic approach accounts for the different contributions to the micellar scission energy in the case of
nonionic, zwitterionic and ionic surfactant solutions and their mixtures. Excellent agreement was achieved between the
theoretical model and experimental data for wormlike surfactant micelles at various concentrations of salt and
temperatures. At high salt concentrations, the model also predicts loss of chemical equilibrium, which implies a
transition to self-assemblies of other morphology or the onset of crystallization and phase separation. The results have

applications for the design of new products and nanostructured materials.

Keywords: surfactant micelles, wormlike micellar aggregates, scission energy, molecular thermodynamic theory.

INTRODUCTION

At higher concentrations, the molecules in
solutions of surface-active substances (surfactants)
self-assemble to form giant wormlike and
branched micelles [1]. Under certain conditions,
the branched micelles assemble into a multi-
connected micellar network [2]. The measured
significant increase of the solution viscosity
(from 107 to 300 Pa.s) is explained with the
formation and growth of wormlike micelles.
These aggregates grow in the following three
cases: in nonionic surfactant solutions at
different temperatures [3]; in ionic surfactant
solutions in the presence of salts [4]; in mixed
solutions of surfactants that exhibit synergistic
mixing [5]. The wide applications of micellar
systems and varieties of formulations, from one
side, and the strict practical rheological
requirements need quantitative predictive models

www.eufunds.bg

for the self-assembly of molecules in complex
solutions.

The fundamental problem in the physical
chemistry is how to predict the size of the
wormlike micelles on the basis of knowledge for
the properties of the constituent molecules and
their concentrations. Detailed literature review
on the theory of wormlike micelles can be found
in Ref. [6]. The majority of papers in this field is
aimed at predicting the rheological behavior of
micellar solutions at given micelle concentration,
size distribution and kinetic parameters, such as
the characteristic times of micelle breakage and
reptation [7]. There are also studies on computer
simulations of wormlike micelles by the Monte
Carlo [8] and molecular dynamics [9] methods.
The application of simulation methods is limited
because of the large size of the wormlike
micelles — typically, their aggregation number
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ranges from thousand to million molecules.

Another powerful method is the molecular
thermodynamic theory, which does not face any
micelle-size limitations, and which is able, in
principle, to predict micelle aggregation number
and length, based on information about the
molecular parameters and available experimental
data for some collective properties, such as
interfacial tension and activity coefficients [10].
The spherocylindrical (rodlike, wormlike)
micelles (Fig. 1) are a basic type of self-
assemblies formed in surfactant solutions. Their
mean mass aggregation number, nm, can be
estimated from the expression:

ny = 2[(Xs = X$) exp(E)]" (M

Here: ks is the Boltzmann constant; 7 is the
temperature; Xs is the total molar fraction of

surfactant in the aqueous solution; Xg is the

solution’s critical micellization concentration
(CMC); Esc is the excess free energy (in kT
units) of the molecules in the two spherical
micelle endcaps with respect to the cylindrical
part of the micelle (Fig. 1). Because the breakage
(scission) of a long spherocylindrical micelle to
two smaller micelles leads to the formation of
two new endcaps, Esc was termed scission energy
in relation to the reptation-reaction rheological
model [7]. Thus, the main goal of the molecular
thermodynamic theory is the prediction of Esc.

_\‘(’be"/‘!\'&e@@f\}\l

® (©] cyllndrlca! pan
Re ) @

endcap @
@ @ P

Fig. 1. Sketch of a spherocylindrical micelle from
anionic surfactant; R. and Rs are the radii of the
micellar hydrocarbon core in the regions of the

cylindrical part and the endcaps.
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For the simplest case of single component
spherocylindrical micelles, Esc can be expressed
in the following form:

sc:ns(f[s_f;:)/(kBT) (2)

Here: ns is the total aggregation number of the
two micelle endcaps (with shapes of truncated
spheres); fs and f. are the free energies per
molecule in the endcaps and in the cylindrical
part of the micelle, respectively (Fig. 1). For
wormlike micelles, Esc typically varies in the
range 15-30 and ns — in the range 60-120.
Consequently, the difference (fs—fc) varies in the
range 0.125-0.5 kg7’ In other words, to calculate
correctly nmv, the molecular thermodynamic
theory has to predict (fs—fc) within accuracy
better than 0.01 k7, i.e., fs and fc have to be very
accurately predicted. This is the main difficulty
with the molecular thermodynamics of micelle
growth.

In this article, we present our contribution in
the field of growth of giant micellar aggregates
and new theoretical and experimental results
related to the crucial effect of electrostatic
interactions between ionic and zwitterionic
surfactant molecules on the size of their mixed
micelles.

FREE ENERGY OF SURFACTANT
MOLECULES IN MICELLES

Generally, the free energy per molecule, fx (x
= s, ¢), incorporated in the endcaps and in the
cylindrical part of the spherocylindrical micelle
contains six contributions:

fx=(f0+fhs+fconf+fel+f;iip+fd-c)x (3)

For a given molecule, their values are different
because of the different confined space in

spherical and cylindrical media. Thus, they
depend also on the radii Rs and R..
Interfacial tension component, f, This

component is equal to the interfacial tension, o,
multiplied by the bare area per surfactant
molecule in the considered environment at the
boundary between the micelle hydrocarbon core
and the outer water phase. The interfacial tension
is calculated using the generalized Tolman
equation [6,11].
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Headgroups steric repulsion component, fhs. Dipole-charge  free  energy, fi.. The

The repulsion between surfactant headgroups at
the micelle surface has been taken into account
using the repulsion term in the two-dimensional
multicomponent equation of van der Waals [11].

Chain-conformation — component of free
energy, feonf. This contribution to the micelle free
energy describes the variety of conformations of
surfactant hydrocarbon chains in the finite space
of the micelle interior. We derived the
generalized version of the Semenov expression
for the chain-conformation free energy per
molecule in Refs. [11,12].

Electrostatic free energy, fa. In the case of
ionic surfactant in the presence of salt, the
electrostatic component of the free energy is
calculated from the solution of the Poisson-
Boltzmann equation for all ionic species in the
respective geometry [13,14]. The counterion
binding effect and the ionic species activity
coefficients are included in calculations. We
proved [13], that fu is equal to the micellar
surface charge density multiplied by the surface
electrostatic potential added with the electrostatic
surface pressure (the contribution of the electric
double layer to the surface pressure).

Dipole free energy, fdip. From the viewpoint of
the electrostatic interactions, the zwitterionic
surfactant polar head is modeled as a dipole with
dipole length d and area per molecule aq. This
component of the free energy includes the
electrostatic interaction between dipoles in the
vicinity of the micellar hydrocarbon core [15].
The effect of the micellar curvature and
dielectric properties of the continuum media on
the decrease of the dipole electrostatic interaction
energy is well illustrated in Ref. [15].

attraction

o9
sste este

Fig. 2.Sketch of a zwitterionic molecule closed
to a charged mixed micelle; the dipole-charge
electrostatic interaction energy can be
positive or negative.

repulsion
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zwitterionic dipole interacts with the electrostatic
field in the electric double layer (Fig. 2) and the
obtained expression for fi.c reads:

foo ! (kyT) =47z, 2, Lyd | ay 3)

Here: Lg is the Bjerrum length; z. is the charge
number of the ionic surfactant; zq is the charge
number of the dipole charges. The sign of fi.c
depends on the orientation of the zwitterionic
dipole moment, so that this component
corresponds to attraction or repulsion (Fig. 2) in
the case of mixed ionic and zwitterionic micellar
solutions.

The  numerical  calculations  include
minimization of the total free energy for
spherocylindrical ~ geometry = of  micellar
aggregates (Fig. 1) under geometrical restrictions
— the radii of spherical and cylindrical parts of
the micelle hydrocarbon core must be smaller
than the extended length of the surfactant
hydrocarbon tail. As a result, the most probable
radii Rs and R, number of molecules #ns, and the
components of the free energy are obtained. Note
that there are no adjustable parameters.

THEORY VS EXPERIMENTS

Nonionic  surfactant  micelles. Fig. 3
summarizes experimental data for the scission
energy of wormlike micelles in the case of
polyoxyethylene alkyl ethers, C.E,, with n
carbon atoms and m ethylene-oxide groups [6].
The solid lines show the calculated values of Esc
from the proposed model. The agreement
between theory and experiments is excellent.

Scission energy, Eg. (kgT)

wormlike micelles

10 20 30 40 50 60 70
Temperature, T (°C)

Fig. 3. Dependence of the scission energy of C,En
micelles on temperature. Solid lines show the
theoretical predictions.
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The following conclusions can be drawn. The
increase in temperature leads to a considerable
increase in the aggregate size for all kinds of
C.En. Oppositely, the increase of the size of
surfactant polar head (number of ethylene-oxide
groups) decreases the values of the scission
energy. As should be, the longer the surfactant
hydrocarbon tail is, the larger the mean
aggregation number and viscosities are.

Mixed micelles from nonionic surfactants.
The surfactant mixtures consist of molecules
with different alkyl chain lengths and/or different
polar heads. Thus, it is nontrivial to guess
preliminary what will be the result of mixing
(ideal, synergistic or antagonistic mixing).

30 + wormlike micelles T

~ C14Es o .

L 281 7 75wt% T

~ (S

o /

o 261 / 25.1 wt%

>

D 24 1

2 C14E7

o 22t v

5

‘» 20 1 50 wt% C1oEs

7]

)

»n 18+ 24.7 Wt full symbols -C ,E, +C E |

empty symbols - C_E +C_E,

16 t t } }

10 20 30 40 50 60
Temperature, T (°C)

Fig. 4. Experimental data vs theoretical predictions
for the dependence of Es for wormlike micelles in
mixed solutions of Ci4Es+CioEs and Ci4Es+Ci4E7 at

different temperatures and weight fractions of Ci4Es.

In Fig. 4, the points are the experimental data
for the micelle growth parameter, Es, versus
temperature [11], whereas the solid lines
represent the prediction of the theory for the
respective composition of the surfactant mixture
denoted in the figure. For both systems, identical
alkyl chain Ci4Es+Ci4E;  and  identical
headgroups Ci4Es+CioEs, there is an excellent
agreement between theory and experiment. For
example, the scission energies of CioEs micelles
and Ci4E7 micelles at 30 °C are equal (Fig. 4)
and one expects to have similar values for mixed
solutions with Ci4Es at 30 °C. In contrast, the

www.eufunds.bg

curves corresponding to almost equidistant
weight fractions of Ci4Es are far from being
equidistant. This irregular behavior is related to
the strong deviations from ideal mixing.

lonic surfactant solutions in the presence of
salts. The addition of salts considerably affects
the formation and size of ionic surfactant
micelles [1]. The comparison between the theory
and experiments in the case of ionic surfactants
is shown in Fig. 5 for: anionic surfactants —
sodium unidecyl (SUS), dodecyl (SDS), and
tridecyl (STS) sulfate; cationic surfactants —
dodecyl (DDAB), tetradecyl (TTAB), cetyl
(CTAB) trimethylammonium bromides and
respective chlorides (DDAC and CTAC) [14].
The added salts are NaCl and NaBr and the
temperature is 30 °C for CTAB and 25 °C for the
other surfactants.

2 1 wormlike micelles

c

&

~ 24 | CTAB

m‘m’

5 221

o)

1

2

S 20

s

S 18 ©

0

@

16 T ppaB SDS

. o & DDAC ‘
0.1 02 03 0507 1 2 3 5

Halide concentration (M)

Fig. 5. Dependence of the micelle growth parameter
of ionic surfactants on the added salt concentration:
experimental data vs theoretical predictions.

The addition of NaCl to anionic SUS, SDS,
and STS solutions sharply increases the scission
energy and the longer the surfactant tail is the
lower amount of salt is needed. The counterion
binding effect is well pronounced for cationic
surfactants. The energy of counterion binding of
Br™ ions is higher than that of Cl” ions, which
explains the shift of the experimental data for
DDAB compared to DDAC and for CTAB
compared to CTAC. One sees that more than 10
times larger concentration of added NaCl
(compared to NaBr) is needed to produce the
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same degree of micellar growth for the studied 100 mM  surfactant concentration, the

cationic surfactants (Fig. 5). Experimental results
show that CTAB micelles are rodlike for
concentrations of added salt lower than 0.2 M
and wormlike at higher concentrations. The
excellent agreement between the theoretical
calculations and experimental data for all
concentrations means that the theory predicts
correctly the mean aggregation number and
length of both rodlike and wormlike micellar
aggregates.

Zwitterionic  surfactant  solutions.  The
importance of the dipole component of the
interaction free energy, fdip, is illustrated in Fig. 6
in the case of dodecyl (DDAO) and tetradecyl
(TDAO) dimethylamine oxide micellar solutions
[15]. The solid lines in Fig. 6 represent the

results from the developed molecular
thermodynamic theory.

< 15000 |

<

@ 1

-g 10000 C,,E5 micelles

2

S 5000}

9 =~ =

S 3001 TDAO micelles

[

& 250 +

o)

S 200}

3 150 } DDAO micelles

= 100 L s mm——m =5

1 10 100 1000

Surfactant concentration, Xg (mM)

Fig. 6. Comparison of the mean aggregation
numbers, nv, of zwitterionic (DDAO and TDAO) and
nonionic (Ci2Es) micelles.

The molecular dynamics simulations of the
structural properties of DDAO and TDAO
micelles show that the micelles are generally
elongated ellipsoids. It is remarkable that the
mean mass aggregation number increases only to
115 with the rise of DDAO concentration up to
1.3 M and to 320 with the rise of TDAO
concentration up to 60 mM. The agreement
between theory and experiments proves the
validity of the theoretical approach not only for
giant micelles but also for small micellar
aggregates. For comparison, the mean mass
aggregation numbers of Cp2Es versus surfactant
concentration are included in Fig. 6 (see Fig. 3
for Es. of Ci2Es at 7= 25 °C). One sees that for
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aggregation number of Ci2Es micelles is more
than 150 times greater than that of DDAO — both
surfactants have identical hydrocarbon tails.

Mixed ionic and zwitterionic surfactants. The
thumb rule for practical applications is that the
mixtures of zwitterionic and ionic surfactants at a
given ratio obey huge synergistic effect —
wormlike micelles are formed and the viscosity
of the solutions increases orders of magnitude.

12 wt% SDS + DDAO
102 1 (+*NaCl)  p-—_  12wt% SDS + DDAO |
/ N

\ / TS /
~~ /
100 1 g ﬁ77:ﬂ\

/
100 + / ~/

10" + J b \

Viscosity, 77 (Pa.s)

102 ¢ 4

Lo @‘/!4}_-@4——?———9‘——977%——%—7v-—>\753
+ + : t

103

0.0 0.2 04 0.6 0.8 1.0
Weight fraction of DDAO

Fig. 7. Viscosity of mixed anionic and zwitterionic
surfactant solutions at 12 wt% concentration vs
DDAO weight fraction.

Fig. 7 summarizes experimental data for the
viscosity of 12 wt% SDS+DDAO mixed
solutions measured for different weight fractions
of zwitterionic surfactant. The solutions with the
individual surfactants are water like. Without
added NaCl, the maximum of the viscosity is
measured for weight fraction 0.7 and at the
maximum, the viscosity increases 5000 times.
The presence of NaCl shifts the position of
maximum to weight fraction 0.4, where the
viscosity increases more than 50000 times. The
chemical structures of SDS and DDAO
correspond to the electrostatic dipole-charge
attraction interactions of the DDAO dipoles (see
Fig. 2). In the case of cationic surfactant TTAB,
the electrostatic dipole-charge interactions are
repulsive (Fig. 2). As a result: the viscosity of
TTAB+DDAO mixed solutions is very low (2
mPa.s); it does not depend on the DDAO weight
fraction; the micellar aggregates are small for all
weight fractions. Hence, for mixed zwitterionic
and ionic surfactant solutions, the dipole-charge
interaction component of the free energy plays
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an important role for the micellar growth and the
formation of giant micellar aggregates.

CONCLUSIONS

The molecular thermodynamic theory is a
powerful approach for a predictive modeling of
the critical micelle concentrations, micelle size
and growth of the micellar aggregates in
surfactant solutions. From the knowledge of the
physicochemical  properties of individual
molecules and the types of interaction between
them, it provides information on the CMC, size
and shape of the most probable micellar
aggregates for ionic and nonionic surfactants and
their mixtures with and without added salt and
for zwitterionic surfactants. The present theory
can be further extended to describe the
synergistic mixing of ionic and zwitterionic
surfactants. The obtained results could be of
practical interest for development of new
formulations and nanostructure materials.
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HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

HNOAOBPSABAHE HA MEXAHUYHHUTE XAPAKTEPUCTHUKH HA
EJEKTPOHHO-JIBYEBO 3ABAPEHA AIYMHUHHUEBA CIIVIAB
YPE3 BbBEXK/JIAHE HA JIET'UPALIIN EJIEMEHTH
B 3ABAPBYHOTO CBEAUMHEHHUE

IMPROVEMENT OF MECHANICAL CHARACTERISTICS OF
ELECTRON-BEAM WELDED ALUMINIUM ALLOY BY INTRODUCING
ALLOYING ELEMENTS INTO THE WELD SEAM
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Abstract

In this study, we present the results of electron-beam welding of AI6082T6 aluminum alloy with and without
deposited Nb layer. The influence of the beam scanning geometry on the structure and mechanical properties of the
welded joint was studied. The experiments were realized with different oscillation modes — circle with radius of 0.2 mm
and ellipse with semi-axes of 2 and 0.2mm. The phase composition of the obtained welded joints was studied by X-ray
diffraction (XRD). The scanning electron microscopy (SEM) was used for investigation of the microstructure of the
joints. The chemical composition was investigated by energy-dispersive X-ray spectroscopy (EDX). The mechanical
properties were studied by micro-hardness and tensile tests. The results obtained show that the addition of Nb element
leads to a significant improvement in the functional properties of the formed weld seam.

Keywords: clectron beam welding; A16082T6 alloy; niobium additive; mechanical properties.
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[ HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

BBBEJEHUE

dopMupaHEeTO Ha 3aBapbUHU ChEAUHEHUS
MEX]y JIEKH MaTepHalii, KaTo HallpuMep ajry-
MUHHUI M HErOBUTE CILJIaBH, Ca OT CHIIECTBE-
HO 3HAUEHHWE 3a MHIYCTPUATA U Ca IIMPOKO
M3II0JI3BaHU B 00JIACTTA HA CAMOJIETOCTPOCHE-
TO, aBTOMOOUJIOCTPOCHETO, KOPAOOCTPOCHETO
u apyru [1,2]. Benpeku ToBa, TEXHUTE MeXa-
HUYHU XapaKTEPUCTHUKH, KaTO TBBPAOCT U
SIKOCT, Omxa Morim aa ObAarT MmoJoOpeHH.
ChILecTBYBAT Pa3NTUYHU TEXHHUKH 3a MPEO0-
JsIBaHEe Ha TE3U HEJNOCTaThlLM, KaTO €IUH OT
TAX € Jo0aBsiHEe Ha JIETMpAIly €JIeMEHTH B 3a-
BapbyHaTa MeXAMHA [3].

KoHueHTpupaHuTe €HEepreTUYHU IMOTOLH
(KEII), TakuBa KaTto el1eKTpOHHHU, (HOTOHHU U
HOHHU CHOIIOBE, Ce W3ION3BAT Ipe3 Mociel-
HUTE HIKONKO necerwnerus [4,5]. Bucokara
IUTBTHOCT Ha €HEpPrusi Ha MOBBPXHOCTTa Ha
00paboTBaHUTE MaTEepPHAIH, KAaKTO U MAaJKHUS
pasMep Ha oOpaboTeHaTa 30HA, OTIMYABAT
KEIl or KOHBEHIMOHAIHWUTE TOIUIMHHU W3-
TouyHUIM. OCHOBHO TSAXHO HMPEUMYIIECTBO €
BB3MOJKHOCTTA 32 MPELU3EH KOHTPOJ Ha TeX-
HOJIOTUYHUTE YCJIOBHS, KOUTO OT CBOS CTpaHa
OKa3BaT CBILECTBEHO BIUSHUE BBPXY CTPYK-
TypaTa M CBoicTBaTa Ha 00pabOTBaHUTE Ma-
tepuanu. Ilopagu tasu npuunna KEII ce npu-
jaraT TpU 3aBapsiBaHe, MOBbPXHMHHA MOJH-
¢bukamys, nogyyaBaHe Ha M3HOCO- M KOPO3H-
OHHOYCTOMYMBH TBBPAY NOKPUTUS U ApYyTH [6-8].

MeToabT Ha eNEeKTPOHHO-IBYEBO 3aBapsi-
Bane (EJI3) e MHTEH3MBHO W3MOJI3BAaH Ipe3
MOCTICTHUTE TOMUHHU TOpPagd 3HAYUTEITHHUTE
CH TPEUMYIIECTBAa B CpPaBHEHHE C JPyrd Me-
tonu. Cpell OCHOBHHUTE NPEUMYILECTBA Ca BH-
COKa IUTBTHOCT Ha MOUTHOCT, BUCOKA CKOPOCT
Ha 3aBapsBaHe, IMMO3BOJIsABAIIA (HOPMHUPAHETO
Ha MHOT'O TECHU U JTbJIOOKH 3aBapbYHH LIEBO-
BE€, HAJTMYMETO Ha 3alllUTHA BaKyyMHa cpesia U
np. Ilpu EJI3 ce usBbplLIBa NpEBpBIIAHE HA
KWHETHYHATa CHEPrusl Ha €JEKTPOHUTE B TO-
IUTMHA, BOJIEIIO JI0 PSA3KO HarpsiBaHe, TOTCHE
U u3napeHue Ha oOpaborBanus meran. dop-
MHpa ce Mmapo-ra3oB kaHai, HapeueH “keyhole”,
CBCTOAI C€ OT Mperpsra mapa B cpejaara,
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3ao0mukoneHa oT TeueH weran [9,10]. B
TEYHaTa BaHAa IOJI JICHCTBUE HA Pa3IMYHU CH-
JIM IPOTUYAT CIOKHHU (PU3HYHU U PUZUKO-XU-
MuyHM npouecu [11]. HarpsaBanero n oxinax-
JIAHETO Ha CTONEHMS MeTal B o0JiacTTa Ha
3aBapbyHMS 1IEB, KAKTO U Ha METaJjla B 30HaTa
Ha TEPMHUYHO BJIMSHUE CE€ U3BBPIIBA C MHOTO
rojeMu cKopocTtu. B pesynrar ce monyuaBar
¢da3oBu TpaHchopManuM, KOUTO 3aEAHO C
rOJIEMUTE TEMIIEPaTypHU TPATUCHTH BOJAT
70 TIOSIBa HA OCTAaThbYHHM HAINPEKEHUS U Je-
bopmanuu.

ABtopute Ha [3] ca OCBHILIECTBWIA W3-
ClleZIBAHUS  BBPXY  BB3MOXKHOCTUTE 32
CJIEKTPOHHO-JTPUEBO 3aBapsBaHE Ha alyMU-
nuesu crutasu /5005, 2024 u 6061/. Tlomyue-
HUTE pe3yJTaTd TIOKa3BaT HaMajsBaHE Ha
TBBPJIOCTTA B 30HaTAa HA TEPMHUYHO BIIUSHHE,
KaTo CBHILO TaKka ce HaOJI0aBa U MOHM)KaBaHE
Ha SIKOCTTa W BJIOIIABaHE Ha IJIACTUYHOCTTA
uM. Jlpyru asropu [12] ca npunoxuan ocuu-
Janys Ha eJEKTPOHHMS CHOI MPH 3aBapsBaHe
Ha alyMHUHHUEBH CIUIaBH. YCTAaHOBEHO €, 4e
MPUJIAraHEeTO Ha OCIIMJIAIMS Ha CHOIMA OKa3Ba
CBILIECTBEHO BIHUSHME Ha AbJIOOYMHATA U
¢dopmara Ha 3aBapbuHuUs 1IeB. B pabota [13]
€ TOKa3aHa BB3MOXKHOCT 3a 3aBapsBaHE Ha
anrymuHueBa criaB 7075 uype3 enekTpoHEH
cHon. Pesynrarure mnoka3BaT HaJM4uMe Ha
BKJIIOYBAHMA OT BTOpa (a3za, KOUTO CHUITHO
BIMSISIT BBPXY CTPYKTypaTa U MEXaHUYHHTE
CBOWCTBA Ha 3aBapbUHHUs IIEB. ABTOpUTE Ha
[14] ca nmpoBenmu H3CIEOBAaHUS BBPXY
CJIEKTPOHHO-JITPUEBO 3aBapsBaHE Ha alyMu-
HUEBO-JIUTUEBA CIUIAB ChC OTIIOKEHO HAHOIO-
kputue ot Men (Cu). YcraHoBuwiM ca, 4ye uma
3HAYUTEIHO MONOOpsBaHE Ha EKCIIoaTallu-
OHHUTE CBOWCTBA Ha CIIaBTa Clie]] 100aBsHe-
TO Ha JIETHpAIUs eIEMEHT.

Baxxno e na ce orbenexu, ue e€PeKThT OT
BBBEXK/IAaHE HA JIETHpAIy €JIEMEHTH B 3aBa-
pbuHaTa MEXJIMHA € A0cTa cinabo uzyudeH. ETo
3am1o, 1eJITa Ha TOBA U3CJICABAHE € Jla Ce U3Y-
YaT Bb3MOXKHOCTUTE 32 IMOJyyaBaHE Ha 3aBa-
PBUHO ChEIMHEHHE OT aJTyMUHHEBA CIUIaB C
OTJIOKEHO TIoKpuTHe oT HHoOui (Nb) ¢ momo-
OpeHM MEXaHUYHU XapaKTEPUCTUKH.
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EKCHHEPUMEHTAJIHA YACT

O6pa3nu ot amymuHuena cruiaB 6082T6 c
OTJIOKEHO TMOKPUTHE OT HMOOHMI BBpPXY 3aBa-
pSABaHHUTE IUIOCKOCTM M HUMAIld pa3Mepu
100x50x8 mm 0Os1xa €JIeKTPOHHO-THYEBO 3a-
BapeHHU. 3a cpaBHEHHE OsiXxa 3aBapeHH 00pa3-
1 0e3 OTJIOKEHH MOKPUTHS OT JIeTHpallu
€JIEMEHTH BBPXY 3aBapsBaHUTE IUIOCKOCTH.
TexHOJIOrHYHKUTE YCIOBUS MO BpeMe Ha 3aBa-
PBUHMS TIPOLIEC Ca CIEJHHUTE: YCKOPSBAIIO
Hanpexxenue - 60 kV; Tok Ha mpua - 45 mA;
yectoTa Ha ckanupane - 200 Hz; ckopoct Ha
nBuKeHne Ha oOpaszema — 10 mm/s. ITo Bpeme
Ha mpolieca 0sxa MPUIOKEHU JIBE PA3TUYHU
reOMETpUH Ha CKaHUpaHe — moJ ¢opmara Ha
KpbI' ¢ paguyc 0.2 mm U enurca ¢ IoJay-0CH
ot 2 u 0.2 mm. O6pa3nure ca 0003HAUCHU 10
cieqHUs HauumH: oOpaszenr 1 — 0e3 cioit ot
HUOOMI, KpbroBa reoMeTpus Ha CKaHUpAHE;
oOpazer 2 — cbC CIIOW OT HUOOMIA, C KpbroBa
reoMeTpusl Ha CKaHHpaHe;, oOpazen 3 — cbC
CIIOM OT HHOOUH, ¢ TEOMETPHs Ha CKaHUpPaHE
BBHB BUJI Ha EITUIICA.

[NpuHIMITHATa cXeMa Ha MalllMHA 32 €JIEKTPOH-
HO-JTBYEBO 3aBapsiBaHe € MoKa3zaHa Ha ¢ur. 1.

@®a30BUAT CHCTAB Ha IOJNyUYECHHUTE 3aBape-
HU CBEIMHEHHS € M3CIEeIBAaH Ype3 METOJHTE
Ha PEHTICHOCTPYKTYPHUS aHANU3. 3a U3ciell-
BaHE Ha MHKpPOCTPYKTypaTa Ha 3aBapKHUTE €
U3II0JI3BaHA CKaHUpaIla eNeKTPOHHA MHUKPO-
CKOmuUs. XUMHUYECKHUAT ChCTaB € HW3CJIEIBAaH
4ype3 EHEpruiHO-JUCIIEPCUOHHA PEHTICHOBA
cniekrpockonus. [IpoBeneHu ca mscienBaHus
3a OTpeieNIsiHe Ha TPAHUIIUTE Ha SIKOCT H MPO-
BJIAUBaHe.
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@Due. 1 [Ipunyunna cxema Ha MauluHa 3a
€1eKMPOHHO-TbUEB0 3A8aAPABAHe
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PE3YJITATHU

Ha ¢wur. 2 ca npeacraBeHH eKCIIEpHUMEH-
TAJHO TOJYYCHUTE PEHTICHOBH IH(PPaKTO-
rpaMH Ha EJIEKTPOHHO-IBYEBO 3aBAPCHHUTE
obpasuu. ExcrieppuMeHTHTE Ca pealn3upaHy B
Bry10B auanazon ot 30° 1o 100° B ckana 20. B
ciy4aii Ha oopasenr 1 (6e3 cioit ot Nb) ce Ha-
OmonaBat AU(GPAKIMOHHM MAaKCUMYMH, KOH-
TO chOTBETCTBAT Ha (pasure Ha yuct Al Ilpu
ocTaHanuTe 1Ba ciydas (oOpasern 2 u 3) ca
pPETUCTpUpPaHU TTMKOBE KakTO Ha Al, Taka u Ha
¢azata AI3Nb, KoeTo MOTBBpKIaBa yCIEIHO-
TO BBBEX/IaHE HA JICTUPAIIHS €JIEMEHT B 3aBa-
pbuHata MexauHa. ChIIO Taka, YCTAaHOBEHO
e, 4ye He ce HabMIoaBaT 3HAYUTEIIHU OTMECT-
BaHMs Ha TU(PPAKIMOHHUTE MAKCHMYMH B 3a-
BHUCHUMOCT OT T'€OMETpHsTa Ha CKaHUpaHEe Ha
€JIEKTPOHHHMSI CHOTL

. * Al Obpasen 1
¥ AlI3Nb Obpasen 2
Odpasen 3
* -
i jL
v
J|@ \
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£
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z
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QDue. 2. PeupeenocmpykmypeH ananus Ha
€IeKMPOHHO-TbYeB0 3a6apenume oopasyu

Ha ¢wur. 3 ca npencraenu CEM u3o0pa-
’KEHMs Ha HalpeueH cpe3 Ha TpuTe o0Opasera,
MOJIyYeHHU 4pe3 eJEKTPOHHO-THYEBO 3aBaps-
BaHe. @urypu 3-a,B,1 IPEACTABISABAT MUKPO-
CKOIICKH M300pa’keHUs] TPU HHUCKO yBeEIHue-
HUe, nokato ¢urypu 3-0,r,e mpencTaBisiBaT
MHUKPOCKOIICKM H300pakeHUs TPU BHCOKO
yBenudeHue. Buwxkaa ce, 4e u B TpuTe cirydas
€ Ha JIMIIe IBJICH MPOBap HA ATyMHHHUEBUTE
wacTuHU. ChIIO Taka, pe3yJlTaTHTE OT MHU-
KPOCTPYKTYPHHUTE H3CIICABAHUS Ha TOJyde-
HUTE 3aBapbYHM CHEJUHEHUS, IPEICTABEHU
Ha ¢urypu 3-0,r,e CHO IMOKa3BaT HAIMYME HA
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L HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

MHTCPMETATHN YaCTHIIA B 3aBapbUHHs IIICB,
KOCTO TOTBBHPXK/IaBa BbBEKIAHETO Ha JIETHpa-
s enemeHT Nb. Pesynrarure ot eHepruii-
HO-JTUCTICPUOHHATA PEHTIEHOBA CIEKTPOCKO-
MUS TTOKa3BaT ChOTHOIICHUE MEXIY CJICMCH-
tute Al:Nb=68:32, koeTo mOTBBpKIaBa Ha-
JMYMETO Ha uHTepMmeranHata ¢(aza AlND.
Crnopen nBoitHata Al-Nb ¢a3zoBa auarpama,
TOBa CHOTHOIIIEHUE CHOTBETCTBA HA TOPECIIO-
MeHaTaTa ¢aza, KOETO TOTBBPKIaBa pe3yJiTa-
TUTE OT PEHTICHOCTPYKTYpHUS aHanu3. ChIo
Taka, BAXKHO € Ja ce OTOeNexkH, ue B clydait
Ha TECOMETpUs Ha 3aBapsBaHE BHB BHUJ Ha
eIIUIca, CTPYKTypaTa Ha 3aBapbhbUHOTO ChEIH-
HEHHE € 3HAYUTEITHO IMO-XOMOTEHHA, a MHTEP-
METATHUTE YACTHUIIM Ca 3HAYUTEIHO TO-(PHHH.
ToBa ce oT/aBa Ha MO-IBJITOTO BpPEMEKHUBEeE-
HE Ha TeyHaTa BaHa, KOETO BOJM JI0 MO-100pa
cMecBaeMocT U popMHUpaHe Ha MMO-XOMOTCHHA

CTPYKTYypa.

-
7
L

(m)

Due. 3. Muxpockoncku uzoopadiceHus Ha
eIeKMPOHHO-TbYEB0 3A6APEHU 00PA3YU:
(a) obpasey 1, (6) obpasey 2; (8) obpaszey 3.

Ha ¢wur. 4 rpadpuuno ca npeacraBeHu pe-
3YJTATUTC OT MMPOBCACHUTC CKCIICPUMCHTH I10
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onpeJieNisiHE Ha FpaHUIlaTa Ha IKOCT U TPaHU-
1jaTa Ha MPOBJAYBaHE Ha MOJy4YEeHUTE o0Opas-
uu. Pesynrarure mnoka3BaT, 4€ HaW-HHUCKHU
CTOMHOCTH 3a JIBET€ MEXAaHWYHHU XapaKTepu-
CTHKHU ca TIoNyueHHu mpu oOpasen 1. BuBex-
JTAHETO Ha HUOOWI B 3aBapbyHaTa MEX]IWHA,
pu oOpazer] 2, ToBeXa 0 MOBUIIABAaHE HA
rpaHuIlaTa Ha SKOCT W TpaHHUIaTa Ha Mpo-
BnauBaHe. CreoBaTeHO, JOOABSIHETO HA Jie-
TUpAIUsl eIEMEHT BOJIU JI0 MOA0OpsBaHE Ha
MEXaHUYHUTE XAPAKTEPUCTUKU HA 3aBapeHU-
Te oOpa3mu. Haii-BuCcOKUTE CTOWHOCTH Ha
rpaHuIlaTa Ha MPOBJAYBAaHE W TI'PAHUIIATA HA
sakocT ca 180 MPa u 320 MPa, croTBeTHO ca
noJrydeHu npu obpazer 3. ToBa o3HayaBa, 4e
MpUJIaraHeTo Ha TEOMETpPUsi Ha CKaHUpaHe
BBB BHUJ] Ha €JIMIICA, JOBEX/JA 10 MOTyYyaBaHE
Ha 3aBapBYHO ChEIWHEHUE C Hail-moOpu eKc-
MJI0ATAlIMOHHU XapaKTEPUCTUKH.
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QDue. 4. Mexanuunu xapaxmepucmuku Ha
E1IeKMPOHHO-TbUEB0 3A6apeHl 00pa3yu

3AK/IIOYEHHUE

B toBa u3cnenBane ca npencTaBeHu pes3yJi-
TaTl OT EJIEKTPOHHO-IIYEBO 3aBapsBaHE Ha
amymuHueBa craB 6082T6 ¢ u 6e3 oTnoxxeH
caoii oT HuoOWil. M3ciaemBaHo € BIMSHUETO
Ha reOMETpUsITa Ha CKaHUPAHE Ha JTbUa BbPXY
CTPYKTypaTa U MEXaHUYHHUTE CBOMCTBA Ha 3a-
BApBYHOTO CheauHEeHUe. ExcriepuMenTure ca
peanu3upaHu C pPa3IMYHU PEKUMU HA OCIHU-
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Janus — OKpbkHOCT ¢ pamuyc 0.2 mm u
enurca ¢ noayocu 2 u 0.2 mm. Iloxyuenure
pe3ysTaTu IOKa3BaT BB3MOXHOCT 3a IOJO-
OpsiBaHEe Ha MEXaHUYHHUTE XapaKTEPUCTHKH
Ha EJICKTPOHHO-THYEBO 3aBAPEHU OOpaslu OT
QIIyMUHUEBA CIUIAB YpPE3 BbBEXK/IAHE HA JIETH-
pall eJIeMEeHT B 3aBapbuHUs LIEB. YCTaHOBE-
HO €, 4€ EJEKTPOHHO-TbUYEBOTO 3aBapsBaHE
IIpY T€OMETpUs HAa CKaHUpPAaHE BBB BUJ Ha
eNuIca BOJU HaW-O1aronpusATHUTE MEXaHWY-
HU CBOICTBA HA 3aBapbYHUTE ChEINHEHUS.

BJATOJAPHOCTH

Hacrosiure uscnensanusi ca CBbp3aHU C
M3MBJIHEHUETO Ha 3aJadyd MO0  MPOEKT
BG0O5M20P001-1.002-0023 - llentsp 3a
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OPTIMIZATION OF THE TEMPERATURE SYSTEM OF SYRINGE
MOLDS FOR INJECTION MOLDING OF POLYMERS

Prof. Irina Aleksandrova Ph.D.
Technical University of Gabrovo

Chief. Assist. Hristian Mitev Ph.D.
Technical University of Gabrovo

Assist. Prof. Kalin Anastasov Ph.D.
Technical University of Gabrovo

Abstract

Injection molding of polymers is a highly efficient method of manufacturing plastic products. The quality of the
products and the productivity depend to a great extent on the cooling process of the molding elements of the injection
mold. For this purpose, a technologically complex system of cooling channels is used. The printing of metal products by
the "Direct Metal Laser Sintering” (DMLS) method allows the production of cooling channels without limitation in
their shape and cross-section. The article presents an approach for optimizing the tempering system of injection molds
for injection molding of polymers, using the "DMLS" method. As a result of modeling the cooling processes, a complex
volumetric shape of cooling channels was created, which allow much more efficient cooling. The molding elements
were printed on a DMP-200 3D printer and tested. The obtained results show a 40% shortening of the work cycle while

preserving the quality of the product..

Keywords: Injection molding; cooling channels; tempering system; 3D printing.

BBBEJEHUE

WHXeKIMOHHOTO (pOPMOBAaHE HA TOJIHMeE-
pH € BHUCOKOE(EKTHBEH METOJ 3a MPOU3BOI-
CTBO Ha m3zenus. KauecTBoTo Ha u3enusra u
MIPOU3BOIUTEIIHOCTTA 3aBUCAT B TOJSIMA CTE-
IIeH OT Ipolieca Ha TeMIlepupane Ha (popmo-
oOpasyBaliuTe eJIeMEeHTH Ha HmpHIpopmara.
3a menra ce U3MOoJI3Ba TEXHOJIOTHYHO CIIOKHA
cucTeMa OT OXJIQXJAIIW KaHAIW U OTBOPH.
[IpuHTHUpaHETO HA METATHH W3JCNIUs 10 Me-
tona ,,Direct Metal Laser Sintering* (DMLS)
MO3BOJIsIBa M3pa0OTBAHETO HA TeMIIEpHUpAIlU
cucreMu 0e3 orpaHu4eHue BbB opmara u ce-
YeHUeTo M. B pesynTar Ha MozenupaHe Ha
MIPOIIECUTE Ha OXJIAXKJaHE € Ch3aJleHa CIIOXK-
Ha obeMHa (opma Ha OXJTKIAIMKA KaHAIH,
KOHMTO MO3BOJISIBAT MHOT'O MO-€(DEKTUBHO TEM-
nepupane [1,2].

B noknana e mpeacraBeH moaxo/ 3a ONTH-

www.eufunds.bg

MHU3MpaHEe Ha TeMIlepHpala cucreMa Ha
MIpUIOPMH 32 MHKEKIIMOHHO (hOpMOBaHE
Ha noauMmepu upe3 merona DMLS.

N3JI0KEHUE

TouyHocTTa Ha MJIACTMAcOBUTE WU3JENU,
n3pabOTBaHU ype3 IIMpUIIBAaHE ce Koyiebae B
IIMPOKH TpaHUIM. ToBa ce ABIDKU Ha BIHA-
HHUETO Ha rojsiM Opoit ¢akTopH, KaTo IiiaBHA
posst uMa cBUBaHEeTO. To MOXxe Ja Oble pas-
rJieiaHo B JBa acrekra [1,2]:

e TexHOJOrMYHO CBUBaHE — a0COIOTHO,
WIM OTHOCUTEIHO HaMaJsiBaHe Ha pa3Mepu-
T€ Ha U3JENUsATa B CPaBHEHHE C pa3MepuTe,
NOJy4YeHH BBB (hopmyBamiata KyxuHa. To
3aroyBa OT MOMEHTA Ha 3aITbJIBaHE Ha THE3-
J0TO MO BpeME€ Ha TEMIEPUPAHETO U Mpo-
IbJKaBa CleJ] U3BAXKJIAHETO Ha M3JIEIHUETO
710 M3paBHSABAHE Ha TeMIIEpaTypara My ¢ Ta-
34 Ha OKOJIHATa Cpena.
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e FExcrmoaTranoHHO cBHUBaHe — abco-
JIOTHO HWJIM OTHOCUTCIIHO HaMaJISIsBAHC Ha
pasMepuTe Ha U3JCIUETO B CPaBHCHHE C
H’prOHa‘IaJ’IHI/ITe. HpI/I‘II/IHHBa CC B TCUCHUC
Ha OMpEJCICHO BpPEME IOJ BB3JCHCTBUETO
Ha BBHIIHUA (HAKTOPH, KaTO TeMIIeparypa,
BJIara U T.H.

Pasrnenan e mporec Ha MPOU3BOJACTBO HA
IacTMacoB Jnietaitn ot monukapoonat (PC),
IIpU KOWTO ce HaOJrolaBaT CHIIECTBEHU HU3-
MEHEHHS Ha IIbPBOHAYAIIHUTE pa3Mepy Ha U3-
JIETTNETO, MOJyuYeHH BbB (popMyBalaTa Kyxu-
Ha. Ha ¢wur. 1. e nokaszan xapakrepeH aeQext
IIPU TIPOIEC Ha MHKEKIIMOHHO (POPMOBAHE.

— e S —.

Due. 1. /lemaiin 6e3 uzmenenus om
nwpeonauanrnume pasmepu (1) u cvc cvuecmsenu
UBMEHEHUS 8 Pe3YIMam Ha MeXHOA0SUYHO

csusane (2)

[Tpu pou3BOACTBOTO Ha JIETaiIa € H3IIO0JI-
3BaH KOMOMHHpaH (opMoBall HHCTPYMEHT
,Chpie-gro3a (dur. 2), mpe3 KOHTO ce oCh-
IIECTBSIBA MHXKCKTUPAHETO Ha TUIACTMAcOBaTa
cromwika. KoHCTpyKIHsATa HA MHCTPYMEHTA €
KJIaCUYecKa — U3pabdOTeH € 4pe3 M3I0JI3BaHe-
TO Ha KOHBEHIIMOHAIHU METOAU 3a 00padoT-
Ka, KOETO HE I03BOJISIBA HW3IOJI3BAHETO Ha
crenuans

Due. 2. Copye-0r3a
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[TapameTpuTe Ha TpoIeca HA UHKEKIMOH-
HO OpMOBaHE ca CICTHUTE:

e Temneparypu Ha arperara:
T1-300°C — Temneparypa Ha Ar03aTa;
T2 - 290°C; Ts - 280°C; T4 - 260°C —
TEMIIEPATypH, B OTACIHUTE 30HU Ha
IIIHEKA Ha arperara.

e Temneparypa Ha uHcTpyMeHTa — 90°C.

e Bpewme Ha nukbia — 90 s.

HanpaBenu ca cepust OT M3MepBaHHs Ha
TeMmIepaTypara Ha HWHCTPYMEHTa BeaHara
cliell U3BaXJIaHE Ha TOTOBOTO m3aenue. Ms3-
MOJI3BaH € KOHTAaKTEeH METOJ 3a M3MEpBaHe
MIOCPEJICTBOM TEPMOJIBOIKA, OCUTypsIBAIll BU-
COKa TOYHOCT Ha OTYUTAHE B PA3ITHMYHU TOUKH
oT ¢opMooOpaszyBaiiaTa MOBbPXHIUHA HA WH-
crpymenTta. CxemaTa 3a M3MEpBaHE € Ipel-
cTaBeHa Ha ¢ur. 3.

N3mepenuTe CTOMHOCTU HA TeMIiepaTypara
Bapupar B auamnasoHa or 156°C mo 160°C,
KOETO TI0Ka3Ba HAJIMYUETO Ha JIOKATHU Ipe-
rpsBaHus Ha WHCTpyMeHTa. JlokamHuTe mpe-
rpsiBaHusl B paboTHATa 30HA BOJAT 10 Hapy-
I1aBaHe Ha ¢opmara M pa3MepHUTe Ha TOTOBO-
TO W3JIENINE.

1

™~

Due. 3. H3mepsane Ha memnepamypama Ha
¢opmoobpaszysawama nosvbPXHUHA

HabmonaBar ce medektu mpu mpou3Bese-
HHUTC [[eTafIJ’IH, KaTO HaJIM4YUC Ha BCMYKHATHU-
HU U TCOMCTPHUYHU U3KPUBSABAHUA, KOCTO HaA-
Jara yBelMuYaBaHE HAa BPEMETO Ha pabOTHUS
IUKBII C ST TAXHOTO MMPECAOTBPATABAHC.
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Hepocrarpuure Ha wu3MON3BaHATa KOH-
CTPYKIIUS OT KJIACHYECKU TUIl Ha popmMoobdpa-
3yBalllusi WHCTPYMEHT, KAaTKO M TOJISIMOTO
BpeMe Ha MPOU3BOJCTBEHUS ITUKBJI HaiaraT
HE0OXOMMOCTTa OT ONTUMH3UpPAHE HA HAYU-
Ha Ha TeMIIepHpaHe Ha Mpolleca Ha WHKCKIHU-
OHHO ()OpPMOBAHE.

N3non3Banero Ha TexHomorusra Direct
Metal Laser Sintering (¢ur. 4.), mpu KosTO
Ja3epHO J'bUEHHUE CTOISABA METaJieH IMpax 3a
n3paboTBaHE HAa METAIIHU W3JEJHS J1aBa Bb3-
MOKHOCT 332 KOHCTpYHpaHe Ha mmpuil GopmMu
C BHCOKOTETHOJIOTMYHHM TEMIIEpUPAIU CHUCTe-
MH, ChCTaBEHH OT CJIOKHU KaHAJIM U KyXUHH [1].

CkaHupana
cucreMa

PaGorua 30Ha

Cucrema 3a
3aXpaHBaHe ¢
MeTaleH npax

@Due. 4. [Ipunyun na paboma na DLMS cucmema

B CAD/CAE cpena ma SIEMENS NXI11 e
MPOEKTHpaHa CIIeUalIHA TeMIIepUpalia CHc-
TeMa OT BBTPEIIHH OXJIAXKIAIIN KaHAIA ChC
ciokHa reomerpuyHa (opma. Ha ¢wur. 5. e
noka3zan 3D Mozen Ha KoMOuWHUpPaH (HopMo-
oOpa3yBaill HHCTPYMEHT ,,ChpIie-a103a™ che
CIeLMaHa TeMIIepHpaIlia CUCTeMa.

Oxmaxxaang
KaHaJl

JlesxoBa

| )
f‘f [ | cucTeMa
b

Due. 5. [lemaiin ,, Copye-0i03a“ cve cneyuanna
memnepupawa cucmema
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[TpoBenenu ca cumymnaiyu, B pe3yiraT
Ha KOMTO € M30paHa MpOCTPaHCTBEHATa OpHU-
SHTallUsl Ha TeMIepupaniara CucTeMa B TSIO-
TO Ha QopMooOpasyBamusg HHCTPYMEHT
,Chple-aro3a‘. Pezynratute oT TAX rapaHTH-
paT MaKCHUMaJHO TOIUIOOTBEXKJAaHE B 30HATa
Ha ¢popMooOpasyBaliara NOBbPXHHUHA.

IIpoexktupanusar perain ,,Cepue-aro3a™
ChC CIIEIMaliHa TeMIIEpUpala cucremMa oT Bb-
TPELIHN TOIUIONPEHOCHW KaHAIU € CIIOXKEH,
KOETO Ompenens HEeBb3MOXKHOCTTAa 3a H3pa-
00TBaHETO My upe3 M3MOJ3BaHEe Ha KJlachue-
CKH METaJI000paboTBAaIK MTPOIECH.

JeraiinbT € uzpaboreH upe3 3D mpuHTEp
3a metan ProX DMP200 B na6oparopust C1.3.
“AIMTUBHU W EHEProCHEeCTSABALUA TEXHOJO-
ruy ¥ exkunupoBka’ Ha LleHTwpa 3a kKomme-
TEHTHOCT "VIHTEIUIeHTHU MEXaTPOHHH, €KO-
U CHEProclecTsBaIlld CHCTEMH M TEXHOJIO-
run'.

MarepuanbT, OT KOHTO € u3paboTeH, €
croMaHa 1.2709 (uHCTpyMeHTanHa, TOIUIO-
yCTOuMBa CTOMaHa), KOSITO Ce M3IO0JI3BA TPU
MIPOU3BOJICTBOTO HA LIMPUIIOPMH 3a IJIACT-

MaCOBH HU3ACIUA U OIBCTHU MCTAJIM, KAaTO IIO-
3BOJISIBA BB3MOXKHOCT 3a 3aKkaisiBaHe a0 54
HRC [3]. Ha ¢ur. 6. e npencraBen meraiin
,Chplie-1103a‘“ cbCc crenuaiHa TeMIepupaia
cucrema, u3padoreH Ha 3D mpuHTEp 3a MeTal
ProX DMP200.

@Due. 6. /[lemaiin ,, Copye-0i03a “’, uspabomen na
3D npunmep 3a meman ProX DMP200
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[TpoBeneHu ca u3MepBaHUs HA TEMIIEpaATy-
para Ha QopmooOpasyBaiiara MOBbPHUHA HA
u3paborenust ¢popmyBai] HHCTPYMEHT ,,Chbp-
ue-awo3a‘. U3mepeHuTe CTOMHOCTH Ha TeMIle-
paTtypara Bapurtar B auamnaszoHa ot 108°C no
110°C, koero mNOTBBpKIaBa pe3yiTara OT
MIPOBEACHUTE TEMIEPAaTYpHH CHUMYJallUUd B
CAE cpena.

B pesynTar oT moHmxaBaHETO HA TEMIIEpa-
TypaTa Ha HMHCTPYMEHTa BB3MOXXHOCTTA OT
BB3HHKBaHE Ha MpoMsHa Ha (opmara u pas-
MEpUTE Ha MPOU3BEACHUS JIETalJ MaHaJsIBa
3HAYUTEIHO, KOETO BOJAU JI0 TIOHIM)KaBaHE Ha
BPEMETO Ha MPOM3BOJCTBEHUS LUKBJ Ha Je-
taiina ¢ 40%.

Ha ¢ur. 7. e npencrasen neraiin ot PC,
MPOU3BEJICH Ype3 MHKEKIIMOHHO (hOpMOBaHE
¢ mmnpuidopMa che CreluanHa TeMIepupana
cucrema.

@Due. 7. [lemaiin om PC, npousseden upes
UHIICEKYUOHHO OpMOBaHe ¢ WUNpUyhopma cve
cneyuanrHa memMnepupawya cucmema
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3AK/IIOYEHHUE

[Tpoextupan e HOB GopmMooOpa3yBaIl KOM-
OMHUpPaH WHCTPYMEHT ,,Chplie-aro3a‘, pas3mno-
Jaraii chC CIHelyaniHa TeMIepupaIia cucTeMa
OT BBTPEIIHU OXJIAAUTENHU KaHanu. Ilpu
MPOEKTUPAHETO MYy Ca IPOBEACHU CUMYJIALUU
Ha mpolieca Ha MHXKEKIIMOHHO (popMOBaHE U €
n30paHa oNnTUMalHa TeOMEeTpUYHa KOH(pHUTY-
panus Ha TeMIlepupaliara cCucTema.

B pesynrar Ha npoBeaeHara ONTUMH3ALUSA
3HAUUTEIIHO € HaMajJeHa Bb3MOXKHOCTTA OT
MosIBa Ha BCMYKHATHHU U JPYTU AePEeKTH Ha
n3pabOTEHUTE IUIACTMACOBH W3JENHs, KaTo
IIPOU3BOAUTENHOCTTA € yBenuueHa ¢ 40% 3a
CMETKa Ha HaMaJIeHOTO BpeMe Ha TEXHOJO-
TUYHHUS LTUKBJII.

JIMTEPATYPA

[1]Ceber II. IlmactmacoBHM  wu3Aenuss U
mmpungopmu. Xaiikan Wudotex, [lnoBaus,
2017.
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BJIAT'OJAPHOCT

ABTOpPBT H3Ka3Ba CBOsATAa OIAroJapHOCT
KbM BCHYKH PEIEH3EHTH 332 TEXHUTE ChBETU U
MpeIIoKEHUsl 3a MOoJo0psiBaHE Ha Ta3W Iy-
Onukanusg. ABTOPBT H3Ka3Ba CBOsiTa Onaro-
napHoct Ha mnpoekt BGOSM20P001-1.002-
0023 Lentpp 3a KOMIETEHTHOCT ,,JIHTENH-
TEHTHH MEXaTPOHHU, €KO- U €HeprochecTsBa-
IIIH CUCTEMH U TEXHOJIOTHH ",
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Abstract

Currently, in a global aspect, the secondary raw materials contained in textile waste are emerging with increasing
importance both for the economy and also for the ecology. By using high-tech processes, textile waste, instead of ending
up in landfills for incineration, can be processed into new products. The purpose of this report is to present the
economic and environmental feasibility of textile waste. The thesis of the authors is that the reduction of textile waste is
an opportunity for their participation in the "circular economy" business model when applying different technological
processes. To achieve the formulated goal, the authors of the present work used the research methods: survey,
comparison, analysis, summary.
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BbBEJIEHHUE

B cpBpeMeHHHUTE yCIOBHS HAJIMYUETO Ha
OTPOMHHU KOJIMYECTBA OTHAABLIM OT TEKCTHII
ce sIBsIBa ChILECTBEHA MPEINOCTaBKA 3a TsX-
HOTO onoyi3oTBopsiBaHe. [loHacrosimem, B
rI00aneH acrekT, BTOPHUYHUTE CYpPOBUHH,
KOUTO C€ ChAbPKAT B TEKCTHJIHUTE OTIAb-
1I4, C€ OYepTaBaT C BCE MO-TOJSIMO 3HAUCHHUE
KAaKTO 32 UKOHOMHUKAaTa, Taka ChIIO U 3a €KO-
norusta. [Ipe3 mecen mapt 2022 r. EBponeii-
ckara komucus npue Crparerus 3a ycTomuu-
BHU U KpPBI'OBU TEKCTWIHU u3aenus. [Tpunoxe-
Huero Ha Crparerusrta npeasmwxaa 10 2030 r.
3HAQUUTEJIHO HaMaliiBaHE Ha BPEAHOTO Bb3-
NEHUCTBUE HA MOJHATA HHAYCTPUS BBPXY
oKoJiHaTa cpexa. [1]

Karo ce u3non3Bar BUCOKOTEXHOJIOTMYHU
MPOLIECH TEKCTUIIHUTE OTMAabLd, BMECTO JAa
nonajar B JienaTta 3a u3rapsiHe, MoraT Ja ce
npepaboTBaT B HOBU MPOAyKTH. [lo To3u Ha-
YUH C€ yABJKABa >KU3HEHUS LIMKbBJ Ha TEK-
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CTUJIHUTE TPOJYKTH, KaTo ce JOMPHHACA U 32
YCTOMYMBOCT Ha OKOJIHATA Cpefa.

Ileara Ha HacTOSIIUS TOKIAA € Ja Mpej-
CTaBM MKOHOMHYECKaTa M EKOJIOTHYHa Iielie-
CbOOPa3HOCT OT TEKCTUIIHUTE OTHAIBIIH.

Te3aTa Ha aBTOpHTE €, Y€ TEKCTHIHUTE OT-
NaJbIM MOTaT Ja yyacTBaT B OM3HEC-Mozesa
,KpbroBa WKOHOMHUKA* TpU TMpHIAaraHe Ha
Pa3IUYHHA TEXHOJIOTUYHH TPOLIECH.

3a mocturaHe Ha (QopmynupaHaTa el
aBTOpPHUTE Ha HacTosIaTa pa3paboTka ca H3-
MIOJI3BAJIM M3CJIEI0BATEICKUTE METOIU: TIPO-
y4BaHe, CpaBHEHUE, aHaIn3, 0000I1IeHNE.

[IpencraBeHo e cpaBHeHHE Ha OM3HEC-MO-
nenute. VI3BbpIleH € aHajau3 Ha HKOHOMUYe-
CKUTE M €KOJIOTUYHU €(PEeKTH OT TEeKCTUIIHUTE
otnaasiy. [Ipocnenena e 3aBUCUMOCTTA MEX-
oy mporecure ,recycling”, ,,downcycling®,
,wupeycling®. Pa3kpuTi ca TEeHIEHIMUTE MPH
TEeKCTHJIHUTE OTMAaJbLU 32 YYaCTHETO MM B
,,KpbroBaTa MKOHOMHKA*.
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OrpannyeHuneTo B U3CIEBAHETO CE OTHA-
Csl caMO J0 TEKCTWJIHM OTIAIbLIA OT €CTECT-
BEHH CYpPOBUHH, O€3 J1a ce MOALCHABA 3Haue-
HUETO U Ha TEKCTWJIHUTE OTNAAbLM OT CUHTE-
TUYHU CYpPOBHHH.

B pesynTar oT HanmpaBeHOTO H3CIIEBAHE
aBTOPUTE OYAKBAT Jja C€ MOCTUTHE MO-TosIsIMa
UH(QOPMUPAHOCT Ha OOIIECTBEHOCTTa OTHO-
CHO MKOHOMHYECKATa U €KOJOTMYHA IIEJIECh-
00pa3HOCT OT TEKCTHIIHUTE OTMAbLIU U Ja Ce
YBEJIIMYM OTTOBOPHOCTTa Ha MOTPEOHTEIHUTE
npu chOMpaHe M OIMON30TBOPSIBAHE Ha TEK-
CTWJIHUTE OTHAABLIH.

N3JI0KEHHUE

1.CpaBHeHMe Ha OU3Hec-MOeJINTe

1.1.husnec-mooen ,,Kpb208a UKOHOMUKA

busnec-MonensT ,,KphroBa HMKOHOMHKA™
(circular economy) mpeaBIKIa MPH  €TANUTE
Ha MPOU3BOJICTBO M MOTpeOJIeHNE Ha MPOIYK-
TUTE J1a HE ce TeHepupar 3aryou Ha CypOBUHU
u marepuanu. EBporielickata KOMHUCHS, B IbT-
HaTa KapTa 3a e()eKTUBHO M3IMOJI3BaHE HA pe-
cypcute, popMynupa KaTo MPUOPHUTET pa3BU-
THETO Ha KpbroBara MKoHoMuka. B Ilnana 3a
neiicteue ,3eneHa caenka™“ (Green Deal) 3a
KpbroBa HMKoHoMuka oT mapt 2020 r. Ha
EBpornelickata koMucus ca BKJIHOYEHHU 35 3a-
KOHOJIATEIHW M HE3aKOHOJATeTHU MEpPKH B
paMkuTe Ha 3 roauIieH nepuoa. Popmynupa-
HU ca CIICJIHUTE HACOKH: AM3aiiH Ha MpPOaYyK-
TUTE, YCTOMYMBO TOTpeOJieHUe, 3eleHH 00-
IIECTBEHU TMOPBYKH, M3HOC HA OTHAIbLU U
BTOpUYHA yroTpeda Ha MaTepUalIu.

IIpu cpaBHsBaHEe Ha OW3HEC-MOJEINTE
,,JIMHEITHa UKOHOMHUKA** U ,,KPbrOBA UKOHOMH-
Ka“ ce yCTaHOBSBa, 4e OM3HEC-MOJCIBT ,,B3e-
MU-TIIPOU3BEIN-U3I10JI3Bal-U3XBbPIIN  TI'eHe-
pHpa OrpOMHH KOJMYECTBA OTHAIBIH, KOUTO
yecTo momaaar B jaenata. lIpm ,,kpbromara
MKOHOMMKA® CTPEMEXBT € /1a C€ HaMajH Ko-
JMYECTBOTO OTHAIBIH, TOPH B HSIKOU CEKTO-
pU Ha NPOMHUIJIEHOCTTA Ja C€ JOCTUTHE 10
HYJICBH OTIAIbLIH.
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3a HACTOSIIOTO U3CIEABAHE € HEOOXOAUMO
7la ce U3ThKHE (PaKThT, Ue 3a pa3jivKa OT Ou3-
Hec-Mojena , IMHeHa UKOHOMHKA' pu Ou3-
Hec-Mojiena ,,KpbroBa HKOHOMHUKA" MKOHOMHU-
KaTa U €KOJIOTUSTA HE C€ SIBSIBAT KOHKYPEHTH
nomexay cu. Ilpumep 3a mpoaykT mpu Ous-
HEC-MOJIeN Ha ,,KpbIoBa MKOHOMHUKA € Ipel-
CTaBeH Ha ¢urypa 1.

PEMONTUP ANE

W3zrounuk: [2]
@Due. 1. [Ipodykm npu Kp»2068a UKOHOMUKA

Korato ce cpaBHsSBaT OM3HEC-MOJEIUTE
,JINHEIHa U KpbhroBa MKOHOMHKA™ € Heo0Xo-
IMMO Ja ce ToayepTae, ue Te3u MOJICNHU B Chb-
IbP)KATEIHO OTHOLIEHWE ca C MPOTHBOIO-
JIOKHHM KOHLENIMH. Te ce mposBsABaT U C pa3-
JTUYHA UKOHOMHUYECKH U E€KOJIOTHYHU €PEeKTH
OTHOCHO TOTPEOJICHHETO Ha pecypcu W 3a-
MBPCSABAHETO Ha OKoOJIHATa cpena. Ilpm Ous-
Hec-Mojiena ,,KpbroBa MKOHOMHUKA® yIpaBJe-
HUETO Ha OTHAJbIMTE € OCHOBOIOJArama u
CTOZETIeHa IIEHHOCT.

1.2. Uronomuuecku eghexm om
meKcmuiHume omnaovyu

B chBpeMeHHUTE Na3apHU yCIOBUS MHOTO-
00pa3zueTo OT TEKCTHIIHU MPOJIYKTH U KPaTKH-
ST UM KU3HEH IUKBI BOAST JI0 HATPYIIBAHETO
Ha OIPOMHHM KOJIMYECTBA OT TEKCTHJIHU OTIAa-
JTBIIH.

B 3aBucMMOCT OT MpoM3X0Ja CH BCUYKH
TEKCTHJIHYU BJIAKHA CE Pa3/eNAT Ha JIBE TPYIIH:

® CeCTECTBEHM TEKCTHJIHU BJIAKHA;
¢ XUMUYHH TEKCTHJIHH BIIAKHA.
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3a Hacrosmata pa3paboTKa aBTOPUTE W3-
ClIeBaT CaMO TEKCTUJIIHUTE THPOAYKTU OT
€CTEeCTBEHM BilakHa. B Tabmuima 1 ca mocoue-
HU BUJIOBETE €CTECTBEHU TEKCTUIIHU BJIAKHA.

Tabauya 1: Budose ecmecmeenu meKCmMUuIHU

6JIAKHA
Tex | IIpo | Bugo | IlpeacraBurenu
CTHJI | H3XO0 BE
HH I
BJIa
KHa
Ecte | pact | cemen | mamyk
CTBE | WTEN | HH
HHU €H

JUKOB | JICH, KOHOI, IOoTa, CH3al,
u 6aMOyK

IUIOZO0 | KOKOCOBO BJIAKHO

BU
KHB | TIOKpH | BBJIHA, KO3MHA
OTHH | BHHU
CKH

CCKpC €CTCCTBCHA KOIIPpUHA

TOpHH
MuH | a3bect | amdubomn, ceprneHTHH
epan | OoBH

CH

CrpriacHo MpoBeAeH aHalu3 ,,] eKkcmuiHu-
me uzoenusi ce Hapex*coam Ha Yemewbpmo Ms-
cmo cpeo kamezopuume, OKA36AWU HAU-20-
JIAIM HAMUCK 8BbPXY UBNOTI36AHEMO HA NbPEUY-
HU CYPOBUHU U 800a (Cled XpaHume, HCUIULy-
HOMO CMpoOumencmeo u mpaHcnopma), u Ha
nemo MACmo nO eMUcuu Ha NApHUKOBU 2d30-
6e.“ [3]

Ot nannu Ha EBpomnelickara komucus ce
YCTAaHOBSIBA, Y€ €XEroJHO B CTPAHUTE OT
EBpomnelickust cbro3 ce oTCTpaHsaBar 5,8 MUIL t
tekcTmit. Oxoino 25% ot Tax (1,5 Mui. t Tek-
CTHJI) TIOJUIEKAT Ha pPELUKIUpaHe OT Ojaro-
TBOPUTEIHU OpraHU3alud U HHAYCTPUATHHU
npeanpustus. OcTaTbkbT 0T 4,5 MU t TEk-
CTHJI TIOTIa/1a OKOHYATETHO B JIeTaTa WK KaTo
OTMaJbK C€ U3raps B rpaJICKUTE ChOPBKEHHUS.
B Tabnuna 2 ca npenctaBeHd TaHHU OTHOCHO
TEKCTWJIHUTE OTMAIbIU CIPSAMO MPOU3X0Aa
uM B EBpomneiickus cbio3 B % H3paKeHUE.
KakTo Moxke na ce ycTaHOBU OT MOCOYEHUTE
aHHH B Tabiuna 2 ¢ Hai-ronsaMm % - 71% ca
TEKCTWJIHUTE OTMAIbIX OT JOMAKUHCTBOTO U
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mebenute (49%) u OT cTapu Ipexu U JApyru
TEKCTUJIHM oTHaabIiu (22%).

Tabauya 2: Texcmunuu omnaovyu 8
Eeponeitickus cvioz

TekcTUIHN 0TIAAbIM B %
3aBHCHMOCT OT IIPOM3X0/Ia UM H3paxeHue

JlomMakuHCTBO U MeOem 49
Crapu apexu U IpyTrU TEKCTUIHU 22
OTIAIBIHN
CrpouTenHu 0THagbLUy U pa3pyLIeHH 16
crpaau
[IpousBoacTBO 11
Crapu aBTOMOOMIH 2
O0mo: 100

3abenexka: aganTUpanHa 1o U3TOYHHK [4]

ABTOpUTE Ha HacTOAILIaTa pa3zpaboTKa W3-
ThKBaT U (akTwT, ye 40-50% OT TeKCTUITHHUTE
OTIagbLM CE IPOJaBaT B Mara3uHUTE 3a BTO-
pa ynotpeba; 25-30% OT TSIX ce M3MON3BaT
Karo cpexactsa 3a nouuctBane; 20-30% ce
BJIaraT KaTo BTOPUYHHU CYpOBUHH IIpU MPOU3-
BOZACTBOTO OT JPYI'M CEKTOPH Ha IpPOMHUILLIE-
HOCTTA.

1.3. Exonozuuen egpekm om mexcmuanume
omnaovyu

CeriacHo EBpomneiicka IUpeKTUBa BCUYKU
IbpKaBU-4wICHKH Ha EBponeickus Cbio3
TpsiOBa /1a BBbBEJAT 3aJbJDKUTEIHO Pa3AeiIHO
cbOMpaHe Ha TEKCTWIHHUTE OTMAaabLU OT 1-BH
aHyapu 2025 roauHa.

[lenuTe Ha AbpxKaBUTE-wWICHKH Ha EBpo-
NEeHCKHUs ChI03, KOUTO TPsIOBa Ja Ce MOCTHUT-
HaT 10 OTHOIICHHE Ha pa3AeTHOTO ChOMpaHe
¥ TIOBTOPHOTO OIOJ30TBOPSIBAHE HA OUTOBUTE
OTHAJBIM ca WIIOCTPUPaAHU B Tabnuua 3.

Tabauya 3: Lenu na Eeponeiickus cvi03 00
2035 20duna

hi (1 hi (1 a0
2025r. | 2030r. | 2035 T.

BuroBu 55% 60% 65%
OTIaJIbLM
3abenexka: aganTUpanHa 10 U3TOYHHK [5]

3a HaACTOSIIOTO W3CieIBaHE TpsOBa Jia ce
0TOEIEKH, Ye TOJISIMA YacT OT OUTOBHUTE
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OTHAABIM Ce TeHepupa OT JOMaKMHCTBaTa —
okoso 90%, nokaro ocranamute 10% ca pe-
3yNTaT OT JEHHOCTUTE HAa THPTOBCKH, aJAMHU-
HUCTPATHBHHU, COLMAIHHU, QUPMEHH U JPYTU
obexTtn. Ha ¢urypa 2 ca npencraBeHu JaHHU
3a 6uroBHTE OTHAABIM B PemyOnuka bbara-
pus U Ipyrd Ibp)KaBU-4wICHKH Ha EBponei-
ckus cbro3 3a 2018 ronuna.

H3Tounuk: [6]
@Due. 2. bumosu omnadvyu 6 Penyoruxa
bwacapusi u opyeu esponeticku cmpanu 3a 2018 2.
(kg/srcumen/zoouna)

Ot mpencraBeHuTe AaHHU Ha (urypa 2 ce
YCTaHOBSIBA, Y€ Ha IJIaBa OT HACEJIEHUETO B
PenyGmuka bovarapus ce magar mo 407 kg
OWUTOBM OTHAABIM. 3HAUUTEIIHU Ca PA3IUKUTE
B Jpyrure nbpxaBu-wieHkd Ha EC, karo
HOpMaTa Ha HaTpyIlBaHe Ha OUTOBU OTMATbLIU
Bapupa oT 226 kg B KocoBo mo 814 kg B
Hanus u 729 kg B Hopeerus. [6]

B Peny6nuka bwearapus, cerioacuo wi. 13
(1) or 3akoHa 3a ynpaBiieHUE Ha OTIATBIUTE
¢ 3a0paHeHO M3XBBPISHETO Ha MOJO0CH POX
OTIAIBIM B Jernara 3a o0I OWTOB OTIANbBK:
WA3uckeanuama Kom npooykmume, cieo dus-
mo ynompeba ce 0o6pazyeam mMacoso pasnpo-
CMpaneHu omnaovyu, peovm U HavuHume 3da
MAXHOMO pa30elHo cvbupame, NOBMOPHA
ynompeba, peyukiupane u/uiu ono130meopsi-
eane,...[7]

JlenbT Ha TEKCTHJIHUTE OTHaIblH, KOUTO
ce u3xBBpIAT B PenyOnuka Bwarapus mpen-
craBnsiBa 5.4% OT BCUUKM OMTOBH OTIAIBIIH.
OcBeH HaTpyIBaHETO Ha TOJEMH KOJUYECTBA
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TEKCTHJIHU OTHAIbIU, T¢ OKa3BaT U HETaTHB-
HO BB3JICHCTBUE BBPXY OKONHATa cpena. Crio-
pen aBropkara T. PemoBa ,.[lompebrenuemo
Ha meKcmui e mpemama 061acm ¢ Hau-8Uuco-
Ka KOHCYMayus Ha 600a U 3eMs U e HAd Nemo
MACMO NO OMHOWIEHUE HA U3NOA36AHEMO Ha
nvpeuunu cyposunu . [8]

Climate Works Foundation u xoHcynTant-
ckata opranusaius Quantis, B J0OKJIaga CH
MOCOYBAT, Y€ ,uHOyCmpuume 3a Opexu u
00ysKu 3aed0Ho donpunacsm 3a 8% om eno-
oannume napuuxosu emucuu [9]

2. 3aBHCHMOCT MeXIAy MpolecHre
»recycling®, ,,downcycling, ,,upcycling*

2.1. Peyuxknupane

Bce omie B cenuanu3upanara qureparypa
HSIMa €JHO3HAYHO MHEHHE OTHOCHO Mpolieca
[0 PEHMKIMPaHe Ha TEKCTHJIHU OTIaIbLIH.
ChbIecTBYBaT aprymMeHTH, Y€ IOCPEICTBOM
mporeca IO pPEUUKINpaHe Ha TEKCTHUIIHU
OTHAJBIM MOXE Ja Ce TOCTHTHE 3aTBOPEH
LIUKBJI (KpBroBa MKOHOMHKA).

[IporiechT MO peUMKIUpPaHE HA TEKCTUIIHU
OTHAABIM JIOTIPUHACA M 3a Ola3BaHe Ha
okosHata cpena. IlocTossHHO HapacTBa OposT
Ha (QupMHTE, KOUTO OIIe OT HayajaoTo Ha 90-
T€ TOJJMHU MpUJIaraT MpoLec MO perUKINpaHe
Ha TekcTwiHu otnaabiu (H&M, Zara u ap.).
ITopamu TO3M (haKT TEKCTUIHHUTE OTHAJABYHU
MaTepHalii He TpsiOBa Jia morajar B OOKIyKa,
a cies TOBa U B JieTara.

Pesynratute oT MpoBeIEHN MPOYYBAHUS 32
OIOJI30TBOPSIBAHETO Ha TEKCTHIIHU
MaTepualid couaT, 4ye:

*  35% ce mpepaboTBaT 3a MOYHCTBAIIN
KbPIU B UHAYCTPUATA;

* 24% ce um3mos3BaT 3a IOJIy4aBaHETO
Ha TEKCTUJIHU BJIAKHA;

* 6% ocraBat kato oTnaabK. [10]

HMxoHomuueckaTa IeJIechoOpa3sHOCT OT
mporeca IO pPEUUKINpaHe Ha TEKCTHUIIHU
OTHAJBIM CE OTHACS U JI0 MPHUIIOKEHUETO UM
B JIPYyTY CEKTOPU Ha HKOHOMUKATA:

*  TIOJyYaBaHE Ha MPexnaa;

*  TIOBTOPHO IPOM3BOJICTBO HA BIJIAKHA;
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*  3BYKO-, TOIUIOM3OJIAIIMOHHU MaTepHua-
JIM 32 CTPOUTEJICTBOTO;

*  aMOPTU3ALMOHHU MaTEpUAIIH;

*  MaTepHajy 3a IbTHOTO CTPOUTEINICTBO;

*  TanMUEpPCKU MaTepUalu 3a KOJH;

*  TeXHMYECKa MaMyd4Ha BaTa, MaTpaly,
CelIJIKU U Jp.

[Ton3uTe OT mpolieca Mo pelUKIupaHe Ha
TEKCTHJIHU OTIAIbLU CE OTHACAT U J0 EKOJIO-
rUYHATA [eIeCh00pa3HOCT:

® HKOHOMHUS Ha EHEPIHs;

® [I0-MaJIKO OTHAABYHU BOJU;

e OTMmaga NOBTOPHOTO OOSAMCBAaHE Ha
PELMKIMPAHUTE MaTEPUAIIH;

e HaMmansBar BpenHute eMucuu ot CO2;

® PEHMKIMPAHOTO BBIHEHO BJAKHO HE
ce HyXJae OT HM3MHBaHE C TOJIEMHU
obemMH BOAA.

2.2. Downcycling

[Ipy TEeKCTUIHHUTE OTHAABIM CE H3MOJ3BA
u nporeca ,,downcycling”. Upe3 Hero oTHOBO
ce MPOU3BEXAAT TEKCTUIHUA NMPOAYKTH, HO TE
ca CbC 3aHMXeHa CcTOWHOCT. [lonmyuenure Ho-
BU IPOAYKTH HE MOrar IMOBeYe Ja 3aMeCTST
Ka4eCTBOTO Ha MbPBOHAYAIHUTE MTPOAYKTH.

IIpu mpepaboTkata Ha CTapH, W3HOCEHU
WA CKbCaHM JIPEXH He € Bb3MOXKHO J1a ce To-
Jy4yaT HOBH JpeXH. AJNTEPHATUBH 3a MOBTOP-
HOTO MM ONOJ30TBOPSIBAHE Ca NMPepabOTEHUTE
TEeKCTHJIHU CYpOBHHM M MaTe€pHald Ja CIy-
KAt 3a IBJIHEXK WM KaTo KbPIIU 332 IOYHCTBA-
HE B JIPYTU CEKTOPH HA MKOHOMMUKATA.

[Tporiecst downcycling nompunacs u 3a
Olla3BaHe Ha OKOJHaTa cpena. Toil eIuMHUHHU-
pa OTmagbLUTEe U CHACHCTBA Ja Ce MPOU3BE-
JaT HOBH MPOAYKTH OT CTapH TEKCTHJIHU Ma-
TepUaIH, KOUTO B NMPOTUBEH Clyyail Ouxa ce
030BaJIM HA JICTIOTO.

B mporieca Ha npunoxenne Ha downcycling
ce mpeJyiarar CIeJHUTE IPeaUMCTBa:

® UKOHOMHUS Ha Pa3xoau 3a CHEPIUs;

e HaMaJsABa 3aMbPCSABAHETO;

® penyuupar ce Npou3BOACTBEHUTE Pa3-
XOIH;

e oma3Ba ce OKOJHATa Cpeaa.

www.eufunds.bg

2.3. Upcycling

AJTepHaTHBa Ha PEUUKIMPAHETO HAa TEK-
CTUJIHHM OTIIAIbLM MOXE /a ObJie U MPOIEChT
,2upcycling®. IIpu To3u mporec OT TeKCTUITHU-
TE OTMAABIM CE MOJIy4yaBaT HOBH TEKCTHIIHH
IIPOYKTH C I10-BUCOKA CTOMHOCT.

Kato ce u3nomn3Ba upcycling npomueca npu
TEKCTWJIHUTE OTIAIbIM C€ MPEeIOTBpaTIBa
pa3sXMIIaBaHETO Ha MOTEHLUAIHO IOJIE3HU
MaTepHalli TOCPEACTBOM ChILECTBYBAIIUTE
TakuBa. B pesynrar ce HamansBa u norpedie-
HUETO Ha M3XOMAALIM CYpPOBHUHH (€HEeprus, 3a-
MBpCSBaHE Ha BB3JyXa, BOJaTa, EMHCHU Ha
NApHUKOBU Ta30Be) 3a MPOM3BOJCTBOTO Ha
HOBH MTPOIYKTH.

3a cpaBHEHHUE C IMpoIEeca MO PELHUKINPAHE
Ha TEeKCTWJIHHM OTHaAbLU mpH upcycling mpo-
1eca ,,Hat-2oaamMomo npeouMCcmeo e, e HAMA
pasxoou u modce 0a ce npuidaza u 3a cv3od-
8aHe Ha KpeamusHu OU3AUHepCKU NPooyKmu'.

[11]

3AK/IIOYEHHUE
B pesynraTt oT nmpoBeCHOTO H3CICABaHE U
MPEJCTAaBEHUTE HKOHOMHYECKA M €KOJOTHYHA
1[EJIECHOOPA3HOCT OT TEKCTHIIHUTE OTMAIbIU
aBTOPHTE MpeUIaraT U HIKOU TECHACHIMH TPU
TEKCTHJIHUTE OTMAIbIM, KOWTO MOTaT Ja
HaMepAT MSCTO B OW3Hec-mozena ,,KpbhroBa
MKOHOMHMKA*:
- Konmenuusgra ,,Cradle-to-Cradle“—
,,OT JIFOJIKAaTa JI0 JIFOJIKaTa™“ ce OTHACS
70 UjedTa 3a 3aTBOPEHU IUKIH. ,, T3
3acaea e camo 8nodceHume mame-
puanu npu npou300CmMEomo Ha npo-
JyKmu, HO u cied ynompebama Ha
npooykmume*“.[12] Ilpu Ta3u KoHIIET-
I[Us CHIECTBYBAT JIBE KATETOPUH TIPO-
JIyKTH, KOUTO MOrar fa ObJaT W3IO0J-
3BaHU: KOHCYMAaTHBU B OWOJIOTUYHU
[UKJIM, PCHUKIUPAHU KAaTO CTOKH B
TEXHOJIOTUYHH 1MKIK. KoHiemniusaTa
,,Cradle-to-Cradle” ce sBsBa mpuHOC
HAa HMKOHOMHKATa KBbM YCTOWYHMBOTO
pa3BUTHE.
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- HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

- baBHa Moga — Ta3u TEHICHIUSA CE
MPOTUBOIIOCTaBs Ha Obp3aTa MOAa, Ka-
TO ILIEHU pa3HOOOpa3MeTo; HachpyaBa
COLIMAIHO-€KOJIOTUYHOTO Ch3HAHUE Y
MOTPEOUTENUTE; NOTpPUHACS 3a JOBE-
pUETO MEXAY MPOU3BOJUTENH U MOTpPE-
OuTeNH.

- YecTHa THProBusi — sIBSIBa C€ ajiTep-
HAaTUBa HAa TPaIUIMOHHUTE (HOPMHU Ha
rnasapa; CTpeMHU Ce KbM IO-CIPaBEIIU-
BH CTaHJIApPTH Ha MOBEJECHUE; TapaHTU-
pa, 4e 3aKyNeHUTe NPOAYKTH CE MPOU3-
BEXKJIAT MO Ch3HATENIEH, XyMaHEeH U OT-
TOBOPEH HAYUH.

- Mopaa ¢ HyJaeBH OTHAagbIH —TEHJICH-
UATa C€ OTHAacs JO0 MPOU3BOACTBOTO
Ha OOJIEKJIO M aKcecoapH, KOeTO TeHe-
pupa MajKo WM HUKAKBU OTHaIbIu. B
TO3W MOJICI, B JIOIBJIHCHHE KBbM IIO-
BTOPHOTO H3MOJ3BaHE Ha OCTATBHLUTE
3a M3paboTBaHE HA JIETANIIN HA JPEXU-
Te, MTU3allHepPbT U30Upa MOIEITH, KOUTO
e(EeKTUBHO M3I0JI3BAT ThKAHTA, Ch3/Ia-
BAliKM YCTOMYMBA [peXa OT HA4aioTo
JI0 Kpasi Ha MPOU3BOJICTBEHUS MPOLIEC.

Ilo oTHOIICHHE HA HAKOHM OT IIOCOYCHHTEC

MO-TOpe TEHACHIIMU ChIIECTBYBAT BEYE ITy-
ONMuKaluu, HO APYTH TEHICHIIMH TPEICTOST
a 0b1aT O0EKT HA OBIEIIN U3CIEIBAHUS.
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BJIAT'OJAPHOCT

ABTOpPBT H3Ka3Ba CBOATa OJIAr0JapPHOCT
KbM BCUYKU PELIEH3EHTH 32 TEXHUTE ChBETU U
MpeJIOKEHUsT 3a MOJ00psiIBAaHE HA Ta3u Iy-
Onmukanus. ABTOpPBT U3Ka3Ba CBOsiTa Onaro-
napHoct Ha npoekt BGOSM20P001-1.002-
0023 Lentpp 3a KOMIETeHTHOCT , JHTEenu-
T€HTHU MEXAaTPOHHM, €KO- U €HEeProcrecTsiBa-
IIM CUCTEMH U TEXHOJOTUH .
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[ HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

BJIMSAHUE HA TEOMETPUYHU TE ITAPAMETPU U OT'PAHUYEHUA
BBHPXY KOJIEKTUBHOTO NOBEJAEHUE HA ®OPMAIUA OT
ABTOHOMHH POBOTH

IMPACT OF GEOMETRIC TE PARAMETERS AND CONSTRAINTS ON
THE COLLECTIVE BEHAVIOR OF AUTONOMOUS ROBOTS
FORMATION

Vanya Markova

Ventseslav Shopov

Institute of Robotics — Bulgarian Academy of Science
markovavanya@yahoo.com

Abstract

This paper investigates consensus protocol issues among a collective of autonomous mobile wheeled robots.
Consensus protocol is presented as a joint distributed policy for pursuing common goals in a formation. Two cases of a
leader-follower system and of an equal deliberative collective of autonomous mobile wheeled robots are considered.
Simulations are made in two-dimensional space that show the influence of basic parameters such as geometric

distances and angles on the overall performance.

Keywords: Consensus protocol, autonomous mobile robots, collective robotics..

BBBE/IEHUE

[Ipe3 mocrnenHuTe TOAUHU BBIPOCUTE
CBBP3aHM C Ha YIPaBICHUETO HA pasIpeee-
HU JUHAMAYHU CHUCTEMHU TpPUBJICYEC BHUMA-
HUETO Ha Y4YEHUTE B TEOpHUATA HA MHOTO-
areHTHuTe cuctemu [3], [9], [11], [14]. ToBa e
Ba)KEH TPOOJIEeM TpH KOOpIWHAIMATA W B3a-
HWMOJICUCTBUETO Ha areHTuTe [15].

KoHceHCychT HA paOOTHHS €KUI MOXE Ja
Ce OMHWIlle KaTO HAYWH 3a HaMHpaHe Ha Oa-
JAHC MEX]y JBE MPOTHBOIIOJIOKHH KOHIICTI-
UM cbrjacue W cnenuanuzanus [2], [12].
Ceriacuero MOXe J1a ce OIpeAesid KaTto ei-
HO3HAYHO ChIJIaCyBaHEe Ha OOIIMTE LIEJH, J0-
KaTo cClelHalii3alus € paslpe]eICHUeTO Ha
KOHKPETHH WHAMBHIyAIHU 3a/1a4Ml 33aJa4d 3a
BCEKH OT poboTuTte B ekunal4], [7].

KoHceHcychT OT cBOs cTpaHa € BaXkeH 3a
IPEBPBIIAHETO HA €Kura oT padora B edek-
TuBHA cucteMa. ClieZjloBaTeTHO TpsOBa 1a ce
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MOCTHTHE CHOPa3yMEHUE MEXIY poOOTHUTE,
KaKTO MPU KOJIEKTHBHOTO ChIJIACyBaHE Ha Iie-
JH, TaKa U TPU Pa3MpeeIICHUETO Ha CIielHa-
JHU3UpaHU JAEHHOCTH 3a JOCTUTAHETO Ha TE3H
uenu[ 1], [8].

C moaxoasly aqropuTMHU 3a KOJIEKTHBHO
B3EMaHE Ha PEICHUS CKUITBT MOXE Ja pela-
Ba 3aJa4yM, Taka BCE €IHO Y€ € eAUH PoOoT,
BBIIPEKH Y€ 10 CHIIECTBO IENTa CE IOCTUTA
oT pazmnpezeneH exkun ot arentu[10]. B 0600-
IICHWe, OCHOBHATa IeJ Ha Oa3upaHUTe Ha
KOHCEHCYC IIPOTOKOJIHM € Jia Ce Ch3Aaje J0-
CTBITHO CIIOpa3yMEHHE 332 KOHTPOJ, Taka 4e
rpyna poOoTH J1a ce cOMMKAT ¢ 1ed OT OOl
uHTepec. Taka ye KOHTPOJHUST BXOJX CE€ Ha-
pHya KOHCEHCYCEH IPOTOKOJI, a IOCTOSTHHATA
1eJT, KOSTO 3aBUCH OT IbPBOHAYATHOTO ChC-
TOSIHUE, C€ Hapu4a KOHCCHCYCHO CBHCTOSIHUE.
[Ipe3 nocnenuuTe roguHu 0siXa MyOIMKYBaHU
HSIKOJIKO M3KITIOUUTEIHO MOAPOOHU Tperiiesa
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[ HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

Ha pAa3IMYHUTE IOAXOIM 3a IpUJIaraHe Ha
KoHceHcyc [5], [6], [13].

B Ta3u pabora HHE €KCIIEPUMEHTAIHO U3-
clIeZIBaM€ JIB€ XUIIOTE3U: IIbpBaTa XUIIOTE3A €,
ye jgopu Oe3 nuaep, M3MOJI3BAWKH TEOpUsATa
Ha rpaguTe, €KUM OT POoOOTH MOXKe Aa TO-
CTUI'HE KOHCEHCYC 3a KpaitHo Bpeme. U Bropa-
Ta XUIOTE3a €, Y€ BPEMETO Ha KOHBEPIeHLUs
HE 3aBUCH OT OpOsi Ha areHTHUTE, a 3aBHCU OT
OTKJIOHEHMETO Ha Hal-OTAAJICUEHUs arcHT B
HayaJHUsI MOMEHT OT BPEMETO.

JIOKyMEHTBT € OpraHu3HpaH IO CIEAHUSA
HAuuH: BbB BTOpATa 4yacT JaBaMe KpaTka Teo-
peTUYHa OCHOBA, B TpETara 4acT OIHCBaMe
eKCIIEPUMEHTUTE U 00CHXKIaMe pe3yNTaTHTe,
a B YETBBbpPTATa 4acT J1aBaMe HSIKOU 3aKJIIoue-
HUSL.

METOIHU U AJI'OPUTMHU

KunemaTnyeH W JMHAMHYEH MOJeJ Ha
KOJIECeH MOJABUKEH podoT
KunematnyHusT MOJeN HA poOOTa €:

1 A

Kbaero x u y ca KOOpAMHATHTE HAa TEOMeE-
TPUYHUS LEHTHpP Ha poboTa. breasT phi e
BI'BIBT MEXKAY OCTa Ha riobamHaTa KOOpH-
HaTHA CHUCTEMa U CTpaHMYHaTa OC Ha poboTa.
V e ckopocTTa Ha pobOTa, a W BIioBaTa CKO-
pocT.

HexomoHOMHOTO OrpaHUYeHUE Ha JBHKE-
HHETO €:

ycos =0
—xsin =0 (2)

HOJ’Iy‘IeHI/IHT JUHAMWYCH MOACI, 3aIllMCaH
B MaTpuyHa dopma, €:

F(q) = E(qQu— A" (q)A

3)

M(q)g +V(qg, mu)
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Kbaero q € BeKTOp Ha MO3UIMSTA U BI'biA,
U € ympaBisiBalll BXOJEH BEKTOp, M e uHep-
IIMOHHATA MaTpuiia U V € Mmarpuiiara Ha O
yIpaBJICHHUE.

OO00O0IIIEHUAT MOIET MOXKE Jla CE€ 3allHIle
Karo:

[ |0, 0O n
cos¢ 0 0
y 1 Jusing 0 0
! T
¢ w U U |
U 0 mr mr T
i 0 L _ L
Jr 2Jr
¥ 1@

MogensT Ha cucTemara 3a oOpaboTka ce
MoJiy4yaBa, KaTo c€ B3eMaT MPEaBU/I;

T/mr+c'qu

T, 2 L
T, Omr_ wJr

L2 L 5)

Teopus Ha rpajure M KOHCEHCYCEH
MOIXO0/

dopmanusaTa Ha aBBTOHOMHH KOJIECHH MO-
ounan pobotn (Wheeled Mobile Robots -
WMR) moxe na Obae NpeAcTaBeHO Karo
rpap G = (V, E). B To3u rpa¢d numame asoiika
Habopu OT BB3IM U pedpa, KOUTO THU CBBP-
3Bar. [lo TO3M Ha4YMH Ka3Bame, 4e cMe 3aalii
V or N BB31M wiu Bbpxa U 3aganu E or M
pebpa wim aweru. [Iprute Ha E ce ompemensT
KaTo JBOMKa BB3IH (Vi, Vj).

I'padbT G, U3MOI3BaH B HALIETO M3CIIE/IBA-
HE, € HEHACOYEeH, TaKa 4e MOTOKBT OT HH(}OP-
Malysl UiIM JaHHU MOXE Jla Tede U B JBETe
nocokd. OCBEH TOBa Mpe/CTaBsIMe KOJIEKTUBA
Ha areHTa Karo MpocT rpad: T.e He ChILECTBY-
Ba BB3€N, KOMTO € €THOBPEMEHHO Hayajo U
Kpail Ha peOpo U B Ta3u rpaduka HsiMa JIBE
peOpa ¢ eTHaKBM HAyaJlHU M KpalHU BB3JH.
Beuuku BB31HM, KOUTO UMat o011 pb0 ¢ BB3eN
vi, 00pa3yBaT MHOKECTBOTO OT ChCEIU HA Bb-
3ena.
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L HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

EKCHHEPUMEHTHU U PE3YJITATH

HNmame rpyna poOOTH, KOUTO TpsOBa na
pa3paboTsaT obmia nonutuka. Poborure Tpsod-
Ba Ja u30epar BI'bJ Ha OPHUEHTAIUs B IPO-
CTPAaHCTBOTO, KOWTO Aa ciensar. Becuuku po-
60TH TpsIOBaA /1a MOCTUTHAT KOHCEHCYC OTHOC-
HO BI'bJIa Ha JIBWOKeHUE Ha exuna. Cien ToBa
Te TpsiOBa J1a 3arMoyvHaT Ja ce JBIKAT B 00IIa
nocoka. Mimame rpyna HeX0JIOHOMHU poOOTH,
KOMTO TpsiOBa J1a 3aeMaT MO3MLHUS OT Hayal-
HaTa MO3MIMSA M Ja C€ MPHUIEIAT MOJ OO
BI'BIL.

— robot #1
— robot #2
robot #3
[—— robot #4
fobot #5
fobot #6
[—— robot #7
|— robot #8

State Values
-~

time(in seconds)

Due. 1. /lsudcenue na ocem WMR 6 pasnunama
X-Y

B mbpBus €KCIEPUMEHT UMaMe OCEM PO-
00Ta, KOMTO TPsAOBa /1a ce JBMXKAT B O0IIA T0-
coka. HsMa HenByCMHCIIEHO oOmpesenieH -
Jep, KaKTo HsAMa U KOHKPETHO MOCOYEHO ChC-
TOSTHUE, B KOETO POOOTHUTE IIE CE€ OKaXaT B
Kpasi Ha U3II'BIIHEHUETO.

5
[—— robot #1

— robot #2
robot #3
|— robot #4
[—— robot #5
— robot #
[—— robot #7
|—— robot #8
—— robot #9
robot #10

State Values

. . .
0 1 2 3 4 5
time(in seconds)

Due. 2. Jlsuscenue Ha decem WMR ¢ pasnunama
XY
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— robot #1
— robot #2
robot #3
— robot #4
— robot #5
robot #6.
— robot #7
—— robot #8
— robot #9
fobot #10
—— robot #11
—— robot #12

State Values

time(in seconds)

Due. 3. /[susicenue na osanadecem WMR 6
pasHunama X-Y

W3nurame crnegnara xumoresza: poOOTHTE
MoraT Jla IOCTUTHAT KOHCEHCYC 3a OrpaHuye-
HO BpeMe. OCBEeH TOBa TBBPJIUM, Y€ HE € He-
00X0MMO J1a ©Ma JIHJIEp 3a IOCTUTaHEe Ha TI0-
crtaBeHute 1menu. Kputepust 3a IoKa3BaHe
WU OTXBBPJIIHE HA XUIOTE3aTa € CJIEIHUST:
BCUYKU KOMITAaHWUHU TpPsiOBa J1a ca B €JHO ChC-
TOSIHUE, KOETO CE€ OIKCBA OT bI'bjia HA JIBUKE-
HUE Ha (opMaruaITa.

Beuuku po6oTH ca OT €AMH TUI ¥ KUMAT e1-
HakBu mapamerpu. [lapamerpute Ha poboTa
ca maca m = 0,75 kg, nHeprimoneH MOMeHT J
= 0,001 kgm2, nemxuna L = 0,075 m, paguyc
Ha konenoto r = 0,024 m u mexayocue d =
0,01 m.

—— robot #1
— robot #2
robot #3
—— robot #4
—— robot #5
robot #6
—— robot #7
—— robot #8
— robot #9
robot #10
—— robot #11
—— robot #12
- robot #13
—— robot #14.
—— robot #15
|~ robot #16

State Values

time(in seconds)

Due. 4. /[susicenue na wecmnadecem WMR 6
pasHunama X-Y
100
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L HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

@urypu 1, 2, 3 u 4 nokassar, ye podoTure
MIOCTUTAT KOHCEHCYC 3a MO-MaJIKO OT 5 CeKyH-
. Tyk siCHO ce BIX/Ia, 4e IbpBaTa XUIOoTe3a
HE MOXe Jja ObJie OTXBBbpJICHA.

Convergence on final state
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@urypu 5, 6 u 7 mokaspar, ye poOOTHUTE
MOCTUTAT KOHCEHCYC 3a MO-MAJIKO OT 4 CeKyH-
. Tyk sicHO ce BIXK/Ia, 4e HsIMa Bpbh3Ka MEX-
oy Opost Ha poOOTUTE U BPEMETO 3a KOHBEp-
TCHITHS.

Bce ome o6aye octaBa BBIIPOCHT: OT Kak-
BO 3aBUCH BpeMeTo Ha KoHBepreHuus? Tyk
rpueMamMe, 4e BPEMETO 32 KOHBEPreHIUsl MO-
’K€ J1a 3aBHCH OT ABE HEIa: WX II'bJIHOTO OT-
KJIIOHEHUE OT KpPalHOTO ChCTOSHUE B Hauaj-
HUSI MOMEHT OT BPEMETO, WJIM OTKIOHEHUETO
Ha areHTa, KOWTO € HAal-OTIaJe4YeH OT Kpaii-
HOTO ChCTOSIHHE.

Hue napuuame "MakcumanHo H3MeCTBa-
He" uin "MakcuMmanHo u3MecTBaHe" pazcros-
HHUETO OT KPAMHOTO CBHCTOSHHE HA HaW-OTHA-
JICUCHUS arcHT B HAYaJIOTO. 3a BCSAKAa CThIIKA
Ha cuMynaius (IMoHe JEeCEeT MbTU B CEKyHJa),
Ta3W CTOMHOCT CE€ M3YHMCIIABA U 3alla3Ba 3a I10-
HATaTHIICH aHAJIN3.

Hue onpenensame "CpenHo usmectBane"
unu "CpenHo u3MecTBaHe" KaTo CpeJHOTO OT-
KJIOHEHUE 33 areHTUTE OT KPaHOTO ChCTOS-
HME. Ta3H CTOMHOCT CBIIO CE M3UKCIIABA U 3a-
nas3Ba 3a JOIMBJIHUTEICH aHalu3 IMpPU BCSAKA
CTBIIKA Ha CUMYJIAIHSI.

orrelations between convergence time and displacement
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VHTEAUFEHTEH PACTEX

Tyk umMa eauH NOJIBOAEH KaMbK: HHUE HE
3Ha€M TOYHATa CTOMHOCT Ha KPaWHOTO ChC-
TOSSHUE B HAYAJIHHUS MOMEHT OT BpPEMETO.
OcBeH TOBa HHME HE 3HAEM Ta3u CTOMHOCT J10-
pu 1o Bpeme Ha cuMmyianusara. OT ToBa ciel-
Ba, 4ye He MokeM Ja mpaBuM ad hoc ananms.
Bcnuko, k0€TO HM OCTaBa Ja HalpaBuM, €
arloCTEpUOPUTEH aHAJIM3.

Impact of maximum dispacemet on converge time
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@ue. 10. Lllecmnaoecem WMR: Bausnue na
CPEeOHOMO U3MECHBaHe 8bPXY BPEMEMO 3d
KOH@ep2eHyus.

3a ;ma HampaBHM TOBa, TpsiOBa Ja Hampa-
BHM 1sj1aTa CUMYJIALMs U 1A OJIy4YUM TOYHa-
Ta CTOMHOCT Ha KPalHOTO CBCTOSHHUE Ha OT-
6opa. U enma crmex karo cumymnanusra Mpu-
KJIFOYH, MOXKEM J1a U3UUCIIUM PEATHUS pa3Mep
Ha OTKJIOHEHHMATA. 3amucBaMe TE3M CTOWHO-
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cTi B npomensnBara "CpenHo paszcrosiHue" u
CBILIO Taka M3YUCIISIBAME MAKCUMAJIHOTO OT-
KJIIOHEHHE OT KPalHOTO CBCTOSIHUE B CBIIUS
UHTEpBAJl U 3alMCBaMe€ TE3M CTOMHOCTU B
npoMeHnuBaTa "MakcuManHO Hu3MecTBaHe'.
Cnen ToBa wu3rpaxaaMe Kopenanus MEXIY
BPEMETO HAa KOHBEPTEHIIUS U TUCIIOKALU.

Qurypa 8 mokazBa, Y€ HMa KOpEJalusd
MEXly BpEMETO Ha KOHBepreHuus u "Makcu-
ManHata auciokanusa’. OcBeH ToBa pasIpe-
JIETICHUETO Ha JIBETE NMPOMEHJIMBHU € OJIM3KO
10 HopManHOTo. Taka ue Mo)keM Ja Harpa-
BUM H3BOJM 3a Bpb3KaTa MEXKIy T€3U Ipo-
MEHJIMBHU.

Taka ue BWXKIame, 4e UMa BPb3Ka MEXIY
BPEMETO HAa KOHBEpPreHuus 1 "MakcuManHaTa
auciokanus”. CienoBaTenHo MOKEM /1a KOH-
CTpyHpaMe JIMHEWHa (U 10-CII0KHA) perpe-
cust. @urypa 9 nokaspa, 4e UMa 3aBUCUMOCT
OT MaKCHMaJHOTO BPEME Ha AUCIOKAalMs U
koHBeprenuus. @urypa 10 mokassa, ue HsIMa
TeKylla Bpb3ka Mexay "CpenHo nsmecrsane”
U BPEMETO 32 KOHBEPIEHIUS.

Benuku poboTu crapTupar B NMPOU3BOJIHU
no3uuuu B uHTEpBan ot -10 go +10 merpa u
MaKCHMajlHa CKOPOCT OT 5 MeTpa B CEKyHJa.
‘breabT KbM OCHOBHATa OC € Npou3BoJieH ot ()
1o 360 rpanyca.

3AKJTIOYEHUE

B Ta3u crarus u3yyaBame HPUIIOKEHUETO
Ha KOHCEHCYCHHS TOJXO0Jl B 00jacTTa Ha KO-
JeKTHBHaTa poOoTHKa. M3cienBano e mocTu-
raHeTo Ha KOHCEHCYC 3a rpymna pasnpeesieH!
pobotu 6e3 munep. Pezynrature oT excrepu-
MEHTHTE TIOKa3BaT, 4e poOOTUTE MOraT aa 0b-
JaT MPUBEJICHU B €HO ChCTOSHUE 32 KpaeH
HEPUOJ OT BPEME.

ChI1l0 Taka MOXKEM J1a HalIPaBUM CIICAHUTE
M3BOJIM: BPEMETO 32 KOHBEPreHIIUs HE 3aBUCH
oT Opost Ha arenTuTe. ToBa cienBa oT (akra,
Yye areHTHTE B3eMaT PEelIeHUs He3aBHCcHUMoO. B
JOI'BJIHEHHE, BPEMETO 3a KOHBEPreHIHMs HE
3aBHCH OT CpeJHAaTa JHMCIOKALUs B IIBPBOHA-
YaJTHOTO CBCTOSIHME. B mo-rojsiMa cTeneH
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BPEMETO Ha KOHBEPreHLHUs 3aBUCH OT pa3Me-
pa Ha AUCIOKALMATa HA areHTa, KOWTO € Hal-
OT/IaJICYeH B HAYaJIHUSI MOMEHT OT BPEMETO
Ha KpallHOTO ChbCTOSIHUE HA ar€HTUTE.

B TO3M ciydall BB3HUKBA [UCKYCHOHEH
MOMEHT 3a OBJICIIN U3CIeABAHUS: TPSIOBA TN
AreHTHUST KOJIEKTUB J1a MPOJABIIKY /1 CE JIBU-
KM C OYaKBaHETO, Y€ ,,M30CTABAIIUAT arcHT
1I€ HACTUTHE KOJEKTHBA M EBEHTYAJHO I
3aeMe MICTOTO MYy BBB (popmanmsTa mo-Kb-
cHO. Mnu Bcuuku J1a cripaT Aa ce ABKXKAT U Jia
M34Yakar ,,M30CTaBaIUAT poOOT Na 3acTaHe
Ha MSCTO M €[Ba KOTaTO BCUYKH POOOTH ce
3aeMar BBB Qopmarms, Aa IPOABIDKAT Ja ce
JIBHKAT.
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BJIATOJAPHOCT
ABTOpPBT W3Ka3Ba CBOATa OJaroJapHOCT
KbM BCHUYKH PEIICH3CHTH 32 TEXHUTE CHBETH H
MPEVIOKEHUST 32 TOAO0OpsiIBaHEe Ha Ta3u Iy-
Onukauus. ABTOPBT H3Ka3Ba cBOsiTa Ojaro-
napHoct Ha mnpoekt BGO5M20P001-1.002-
0023 [entvp 3a KOMIETEHTHOCT ,JHTENH-
TEHTHU MEXAaTPOHHH, €KO- U €HEeProcIecTsBa-
IIIA CUCTEMHU U TEXHOJIOTHH .
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MOHUTOPHUHI' 1 U3CJIEABAHUSA HA CBBP3AHA C
EJEKTPUYECKATA MPEKA ®OTOBOJITAUYHA
EJEKTPOLEHTPAJIA B I'ABPOBO TEX ITAPK

MONITORING AND INVESTIGATION OF A GRID-CONNECTED
PHOTOVOLTAIC POWER PLANT AT GABROVO TECH PARK
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Abstract

Ivaylo Petrov Stoyanov
Technical University of Gabrovo
ivol100v(@gmail.com

Hristo Todorov Ibrishimov
Technical University of Gabrovo
ico@tugab.bg

The paper presents the results of monitoring meteorological and electrical data for the operation of a grid-connected
photovoltaic power plant, including subsystems with mSi, CdTe and CIGS modules, located on the territory of Gabrovo
Tech Park, part of the Competence Center project "Intelligent mechatronic, eco- and energy-saving systems and
technologies”. Results about the change in global solar radiation, ambient temperature, electrical energy produced,
and specific electrical production are presented. Variations of the specific power, solar radiation, module temperature,

and ambient temperature are shown graphically.

Keywords: monitoring, solar radiation, mSi, CdTe, CIGS, photovoltaic modules.

BBBE/IEHUE

CucremuTe 3a MOHUTOPHHT OCHTypsIBAT
MOCTOSIHHO HAOIIOJICHUE Ha TapaMeTpuTe Ha
(OTOBONTAUYHUTE IEHTPAIH, KaTO IMO3BOJIS-
BaT JICTAJIEH KOHTPOJ Ha €EeKTUBHOCTTA HA
paboTa Ha IEHTpajaTa U HaMaJsBaT BPEMETO
3a OTKpHMBaHE HAa BH3HUKHAIM IMOBPEIN HA OT-
JeTHATE M KOMIIOHEHTH. MOHHTOPHHTHT Ha
(OTOBONTAUYHUTE IIEHTPAIA 0OXBaIa OCHOB-
HO nBe HanpasiyieHus [1,2]. IIspBoTo Hampa-
BIIeHUE 0OXBaIlla M3MEPBAHE W 3aMUCBaHE Ha
MIPOM3BEICHATa eNIEKTpUYecKa eHeprust ot ¢o-
TOBOJITANYHATA IICHTpaJIa, HUBATa HA CI'bHYC-
Ba paaualus, TemIepaTypaTa Ha OKOJIHATa
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cpena, temmeparypara Ha ()OTOBOJITAUYHUTE
MOJIyJTH, CKOPOCTTa Ha BATHpPA, PaOOTHHUTE
TOK W HampexeHue. BTopoTro HampaBieHue
o0XBalla MOHUTOPUHI HAa BB3HUKHAJIHUTE I10-
Bpeld, MPOIBIDKATEIIHOCTTA HA TUIAHUPAHH U
HETUIAHUPAaHU PEMOHTH Ha (OTOBOJTAWYHATA
neHtpana. CbOpaHuTe TaHHU OT MOHUTOPHH-
ra Ha efHa (OTOBOJTAWYHA IIEHTpaJla MOTatr
Ja ce M3MOJI3BaT 3a ompenensHe e(ekTus-
HOCTTa Ha MOJyJIUTE (Tpv) U cUCTEMATA (sys),
Ceuu(pUIHOTO EIEKTPOIIPOU3BOICTBO HAa MO-
nynmurte (array yield Ya) u cucremara (final
yield Yf), cneunpuuna momrHocT (specific
power), BOJIT-AMIIEPHU XapaKTEPUCTHKH Ha
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EBPOMENCKW CTPYKTYPHU U
WHBECTUUMOHHN ®OHAOBE

»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN
CUCTEMMU U TEXHOJIOT' MU
I'ABPOBO 23

= HAYKA 1 OEPA3OBAHME 3A
MHTEAUIEHTEH PACTEXK

(doToBOATANYHUTE MOJTYJIH, 3aryOuTe BHB (PO-
TOBOJITAaWYHATa cucreMa u Jp. Cucremure 3a
MOHUTOPUHI OOMKHOBEHO CHXPAHSBAT JaHHU
32 MPONBIDKUTENEH MEPHO OT BpeMe, KOETO
JlaBa BB3MOXKHOCT Jla C€ ONpEeNH CTENeHTa
Ha aMOpTHU3aIKs Ha (POTOBOJITAMYHUTE MOJY-
JU ¥ J1a ce HalpaBW CPaBHHUTEJICH aHAIN3 Ha
XapaKTepUCTUKUTE Ha (POTOBOJITANYHATA IICH-
Tpaja 3a pa3IMyHH JKEJIaHU MEePHOAN OT Bpe-
Me. JlaHHUTE OT MOHUTOpPUHTra Ha (POTOBOITA-
WYHUATE CHUCTEMH MOraT Jia ce H3MOJi3BaT 3a
aHaJM3 Ha BB3JICHCTBUETO M MPU MPUCHEIUHS-
BaHE KbM €JIEKTPOPA3NPEICIIUTENIHATA MPEXKa.

N3JI0KEHHUE

Ot mecen mait 2020 r Ha TepuTOpHATa Ha
TexHonornuHus mapk Ha TeXHMYECKU YHHU-
BepcuteT — ['abpoBo, yact ot npoekr ,,lHre-
JIUT€HTHU MEXaTPOHHHU, €KO- U EHEProCIIECTsI-
BaIlld CUCTEMH M TEXHOJOTHMH’, € B E€KCILI0a-
Tanus (QOTOBOJNTAMYHA ENEKTPOICHTpala ¢
obma wuHctanupana mouHocT 30kWp, cbe-
TOSIIIA C€ OT TPU MOACUCTEMHU C pa3IMYHU
TEXHOJIOTUU Ha POTOBONTAUIHUTE MOIYNH [3]:

- Kagmuer Tenypun (CdTe)-nBa ctpun-
ra, Bceku ¢ momHoct 4,8kWp u obma nHcra-
mupana MomHocT 9,6kWp. Bpost Ha moynute
BBB BCEKH CTPHHT € 48, C eAMHUYHA MOLIHOCT
100Wp.

- Monokpucranern cunuiuii (mSi)-nBa
cTpuHra, Bceku ¢ mourHoct 4,5kWp u obma
uHcTanupana momHuoct 9 kWp. Bpost Ha Mo-
NyJIUTE€ BBB BCEKH CTPUHT € 18, ¢ eanHUYHA
MorgHocT 250Wp.

- MenHo-uHIMEBO-TAINEB CEJIEHU]
(CIGS)-equn crpunr ¢ momHocT 3,3kWp u
enuH CTpUHr ¢ MouHocT 6,6kWp. BposT Ha
MOAyJIUTE B IbpBUs cTpuHr € 30, a BbB BTO-
pust e 60. OOmara WHCTaTUpaHa MOLIHOCT €
9,9 kWp, equHIYHATA MOIITHOCT HA BCEKU MO-
nyn e 110Wp.

@DOTOBOJITANYHUTE MOAYJIM Ca MOHTUPAHU
BbpXY MOKPUBHU METaJIHU KOHCTPYKIIUHU, Ka-
TO HAaKJIOHAa MM CIHpSIMO XOpH30HTa € 33°.
OpuenTtanusta Ha GOTOBOJITAUYHUTE MOJTYITH
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cipsamMo or € ¢ 18,4° Ha U3TOK, B pe3yiTar Ha
KOHCTPYKTHUBHHU ChOOpaskeHus [4].

Bpb3kata Ha TpuTe POTOBONTAMYHU 11O
CHCTEMH KBbM MpekaTa Cc€ OCBIIECTBSIBA IO-
CpeACTBOM TpHU Tpu(Da3HU MHBEPTOPA, MOJEIN
SUN2000-10KTL-MO (Huawei).
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doTroBoJITANYHATA  EJIEKTPOLIEHTpaNa €
00Opy/ZIBaHAa ChC CHUCTEMa 32 MOHUTOPHHI Ha
METEOPOJIOTUYHUTE U €JIEKTPUUECKU Mapame-
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TpH Ha paboTa, ©3MepBallla, MOKa3Bala u Ch-
XpaHsBalla JaHHU 3a CIIbHUEBA pajHaLus,
TeMIepaTypa, CKOpOCT Ha BATbpAa, TOKOBE,
HaNpEe)KCHUsI M EJEeKTPUYECKa MOIIHOCT Ha
Bcska moacuctema. Cucremara 3a MOHHUTO-
PHHT c€ YIpaBisiBa Ype3 UHTEIUTCHTEH Peru-
crpatop, monen Solar-Log 300, mpeanarar
BB3MOKHOCT 3a JUCTAaHIMOHEH KOHTPONI U
rpaduyHa OllEHKAa HAa KOMIIOTHD WM MOOWII-
HO ycTpoicTBO — ¢ur. 1 u 2.

Baxuu ¢akropu, Biusenu BbpXy padora-
Ta Ha eJHa (OTOBOJITAWYHA LIEHTpAIa Cca U3-
MEpEHUTEe CTOWHOCTH 3a XOPU3OHTAJIHATA
rno0anHa Ci'bHYEBA pajgHalvs W OKOJHATA
temnepatypa. Ha ¢ur. 3. ca nmokazanu usme-
HEHMsITa Ha CTOMHOCTHUTE 3a CyMapHaTa TIJIo-
0ajHa XOpPW3OHTAJIHA CIIbHUEBA paguanus U
CpPEIHOMECEYHUTE CTOWHOCTH 32 OKOJHATa
TeMIieparypa 3a Mmeceuute ot 2022 1.

2022r.
= Global Horrizontal, [kWh/m?] ——Tamb, [°C]
250 25

200 20
150 15
100 10

50 5

Quez. 3. Uzmenenue na cmoinocmume 3a
cymapHama 2n00aiHa XOpu3oHmaiHa CroH4esd
paouayus u cCpeOHOMeCceuHama OKOJIHA
memnepamypa npe3 2022 2.

M3mepeHuTe CTOMHOCTH 3a Tiio0aiHaTa Xo-
pU30OHTAIIHA CITBbHUYEBA paJMAlUS Cca HaW-BU-
COKHM 3a MecemuTe Maid u o — 188,94 u
198,52kWh/m?, a Hali-HUCKM 3a THIIMYHO
3UMHHTE MECELU SIHyapH U JeKeMBpH — 79,48
n 70,8kWh/m?. Haii-BHCOKH CTOWHOCTH 3a
CpeqHOMEceYHaTa OKOJIHA TeMIleparypa ca
OTUYETCHH Tpe3 JIETHUTE MECEIH IOHU, IOJIH U
aBryct — 20, 23 u 22,17 °C, a Hail-HHCKH TIpe3
Meceny siHyapu u Mapt — 0,8 u 2,73°C.

www.eufunds. b

B Tabn. 1 ca mageHn CTOMHOCTUTE 3a IJIO-
OamHaTa XOpHU3OHTAJIHA CIBHYEBA PaAUALIUS
3a Mmecenu ot 2022 T.

Ha ¢ur. 4. ca mokazanu moixy4eHUTe CTOM-
HOCTH 3a OTJaJIcHaTa B eJIeKTpUYecKaTa Mpe-
*a OT ()OTOBOJITAMNYHUTE TIOJICUCTEMH OT MO-
HOKpHCTaJeH cuimuimii (mSi) u MeTHO-UH-
mueBo-ranues cenenun (CIGS) enekrpudecka
eHeprus 1o meceru ot 2022 r.

Haif-BCOKHM CTOMHOCTM 3a OTHajJeHara
€Heprus B eJeKTpUUYECKaTa Mpexka ca oTdeTe-
HH 3a Mecell Mait — 1696,76 kWh 3a moncuc-
temara oT mSi u 1714,06kWh 3a monacucre-
mata ot CIGS u mecer ronmu — 1736,78kWh 3a
noacucremara or mSi u 1774,6kWh 3a moxn-
cuctemara or CIGS. 3a cemmure Mecenum ca
OTYETEHH U HaW-BUCOKHUTE CTOMHOCTH 3a IJIo-
OamHaTa XOPHU3OHTAJIHA CIBHYEBA PaAUALIUS

(¢ur. 3).

Tabnuya. 1. Cmotinocmu xopuszonmannama 2100ai1a
crvHuesa paduayus 3a meceyu om 2022 .

Mecer ot 2022 1. Gt, [kWh/m?]
SIHyapu 79,48
despyapu 94,36
MapT 126,40
anpuiI 138,07
Mai 188,94
OHU 173,88
FOJTH 198,52
aBrycr 169,69
CENTEeMBPHU 157,66
OKTOMBpH 156,18
HOEMBpU 84,14
JIEKEMBpHU 70,80

2022r.
= mSi mCIGS

2000
1800 A
1600 A
1400 A
1200 A
1000 A

Eac, [kWh]

600 -
400
200 -

Due. 4. Cmotinocmu 3a omoaoenama
eleKmpU4ecKa enepeust 8 eneKmpuieckama
Mpedca om (homosormauiHume HOOCUCMEMU OM
mSi u CIGS 3a meceyume om 2022 e.
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B Tabn. 2. ca majgeHu CTOMHOCTUTE 3a OT-
JaJieHaTa B MpekaTa eJIEKTpUYeCKa eHeprus
0T (POTOBONTAMYHUTE TOJCUCTEMH OT MOHO-
KpHUCTaJIeH CHHInid (mSi) 1 MeAHO-HHINEBO-
ranueB cenenu (CIGS) 3a meceuute ot 2022 T.

Tabnuya. 2. Cmotinocmu 3a omoadenama 8 mpeszscama
eleKmpuiecka emepaus om Gomosormauitu noocucmemu
om mSi uCIGS 3a meceyu om 2022 2.

Domosonmauuna noocumema
Mecern ot 2022 T. mSi CIGS
Eac, [kWh] Eac, [kWh]
STHyapH 660,40 559,85
¢deBpyapu 867,04 732,16
MapT 1057,34 1066,74
anpui 1264,04 1257,66
Mait 1696,76 1714,06
IOHU 1538,91 1559,22
FOITH 1736,78 1774,60
aBTyCT 1432,24 1486,01
CENTEMBPHU 1399,35 1325,10
OKTOMBpH 1396,41 1170,52
HOEMBpU 732,92 610,17
JIEKEMBpHU 639,63 496,41

3a Mo-KOpEeKTHA OILIEHKAa Ha MPOU3BOIUTEI-
HOCTTa Ha Pa3IMYHUTE TEXHOJIOTUU (POTOBOII-
TaudHH TMOJICUCTEMU C€ BBHBEXK]IA IMapaMeTbpa
,,CIICIIUPUIHO eNeKTporpou3BoacTBO” (final
yield Yy) [5]:

Eqc
Yp=->— (1)

va,rated

KkpaeTo: Eac € oTnazeHara B eJleKTpuueckaTa
Mpexa enekrpudecka eneprus, [kWhi;
Ppv,rated — MHCTATMPAHATa MOIIHOCT
Ha GoToBONTAaMYHUTE MOIyNH, [KWp].
3a majgeH Mecell OT roauHara, Yr ce
ompenens ¢ uzpasa [6]:

Zd 1Yfa )

KkbaeTo N e OposT Ha JTHUTE B Mecela.

Ha ¢ur. ca TOKa3aHU W3YHMCICHUTE
CTOMHOCTH 3a Yf 3a Mecenu ot 2022 r., Ha
(OTOBONTAaNYHU TOACUCTEMU OT MOHOKPH-
CTaJleH cHIMIui (mSi) ¥ MEeTHO-WHNEBO-Ta-
nueB cenenuy CIGS. Haii-Bucoku cToitHOCTH

3a Y ca MOJIy4EHH OTHOBO 3a MECELUH Mal U
I0JIM, HO CTOMHOCTHUTE MOjAcUcTeMara oT mSi
ca MO-BHCOKHM CHPSMO TE€3U 3a IMOoJCUCcTeMaTa
ot CIGS Moxynu.

CroitHocTuTe 32 Yr3a Mecel Mail ca CbOoT-
BetHo 6,08kWh/kWp 3a moacucremara oT
mSi u 5,59kWh/kWp 3a moacucremara ot
CIGS. 3a mecen 101, U3YUCICHUTE CTOMHO-
ctu 3a Yr ca 6,23kWh/kWp 3a moxcucremara
ot mSi u 5,78kWh/kWp 3a moacucremara ot
CIGS.

2022
EmSi mCIGS

‘0

Q Q > z
& 5 RO

Yf, [kWh/kWp]
O B N W A U O N

@Due. 5. Cmovnocmu 3a “‘final yield’Yr3a
domosormauunu noocucmemu om mSi u CIGS 3a
meceyume om 2022 e.

B T1abn. 3 ca gageHu cpeIHOMECEUHUTE
CTOHHOCTH 3a Yr Ha (DOTOBOJNTAMYHHUTE MOJI-
cucteMu oT CdTe, mSi u CIGS 3a 2022 1.

Tabnuya 3. Cmotinocmu 3a Yf 3a pomogonmauunu
noodcucmemu om mSi u CIGS 3a meceyu om 2022 .

DoToBoJITANYHA TIOJICUCTEMA
Mecer ot 2022 1. mSi CIGS
Y, [kWh/kW;] Y, [kWh/kW;]
sIHyapu 2,37 1,82
¢deBpyapu 3,44 2,64
MapT 3,79 3,48
anpuiI 4,68 423
Mai 6,08 5,59
OHU 5,70 5,25
FOJTH 6,23 5,78
aBrycr 5,13 4,84
CENTEMBPHU 5,18 4,46
OKTOMBpHU 5,00 3,81
HOEMBPH 2,71 2,06
JIEKEMBpHU 2,292 1,62

www.eufunds.bg

Ha ¢wur. 6, 7 u 8 ca nokazanu u3MeHEeHHUs-
Ta Ha crieu(prIHATa MOITHOCT HAa TPUTE THIIA
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(OTOBOATANYHM CUCTEMHU 32 OTIACITHH JTHH OT
pasnuuHu ce30Hu npe3 2021 r., xapakrepusu-
palu ce CbC CIIBHYEBO MU SICHO BpeMe — 2
aHyapu, 10 anpun u 19 asrycr.

Haii-Bucoku cToifHOCTH 3a crnenuduyHaTa
MOIITHOCT ca TOJIy4eHH 3a (POTOBOJTAUYHATA
nojcucremMa ot mMoxyiau oT mSi. Ot Tpure
pa3riieKIaHu JHU, HAW-BUCOKM Ca CTOMHO-
cTute 3a cnenuduyHaTa MOIIHOCT 32
10.04.2021 1. - 0,9kW/kWp 3a CdTe, 1,08k W/kWp
3a mSi u 1kW/kWp 3a CIGS. MakcuMymbT
Ha M3MEHEHHUETO Ha Creuu(uIHaTa MOIIHOCT
3aBHCH OT TOIMIIHMS ce30H, KaTto 3a 02.01.2021 .
Toit e Mmexy 11:50h u 12:20h, a 3a 19.04.2021 .
n 19.08.2021 r. e mexxay 12:30h u 12:45h.

02.01.2021r.
——cCdTe ——msi ciGs
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Due. 6. U3menenue Ha cneyu@uunama MOwHOCmM
3a PV noocucmemu om CdTe, mSi u CIGS 3za
02.01.2021 2.
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@Due. 7. Uzmenenue Ha cneyu@uunama MowHoOCm
3a PV noocucmemu om CdTe, mSi u CIGS 3za
10.04.2021 2.
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Due. 8. Usmenenue Ha cneyuhuuHama MOWHOCM
3a PV noocucmemu om mSi u CIGS 3a 19.08.2021 .

Ha ¢ur. 9, 10 u 11 e nokazaHo u3MeHe-
HUETO Ha crenupuIHaTa MOLTHOCT, TEMIIepa-
TypaTa Ha MOAYJIUTE M OKOJHATa TeMIIepary-
pa Ha QoToBONTAaMYHATA MOACUCTEMA OT mSi
32 OTICNHH THH OT Pa3JIMYHU CE30HHU Ipe3
2021 r., XxapakTepu3Hupally Ce CbC CIBHUYEBO
U ACHO BpeMe — 2 siHyapy, 10 anpun u 19 aBrycr.

02.01.2021r.
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Due. 9. Uzmenenue Ha cneyu@uunama MowHoOCm
noocucmemama om mSi, memnepamypama Ha
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Due. 10. Uzmenenue na cneyuguunama
Mownocm noocucmemama om msSi,
memnepamypama Ha MoOyaume u OKOJIHAMA
memnepamypa Ha 10.04.2021 2.
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@Due. 11. Uzmenenue na cneyuguunama
Mownocm noocucmemama om msSi,
memnepamypama Ha Mooyaume u OKOJIHAMA
memnepamypa na 19.08.2021 2.

3a 02.01.2021 r. MakcUMaJHUTE CTOWHO-
ctu 3a cneunduynara mourHocT 0,9kW/kWp
ca IOJIyueHH INPH TeMIepaTypa Ha MOIYJIUTE
30°C, xosTo € ¢ 17°C mo-BHCOKa OT Ta3W Ha
okoiHata cpena. [lomyueHUTe MaKCUMAalHU
CTOMHOCTH 3a crenuguyHaTa MOIIHOCT 3a
10.04.2021 r. ca 1,08kW/kWp, mipu Temmepa-
Typa Ha moaynure 42°C, karo pasnukara C
okosiHara temneparypa e 14°C. 3a 19.08.2021 r.
€ MOJyYyeHa MaKCHMaJiHa CTOMHOCT 3a CIIeLu-
¢uunara momuOoCcT 0,97kW/kWp nipu Temme-
patypa Ha moxynute (55+57)°C. Pa3nukara c

TeMIlepaTypara Ha OKOJIHAaTa Cpela € OKOJIO
30°C.

3AK/IIOYEHHUE

AHanu3bpT Ha pPe3yJATaTUTE OT MOHUTOPUH-
ra Ha (hOTOBONTaMYHA eJeKTpolLeHTpana B ['a-
6poso Tex Ilapk, wact ot IIpoekt LlenTsp 32
KOMIIETEHTHOCT ,,JIHTEIIMIr€HTHU MEXaTpOH-
HU, €KO- M CHEPrOoCIECTABAIU CHUCTEMHU U
TEXHOJOTMHU®,  TOKa3BaT  peaJnu3upaHara
(YHKIIMOHATTHOCT HM3MEpBaHe, BU3yalU3aIUs
U CbXpaHsABAaHE Ha JIaHHM 3a CIIbHYEBATa pa-
Juanus, TeMIeparypara Ha OKOJIHaTa cpeia u
MOJYJIUTE, MOLIHOCTTA Ha MOJACUCTEMUTE, OT-
JaJIcHaTa B €JIEKTPOpaslpeleIuTeIHaTa Mpe-
’Ka elleKTpuyecka eHeprusd. Tosa Io3BoJsiBa
Ja ce ONpeleNu U IPOCICAU U3MEHEHUETO
BBB BPEMETO HA BAXKHU EKCILIOATAL[MOHHH I1a-
paMeTpH M XapaKTepUCTUKU 3a (POTOBOITANY-
HUTE IIOJICUCTEMU C PA3JINYHU TEXHOJIOTUU HA
monynute. Ha 6a3a Ha moiyueHuTe pe3yira-
TH, U3CJIEA0BATEIIUTE OT €KUIla B HAYYHO-U3-

www.eufunds.bg

crnenoBatencka yadoparopusi C7.3 , Exono-
TUYHU, CHEPTOCIECTSABAIU U €JIEKTPOMArHUT-
HO CBBMECTHUMH CBeTjI0oTexHuuecku, LED u
BEW KOMIOHEHTH M TEXHOJIOTHUH, MPOIBJI-
kKaBaT pazpaboTkaTa Ha MaTeMaTUYECKH MO-
JIeTTN 32 OLIEHKA U MPOTHO3UPAaHE Ha e(PEeKTHB-
HOCTTa U MPOMU3BEICHATA EJIEKTPUUECKa EHep-
TUS OT Pa3jIMYHU TUTIOBE (POTOBOJITAMYHU MO-
nysid. BUCOKOTO HayyHO MPUIOKHO HUBO HA
u3cneABaHusATa B 001acTTa Ha (POTOBONTANY-
HUTE TEXHOJOTMH B naboparopusara ce Io-
TBBbpPKJaBa OT U3JAJCHUTE B Iepuoaa
2020+2022 r. 11 Opost HayyHH MyOJIUKAIIUN B
bearapus u uyxOuna, 5 oT KOUTO ca pedepu-
paHu B MEXIyHaponHaTa ©0aza JaHHU
Scopus.
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Abstract

Onpedensinemo Ha eHepeusma, KOAmMoO Modice 0d Oble NOJyueHd Om eHepeuliHume Xapeecmepu, e eOHd om
BADICHUME 3a0aull 8 NPOYeca HA MAXHOMO NPOEKMUpane, mvil Kamo 3a no-006pa OYeHKka Ha MeXHUme 6b3MONCHOCHIL
CPABHUMENHO MAJKOMO KOIUYeCmeo 000ueana enepaus mpsaoea oa 0voe npeyusno oyeneno. Crnedoeamento
UBXOOHAMA éepuea Ha me3u YCmpouCmea e 8adliceH akmop npu onpeodeisiHe Ha U3X0OHama MOWHOCM.

BbBEJIEHHUE

HacrosimaTta doBenika UBWIN3AIMS € HE-
Pa3puUBHO CBBp3aHA C ENEKTPUUYECTBOTO, ThU
KaTo TO Ce M3I0JI3BA 3a 3aXpaHBaHE Ha pa3HO-
obpazuu ycrporictBa. [lopamgun ToBa HEoOXo-
IUMHUAT 00eM eJIeKTpUYecKa eHeprusi Herpe-
KBCHATO CE YBEJIMYaBa C HAPACTBAHETO HA YO-
BEIIKATa NOMYJalus U HEMHUTE HYKIU. Enun
OT METOJUTE 32 3aXpaHBaHE Ha €JIEKTPHUECKU
YCTPOUCTBA C HUCKA KOHCYMAIHs € M3I0JI3Ba-
HETO Ha METOJHTE 3a EHEPrHiiHO chOMpaHe
(EH —Energy Harvesting mwm Energy Scavenging).
[IporieckT Ha eHepruiiHO chOMpaHe OOMKHO-
BEHO € M3BJIMYAHE HA EJCKTPHUECKa EHeprus
OT HSKAaKbB BBHIIEH W3TOYHUK, KOUTO HE €
MOJXO/AII 32 IIUPOKOMAINA0HO TPOU3BOJ-
CTBO Ha €HEPrHs U CJeJ]] TOBa HEWHOTO TpaH-
chopMupaHe U ChXpaHsIBaHE 3a MaJKU, OOHK-
HOBEHO aBTOHOMHHM YCTpPOMCTBA. M3TOUHHUKBT
Ha M3BIUYaHATa MOIIHOCT OOMKHOBEHO € (ho-
HOBO SIBJICHHE, KOETO HAMA MpPSKO 3HAYCHHE,
WA €CTECTBOTO MY € JOHSKB/IE TTApa3UTHO 110
OTHOUICHUE Ha 3aXpaHBaHaTa CHCTEMA.

Taonuya 1. M3TOYHUIIH 34 EHEPTHUHHO
CBhBUPAHE [1]

Enepruiinn U3rounnnu Enepruiina IlnsTHOCT

100 mW/cm? (ciibHueBa

Ceemauna CBCTIIHA)
100 W/ecm?
(M3KyCTBEHA CBETJIMHA)
Tepmoenekmpuuru 60 W/cm?

Bubpayuu (muxpocenepayuu)

4 W/cm? (qoBemku
nBrxeHus — Hz)
800 W/cm® (Mammnm —

kHz)
Bubpayuu (nuezoerexmpuynu) 200 pW/cm?
Bw30ywnu nomoyu 1 pW/cm?

Taxmunuu ycuuus 50 J/N

Tuesoenexkmpuyu ¢ 0bex10 330 pW/cm?

Pvunu enexmpoecenepamopu 30 W/kg

Enepruiinn U3roununnm Enepruiina IlnbTHOCT

— 0,003 uW/cm?, 3a 75 dB

d 0,96 uW/cm?, 3a 100 dB
Temnepamypuna paznuka 10 pW/cm?
Donosu paououecmomu 1 pW/cm?

www.eufunds.bg

Hskon or Te3u cucteMu ce M3MON3BaT B
YCTpOICTBa 3a CaMOCTOSATENHO 3axpaHBAHE,
HalpUMep EHEpPrusira Ha OKEAaHCKUTE BBJIHHU,
U3I0JI3BaHa OT aBTOHOMHM CEH30pH 3a OKea-
HOrpa)CKM MOHHUTOPHHI, JIOKaToO JAPYTH ce
IpwjaraT B IPEeHOCUMa €JIEKTPOHUKA, KbAETO
MoraT Jia 3axXpaHBar WX Ipe3apexiaT MoOuI-
HU TenedoHH, CHEeNHaTU3UPaHd KOMITIOTPH,
panuo KOMyHHKAIIMOHHO 000pYIBaHE U JIp.

Bceunuku Te3u yctpoiicTBa TpsOBa 1a ca J0-
CTaTBbYHO 3[paBH, 3a J1a U3IbPKAT HA IIPOJIBII-
KUTEJHO M3JIaraHe Ha BpaxjaeOHa cpena, U J1a
MMaT LIMPOK AMana3oH HAa JUHAMUYHA YyB-
CTBUTEJHOCT.
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»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN

EBPOMIEVICK/! Cbl03 CUCTEMHU U TEXHOJIOT'HHU* ol A —
VIHBEGTULVOHH GOHAORE TABPOBO 23 VHTENATEHTEN PACTEX
N3JI0KEHHUE IlocnenHara € TOBapbT: BCHUIHOCT YCTPOU-
Tunoge nonynapuu Memoou 3a eHepeUHoO CTBO, KOETO KOHCYMHpa WU CbXpaHsABa W3-
cvoupane XOJHaTa eNeKTpudecka eHeprus (¢wur. 1).

Knacudukanusara Ha pa3nuyHUTE YCTPOW-
cTBa 3a crOupane Ha eHeprus (EH) moxe na
ObJe ChCTaBEHA CIIOPE/ BUJIA HA TEXHUS Ibp-
BUYEH M3TOYHUK Ha eHeprusa. Tasu eHeprus
MOXe ga ObAe OT TepMUYEH, BHOpAIMOHEH,
CBETJIMHEH WM 3BYKOB THIL. OmnpenemnsimuTe
napameTpu OOMKHOBEHO ca EHEepruifHara
IUTBTHOCT HA M3TOYHHUKA U €(DEeKTUBHOCTTA Ha
npeoOpasyBaHe M H3XOJHATa EHEepruiiHa
IUTBTHOCT Ha XapBecrepute. Tabnuua 1 cpas-
HSIBa Pa3NIMYHU BUJIOBE M3TOYHUIMM 3a €HEp-
TMIHU XapBeCTepH, KaTO U3TOYHUIIUTE Ca BU-
JIOBE IPUPOAHU siBNeHus [ 1].

B 3aBHCHMOCT OT M3TOYHMKA Ha E€HEPrus
XapBECTEPUTE CE€ pa3ianyaBaT IO KOHCTPYK-
U ¥ HauuH Ha pabora. OCBeH TOBa BCEKH
TUI XapBeCTep MMa Pa3IMYHU U3XOJHH CH-
THAJIM — HarmpuMep: 1no ¢opma U Cuiia Ha U3-
xoaHus curHain. Ha ¢wur. 1 e mpencraBena
00o01eHa OlOKOBa cxema Ha IMPOLIECUTE Ha
npeoOpa3yBaHe Ha EHEepruara Ha pa3IU4HU
BHJIOBE XapBECTEPHU.

Bwnpeku pa3nuyHUTE MPUHIMIM Ha pado-
Ta U Pa3IMYHU CTPYKTYPH 32 Pa3IHYHHUTE BH-
JIOBE YCTpOICTBa 3a ChOMpaHE HA EHEPrusATa,
T€ OOMKHOBEHO C€ CBCTOSAT OT TPU YaCTH:
II'bpPBaTa € CHEPrUiHUsA U3TOYHHUK, OT KOUTO
II€ C€ M3BJIMYA EJIEKTpUUYECKaTa E€HEprus, a
BTOpaTa € MEXaHU3MbT 32 EHEPTUIHHO CHOUpa-
HE: CBCTOM C€ OT CTPYKTYypa, KOSITO mpeodpa-
3yBa CHeprusita Ha OKOJHara cpena B
€JIEKTpUYECKa EHEPIHUsL.

Power
Management Load
Circuit

Power
Generation

Energy
Storage

(battery, supercapacitor)

Energy
Source

®@ur. 1. O6wa brox-ouazpama Ha eHepeUliHU
xapsecmepu
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OOmara riaobanHa 1eN MO OTHOIIEHHE Ha
yCTpOHCTBaTa 3a €HEpruiHO ChOMpaHe € Ja
ce MOBMIIM TSIXHAaTa €(PEKTUBHOCT C IO-Ch-
BBPIICHH TEXHOJIOTHH 33 U3BIIMYAHE WUJIH, B
KpaeH cilyuyal, /1a c€ OIOJ30TBOPAT OTIAbU-
HU TPOAYKTH OT MPOMHIIICHH WM MOJ00HU
JeWHOCTH KaTO TOILJIMHA, BUOpALUK, IIyM, T0-
BUILICH €JIEKTpOMaruuTex (oH u npyr |2, 3].

EquH oT mo-mupoko U3MO0JI3BAHUTE METO-
1M 3a peoOpa3yBaHe HAa MEXaHUYHH YCHIIUS
B €JIEKTPUYECKA EHEPIusl € MUE30€IEKTPUIHO-
To mpeoOpasyBane. [Iuesoenexrpuunute EH
UMaT OIpeJIeNIeH! MPEeIUMCTBAa — KaTo OTHO-
CUTEJIHO BUCOKO CBOTHOIIEHHE HA H3XOJHO
Hanpe)XKeHNEe/MEXaHUYHO HAIpPEKEeHHUEe; OTHO-
CUTEJIHO JIECHUM METOJU 3a MPOU3BOJACTBO Ha
MUE30€TIeKTPUYHN eleMeHTH U Ap. Ilopamu
IpeJMCTBAaTa Ha IMUE30€TCKTPUUHUTE IIpe-
oOpa3yBarenu, Te ca OOEKT Ha OOIIMPHU W3-
CJIeZIBAaHUS 32 MOOWIIHU MUKPO €JIEKTPUUYECKH
ABTOHOMHU W3TOYHHIH [4].

Iuezoenexkmpuunu 6ubpayuoHHu

xapeecmepu

BubparnonHuTe NMUEe30eNeKTPHYHU ChOU-
paly CUCTeMH MMaT OTHOCHUTENTHO Hai-ros-
MO TpeoOpa3yBaTelHO ChOTHOIIEHUE [5] 6e3
rojsiMa 3aBUCHMOCT OT BBHIIHU (aKTOPH.
Hsikon xapBecTepu ca NMPOEKTUPAHU A Cb-
Oupar oTmagbuyHaTa €HEpPrus OT YOBEUIKOTO
JBMDKEHUE, ThH KaTO Ce MOHTHpPAT B YacT OT
YOBEIIKO OOJEKJIO MM aKcecoapu — HaIpHu-
Mep BUOpALIMOHHUTE XapBECTEPU CE€ MOHTHU-
par B moametrkute Ha oOyBkute [6]. [pyru
TUIIOBE Ca HEMOJBMKHO MOHTHPAHM Ha TOJ-
XOZSIIU MECTa, TaKa ye MPEMUHABALIUTE TIpe-
BO3HHU cpejacTBa [7, 8] wiaM memexoAuu aa
YIpaXHIBAT MEXaHUYHA CUJIA BBPXY THAX.

Bubpupamusar mnue30eineKTpuueH XapBe-
CTep MOXeE Jla Ce pasriexja KaTto 000O0IIeH
cllyyail Ha TpelnoBa CTPYKTypa C €IUH WIH
7IBa 3aCTONOPEHU Kpas (Moka3aHu Ha ¢ur. 2),
OINMCBaHa HaH-00IIO OT rpenoBara TeOpUATa
Ha Oiinep-bepnynu [7]. Ilapamerpute, onu-
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canu Ha ¢ur. 3, ca IbDKMHATA HA Tpefara —

L, nobaBeHara maca Ha Bbpxa — M;, CbIIPOTH-

BJICHUETO Ha €JIEKTPUYECKUS TOBAp — RL.
Hampexenusita BbpXy pe3UCTUBHUS TOBAp

CHOTBETHO 33 CIyHaHTe Ha MOCIENOBA- 2. ()
TEITHO U TAPAJICIHO CBBHP3BAHE — Vier(f) d—;q
n Vpar(t) [7]

Support Support Support
Q *Force X Force 1

a) 0)
®@ur. 2. 3akpensane Ha epedosu sUOPAYUOHEH
nuesoeieKmpuier xapasecmep

Veer(t
g (t) N Poling direction ‘er( )
6 | —

,_
M,
e
X = 0 Piezoel ectric X = L
a) Cepuiino cévp3sane
R, vpar(t)

Piezoelectric

Poling direction

0) Ilapanenno cevpssane

®@ur. 3. O6wa Juacpama Ha cbOUpamenHo
yempoucmeo ¢ 08a akmusHu ciosi [7]

ToBa ce npmku Ha QakTa, ye CTPYKTypara
Ha EH (mokasana Ha ¢wur. 3) uma JBa akKTUBHU
(IMe30eneKTPUYHN) €105, KOUTO ca CBbP3aHU
3a yBeIMYaBaHE M3XOJIHATA €JIEKTpUUecKa TO-
KOBa IUTbTHOCT.

OOUMKHOBEHO ce mpuemMa, 4e TpeaoBara
MHEe30eJICKTPUYHA CUCTeMa ce BB30yka upe3
JBUKEHHUETO Ha CBOATAa OCHOBa. Torama, ako
M3MECTBAHETO U MAJIKOTO BPTEHE Ha OCHOBA-
Ta ca MPEICTaBEeHU CHOTBETHO ¢ g(f) u h(1),
KaKTO € MOKa3aHo Ha (ur. 3, NBIKEHUETO Ha
ocHoBaTta wp(x, f) Ha Tpefara Moxe na Oblae
npeacTaBeHo kato [7, 9]:

www.eufunds.bg

ExBuBanenTHUTE €JIEKTPOMEXaHUYHU
YpaBHEHHUsI, ONMUCBALIM MEXaHUYHATa U Ha-
MpeKEHOBATa PEaKIUsl Ha JABYCJOWHATa CHUC-
TeMa, MoraT J1a ObJaT mpeacTaBeHu Kato [7]:

+2{ 0w, ——— L( ) + @iy, (M +6v()=Ff(1 (2
. du(t) v(t) O dn,(2)
P dr +R_,_Zg" dt (3)
ISJ’[:,Z[GTO:

8, — Monanen Koe(UIUEHT Ha
€JIIEKTPOMEXaHUYHA BPBH3Ka;

C," — EKBHBAJICHTEH KaNaIUTET (3aBUCHU OT
BHJIa HA CBBP3BAHE MEXK/IY CIIOCBE);

[f+(t) —MopanHa MEeXaHU4YHA “TIPUHYAUTEIHA™
byHKIUS;

V(1) — HampeXeHHNE BbPXY PE3UCTHBHHUS
TOBap;

¢ — KOCUITMEHT Ha MEXaHUIHO 3aTUXBAHE;
(1) — MEXaHUYHA MOJIAJTHA PEAKIIHS;

@, — He3aTUXBaIla COOCTBEHA YecToTa Ha 7™
PEXKHM.

Jsicnata ctpaHa Ha (3) € u3pa3bT, OMUCBALI]
EJIIEKTPUIECKHS TOK, KOUTO TEOPETUIHO MOXKE
na ObJe MoJlydeH oT xapBectepa. Omucaren-
HUTE MOJIENIM Ha MHE30€JICKTPUUYECKU XapBe-
CTepu OOMKHOBEHO IMPEJICTABAT MEXaHUIHHUTE
YCWIHS, KOUTO BIHSSAT Ha CTPYKTypaTa 4pes
JacTUYHU JaudepeHIralTHd  ypaBHEHHUS OT
BTOPH pell, KaKTo € rnokaszano B (2) [7, 9].

Ho mpobnemMbT ¢ MaTeMaTU4ecKusi MOJIEN,
0a3upaH Ha TOPHUTE YpaBHEHUS 3a BUOpHpa-
mu nue3oenekrpuunn EH cucremu, e, dye Hi-
KOM KOHCTAaHTH U MPOMEHJIMBH B ypaBHEHUS-
Ta 3aBUCAT OT (PU3UYECKH BEIUYUHHU, KOUTO
ca KOCBEHO MJIM 300110 HE ca CBBP3aHH C OC-
HOBHUTE TIPOMEHIIUBU, KOUTO CHCTAaBIISIBAT
O0IIMTEe MAaTEMATHYECKH MOJIEIH — HAPUMEP
TeMIleparypara B MUE30CIEKTPUIHUTE CPEIU
HE € MPSKO BKJIFOUEHA B OMUCBAIIUTE YpaBHE-
Hus [7, 8].

w, (x,t) = g(t) + xh(t) (1

Excnepumenmanna nocmanoséka 3a  u3-
Cle08aHus Ha NuezoeleKmpuyer euopa-
yuonen EH
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ExcniepuMeHTanHUTE U3CIENBAHUS CE TIPO-
BEXKJAT BbPXY HAJIMUEH B ThProBCKaTa Mpexka
nue3oenekTpudeH xapsecrep [10], xoiro mie
rapaHTupa, 4€ uMa OCUT'ypEeHa CTENEeH Ha
IIOBTOPSIEMOCT Ha IapaMETPUTE Ha XapBecTe-
pa. XapBecTepbT € IBYCJIOWHA CTPYKTypa C
IIOCJIEZIOBATEIHO CBBP3BAHE Ha CIIOEBETE —
S233-H5FR-1107XB (nmpeaumHo o0o3Haye-
Hue PPA-2014). 3a umuTHpaHe Ha BHHIIHUTE
MEXaHWUYHU  HANpPEXKEHUs Ce€  M3I0JI3Ba
€JIEKTPOMEXAHUYEH IIEHKBD C YCKOpPEHHE
a=5,21 m/s*> (ur. 4a), a 3a mojamaHe Ha
XapMOHHMYEH CUTHAJ Ype3 YyCUJIBATEN KbM He-
ro ce u3Moi3Ba (PyHKIMOHAIEH TE€HEpaTop

(¢ur. 40).

I
|
F
_. Piezodlectric Shaker
= element
Power E

Functional amplifier

generator

i
I
I
3 Shaker .

I
a) Enexmpomexanuuen 6) Ynpaenenue na

NEeMCTBUTENHATA AKTHMBHA MOIIHOCT, KOSITO
MOJKE JIECHO J1a Ob/ie N3BJIEYEHA U € OCHOBHA-
Ta 1eJ1 Ha IIpoLieca Ha EHEPTUIHO U3BJIMYAHE.

IIpeosapumennu excnepumeHmaniHu

pesynmamu

[IbpBUTE EKCIIEPUMEHTH CE NPOBEXKAAT C
MHepuMoHHa Maca m = 1,13 g ¢ pa3nuyHu
CTOMHOCTM 3a R; M €IMHHYHA YeCcTOoTa
/=113 Hz. [ITpbpBOHAYaTHOTO HANPEKEHHE OT
¢byHKUIMOHATHUS reHepaTop € 2,65 V BbpxoBa
croitHocT (peak-to-peak). Pezynrarure 3a Ha-
IIPE)KEHUETO Ca B OYAKBAHMS IUANa3OH, HO
TOKOBUTE CTOMHOCTH Ca JIEKO CTpaHHH, 3alll0-
TO HAJBUIIABAT OYaKBAaHUTE CTOMHOCTHU
(Tabmnwuma II).

CToifHOCTUTE HAa MOIIHOCTTA CE€ M3UYMUCIIS-
BaT ChOTBETHO 3a HampexxeHuero (Py), Toka
(P;) u Taxaoro npoussenenue (Pys), T KaTo
CBIIPOTHBIICHUETO Ha €JIEKTPUYECKOTO HATO-
BapBaHe ¢ u3BecTHO (Tabmuua III).

Tabnuya Il 115PBOHAYAJIHU PE3VJITATH

WeuKvp cucmemama Re, Q | 390 [1000]2400/5100 1(:)00 12040 24000 51000 75000 1330
Ul;;ws’ 1,3021,4571,872(2,37 3,18 | 3,47 | 4,34 |5,15|5,47 | 5,58
Tews, 1y 13.923,68(3.46|3,10(2,92|2,38| 1,62 | 1,22| 1,14
8) Usmepsamenna cxema mA
®@ur. 4. baz06 excnepumenmaniua yCmarHo8Ka
Taobnuya I11. JIAHHH 34 [10JIYYEHATA EHEPTUA
OYHKIMOHAJIHUAT TEHEPATOP CE M3MO0JI3BA Uoss | Tss | Pu Py Pur
3a IpoOMsAHa Ha pa60THaTa yecToTa, A0KaTo Ry, Q| [V] [mA] | [mW] | [mW] | [mW]
M3XOJHOTO MY HAaIPEKCHHE € ITIOCTOSIHHO U 390 | 1,302 4 4347 | 6,24 | 5,208
uMa CcTOMHOCT OoT 2 V (BBpPXOBa CTOHHOCT). 1000 | 1,457 | 3,92 | 2,123 |15,366] 5,711
U3MmepBanusiTa Ce WU3BBPIIBAT C HU(POBH 2400 | 1,872 | 3,68 | 1,46 |32,502] 6,889
YCTPOUCTBA, KOUTO 1aBaT CbOTBETHUTE CTOM- 15010%% gzl’; 33:416 }(1)(1)} 6;’60? J 98§§8
HOCTM Ha TpOMEHJMBaTa moja ¢opmaTta Ha 12400 3:47 2”92 0:971 105”727 16’132
cpeniHoKBajpaTiiet kopeH (RMS). 24000 | 4,34 | 2,38 | 0,785 [135,946 10,329
BewmHoct Tazu gpopma Ha mpeacTaBsHe Ha 51000 | 5,15 | 1,62 | 0,52 |133,844] 8,343
JJaHHU € TI0JIe3Ha, ThH KaTo 3a MIPOMEHJINBU 75000 | 5,47 1,22 | 0,399 | 111,63 | 6,673
eJIEKTPUYECKH TOKOBE U HarpexeHus, RMS e 100000| 5,58 | 1,14 | 0,311 [129,96] 6,361

paBHa Ha CTOWHOCTTA Ha TIOCTOSIHHUS TOK WJIN
HampeXeHUe, KOSTO Ch3/1aBa EKBUBAJICHTHATA
CpeZHa MOIIHOCTTa BBPXY IOCTOSHEH pe3u-
cTuBeH ToBap. 1lo TO3M HAaYMH MOIIHOCTTA,
KOSITO C€ M3MEepBa Ha Teopus, TpsOBa 1a Oble

Pesynrature 3a enexrpuueckara MOIIHOCT
ca TOJIKOBA PA3JIMYHU, Y€ IPEINOJI0KEHUETO
3a IpellHa eKCIIEpUMEHTAIHA YCTaHOBKA HE €
IIPECUIICHO.
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EBPOMIEVICK/! Cbl03 CUCTEMMU U TEXHOJIOT' MU ol A S
VHBECTULIMOHH! ®OHOOBE l"ABPOBO 23 ﬂﬁ‘r”éﬁv'."ré)ﬂé‘.? 222#;3‘\
Ho uma u nmpyro oOsicHEHHE: IMOCOYEHUTE JsIMa 4acT OT 3aceyeHaTa IMO-paHO €Heprus €
CTOMHOCTH Ca 3a PEaKTUBHA MOIIHOCT, KOSITO OT PEaKTUBEH THUI U € 0e3MoJie3Ha 3a LEIUTE
€ HaJTM4Ha B CHUCTeMaTa W HM300I10 HE MOXE Ha EHeprUiHO ChOUpaHe.

na Obae u3BieueHa. YectoraTa Ha mporeca €

cpaBuutenHo Hucka (113 Hz), HO mue3o- J__, ®
CJICKTPUYHUAT €JIEMEHT, KOWTO TeHepupa s L .
CIICKTPHUYCCKUTE KOJICOAHHs, UMa MPEAUMHO —r ¢
KaMalUTUBHU XapaKTEPUCTHUKA U HETOBUST '

BBTPEIIEH UMIIEJ]TAHC MOXKE CHOTBETHO J1a Ob-

JI€ 3aMEHEH OT HETOBOTO PEAKTUBHO CHIIPOTH- ®ur. 5. Excnepumenmanna yemanoska ¢
BJICHUC B CKBUBAJICHTHUTC BCPUT'H, KAKTO CC usnpaeumein

Brkia B (3) na C7.

IIo TO3M HAUYMH M3NPABIHETO HA CIIEKTPU- Taonuya 1V. EKCIIEPUMEHTH C M3IIPABUTEJIHA
HECKUA CUTHAIl Ha XapecTepad © Heobxoa1uMo \Urms|Irms| Pu | P1 | Pui | Upc| Ipc PUchIE’ficHIEAlUIdc
3a NPaBUIIHA OlICHKA Ha NONy4eHaTa EHeprus, Ri. | [y |[mAmWmWmW ) TmA mWimWimW
ThI KaTo TOKOU3IPABUTEIAT TPsAOBA Jia CIiv- I I 1 11 |
MHHHpPa BJIMSHUETO HA PEaKTHBHATA CHEPIHUS. 1000| 1,3 | 2,9 |1,698,41|3,77| 0,2 0’52 *(0,04 0’(()) 0 0’8 4
CrnenoBaTeliHO, eKCIIEpUMEHTATHATa BEpUra € 2400| 1,6 |2,74 1,;)6 1%0 4,28 0,55 0,722 0,612 0,‘%2 0,512
pasmupeHa ¢ 100aBSHETO Ha MBJIEH TOKOU3- 077133 415.00 072010.19102210.20

5100(1,99(2,56 | (710,99 5 2 ’
MIPaBUTECIICH MOCT. 6 | 2 | 4 8 12 1116

Excnepumenmanna éepuea c usnpagumen 7500 2,3 (2,42 0’57 v 43’9 5’656 1,39 0’818 0’§5 0’526 0’126

[TbIHUAT MOCTOB TOKOM3IIPABUTEN U Kama- 1000 258|023 0,66(52,9(5,93 174 0,17[0,30(0,30{0,30
[UTUBHUTE €TIEMEHTH ce 100aBAT KbM EKCIle- 12(1‘0 . 161014 & a 13133

55,7 0,1510,31 0,31
0 |275]2,1210,61\73715,8311,98| T~ | "¢ 0,31 ™3

pUMEHTaIHaTa CXeMa, KaKTO € MOKa3aHO Ha
2400 338(1.72 O,gw 7%),0 5,}1 2.9 0,212 0,35 0,735 0,25

¢ur. 5, Teit kato nuoaute ca oT Tun 1N4148
U KamnalUTHUBHUTE CJIIEMCHTH HUMAT CJICTHUTE 510014 03]1.16(0:31]68,6(4,67|3 97{0,0710,3010,29/0,30
croitnoctu: Cy = 1 uF u C; = 10 nF. 0 |~ 8 [ 3 |51 619512

7500 0,24160,73,83 0,05 0,2210,24
Mexanuunara yecrora € 115 Hz, a romne- 0 |426]0.9 3|74 A5 | s 027|971 g

2
MHHATa Ha HAIPEKCHUETO HA TE€HEpaTopa € 1880 439(0,82 053}9 6}2 3,6 4,62 0:84 0:3%1 0,24 0’622
2 V BppxoBa croiiHocT. ExkcriepumeHTanHara
nocraHoBka € pasgeneHa Ha AC uact u DC
4acT, a eKCIIEPUMEHTAITHUTE BEPUTH Ca 3a TUIL
VA u AV (dur. 5). Bapho e, 4e gacT oT eHep-
rusTa me Obae 3ary0eHa B TOKOU3IPABUTEI-
HUS MOCT U B KalallUTUBHUTE €JIEMEHTH, HO
caMmo M3I0J13BaeMara 4acT OT €JIEKTpuYecKaTa
€Heprus IIe ce pas3ceilBa BbPXY MOCTOSIHHHUSA
EJICKTPUYECKU TOBAp R..

ITosydyeHaTta MOCTOSIHHA MOILHOCT € MHOTO
[I0-MajKa OT Ta3W, 3aceyeHa Ipeau TOKOW3-
npasutens (Tabmuna [V), HO chIo Taka HIMA
IIpU3HALM 3a HarpsBaHe Ha JAUOAWTE, KOETO
7la TIOKa3Ba MO-ToJIsiMa KOHCYMallusl B TOKOU3-
npasuTelnsa. Ho n3uncnennTe MOIHOCTH He ce
pasnuyaBar 3abenexuMo efHa ot japyra. Ilo
TO3M HA4MH MOXKE Jia C€ IPEIIOJI0XKH, Y€ Io-

Moxe 51a ce CHeKyaupa, 4e TOKOM3IPaBU-
Ten TpsaOBa Ja Ob/e BKIIOYEH BHB BEPUTHTE
3a OLIEHKAa Ha MHE30€JEKTPUYECKUTE XapBe-
CTEpH, Thil KaTO TOBA € €AMHCTBEHUAT HAEK-
JICH Ha4WH 32 TPAaBUIHO OLICHSIBAHE HA M3XO0/-
HaTa eHeprus. Pesynrarure (mokasaHu Ha
¢ur. 6) 3a U3X0JHATA MOIIHOCT CJIE] TOKOH3-
MIPAaBUTENS OTrOBapAT HAa OYAKBAHMATA U HSA-
Ma SIBHHU Pa3iIUKU MEXIY U3UHCICHUTE Pe3yi-
TaTH. MIMa M3BecTHa pasziuKa B M3YHCICHHUTE
SHEepruu, KakTo € MOKa3aHo Ha ¢ur. 60 mnpu
yBEJIMYaBaHE HA EJEKTPUYECKUS TOBAap Hajl
Hail-e)eKTUBHATa CTOMHOCT (CTOMHOCTTA,
IPU KOSTO M3XOJHATA €HEprus € MakKCcuMall-
Ha), KOETO MOXXE J1a Ce OT/aJe Ha M3BECTHA
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MEXIYHAPOJIHA HAYYHA KOH®EPEHIIUA

EBPOINENCKW CbIO3

»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN
CUCTEMMU U TEXHOJIOT' MU

EBPOMEVCKIA CTPYKTYPHY 1 E HAYKA U1 OBPASOBAHME 3A
WHBECTULIMOHHW ®OHAOBE I"ABPOBO 23 NHTEAUTEHTEH PACTEXX
MPOMSIHA B aKTUBHATA U peaKTUBHATA 4acT Ha p.. |14 L1T1,1311,4712,0512,28)2,10/ 1,83
Vels5 1417191915115
€JIEKTPUYECKHUS TOBAp.
3aBHCHMOCTTA MEK Y noJtyyeHaTa 7500 | Pigc 1’513 1"?9 1’i6 1’§3 1’19 E 2’3%0 2’(())2 1’35
MAalUTET, KaKTO € MOKa3aHo B (3), TEOPETUYHO Udel ol 41051014012
CBIIIO Tp;16Ba Ja JOBEAE N0 3aBUCUMOCT MEX- Pug 1,20(1,17|1,21{1,33|1,78(1,69|2,24|1,92
Ty OOIIMsI KalmaluTeT Ha U3XOHATa BepUra u Yelalo 8211|7177
o0Oema Ha MmoJy4yeHaTa eHeprusl. 10k | Pu. 1’611 1539 1’613 1’923 1’670 2’(‘)‘7 2’710 1’283
3asucumocm medncoy uzxoonama eHepausi u o {LIS|1,13] 1,17 128|174 (2,042, 17| 1.87
U3XOOHU}1 Kanayumem Ulde 9 ) 6 5 3 8 6 9
IIpoBexxnar ce CKCIEpUMEHTH, 3a Jia Ce p.. |1:14[1,09[1,16|1,28|1,66|2,60|2,26|2,02
ONpelcin Bpb3KaTa MEXKIAY HM3XOOHHUS Kara- Yel2 171030760
UTeT U o0eMa Ha eJeKTpHUYecKaTa eHeprusl. 51k | Py, |101]0:97]1,0211,1311,4712,35/2,04/ 1,78
MexaHMYHUTE HAIPEXKEHHUs ca ChLIUTE, a 4 |11 812/41710)3
1,071,03|1,09(1,20|1,56(2,47(2,15|1,89
IIPOMEHUTE Ca B YECTOTaTa M CBBP3AHUS Ka- Poel e 1 5 1 2 | 5 4903
magquTeT B H3XO0JA. PeByHTaTI/ITC 3a 1 HF, p 0,95(0,88(0,95/1,08/1,37(2,14(1,97(1,73
47 uF n 100 pF ca maneHu chOTBETHO B Ta- Yelo 3] 21214 ]0]2]6
omuna V, tabmuna VI u tabmuma VIIL 25k | p 0,78(0,76(0,8210,90(1,13|1,55|1,62(1,40
Ide
0 5 7 8 5 5 1 8
P 0,86/0,82(0,88(0,9911,24(1,82|1,78|1,56
% L . s Vel 1 1271|8483
_ 60 / \ — P 0,81{0,79(0,830,91|1,31(1,81|1,61|1,42
% 40 o 20 - Vel g | 25181314513
Ay Pui e
20 alo1 0,88(0,8410,90(0,96|1,34(1,96(1,74|1,51
: = 100k 1P\ %1 s 13 06023
¥ R R 0,84/0,81/0,86(0,93|1,32|1,88|1,67|1,46
L Purde
8 9 8 9 9 6 8 7

a) npedu usnpasumens

0) cned usnpasumens

®@ur. 6. Pezyimamu npedu u cied usnpasumens

Tabnuya V. BJIUAHUE HA KAITALIUTETA ITPU 1 UF

Ri, Q

f, HzZ

120

121

122

123

124

125

126

127

1000

PUdc

0,28
1

0,25
0

0,24
0

0,24
0

0,24
0

0,31
4

0,42
3

0,33
6

Pldc

0,29
7

0,27
9

0,26
5

0,25
7

0,26
2

0,32
4

0,43
4

0,36
2

Putdc

0,28
9

0,26
4

0,25
2

0,24
8

0,25
1

0,31
9

0,42
8

0,34
9

2400

PUdc

0,65
1

0,65
1

0,63
0

0,60
0

0,64
1

0,90
0

1,05
3

0,90
0

PIdc

0,56
0

0,54
4

0,52
1

0,50
8

0,53
9

0,73
7

0,89
9

0,76
1

Putdc

0,60
4

0,59
5

0,57
3

0,55
2

0,58
8

0,81
4

0,97
3

0,82
8

5100

PUdc

0,86
5

0,83
2

0,81
6

0,83
2

0,86
5

1,55
9

1,36
7

1,17
7

Pldc

0,93
0

0,87
0

0,85
3

0,86
1

0,96
1

1,72
2

1,48
7

1,28
5

Putdc

0,89

7

0,85
1

0,83
4

0,84

7

0,91
1

1,63

8

1,42
6

1,23

0
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[losnydyeHnTe naHHM NOTBBPXKAABAT MpEa-
MI0JIO)KEHUETO, Y€ M3XOJHUAT KalaluTeT uMma
BIUSHUE BBPXY IIOJlydaBaHaTa €HEPrus OT
nuesoenekrpuunud EH, kakro e nokasaHo Ha
¢ur. 7. CpaBHEHHETO MEXKJIy XapaKTepPHCTH-
kute (¢ur. 7) mokaszpa, ue UMa pasiIuKa MEX-
1y Haii-e()eKTHBHATa 4ECTOTA 32 €HEPrus Chb-
OupaHe B 3aBUCHMOCT OT CBBP3aHUS U3XOJCH
KaIaluTeT, KaKTO U UMa IpOMsHa B Hal-IIOJ-
XOJSIINSI €JIEKTPUUYECKH TOBAp 32 MaKCHUMaJl-
HO ChOMpaHe Ha €HEeprus Mo OTHOLICHHE Ha
yecToTaTa Ha MEXaHWYHHTE ycwiusd. Te3u
(bakTOpu JOMBJIHUTEHO YCIOXHSIBAT MpPO-
eKTHpPAHEeTO Ha OOII MOJeN Ha BUOpAIMOHEH
nuesoenekrpuueH EH ¢ nenm Makcumusupane
Ha M3X0Ja Ha eynekTpuyecka eHeprus. [lomy-
yaBaHaTa €HEPrus € B AMaIa3oHa OT HAKOJKO
mW U BCEKH JOIBIHUTENEH MOJIOBUH MUIIU-
BAaT € IICHEH.

115

Ilpoexm BGO5SM20P001-1.002-0023 - Llenmvp 3a Komnemenmuocm ,, Hnmenuzenmuu mexampoHnu, eko- u
enepzocnecmagauju cucmemu u mexuonozuu, punancupan om Onepamusna npoepama ,, Hayka u o6paszosanue 3a unmenucenmen
pacmedic“, counancupana om Esponetickus cvios upesz Eeponetickume cmpykmyphu u uHeCmuyuoHHU (poHoose.


http://www.eufunds.bg/

MEXIYHAPOJIHA HAYYHA KOH®EPEHIIUA
»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN

EBPONEVICKY Cb103 CUCTEMMU U TEXHOJIOT UH“ i e
e TAEPOBO 23 e D

Taﬁﬂuua V1. BJIHAHUE HA KAIIAIIUTETA P 47 UF Taﬁﬂuua VII. BHHHHHEMWUI/HETA 1P 100 UF
R..Q |, HZ 120] 121] 122] 123] 124] 125 126 127 R..Q |f, HZ 1200 121] 122] 123] 124] 125 126 127
puy.|075]0:84]0.840.7710.67/0.64]0.5110.49 Py, |0:62(0.65[0.72/0.7210.68/0,65(0.57/0.51

716 |6 |4|2]0]8]0 416 |3[3|9]6]|8]8
0,94]1,04]1,04[0,96]0,87[0,79]0,70(0,61 0,69]0,81[0,86[0,90[0,8610,77]0,70]0,64

1000 1 P |71 g | o |8 | 9| 6| 8 1000 1 Puc |51 |7 13 |5 | 4] 6| 0
Pui 0-84(0.93]0,9310,86[0,76/0,71/0,60/0,55 Pui|0:65]0.73(0.79]0,8010,77(0,710,63[ 0,57
418|828 |5]|5]0 7131182 ]3]|8]G6s
Puo|2-05|2:18]2,20]2,05|1,85[1,66] 1,50| 1,32 Puo | 1-70[1.85[2.12]2,1612,09(1,96] 1,76] 1,56
415|414 |5]7]4]0 05|86 |1]2]|8]38
1,91]2,10(2,14(2,031,79[1,59[1,43]1,26 1,43[1,73]1,97(2,00]1,97[1,85[1,66|1,50

2400 |Puc| o |5 5 [T 1 e | A la | s 2400 | Puc |07 T U Lo AL | s
Pu] 98] 2:14[2:17]2,04]1,82]1,63]1.46]1,29 Pu 1-35|1:79]2:05]2,0812,03]1,90[ 1,71[1,53
503|6|5|5]0]9]4 9 | 4]0 |2 |4|7]4]s5
puo|3-01[3:21]3.242,99]2,74]2,45[2, 181,93 Pua |236]2:95[3.26]3.373,10[2,90]2,86/2.56
316|883 [71]17]3 92141766 1]09
3,33(3,64(3,66(3,42[3,11(2,79]2,49]2,20 2,6713,33(3,38(3,59(3,51|3,46(3,24]2,94

5100 |Puc |77 177 1o o | 31 9 | 8 5100 | Puc |51 7071TS o |3 I3 |8 | 6
P 317]342[3:45(3.20]2,922,62[2,33]2,06 Pu 2-62[3:13[3.32[3.48]3,30{3,17[3,04[2.75

11 2]1]6|5]0]8]6 15|56 |3]2]8]1
Pug 373]4:09[4.18]3.96/3,63[3,26/2.89|2,55 Pug. |3:16]3.53]4.16]4,4214,04[3,97]3,66|3.36
1|21 ]0|3]7]|5]8 216648510
3,91(4,26]4,35(4,14]3,81(3,43(3,05]2,70 3,33(3,70(4,24]4,36]4,16]3,933,67(3,55

7500 | Puc| o || s ol s 73] o 7500 | Puc 27170 1 e | 3 L1 s | o
Pui 331 4:17(4.26(4.04[3,72[3,35[2,97(2,63 Pu 324 [3:62]4.20[4,39]4,10{3,95[3,66(3.45
91717192 ]1]3]2 8| 0|4|5|5]3]|8]4
Py | 4:14|4:66]4.70]4,4414,07/3,66[3,28/2.91 puy. |322[3:62[4.194.66]4,73]4,48(3,94/3,84
71516 9l0]0]3]6 6 | 4|9|5|3]9]|4]|4
4,2314,73]4,74|4,51]4,18(3,73[3,352,97 3,15(3,69]4,26(4,63]4,72(4,554,18]3,88

10k 1P| 67 5715 1 %6 | 6 |32 ] 0 10k 1 Puae 176717571 4 1 s 0 | 6 | 6 | 1
Pui 4:19]4:69(4.72[4.48]4,12{3,69(3,312,94 Pu 3-19|3:66]4.23]4,65|4.72(4,52/4,06|3.86
2191712817813 21011 |7]13]|3]3
Puo|3-64|4:29]4.5114,3614.06[3,69]3.30|2.96 Puo |2-14[2:13]2.52]2,7912,77(2,73]2,59] 2,36
30518156 ]6]9]2 1|31 ]5]7]0]|3]4
3,52(4,3414,46(4,14]3,97(3,58(3,21(2,86 2,04]2,12[2,42(2,74(2,84]2,84]2,55(2,35

STk Pue |7 el e | 2 [0 |1 |3 | s STk Pue 705 4 s [0 | 0| 9| 7
Pui 3+38|4:32[4.49[4.25/4,01[3,63[3,26[2.91 Pu 209|2:12(2.47]2,77|2.80(2,78[2,57|2.36

5121328 |8]0]3 0|8 |2]0|8|5]|6]1
Puo|297|3:71]3.76]3.71]3,46[3,14]2,83|2,49 Py |1:40[1.66[1.882.0812,1112,06(2,00(1,70

6|4 |3]0]o|2]0]35 4 17121037 ]|4]6
2,943,63(3,73(3,66(3,43(3,03[2,73 2,48 1,22]1,49[1,711,89[1,94]1,87]1,82[1,73

Tk P 70 10 0 |3 s 0|6 | 4 Tk Puae )\ o7 0 s a2 |5 |3
Pu 25]3:67[3.74]3.68[3.443,08]2,78[ 2,49 Pu 31[1:57]1.79]1,98]2,02/1,96[1,91[1,71
8|26 |68 |5]3]0 3016|4167 ]7]3]09
Puo|235|2:94]3.03]2,9312,78[2,48]2,21]1,98 puo. | 112[1,36]1.54]1,7111,69[1,65] 1,56 1,36

9 | 8|1 ]4]9]|1]4]5 1|2 |5|3|5]6|3]4
2,8913,53(3,72(3,42(3,34|3,02(2,72]2,40 1,34]1,66[1,90[1,96]1,93[1,98[1,93[1,63

100k | Pae | 7017715 3 9 |8 | 3| 3 100k 1 Pac | "1 1 4 | 0 |2 8] 238
Pu 2:61]322[3.36[3.16]3,05|2,74]2,45]2,18 Pu 22| 1:50[1.71]1,83]1,81/1,81]1,73|1,49
180|961 |5]4 8| 5]|5]/3]0|5]|8]35
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MEXIYHAPOJIHA HAYYHA KOH®EPEHIIUA

EBPOINENCKW CbIO3
EBPOMEMCKI CTPYKTYPHV 1
VHBECTVLIMOHHY ®OHAOBE

»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN
CUCTEMMU U TEXHOJIOT' MU
I'ABPOBO 23

- = HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

Pl'dm 1 “F

—

24k
51k
7.5k

— 10k

P, mW

— 51k
— 75k

——— ——100k

120 122 124 126
f,Hz
a) Pesynmamu 3a 1 uF

Pyac, 47 nF

1 —_— — 1001
0
120 122 124 126
f,Hz
0) Pesynmamu 3a 47 uF
Py4c, 100 pF

4

=2

120 122 124 126
f,Hz

8) Pezynmamu 3a 100 uF

dur. 7. Pe3yrimamu 3a paziuyHu Kanayumemu

TpsbBa na ce orOenexu, 4e BHB BCUYKHU
€KCHEPUMEHTH H3IOJI3BAHUAT TOKOU3IIPaBU-
TEJIEH MOCT C€ CuMTa 3a uaeajeH. B tabmu-
na VIII ca mageHu pesyaraTture OT NpeaBapu-
TETHUTE EKCIIEPUMEHTH 110 OTHOIIEHUE Ha TO-
KOU3IPABUTEIHMS MOCT. EKCiepUMeHTuUTE ca
HaIpaBeHW C u3MepBaTenHa Bepura VA-VA
Ha d4ecrora 113 Hz ¢ wuHepuuoHHa Mmaca

1,13 g, kKaro CTOMHOCTUTE HA MPOMEHIUBOTO
HanpexxeHue u Tok (Urms U Irms) ca B RMS
¢dopmar.

Tabnuya VIII. [IPE[BAPUTEJ/IHU PE3YJITATU C
U3IPABUTEJIEH MOCT

Loa|Urm|Irms| Pu | P1 | Pur U Inc| Pu | P1 | Pu
d, | s |[mA| [m|[m|[m [“}]C [mA| [m | [m | [m
Q| [VI| 1 |WI|W]|W] 1 |W]|W] | W]

1,30 4,34 5,20{0,17|0,34/0,07|0,04|0,05
390 2 4 668 6,24 8 | 1 | 3 |498|588 865

1,45 3.92 2,12|15,3|5,71|0,33/0,33|0,11|0,10(0,11

LML 285 | 664|144 4 | 1 |156|956]055

2400 1,87 1,46|32,5/6,88(0,79 0,130 0,26/0,21(0,23

2 368 016|018 896 1 07 | 744 | 809

1.10(61,0/8.20/1.38/0.27/0.37/0.38]0.38
>10012,37\3.46] 351550 | 02 | 2 | 5 | 449|569 005

1000 1,01 .19.85]- . [0.23]0.54]0,53|0.54
3,181 3,11 15419611 7571234 57 756 | 824 288

1240 0,97/105,(10,1 0,21]0,58(0,56(0,57

3.4712.92) (041727324 |%%%| 4 356|787 566

2400 0,78|135,/10,3 0,16/0,63(0,62|0,63

4341238 48| 946|292 || 2 | 05 | 986018

5100 0,52|133,/8,34 0,10/0,56(0,52|0,54

151162 005 | 844| 3 >3] 1 | 123[025] 035

7500 0,39|111,|6,67 0,07|0,47(0,39|0,43

24711221 6051 63 | 34 |>2°] 3 | 84 |968] 727

1000, 55801.14 0,31/129,|6,36 0,06|0,38(0,43|0,40
00 | > 136] 96 | 12 6 069 ]| 56 | 722

6,17
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Kopurupanure CTOMHOCTH ca CBHOTBETHO
obo3nayenu karo Upc u Ipc B Tabmuma VIIIL.
WuTepecHara yacT OT moka3aHara Tabiuna He
€, 4€ IPOMEHJMBATAa MOILIHOCT, H3YHCIEHA
CIPSMO MPOMEHJINBOTO HamnpexeHue Ugrus, €
JOHSKB/E Hal-OMM3Ka IO pe3ysTaTUTe OT KO-
pUTHpaHUTE TapameTpu, a (akThT, 4e cien
KaTo CTOMHOCTTA Ha ChIIPOTUBIIEHUETO HA Ha-
TOBapBaHE C€ YBEJIMYM HaJ Hali-e(eKTHBHATA
CTOMHOCT (3a IOJlydyaBaHE Ha MaKCHUMaJlHa
0o0eM eNeKTpUYecKa EHEeprus), CTOMHOCTUTE
Ha M3IPAaBEHOTO HAINPEKEHHE CTaBAT IO-TO-
JEMHU OT ChOTBETHHUTE CTOMHOCTH 3a U3MEpE-
Hute RMS cToliHocTH Ha HampexeHueTo (Ko-
raTo eJIeKTPUUeCKUsT ToBap R e Hax 24 kQ).

Brusanue na mocmosus usnpasumen

Mosxe na ce mpueme, 4ye roperoCo4eHUsT
eeKT e pe3yaTaT OT HAIMPEKEHOB YMHOXKH-
Ten, 6azupaH Ha JUOIHO-KOHAEH3aTOpHA Be-
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[ HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

pura, KOMTO ce ch3/1aBa C IOMOIITA Ha U3XO0/I-
HUS KalauuTeT U AMOAUTE HAa TOKOM3IIpPaBH-
TenHus MocT. CaMHuTe TMOIU UMAT CBOM COO-
CTBEH KamnaluTeT — MU(Y3MOHEH KamaluTeT
(Cbp), xorato ca B IpaBa IOJISIpU3ALINS U TIpe-
xoneH kamaruteT (Cr), Korato ca o0OpaTHO
nosispusupanu. lIpexoqHusaT kamauurter 3a-
BHUCH OT CTOMHOCTTA Ha MPHJIOKEHOTO Halpe-
KEHHe B OOpaTHA IMOCOKa, a TU(PY3MOHHUAT
KalaluTeT € MpaBo MPONOPLUOHAJIEH Ha IO0-
CTOSIHHHS TOK IIpe3 I10Ja U JBaTa KaraluTe-
Ta Morar ja ObJaT MpeICTaBeHU KaTo Mapa-
JIEJIHO CBBp3aH KOHJEH3AaTOp KbM JMOJHATa
CTpyKTypa. DakT €, ue HaIpeKEHUsITa BbPXY
MOCTOBUTE JIMOAM Ca C ,,[IPOMEHIIUBU’ BEJH-
YMHU B Mpolieca Ha paboTa Ha MHUE30eNIeKTPHU-
YECKUSI XapBECTEpP, KOETO JOIBIHUTEIHO
YCIIOKHSIBA ONMCAHUETO Ha MOBEJCHHETO Ha
Bepurara. CiieZjoBaTeIHO U J1BaTa KalaluTeTa
HE ca MOCTOSHHHU, KOTaTO ChbOTBETHUTE MOJIS-
pU3aluu ce MpuiaraT KbM JUOAUTE, HO TEX-
HUTE CTOWHOCTHU TPsIOBaA J1a BapupaT B 3aBHCHU-
MOCT OT ToJIeMUHaTa u (popMarta Ha CHrHaja
OT IUE30€JIEKTPUYECKHUS XapBECTEP U YECTO-
TaTa Ha BHHIITHUTE MEXaHUYHU YCHIIHUS.
HenunentHocTTa Ha IMOOUTE CBHUIO UIpae
CBOSITA POJIsI, KAKTO MOXE Ja Ce BUAM OT Ta-
6muna VIII 3a m3npaBeHHUTE HaANpeKeHUs 3a
II'BPBUTE TpU eneKTpuuecku Tosapa (390 Q,
1 kQ u 2,4 kQ). [IpomeHnMBHUTE HANIPEKEHUS
3a TE€3W TOBAapW €7Ba yCIsBaT Aa OTIyLIaT
OUOJUTE U TOJYyYEHUTE CTOMHOCTH Ha MOLI-
HOCTTA Ca M0-MaJIKH OT OCTAHAJIUTE.
KamanurersT Ha JMOIUTE U HETUHEHMHOCT-
Ta Ha TUOJHUTE JOMBIHUTEIHO HAMAaJsBaT Ha-
JUYHOTO KOJMYECTBO EJIEKTPUUECKa EHEPrus,
KOSITO MOKe J1a ObJie chOpaHa OT BUOPAIIMOH-
Hus nmesoenekrpuueH EH. ToBa e ocobeno
OUEBUJHO, KOIaTO HAIIPEKEHUATA, MOTydyaBa-
HU OT IUE30€JIEKTPUYHUSI €JIEMEHT, ca OTHO-
CUTEJIHO MAJIKU U CPAaBHHUMU C OTIYIIBAIIUTE
HaIpeKeHus Ha auoaute. Benpeku ToBa ToO-
KOM3IpPaBUTENA € HEeOoOXOAMM 3a IpaBHIIHA
OLICHKA HA HAJIMYHHS €HEpPrueH o0eM, KOWTO
MOJe J1a Obae ChOpaH OT MUE30€TeKTPUIHUS
EH, TBii KaTo oneHkara 4ype3 IPOMEHIIMBUTE
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HANpPEKEHUsI U TOKOBE MOXKE J1a JOBEIE 0
HEMpPeIBUJICHN MO-TOJIEMU Tpernku (Tabmu-
na I u rabmuma VII). ToxousmnpaBUTETHUTE
MOCTOBE C€ M3MOJ3BaT B HAJIUYHU B THPrOB-
CKaTa Mpexa MPUIIOKEHHUs 3a ChOupaHe Ha
eneprus [11] (LTC3588), xouto ca HambJIHO
ONTUMU3UPAHU 32 CHEPrHMHM U3TOYHUIU C
BHCOK M3XOJICH HMIIEJIaHC, KAaTO Hampumep
MUE30eIEKTPUIHH peoOpa3yBaTelnu.

3AKJIOYEHUE

KonuyecTBOTO enexTpuuecka eHeprus, Ha-
nuyHa 3a cebupane or EH ycrpoiictBa, e Ti-
CHO CBBp3aHa C MpHCHIIATa UM crenuduka,
KaTro B Clly4as Ha BUOpPAIMOHHH IMMHE30€JCK-
TpuuHu EH, TaXHaTa OTHOCUTEIHO HUCKA TO-
KOBa ILTBTHOCT € TsAxHara ciaboct. Ho ToBa
HE € OT TOJIKOBAa IOJIIMO 3HAauy€HHE, KOraTo ce
M3II0JI3BaT 3a 3aXpPaHBAHE HA TOBAPU C BUCOK
HMIIEJaHC.

[To-ronssiMuaT mpobdIeM € TOYHaTa OIEHKA
Ha BB3MOKHOcTHUTE Ha EH cucremara, xosaTo
€ TACHO CBBP3aHa C HEHWHATa U3XOJHA CXEMA.
W3cnenBaneTo 3a Hal-IOAXOIAIIATa U3XOIHA
KOH(UTYypalus ToKa3Ba, Y€ MMa HeoOXOu-
MOCT OT TOKOM3IIPABUTEIHA BEPUTa, Thil KaTO
MIPOMEHJIMBUTE CTOMHOCTH MOraT Ja JI0OBEIaT
JI0 OrPOMHA T'pellKa MPHU OLEHKAaTa Ha MOII-
HOCTTa, KOATO MOXe na Obae crOpana. I1pu-
YMHATa € HAJIMYKMETO Ha PeaKTHUBHA MOIIHOCT,
KOSITO U3001110 HE € u3Io3BaeMa. PeakTuBHa-
Ta 4acT C€ JIBbJDKU HA MPUCHIIUS KamaluTeT
Ha TME30CJIEKTPUYHUS AKTHUBEH €JIEMEHT U
KanaluuTeTa Ha eJIEKTpUYeCcKusl ToBap. Bepu-
rara Ha TOKOHW3IIPABUTENS L€ IMPEIOTBPATH
OTJACIISIHETO HAa PEAKTHUBHATA MOIIHOCT BBPXY
€JEKTPUYECKUSL TOBAap M CJIEAOBATEIHO €
MO3BOJIM [Jla CE€ M3MEPHU peajHaTa H3XOJHA
MOIIIHOCT Ha IMHE30€JIeKTPUUECKUSI BUOPALIHO-
HEH XapBECTED.

Cp110 Taka, H3CICABAHETO MOKa3Ba, ue 13-
XOMHHUAT KamalluTeT MOXKE Ja IOBIUIC Ha
o0emMa Ha ToNTyuyeHaTa eHeprus, KOeTO U3HCK-
Ba JIOIBJIHUTENHO MpOyYBaHe. BausHueTo Ha
MIPOMEHJIMBUTE CHIPOTHUBIICHUS U KamaruTe-
TH HA JUOAUTE OT TOKOU3IIPABUTEIHUS MOCT
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TpsOBa 1a HaMaJM MOoJy4YyaBaHATa CHEPIHsl, HO
He npactuyHo. [IpoGieMbT € ma ce HacTpou
MUE30EIEKTPUICCKUAT XapBecTep na paboTu
Ha TaKWBa YE€CTOTH, Y€ TOTyUYCHUTE HaATIpeKe-
HUS Ja Ca B CHCTOSIHME HAIBJIHO JIa OTIYIIAT
MUOMNATE WIN U3XOOHUTE KaallUTETH Ia Ob-
Jat nmoAOpaHu 3a MaKCUMAaJTHA €()EKTUBHOCT.
W3xonHUTE €NeKTPUYECKH TOBapu TPsiOBa
na ObnaT u3bpaHu Taka, 4ye Ja OCUTYpPSAT MaK-
CHMajHa HM3XOJHA MOIIHOCT 3a YECTOTHUS
JMama3oH, B KOUTO paboTST BUOPAIIMOHHUTE
MHUE30EIEKTPUIECKU XapBECTEPH.
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MEJKTYHAPOJIHA HAYYHA KOH®EPEHIIVS
LMEXATPOHUKA, EKO 1
EHEPTOCIIECTSIBAILIA CUCTEMHU U
TEXHOJIOT U
TABPOBO 23

EBPOMEWCK/ CblO3

EBPOMENCKW CTPYKTYPHU U
WHBECTUUMOHHN ®OHAOBE

“ HAYKA N OBEPA30BAHVIE 3A
WHTEAUIEHTEH PACTEX

CUCTEMA 3A BE3KOHTAKTEH 3APA/l HA EJIEKTPOMOBHJIN C
JOI'BJHUTEJIEH PESOHAHCEH KPbI'

CONTACTLESS CHARGING SYSTEM FOR ELECTRIC VEHICLES WITH
RESONANT CIRCUIT

Nikolay Madzharov
Technical University of Gabrovo, BG

Desislav Iliev
Technical University of Gabrovo, BG

Egnar Ozdikikiler
Istanbul Technical University, TR

Abstract

This paper presents method to solve the major problem with contactless charging system for electric vehicles-
increasing distance between the transmitting coil (installed below the roadway) and the receiving coil (installed in the
electric car), while system efficiency remains high. System for contactless charging of electric vehicles has been developed
and researched, in which a resonant coil is introduced, serving to match the system performance. The distance can be
significantly increased and the efficiency off whole system improved. The main electrical and electromagnetic parameters
are presented. Using specialized software and data from the developed system, the distribution of the magnetic field is
visually demonstrated. The main values at different distances between the transmitter coil, resonant coil and receiver coil

are presented.

Keywords: Wireless Power Transfer, Contactless Charging System, Magnetic Resonance, Efficiency

BBbBEJAEHUE

CeplecTByBaT MHOIO BHJIOBE METOIU 3a
OE3KOHTAKTEH MPEHOC Ha EHEeprus, Karo oc-
HOBHHTE ca: KalaluTUBEH, MUKPOBBIIHOB, OII-
THUYEH U MHAYKTUBEH. TEXHUYECKU Hal-Leme-
ChOOpa3eH MpH 3apekJAaHETO Ha EeNEKTPOMO-
OWITM € MHTyKTUBHUSAT METOJ] U B YaCTHOCT WH-
JTYKTUBHO-PE30HAHCHUS 3a MPEXBBPIISIHE HA
€JIEKTPUYECKA CHEPTUS HA Pa3CTOYHUE MO-TO-
JIMO OT Y4 OT JuaMeThpa Ha MpejaBareaHara
HamoTKa [1-3]. EqHO OoT OCHOBHUTE My Tipe-
JMMCTBA €, U€ EHEPrus Ce MPEXBBPIIS CAMO TO-
raBa, Koraro MMamMe akTUBHA ITPUEMHA CTpaHa,
3a pa3iuKka OT MHKPOBBIHOBHUS M ONTHYHMS
METOJ, IPU KOMTO €HEPrusita ce mpeaasa mo-
CTOSIHHO OT M3TOYHHMKA M C€ U3Tb4UBa B IPO-
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CTPaHCTBOTO, 0e3 3HAYCHHME JajJl € HaJIUIE
MIPUEMHA YacT.

Ha ¢ur.1 ca npencraBeHr OCHOBHHTE Ieo-
METPHYHU MapaMeTpu Ipu OE3KOHTAKTHHSI 3a-
psia Ha eNeKTPOMOOWITH, MMAIU OTHOIICHUE
KbM T[IOJy4yaBaHE NPUEMIIMBU TEXHUKO-EKC-
MJI0ATALIMOHHY TTapAMETPH.

OcHoBHHTE TPOOIEMH, KOWTO BBH3HHKBAT
IIPU peaju3upaHeTo Ha TO3U METO] ca:

- MY yBEJIMYaBaHE Ha Pa3CTOSTHUETO MEXK-
Ny TpelaBaTelHara U MpUEeMHA HaMOTKa 3a-
peXJIaHe Ha aBTOMOOWIIH HaJ[ /4 OT TUaMeTbpa
Ha HamoTkuTe (D), KoepumeHThT Ha MarHuT-
Ha Bpb3Ka (k) Mexay Tax HamansgBa nox 0.2 u
obommusaT KIIJ] Ha cucremara craga. ToBa pas-
CTOSIHME € WHJUBUJIyaIHO 32 BCEKH PA3IMUEH
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aBTOMOOMJI - 3aBHCEII0 OT IPOU3BOIUTEI,
MapKa, MOJIEN Ha eJIEKTPOMOoOuIa U Jp.

- CBIIO TaKa TOBA PA3CTOSHUE 3aBUCU U OT
MOMEHTHOTO HaTOBapBaHe Ha aBTOMOOMIIA, J10-
P ¥ OT aMOPTHU3ALUATA Ha HOCEILUTE €JIEMEH-
TH, OT OKAYBAHETO 10 BPEME Ha EKCILI0ATaLNs
Ha aBTOMOOMJIa, MOMEHTHOTO CHCTOSHHE Ha
TYMUTE U APYTH €KCIUIOATAIIHOHHH (DaKTOPH.

@Due. 1. Enexmpoasmomodbun no epeme Ha
3apexcoane: 1- npedasamentia HamMomKa,
2-npuemMHa HAMOMKA, 3- KIUPEHC HA
asmomobuna; 4- pazcmosiHue mexcoy
npedasamenHama u npuemMHama Hamomxa (d) u
5- ouamemwp Ha npedasamennama
u npuemuama namomxa (D).

N3JI0KEHHUE

3HauYnTENHO MONOOpEHNE Ha cCUCTeMaTa 3a
OE3KOHTAKTEH MPEHOC Ha €HEeprus MpH 3apsii
Ha eJIEKTPOMOOHIIH (M HAMaJIsIBaHE Ha U3JI0XKe-
HUTE IO-TOPE HENOCTAThLM) MOXE Ja ce Io-
CTUT'HE, KaTO CE€ BbBEJC AONBIHUTEICH PE30-
HAHCEH KpPBbI, KOWTO J1a c€ MOHTHpA B €JIEKTPO-
MoOua (mo3utust 6 ot dur. 2). Upes npomsiHa
Ha pasctosinuero (7), Ha KOeTo TOM ce Mo3u-
IIUOHUpPA OT E€JEeKTpOMOOMJIa M MbTHATa Ha-
CTHUJIKA, MOXE J1a C€ MOCTHTHE MO0-100p0 Ch-
I1acyBaHE M OT TaM Jla C€ OCBHIIECTBH ede-
KTUBHO IPEXBbPIIIHE HA €JIEKTpUUECKa €Hep-
rus npu ynosnerBoputeneH KIIJ[ u yBenuue-
HO pa3CTOsSIHUE MEKy IIpeaBaTeaHara u npu-
€MHa YacT Ha Oe3KOHTakTHara cucrema. Jlo-
II'BJIHUTETHATa HAMOTKA € ChC 3HAYUTEIHO I10-
MaJIka Maca M rabapuTH HOopaay JUrcara Ha
MarHMTONpPOBOJ U €KpaHW. BbBexaaHeTo Ha
JOIIBIHUTEIHATa HAMOTKA U BB3MOXKHOCTTA 3a
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JIECHOTO ¥ TMO3UIMOHHMpPAHE BHB BEPTUKAIHA
MOCOKA pelllaBa eIMH MHOTO Ba)XEH MpooiieMm,
CBBp3aH C HACTPOMBAHETO Ha IIsIaTa CUCTEMa
TIPY PA3THYHU PA3CTOSHUS MEXKIY €IEKTPOMO-
OmiIa ¥ IIFTHOTO IUIATHO.

\

+ 6 i
—— A PR
— N -
1 1 I
: 5 :

Due. 2. Enexmpoasmomodun no epeme Ha
3apesicoane ¢ 8b6e0eH OONbIHUMELEH PE30OHAHCEH
Kpve: 1- npedasamenta HaMomKa, 2-npuemna
Hamomxa, 3- Kiupeuc Ha agmomoduna, 4-
pascmosiHue mexcoy npedasameiHama u
npuemHama Hamomxa (d); 5- ouamemuvp Ha
npedasameniama, RPUEMHAmMa HAMOMKA U
donvanumentus pesonancer kpve (D), 6-
OONBAHUMEILEH PE3OHAHCEH KPbe U 7- PA3CMOsSHUE
MENCOY NPUEMHANA HAMOMKA U OONbIHUMETHUSL
PE30HAHCEeH Kpbe.

N3uncngBaHnero Ha NmapamMeTpuTe Ha TO3HU
BUJ] CUCTEMH € TPYIHO, 3aII0TO Koe(pUIIMeHTa
Ha MarHuTHa Bpb3Ka (K) MEXIy IpeaaBaTel-
HaTa ¥ IpUEeMHATa HAMOTKA € MHOTO MaJIbK U
npakTudecku € Hyna. [lopaau Ta3u mpuunHa
HEe Morar ja ce npuiaratr T-oOpa3Hu 3amect-
Balll CXEMH.

Ienecr00pa3Ho € J1a ce paboTH ¢ MaTPUIH
CbC Z- NapaMeTpH.

3a u3uuClIsABaHE Ha WHAYKTUBHOCTHTE Ha
cucrtemara ce usnonssa aaroputrsem (1) [4].

Ly Li; Lys
[L] =|La1 Ly Lz (1)
l3p L3z L

KBJCTO:

L- MHIyKTUBHOCT Ha CUCTEMATA;

Li- coOcTBeHa MHIyKTUBHOCT Ha TIpeaBa-
TeJIHATa HAMOTKa;
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L>- MHAYKTUBHOCT Ha PE30HAHCHUS KPBT;

L3- MHOYKTUBHOCT Ha IpUEMHATa HAMOTKA;

Li2- L21- B3auMHa MHIYKTUBHOCT MEXAY
IIpeJaBare/IHaTa HaMOTKa U PE30HAHCHUS KPBT;

Li3- L3i1- B3auMHa MHIYKTUBHOCT MEXAY
[IpeAaBaresiHaTa ¥ IpueMHaTa HaMOTKa;

L23- L3z- B3auMHAa MHIYKTUBHOCT MEXAY
PE30HAaHCHHUS KPBI' U IPUEMHATA HAMOTKA.

3a u3unciIsiBaHe Ha €PEeKTUBHOCTTA HA TO3U
BUJ| CHUCTeMa, HO 0e3 BbBEJCH pPE30HAHCEH
KpBI, C€ H3M0M3Ba cienHara Gopmyna (2):

_ (wOLm)Z
Mmax = (Vrirz+y 1112+ (woLim)?)? (2)

KBJIETO:
Nmax- MAaKCUMangHaTa e(QeKTHBHOCT Ha
crcTeMara;
Wo- PE30HAHCHA YECTOTa Ha CUCTEMaTa;
L,,- B3aMHa UHAYKTUBHOCT Ha CHCTEMATa;
T1- CBIPOTUBJICHHE Ha TpeJaaBaTeIHaTa
aMOTKa;
T,- CBIPOTHBJICHUE HA TPUEMHATa HAMOTKA.

[Ipu wm3umcnsBaHe Ha e(pEKTHBHOCTTA Ha
cucreMa ¢ BbBeleHHM N- Opoll pe30HAaHCHHU
KPBroBE C€ H3IOJI3Ba METOJ 3a M3YMCIICHUS,
IIPU KOMTO Pe30HAHCHUTE KPBIOBE CE PA3IIICHK-
nat karo ¢untpu (Bandpass filter theory). Ha
0azara Ha Ta3u Teopus ePeKTUBHOCTTA HA CHUC-
TeMara MOXKe J1a e U34HCIH ¢ romorra Ha (3) [5]:

n Y1<isNTi—
Nmax = (1 — —2—) (1 — 21==0T2 3)

Rioaa Rs

KBJIETO:

Nmax- MaKcuMamHata eQEeKTUBHOCT Ha
CUCTEMATa;

T,,- CBIIPOTUBIICHUE HA MOCJIEIHUS PE30-

HAHCEH KPBbT;

Ripaq- CHIIPOTUBIIEHNE HA TOBAPA;

Tj- CBIPOTHUBIICHUE HA [-TUS PE30HAHCEH
KpBT;

Rs- CBIIPOTUBJIEHNE HA U3TOUYHHKA.
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3a u3cneqBaHe M JOKa3BaHE e(PEeKTUBHOCT-
Ta Ha MPEUIOKEHUS METOX 3a O0E€3KOHTAKTHO
3apekJaHe Ha MPEBO3HU CPEACTBA € pa3pado-
TEHa CHCTeMa 3a 3apsiJl Ha eIeKTPOMOOHIIH, pa-
6oTela Ha MHAYKTUBHO-PE30HAHCEH MPUHITUI
B Mamad 1:4 cripssimo peannute pazmepu (Owur. 3).

Due. 3. beskxonmaxmuo npedasane Ha eHepeust ¢
PE30HAHCEH KPbe

3a npuemMHa U npeaBaTeHa HAMOTKA, Kak-
TO Y 3@ IIaCUBEH PE30HAHCEH KPbI ca U3IO0JI-
3BaHU TUIaHApHU HaMOTKHU (Dwur. 4) cbe cnea-
HUTE TEOMETPUYHU IapaMETpU: BBTPEUIEH
muameTsp 60 mm, BpHIIEH quaMeTsp 150 mm,
20 HaBUBKM JUTHEHTpAT oT 120 eAMHUYHU
npoBoHuKa ¢ quameTsp 0,20 mm (ceuenue 4
mm?). IHyKTMBHOCTTA Ha BCAKA OT TAX € 38,3
pH. PaGorHara gecrora Ha cuctemara € ot 22
1o 33 kHz.

Due. 4. Bvrwen 6u0 Ha undyKmusHocmume,
U3NONI36AHU 8 MAKEMA.
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MEXIYHAPOJIHA HAYYHA KOH®EPEHIIUA

EBPOMEWCK/ CblO3

EBPOMENCKW CTPYKTYPHU U
WHBECTUUMOHHN ®OHAOBE

LMEXATPOHUKA, EKO 1
EHEPTOCIIECTSIBAILIA CUCTEMHU U
TEXHOJIOT U
TABPOBO 23

HAYKA N OBEPA30BAHVIE 3A
WHTEAUIEHTEH PACTEX

IIpu BbHILIEH JMaMEThp HA HAMOTKATa OT 15
cm u Mamad 1:4 3a peasieH pa3Mep Ha HAMOT-
KUTE B €JIEKTpoMOOuMIIa (MprueMHaTa HaMOTKa U
[IACUBHUS PE30HAHCEH KPbI) CE M10JIydaBa ua-
MmeTbp 60 cm. Taka Te morar na ObJar Brpasje-
HU B [OJI0BOTO MPOCTPAHCTBO HA MPEBO3HOTO
CPEACTBO.

Crnen no3uliMOHMpPaHE Ha MPEBO3HOTO CPeJi-
CTBO HaJl Ipe/laBaTeHaTa HaMOTKa, [IACUBHHUS
PE30HAHCEH KPBI' MOXKE /14 CE CIIyCHE BbB BEP-
TUKaJHA TIOCOKA U Ja c€ MPUOIIKU KbM IIbT-
HaTa HaCTWIKA (PECIIEKTUBHO IIpelaBaTeIHaTa
HaMOTKa) 0 MOMEHTA B KOMTO C€ MOJIyun JKe-
JJAHOTO WJIM MAaKCHUMAaJHO M3XOJHO HaIpexe-
Hue. [1o To31 HaYMH ce nonyyaBa ChIVIacyBaHE
Ha LAJ1aTa CUCTEMa U ce MOBHIIaBa e(heKTuB-
HOCTTA Ha MPEXBbPIIIHETO HA EHEPIUs U Koe-
¢duIeHTa Ha MOJIe3HO JACHCTBHE.

N3cneaBaHero € W3BBPLIEHO 3a YETUPH
MIPOCBETA Ha €JIEKTPOMOOIIa:

- 56 cm (oTroBapsII0 HAa POCBETA HA TOJISIM
aBTOMOOMJI C BUCOKA MPOXOAUMOCT UM KaMU-
OH) - eKBUBaJIeHTHO Ha 140 mm pa3crosiHue
MEX]ly TIpe/iaBaTeIHaTa u IpueMHaTa HaMOTKa
Ha MakeTa;

- 48 cm (oTroBaps110 HAa POCBETA HA TOJISAM
aBTOMOOMJI C BHCOKa MPOXOJUMOCT C MaKCH-
MaJHO HATOBApPBAHE)- €KBUBaJIEHTHO Ha 120
mm pa3CTOSHUE MEXIy IIpenaBaTeliHaTa |
IIpMEMHATa HAMOTKA HA MaKeTa;

- 40 cm (oTroBapsiIo Ha IPOCBETA Ha aBTO-
MobOun ot cpeneH u Bucok kimac tun SUV )-
exkBUBaJIeHTHO Ha 100 mm pa3cTosiHuE MEXKIY
npeaBaTesiHaTa U IprieMHaTa HaMOTKa Ha Ma-
KeTa;

- 32 cm (oTroBapsio Ha MaKCHUMAaJIHHSA
MPOCBET Ha MPEBO3HO CPEIACTBO OT CpPENeH U
no-HuchbK kinac tun SUV)- eKBUBaJIEHTHO Ha
80 mm pa3cTosiHuE MEXAy NpeAaBaTeHaTa u
IpUeMHaTa HaMOTKa Ha MaKeTa.

3a BCEKM OT YETUPHUTE BapHaHTa ca U3Bbp-
IICHU TPaKTHYECKU M3CIEeBaHUs ¢ pa3pado-
TEHaTa CUCTEMA IIPH JIEBET Pa3IN4HU Pa3CTOs-
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HUSL MEXKIY PE30HAHCHUS KPBI' M IIpeJaBaTe-
HaTa HaMOTKa, UMAallld OTHOLIEHUE KbM peall-
HOTO TIO3ULIMOHMPAHE Ha €JIEKTPOMOOMIa HaJ
IIpelaBaTEeIHUS MOTYJL.

3a cpaBHEHHUE W MO-TIECHO 000OIIaBaHe HA
pe3yaTaTUuTe, pa3CTOSHUATA MEXKIY IMpeaaBa-
TenHata HamoTka (TX), pe3oHaHCHUS Kpbr
(RC) u npuemnara namotka (RX) e Hopmanu-
3MpaHo U € MPEeJICTaBeHO B MPOIIEHTH. B Tad.
1 e mpencTaBeHO HOPMAIU3UPAHOTO PA3CTOS-
Hue (TX-RX) mexnay npenaBarennara (TX) u
npuemHara HamoTka (RX), mpuero 3a 100% u
Hopmanuzupanoto pazcrosgaue (TX-RC) mex-
Ny TMpefaBaTeIHaTa HAMOTKA M PE30HAHCHUS
kpsr' (RC), u3mensio ce B rpanuiute ot 25%
1o 75%.

Taén. 1 Hopmanuzupano pazcmosnue u
peanno pazcmosnue TX-RX u TX-RC na

makema.
TX-RX TX-RC
100% 2500% | 31.25% | 3750% 4375% | 5000% @ 56.25% 6250% | 68.75% | 75.00%
140mm | 35.00mm | 43.75mm |52.50mm 61.25mm| 70.00mm 78.75mm 87.50 mm| 96.25 mm (105.00 mmy
120mm | 30.00mm | 37.50 mm |45.00mm 52.50 mm| 60.00mm 67.59 mm 75.00 mm| 82.50 mm | 90.00 mm
100mm | 25.0mm | 31.25mm |37.50mm 43.75mm| 50.00m 56.25mm 62.50 mm| 68.75 mm | 75.00 mm
80 mm 20.00mm | 25.00 mm | 30.00mm 35.00mm| 40.00 mm ' 45.00mm 50.00 mm| 55.00 mm | 60.00 mm

IIpu nmocnenBamo HamaleHUE WU YBEIH-
yaBaHe Ha pascrossHuero TX-RC, KIIJ Ha
CHCTEMaTa CIaja MHOTO, KaTO €JHOBPEMEHHO
C TOBa C€ yBEJIMYaBa TOKA IPE3 MHBEPTOPA U
IIpeaBaTeIHaTa HaMOTKa 10 MHOTO TOJEMH
CTOMHOCTH, KOMTO Ca Haj JOIYyCTUMHUTE 3a
cUCTeMaTa.

PE3YJITATHU OT U3CJIEIBAHETO

Pesynrarure or u3cneqBaHeTo ca IpeacTa-
BeHU B rpaduueH Bup (¢ur. 5.). SAcHo ce Buk-
74, 4e TpU Pa3MONIOKEHUE Ha PE30HAHCHUS
KpbI Ha 62,50 % oTcTosiHME OT IpeaBaTeHa-
Ta HaMOoTKa U B yetupute ciydas KIIJ] e Haii-
royisiMo, karo gocrura 51,63% npu Hail-man-
KOTO pa3CTOSHHE MEXAy IpeaaBaTeiHara M
npuemMHara Hamotka (80 mm) u criaga 10 41.45%
IIPY Ha-ronsAMoTo pazctosHue oT 140 mm.
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— HAYKA N OBEPA30BAHVIE 3A
WHTEAUIEHTEH PACTEX

SYSTEM EFFICIENCY

== Series1 === Series2 Series3 Seriesd
60.00
50.00
3 40.00

30.00

EFICIENCY

20.00
10.00

0.00
25.00 3125 3750 4375 50.00 56.25 62.50 6875 75.00

DISTANCE BETWEEN TRANSMITTER AND RESONANCE COIL (TX-RC), [%]

Due. 5. E¢pexmusnocm na cucmemama npu
yemupume pa3iudHu pa3cmosHus Mexncoy
npedasamennama u npuemMHama HaAMoOmKa

(TX- RX): series1-140 mm; series2- 120 mm;

series3 — 100 mm u series4- 80 mm.

[IpoexTupanus u pa3paboTeH 1abopaTopeH
MakeT € aHaJIu3upaH CbC CIEIUAIN3NPaH
copryep. Crnen BbBeXJaHE HAa pEaJTHUTE JIaH-
HHU 32 TOKOBETE U HAIIPEIKECHUATA, € CUMYJIUpa-
HO pa3MpeeICHUETO HA MarHUTHOTO TOJIE€ B
cuctemara (ur. 6.).

@Duez. 6. Paznpedenenue Ha MACHUMHUSA HOMOK
6 cucmemama: a)- npu pazcmosnue TX-RX 80 mm
u 6)- npu pazcmosanue TX-RX 140 mm

Buxna ce, ue npu pazcrosiHue 80 mm Mex Ly
mpenaBaTenHaTa W TMpUEMHATa HAMOTKa |
62,5% (50 mm) oTcTosiHME MEXIy IpeaaBa-
TeJHaTa HAaMOTKAa M PE30HAHCHUS KpbI Ma-
rHuTHOTO TIosie € 4.7 mT (dwur. 6. a). [lpu pas-
crosue 140 MM Mexay npenaBaTelHAaTa U
npreMHara HamoTKa u 65.2% (87.5 mm) pasz-
CTOSIHME MEX[Iy IpefaBaTeliHaTa HamMoTKa U
PE30HAHCHUS KpbI' MATHUTHOTO ToJie € 3,2 mT
(Pur. 6.6)

3AK/IIOYEHHUE

OT mpezacTaBeHUTE PE3yNTaTU MOXKE Jla ce
HampaBu M3BOJA, Y€ Ype3 BbBEXKJAaHE Ha J0-
I'BJIHUTENICH PE30HAHCEH KpBhI B CHCTEMa 3a
OE3KOHTAKTHO 3apeXkJaHe Ha aBTOMOOHIIH,
KOWTO C€ MO3UIMOHKPA IO BUCOUMHA, MOXKE J1a
Ce yBEJIMYHU Pa3CTOSIHUETO MEX/1y IpeiaBaTel-
HaTa M OPUEMHHM YacTH ¥ TOBUIIM OOIIUS

KII. www.eufunds.bg

C TO31 METOJT € BB3MOXHO Pa3CTOSIHUETO Ha
npe/iaBaHe Ha CHEPrHsl Ja Ce YBEINYU Haj (u-
3MYECKH BH3MOXKHOTO C JIB€ HAMOTKHU - d/4 u
CBIIIEBPEMEHHO Jla C€ KOMIICHCUpA pa3jiuKara
BbB BHCOYHMHATa HA pa3jIMYHUTE IPEBO3HU
CpexacTBa.

B Obaeme nscneaBaHusTa e MpoIbKar B
Hacoka ysenndasane Ha KIIJ] Ha cucremara 3a
0E3KOHTAKTHO 3apeKJaHe Ha aBTOMOOUITH, Ka-
TO Ce pa3paboTAT M M3CJICABAT BAPHAHTU C
pa3IMYHU pa3MepH Ha NpejaBaresiHaTa | Mpu-
€MHa 4acT, MAarHUTHU BEPUTH, KOHIICHTPATOPH
U AQHTHKOHIIEHTPATOPU HA MAarHUTHO TIOJNE U
CTOWHOCTH Ha pa0OTHATa YeCTOTA.

BJIATOJAPHOCT

ABTOpPBT H3Ka3Ba CBOsATa OJaroJapHOCT
KbM BCUUYKH PEIICH3EHTH 32 TEXHUTE ChBETH U
MPEeVIOKEHUsST 32 MOJOO0psBaHE HA Ta3zu ITy-
Onukauus. ABTOpPBT H3Ka3Ba cBosiTa Ojaro-
napHoct Ha npoekt BGOSM20OP001-1.002-
0023 IleHThp 3a KOMMETEHTHOCT ,,VIHTENH-
T€HTHU MEXAaTPOHHH, €KO- U €HEeProcIiecTsBa-
II[A CUCTEMH U TEXHOJIOTHHU .
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HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

MN3CJIIEABAHE HA AACOPBIIMOHHOTO INOBEJAEHUE HA KATUOHHMU
IHHOBBPXHOCTHOAKTHUBHU BEHIECTBA BbPXY CHJIMIIUEBU
IIVIACTUHHU C IIOMOILITA HA OBPA3HA EJIMIICOMETPUA

INVESTIGATION OF CATIONIC SURFACTANTS ADSORPTION
BEHAVIOUR ON SILICON WAFERS USING IMAGING ELLIPSOMETRY

Mihail Georgiev, Boris Konstantinov, Krastanka Marinova,
Jordan Petkov, Krassimir Danov

Department of Chemical and Pharmaceutical Engineering, Faculty of Chemistry and Pharmacy,
Sofia University, Sofia 1164, Bulgaria

Abstract

The research paper explores the adsorption properties of cationic surfactants on silicon wafers through imaging
ellipsometry. The objective of this research is to shed light on the layer structures formed by cationic surfactants,
specifically those based on dimethyl ammonium chloride, on silicon wafers. The study involved the deposition of three
distinct cationic surfactants on the wafer's surface, followed by the measurement of the adsorption layers formed. The
findings reveal the creation of thin, smooth, and irregular adsorption layers. Interestingly, no correlation was found
between the thickness of the adsorption layer and the surfactant tail's chain length. The research underlines the
significant role which the imaging ellipsometry can have for studying surfactants' adsorption properties on surfaces,

contributing to their optimal usage in various fields.

Keywords: Imaging Ellipsometry, Cationic surfactants, Adsorption layer structure, Solid surface.

1. INTRODUCTION

Surfactants are widely used in many
industries as they can modify the surface
properties of materials, such as wetting,
adhesion, and lubrication [1,2,3]. Among
these, cationic surfactants have been
particularly useful as bacteriocides in various
applications, including the food industry and
medical devices [4]. Their effectiveness as
bacteriocides is directly related to their
adsorption behaviour on surfaces, which
boosts the interaction between the surfactant
and the bacteria. Understanding the
adsorption behaviour of cationic surfactants
on surfaces is crucial for optimising their use
as bacteriocides [5,6].

In this paper, we present a detailed
investigation of the adsorption behaviour of
cationic surfactants on silicon wafers using

www.eufunds.bg

imaging  ellipsometry.  This  advanced
ellipsometry device enables measurements of
thin films and surfaces with good spatial
resolution. Instead of wusing a single
measurement spot, imaging ellipsometry
scans a focused beam of light across the
sample and collects data at each point (pixel)
to build a two-dimensional image. This
allows for detailed characterisation of
variations in film thickness, refractive index,
and other optical properties across the sample
surface [7]. Imaging ellipsometry can be used
to study a wide range of materials and
systems, including thin polymer films,
biological tissues, and nanomaterials.

This study aims to provide insights into
the layer structure of cationic surfactants
based on dimethyl ammonium chloride on
silicon wafers by using imaging ellipsometry
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to investigate the adsorption behaviour. We s _iA
deposit three different cationic surfactants P = . tan(yp)e (1
q

onto the silicon wafer surface and measure the
resulting adsorption layers.

Using imaging ellipsometry we have
demonstrated the formation of a thin, smooth,
nonuniform adsorption layer of cationic
surfactants without direct correlation between
the surfactant tail length and the adsorption
layer's thickness. Well-defined stratification
layers during the evaporation of the solution
on the surface has been observed in one of the
systems.

In conclusion, it has been demonstrated
that imaging ellipsometry is a powerful tool
for characterising the adsorption behaviour of
cationic surfactants on silicon wafers, which
can be further used to optimise their use in
various applications.

2. MATERIALS

Three  cationic  surfactants  were
employed, namely CatS-2C8 (Dioctyl
dimethyl ammonium chloride), CatS-2C10
(Didecyl dimethyl ammonium chloride), and
CatS-C8C10 (a combination of Dioctyl
dimethyl ammonium chloride, Didecyl
dimethyl ammonium chloride, and Decyl
Octyl dimethyl ammonium chloride, as shown
in Figure 1). The solutions were prepared
using deionised water generated by the Elix 5
purification system (Millipore, USA).

3. METHOD AND EXPERIMENTAL
PROCEDURE

Ellipsometry is an optical method
employed to determine the ratio of the
complex-amplitude reflection coefficients of
p- and s- polarised lights reflected from a
surface. The ellipsometric parameters ¥ and
A, as shown in equation (1), describe this
ratio. After measuring these two parameters, a
surface's refractive index and thickness can be
determined using a well-established physical
model [8].
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It is sensitive to single- and multi-layer
ultrathin films, ranging from mono-atomic or
monomolecular layers up to thicknesses of
several microns. To determine the full
dynamic range of ellipsometric parameters
(0<y<w2, 0<A<2x) for characterising
the surface of a thin film, a rotation
compensator method (RCE) is used (see
Fig.2). Also, this option allows us very
quickly to build a 3D map of the surface
where each pixel has its own % and 4. And
subject to an appropriate physical model,
these values are calculated in terms of layer
thickness.

CB C8
s
Hac/\/\/\/\/N'\/\/\/\/cHa
H,C

Dioctyl dimethyl ammonium chloride

Cio it G
S
H,c/\/\/\/\/\V'\/\/\/\/CHs
A /
H,C

Octyl decyl dimethyl ammonium chloride

Cio CH. Cio
CHs
Hec/\/\/\/\/\'\-\/\/\/\/\/c"'s
/
HyC

Didecyl dimethyl ammonium chloride

Fig. 1. Structural formulas of the used cationic
surfactants.

Intensity
Y
v —
H
]
]

Fig. 2. Principle of rotating compensator
configuration used in imaging ellipsometry.

126

Ilpoexm BGO5SM20P001-1.002-0023 - Llenmvp 3a Komnemenmuocm ,, Hnmenuzenmuu mexampoHHnu, eko- u

03

enepzocnecmagauwiu cucmemu u mexuonozuu*, punancupar om Onepamusna npoepama ,, Hayxa u obpasosanue 3a unmenucenmer
pacmedic”, cohunancupana om Eeponetickus cvio3 upes Eeponelickume cmpykmypHu u uH8eCmuyuoHHu ponooge.


http://www.eufunds.bg/

MEXIYHAPOJIHA HAYYHA KOH®EPEHIIUA

EBPOINENCKW CbIO3
EBPOMEMCKI CTPYKTYPHV 1
VHBECTVLIMOHHY ®OHAOBE

»MEXATPOHUKA, EKO U EHEPI'OCIIECTABAIIIN
CUCTEMMU U TEXHOJIOT'UH“
I'ABPOBO 23

[ HAYKA 1 OBPA3OBAHME 3A
VHTEAUFEHTEH PACTEX

To accomplish this task, we used a
NanoFilm EP4 imaging ellipsometry system
(Accurion GmbH, Géttingen) equipped with a
focus scanner (10x magnification). The used
substrate was Si/SiO», with a thickness of the
Si0; layer equal to 234 nm. Figure 3 displays
the experimental results for the determined
thickness.

D -aslt @)
) = +ﬁ.2+ﬂ,4

The analysis of the optical parameters ¥
and 4 in terms of deposited layer thickness
requires the determination of the refractive
index of the layer. In this study, the deposited
surfactant layer is characterised by the
Cauchy equation (eq. 2) for a transparent
layer, which is an empirical relationship
between the refractive index, n, and the
wavelength, A.

300 +
Ngo = 1.454
Agurtactant 1-420
250 e A
e
] .
< 200 | ‘
< o
L]
150 . 1
L e Experimental points
. Model fit
100

400 500 600 700 800 900 1000
Wavelength, 4 (nm)
70 : : ‘ :

60 1 Air

50 1 ° $

¥ (°)

407+ = ¥

30 | -, el

20

400 500 600 700 800 900 1000
Wavelength, 4 (nm)

Fig. 3. Measured A and ¥ values as a function of
the wavelength at an angle of incidence = 6(F for
the bare Si/SiO; surface. The experimental points
are taken at an ellipsometric nulling condition in
four-zone measurement to use the maximum
accuracy of the technique. The picture represents
an illustration of the physical model used to
calculate the thickness of the SiO: layer.
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The mathematical model that fits the
objective physical reality quite well includes a
substrate of Si, above it an atomically smooth
layer of SiO2 on which there is a molecularly
smooth layer of surfactant, and the
environment is air, as shown in the picture in
Fig. 3. Defining the thickness of the SiO>
allows us to upgrade the model with an
additional layer, those of the adsorbed
surfactant, and continue to use the one-layer
ellipsometry task. This means that all
deviations in the A and ¥ will be attributed to
the thickness of the surfactant layer. A
refractive index value of 1.42 was used for all
calculations pertaining to the surfactant layer.

The treatment protocol involves using
kimwipes soaked in a 1 ml solution to
perform five circular wiping on a bare silicon
wafer. Following the wiping, the surface is
coated with small droplets of the solution,
which quickly evaporate.

4. RESULTS AND DISCUSSION

Adsorption layer from CatS-C8C10

In Figure 4A, the results of imaging
ellipsometry are presented, displaying the
surfactant layer remaining on the surface of a
silicon wafer after treatment with a solution of
CatS-C8C10 at a concentration of 0.5 wt%.
Notably, the layer that forms from surfactant
evaporation increases in thickness from the
top to the bottom of the wafer. The residual
droplet area is visible as a yellow region in
the image and is observable to the naked eye,
as shown in Figure 5A. Dense stratification
layers form around these residual droplets,
and the thickness of the layer increases
towards the center of the droplet due to
increasing  concentration from  solution
evaporation. The first layer measured has a
thickness of 3.3 nm, and the first five layers
exhibit a slope of 3.24 nm, indicating they are
a stack of lamellar sheets. Linear regression is
observed even after the fifth layer, although
with a different slope equal to 2.14 nm (see
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Fig. 4C). Possible explanations for this
observation suggest that the first five layers
are formed mainly by Didecyl surfactant
molecules due to their higher surface activity
than Dioctyl surfactants. Due to their shorter
chain length, Dioctyl monomers may form the
upper layers with a  thinner step.
Alternatively, the upper layer may contain a
mixture of Didecyl and Dioctyl monomers,
based on possible tilting in the chains of the
upper layers due to the exhaustion of larger
chain-length surfactants for the formation of
the first five layers.

Adsorption layer from CatS-2C8

The images presented in Figure 5,
obtained using imaging ellipsometry, show
the surface topography of a silicon wafer
treated with a 0.5 wt% solution of CatS-2C8.
The first image (Fig. 5A) displays a section
with a smooth and dense layer on the surface
with a thickness of approximately 5 nm. The
next two images (Figure 5B and 5C) reveal
additional steps with a thickness of 5 nm
each. The final layer, depicted in Figure 5C,
consists of spherical aggregates with a
thickness of roughly 20 nm. Notably, these
aggregates are not visible to the naked eye but
leave a visibly greasy surface, as shown in
Fig. 7B. Collectively, these images provide
insight into the surface structure of the silicon
wafer after treatment with CatS-2C8 and
suggest the presence of a spread adsorption
layer.

Adsorption layer from CatS-2C10
In Figure 6, the imaging ellipsometry results
illustrate the adsorption characteristics of
CatS-2C10, the surfactant featuring two decyl
tails per monomer. Away from the droplet
evaporation regions, the adsorption layer
appears to be non-dense, exhibiting a
thickness of 2.5 nm, as evident from Figure
6A. In contrast, closer to the evaporated
droplets, we observe a disordered formation
of thick adsorption layers, displaying
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thicknesses above 40 nm, as evident from
Figures 6B and 6C.

550 pm

/’—L
OnmII
20 nm )

1600 pm

A)70 } } } }

60 1 Bardac 2080 - adsorbed layers
E 50 1
g 40 + 27.2
2 30 . CatS-C8C10 —adsorbed layer /
§ 10.9 N v 4
£ 20 12
= 9.6

10 733

0

0 200 400 600 800 1000 1200
Vertical position (Om)

1 Bardac 2080 [0.5 wt%)]

w
o

Slope =2.14 nm

N

N
o
\

CatS-C8C10 [0.5 wt%]

O Thickness (ngy
=

® Symbols - experimental results
Solid lines - Linear reggresion

01 2 3 4 5 6 7 8 9 10 M
Layer count
Fig. 4. Experimental results of 0.5% CatS-C8C10.
A) Images obtained using imaging ellipsometry;
) Thickness of the adsorbed layer at the red
rofile line shown in A; C) arrangement of the
sequence of thickness taken from the profile by
their value.
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Fig. 5. Images obtained using imaging ellipsometry, which displays the surface topography of a silicon
wafer after treatment with a solution of CatS-2C8 with a concentration of 0.5 wt%. All the images are
representative of the most frequently observed structure.

Fig. 6. Images obtained using imaging ellipsometry, which displays the surface topography of a silicon
wafer after treatment with a solution of CatS-2C10 with a concentration of 0.5 wt%. All the images are
representative of the most frequently observed structure.

Optical properties of the treated surface

When the silicon wafer is treated with
the surfactant solution, the evaporation of the
residual tiny droplets leaves visible spots on it.
Representative images of the treated surface
are illustrated in Fig.7. From the pictures, we
can generally distinguish two regions: (i)
transparent region, where the surface is
optically clear, and (ii) oily regions, where
even with the naked eye we can distinguish
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the surfactant adsorption layers and the spots
resulting from the evaporation. Actually, for
all the investigated surfactants, the
ellipsometry measurements of the optically
clear transparent region show the presence of
a thin adsorption layer. For the surfactant with
two C8 chains (CatS-2C8), the thickness of
this transparent layer is 5 nm, whereas, for the
surfactant with two C10 chain lengths, this
thickness is 2.5 nm.
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CatS-C8C10

Rl ¥

Fig.7. Images of the silicon wafer surface treated with the different cationic surfactants, including A) CatS-
C8C10; B) CatS-2C8; and C) CatS-2C10, where the scale bar is 1 cm.

5. CONCLUSIONS

The adsorption layers formed by three
different surfactants (CatS-C8C10, CatS-2C8,
and CatS-2C10) on a silicon wafer using
imaging ellipsometry have been studied. The
thickness and structure of these layers vary
depending on the surfactant used. CatS-
C8C10 forms a layer that increases in
thickness from the top to the bottom of the
wafer, with the first five layers being a stack
of lamellar sheets. CatS-2C8 forms a dense
and smooth layer approximately 5 nm thick,
with spherical aggregates in the last layer.
CatS-2C10 forms a non-dense adsorption
layer away from droplet evaporation regions,
while thick and disordered layers form close
to these regions. The optical properties of the
treated surface are also analysed, with a thin
adsorption layer present in the transparent
arca for all three surfactants. Overall, the
study provides valuable insights into the
adsorption behaviour of these surfactants on
silicon wafers, which could have significant
implications in various industries and
applications.
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Abstract

One of the most important properties of liquids is their viscosity. It characterizes the magnitude of the internal
friction when the individual layers of the liquid change relative to each other. A study was conducted to
determine the effect of higher shear rates on the absolute viscosity of vegetable oil at various temperatures from
3 to 100 °C. The absolute viscosity of the vegetable oil was determined using the HAAKE MARS iQ Air, a
rotating viscometer with a coaxial cylinder. Based on the rheograms, it is observed that the vegetable oil is most
viscous at 100 °C and least viscous at 3 °C. The absolute viscosity of vegetable oil is reported to decrease with

increasing temperature.

Keywords: viscosity; rheograms.

BBBEJEHUE

@nyuaure ca BeIIECTBA, KOUTO HAMAT
cobcTBeHa ¢opma, a mpuemar (opmara Ha Cb-
Jla, B KOMTO ca MOCTaBCHH.

Bcesika marepuanna cpena Omna TS Ted-
HOCT WJIM Ta3, KOSATO IPUTEKaBa CBOMCTBATa
HENPEeKbCHATOCT W TOABWKHOCT, C€ Haphua
¢bmynn. Kem dimynante ciagaT BCHYKH TEYHO-
CTH W ra3oBe. 3a pasiMKa OT TBBPIAHUTE Teja
brynauTe TNPOMEHAT 3HAYUTENTHO CBOSATA
dopma, maxe ako BbpXY TIX ce Ipujarar He-
3HAUUTENIHU 10 TOJIEMUHA BBHIIHU CHIIH. Pa3z-
JMKaTa B MEXaHMYHUTE CBOMCTBA Ha (QIyuIH-
T€ ¥ TBBPIUTE TEJA € B MOJIEKYJIHUS UM CTPO-
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ex. Ilpu TBbpAMTE TENA CUINTE HA IPUBIH-
YaHe MEX1y MOJIEKYJIUTE Ca 3HAUUTEIIHU U T
3aeMaT TOYHO OIPE/IENICHO MOJI0KEHHE B 00e-
Ma Ha TAJIOTO.

[Tpu nedopmanus pa3CTOSHUETO MEXKIY
MOJICKYJIUTE MM C€ IIPOMEHS, HO Ciex IIpe-
MaxBaHE Ha BBHIIHATA CHJA TO CE€ BB3CTAHO-
BSIBA.

IIpu TeyHOCTUTE MEXAYMOJNEKYJIHUTE U
KOXE3MOHHMTE CHUJIM Ca 3HAYUTEIHO MO-MaJIKU
U O[] ICHCTBUE HA BBHIIHU CHUJIM MOJIEKYJIH-
T€ MPOMEHAT MECTOIOJIOKEHUETO CH U CIIEN
[IpeMaxBaHE HA YCHUJIMETO 3aeMaT HOBU paB-
HOBECHH TOJIOKEHUsI, Oe3 J1a Morar /1a Bb3CTa-
HOBSIBAaT MbpPBOHAYaIHATa CH (opMma.
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BHUCKO3UTETBT € CBOMCTBOTO Ha TEYHO-
CTUTE Jla yCTOSIBaT Ha CHJIaTa, KOSTO I'M Kapa
na TekaT. BUCKO3UTETHT ce pasfens Ha ABa
BHJIa — JUHAMHUYEH U KUHEMATU4eH. 3a pa3iu-
Ka OT KMHEMAaTU4YHUS BHCKO3UTET, AUHAMUY-
HUST WM a0CONIOTHHUAT BUCKO3UTET HE 3aBU-
CH OT IUTBTHOCTTA Ha (UIyH1a, Thi KaTro ompe-
JeTIsl BBTPEIIHOTO TpUeHE BbB (prrymma. AGco-
JIOTHUAT BUCKO3UTET YECTO € CBbp3aH C Ha-
IIPEKEHUETO HAa CpsA3BaHE, TOECT HaIpeKe-
HUETO, KOETO € IPUYMHEHO OT CUJIa, IeHCTBa-
111a YCIOPEIHO Ha HAIIPEYHOTO CEYEHHE Ha TH-
JIO WJIH, B HAIUS CIIy4aid, HA TEYHOCT.

Macnara 1 Ma3HUHUTE Ca OCHOBHHUTE Ma-
TEepHali 3a MaprapuH, OJHO 3a cajaTra u JIpy-
I'¥l CIIELHUAIU3UPaHU WU MPUTOAEHU IPOAYK-
TH, KOUTO Ca CE€ NPEBbPHAIN B BAXKHU ChCTaB-
KU TIpU MPUTOTBSIHE WIIM IIpepadoTka Ha Xpa-
HU.

Pacturennure Macna uMar MWHUPOKO IPHU-
JIOKEHHE U KaTo rOpUBa 3a €HEPTUTHU KOTIU
U NaporeHepaTopy, Taka U 3a ABUTaTeNu C Bb-
TPEILIHO TOPEHE.

Ilo-ronsimMara 4acT OT XpaHWUTEIHUTE Ma-
clla ¥ Ma3HUHH, IPOU3BEKJIAHU B CBETOBEH
Marqad roAuinHo, ce 10OMBaT OT PaCTUTEITHU
M3TOYHUIM U C€ HapuyaT PacTUTEIHH Macia.
Haii-pasnipocTpaneHuTe B THProBcKara Mpe-
’Ka PAcTUTEIHM Macjla ca panuiia, [apeBulla,
MAacJIMHH, CIbHUONIEA U ApYyru. ChlIecTByBaT
U penulia HOBU PACTUTENHM Macja KaTo I'po-
3/I0BM CEMEHA, OPU30BU TPULM, MaKaJaMHs U
MHoro npyru [l]. Peonoruunure xapaxrepu-
CTUKM Ha Pa3JIM4YHUTE BUJOBE PACTUTEIHUTE
Macia ce M3M0JI3BaT NPU U3UUCIISIBAHE HAa XU-
JOPOJMHAMUYHU U TOIUIMHHU IPOLIECH B TEX-
HOJIOTUYHUTE ChOPBIKEHHUS.

HN3J10XKEHUE

Koraro roBopum 3a BUCKO3HTET, C€ pa3-
rpaHyM4aBar J1Ba BUJAa TEYHOCTH: HIOTOHOBU U
HEHIOTOHOBU. BHCKO3UTETHT HAa I'BPBUTE HE
3aBUCHM OT CuWiara, JeWCTBalla BBpPXY THX.
[Ipu mocnenHuTe cutTyanusara € IO-CJIOKHA,
ThH KaTO B 3aBUCUMOCT OT rOJIeMHUHAaTa Ha Ta-
34 CWJla MU Ha4MHa, MO0 KOMTO C€ IMpuiiara, Te
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CTaBaT I0BEYE WJIM II0-MAJIKO BUCKO3HH. [lo-
Obp mpUMep 3a HEHIOTOHOBA TEYHOCT € CMe-
Ta”ara. [Ipu HOpManHU ycIoBuUs TE€ ca IMOYTH
HaIbJIHO 0€3 BUCKO3HU. BUCKO3UTETHT UM HE
ce MPOMEHS, JOPU aKO C€ MPUIIOKHU MAJIKO CH-
Ja KbM TAX, KaTo Harmpumep 0aBHOTO MM pa3-
ObpKBaHE C IBKHIA. BHCko3uTET KOMTO ce
OIpeeIIst OT BbTPEIIHOTO TPUEHE B TEYHOCT-
Ta Ce Hapu4a IMHAMHUYECH BUCKO3UTET, O3HAYA-
Ba ce 77 enunHuiara e Ilackain B cexynna Pas.

Bucko3urera Ha TEUHOCTUTE C€ IIPOMEHS
IIpY U3MECHEHUE Ha TEMIIEpaTypara U Hajsra-

HETO UM 77 = f (T , p). KonkoTo € mo-Bucoka

TEMIICpaTrypara Ha TCHHOCTTA, TOJIKaBa I1mo-mMa-
JIBK € BUCKO3UTCTA H.

@Due. 1. Cxopocmen npogun Ha ayuoHo meyernue

3a mo-sicHa TMpencTaBa 3a BBTPELUIHOTO
TpUEHE OMXME MOTJIH Ja S TIOTYYUM I10 CIe-
HUSI Ha4MH. TEYHOCT ce Hamupa MEXKIy JBE
wiacTuHu urypa 1, mpu KoeTo JoIHaTa € He-
MOJABUKHA, a TOpHATa IMOJABUYKHA U CE€ JIBHXKH
B CBOSITA pPaBHUHA C HIKAaKBa CKOPOCT U .
[Ipennomnara ce, ye mox AEHCTBUETO HA
CUJIaTa HA CUEIUICHHE T'PAHUYHUTE ILJIACTOBE
Ha TEYHOCTTA, KOUTO CE€ HAMUPAT B HEMOCPE-
CTBEHA OJM30CT Ha IBETE IJIACTHHU, UMAT -
HAaKBa C TIX CKOPOCT, a LSUIOTO TE€YEHHUE CE
CbCTOM OT W3BBHPEOHO TONSIM OpOd THHKH
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IJIACTOBE YHUATO JeOeNrHa € CHhBCEM Mallka
BenuuuHa Ay' . B TakbB cilydail CKOpOCTTa, ¢
KOSITO C€ JIBMKH OTJEJHUTE ILJIACTOBE, 1€ Ha-
pacTeH OT IUIACT Ha IJIAcT B MOCOKA OT JIOJIHA-
Ta KbM TOpHara IUIaCTUHA C BEIUYMHA Au’ .
Taka npeacTaBeHaTa CTpyKTypa Ha TEUHOCTTA
€ yCIIOBHA, Thil KaTO B JCHCTBUTETHOCT Je0e-
JIMHAaTa Ha OTHEJHUTE IUIACTOBE HE MOXKE Ja
ObJe 1Mo- MaJIka OT MOJICKYJIaTa Ha TEYHOCTTA.
C ornen Ha mpuerara XuapaBIMYHA JcHUHU-
LM HA TE€YHOCTTA, KOSATO JIOIYCKAa HEOTPaHM-
YeHa JCIIMMOCT Ha HEMHUTE YacCTHULH, CKO-
pocTTa cienBa 1a ce U3MEHs HENPEKbCHATO, a
HE CKOKOOOpa3Ho.

AKO CKOpPOCTTa B HSAKOM HampuMeEp B
1acT a, € u,, ToraBa CKOpOCTTa B CJIE/IBa-

mMs  TO-TOpeH ImiacT b me  Obae
u, =u, +Au , KOETO 03Ha4aBa, 4e IIacT b e

Cce IUTh3ra MO TUIACT @ C OTHOCUTEIIHA CHJIa Ha
BBTPELIHO TPUEHE, B PE3Y/ITATr HA KOETO IUIACT
a 1Ie ce CTpeMu Ja 3a0aBW JBUKCHHETO Ha
IacT b, a mocieaHus Ja YCKOPU JBUKECHHUE-
TO Ha 11O -AOJIHUA I1J1aCT A .

[Topanu HEMPEKbCHATOCTTA HA CKOPOCT-
HOTO TI0JIE OTHOCHUTEIIHOTO W3MEHEHHE Ha
CKOPOCTTa B MOCOKA, HOPMajHa Ha HEHHOTO
HalpaBJICHUE, 1€ CE XapaKTepu3upa C rpa-

. Au
HUYHA CTOMHOCT HAa OTHOLIEHWETO —, KOra-
Ay
TO Ay KIOHH KbM HyJa.

OTHOmEHNETO & = lim Au =tgf
dy AV ) pyoso

CC Hapuyia rpailuCHT Ha CKOPOCTTaA.

Bucko3uTeThT Ha MaciioTO OOMKHOBEHO Ce
U3MEpBA U OINpEAEs M0 ABa HAYMHA, UM Bb3
OCHOBa Ha HEroBUsl aOCOJIIOTEH BUCKO3MTET,
WM Ha KHHEMATUYHUSI BUCKO3UTET.

JluHAMW4YHUS BHUCKO3UTET Ha MAacjoTO €
HEroBara yCTOMYMBOCT Ha IPOTUYAHE U CPA3-
BaHE MOpaau BHTPEIIHO TPUEHE U CE U3MEPBaA
¢ SI equaunum Pas. 3a pasnuka OoT HErO KuHe-
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MaTUYHMST BUCKO3UTET HA MACJIOTO € HETOBa-
Ta YCTOMYMBOCT HAa NOTOKA U CpsI3BaHE Mopa-
1Y TPAaBUTALUATA U CE€ U3MEpPBaA C eAUHUIU S
or m?/ s. KNHEMAaTHYHUAT BUCKO3UTET Ha
MacJIOTO MOXKe Ja Ob/ie TOIy4eH upe3 pasze-
JISTHE HA IMHAMUYHMS BUCKO3UTET Ha MAciloTO
ChC CHOTBETHATA MY ILIBTHOCT.
OTHOLIEHUETO HA JAMHAMUYEH BHCKO3M-
TET U IJTBTHOCTTA © HA TEYHOCTTA CE HapHuua

KHHEMaTH4eH BUcKo3uTeT. O3HauaBa ce ¢ V

v==",cm’/s (1)

thermoscientific

Que. 2. Excnepumenmanua nocmanosxka 3a
usMepsame Ha GUCKO3UMemad.

JluHAMWYHUS BUCKO3MTET HA PaCTUTEI-
HOTO MAcCJIO C€ OIpeneis C MOMOLITa Ha Peo-
MeTsp (HAAKE MARS iQ Air) mokazaH Ha
¢durypa 2, poTarioHEeH BUCKO3UMETHP € KOAK-
CUAJIeH IIWIHHABD [2].

[Tpubnuzurtenno 25 ml macno ce mocra-
BaT B mumHAbp (yama) CCB41 DG u cren
TOBAa C€ CIyCKAa KOAKCHJIHHST IMHJIUHIBP
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CC41 DG/Ti. I'eomerpuuHHTE pa3MepH Ha KO-
aKCHAJHMS [IWJIUHIBD ca MMOKa3aHH B Tabnuua
1 u Ha ¢urypa 3. IIpaBunHUAT pexuMm Oerre
3aJaJIeH 3a ChOTBETHATa U3MEpBATEIHA CUCTE-
Ma M BpEMETO 3a U3MepBaHe Oerie (PUKCHUpPaHO
Ha 30 cexyHau.

[Ipu wu3MepBaHeTO TEMIEpaTypara Ha
mpobara OT PacTUTETHO MAclio C€ MOIIbpKa
MOCTOSTHHA OT TEYHOCTEH TEPMHYEH MOJET, C
TouHoct 0.1 °C.

Taon. 1. I'eomempuynu pazmepu Ha pomopa
ARi L AL MaTepua
mm mm

Porop | Ri
mm
mm

CC4 | 2071 | +0.004 | 55.0 | + .03 | Turan
1 3.7035
DG/
Ti

pammEye Ha poTopa
BBIPEINEH PATHYC HA UANIATA
OTHOIIEHHe Ha pagHycHre=1.0847
KOHYCeH BIBT Ha POTypa

odem

BHCOYHHA MeKIY POTOpa H HamaTa

Quz. 3. 'eomempus na pomopa u yauama.

Macnara oT ceMeHa UMaT OrPOMEH TOTCH-
I[HAJT 33 MPUJIOKCHUE B PA3JIMUHU HH]LYCTPHH.
Bce moBeue ce 1oka3Ba, ye T ca KHU3HECIO-
coOCH ¥ BBH300HOBMM HM3TOYHHUK Ha 3IpaBoO-
CIIOBHM XPAHWUTCIIHU MACTHH KHUCEIIUHH U
IpYrd OMOAKTHBHHU CheAMHEHUs. Maciara or
CEMECHa IMOKa3BaT TOJSIMO pa3HOOOpasue B
CBOUTE ChCTaBU HA MACTHH KHCEJIMHH, TOKO-
deponu, dochomunuan, COUHTONUIUIA U
CTEPOJIM B 3aBUCUMOCT OT PACTUTCIHUS
BuJ. ECeHIIMaIHUTEe MacCTHU KHCEIHMHHU, KaTo
omera-3 u omera-6 PUFA, ce u3Bauuar ot Ma-

www.eufunds. b

Clla OT CEeMEHa W C€ TPOBEXKJIAT OOIIUPHU
MPOYYBaHUS 3a MOTEHIMAHATA UM YIOTpeda
KaTo ajTepHATHBA HA METPOTHUTE MPOIYKTHU B
pa3nuuHu WHIyCTpuu. Ta3u riaBa pasmiexka
M3TOYHMIIUTE HA Maclia OT CEMCHA, TEXHHTE
METOJIM 3a U3BIUYAHE U XapaKTepu3upaHe 3a-
€IHO ¢ TsXHara OMoakTUBHOCT. MI30poeHu ca
OOTaHUYCCKUTE M3TOUYHMIIM HA HIKOM BaXKHU
Maclia OT CEMEHa, 3a¢AHO C JOKJIAABAaHHUTE 3a
TsX OMOAKTUBHU ChCTaBKU. belre HaOmronaBa-
HO, Y€ Pa3NMYHUTE METOAHM Ha EKCTPAKIUS U
YCIIOBUATA HA EKCTPAKIUS OKa3BaT BIUSHUE
BBpPXy /J00OMBAa W KayeCTBOTO Ha Macla-
Ta. Pa3snuuan mMeToau 3a HAOIIONCHHE HA Ka-
YeCTBOTO M MPO(UIUPAHETO HA MACIOTO OT
CeMeHa U TOJIE3HUTE U YKPEMBaIlH 37paBeTo
JNEWHOCTH Ha (DUTOXUMHKAIUTE 3a€IHO C TEX-
HUTE KO3METHUYHU MPUIOKEHHUS CHIIO ca M-
yepranu [4].

Ha ¢urypa 4 e moka3aH eKkCrepUMEHTa-
HUSAT pe3yATaT Ha BUCKO3UTETA HA PACTHTEI-
HOTO MacJio ipu temneparypa 3 °C. Ot noiny-
YeHHsI PEe3YJITaT Ce BIIK/A, Y€ BUCKO3UTETA HA
Macinoto ce mpomeHs ot 0.1848 go 0.1875
Pas.

0.1880
0.1875
0.1870

0.1865

TinPa

0.1860

1 in Pas

200 0.1855

0.1850

0.1845

OO = 10 15 20 25 BOO:I a0

t segins

@Duz. 4. Peoepama na suckoznocm npu 3 °C.

Ha ¢urypa 5 e mokazaH ekcriepuMeHTal-
HUSAT pe3yaTaT Ha BUCKO3UTETA Ha PacTUTEN-
HOTO Maciio ipu temneparypa 100 °C. Ot no-
Jy4eHUs pe3ysITaT ce BWXJA, Y€ BUCKO3UTETA
Ha macnoro ce npomens ot 0.0082 mo 0.0084
Pas.
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0.0084

0.0082

0.0080

& 300 2
= 0.0078 ‘=
= =

209 0.0076
Ao0 0.0074
o ; 0.0072

Que. 5. Peoepama na suckoznocm npu 100 °C.

Ha ¢urypa 6 u ¢purypa 7 ca mokazaHu exc-
NEPUMEHTATHUAT pe3ylTaT Ha BHCKO3HMTETA
Ha PacTUTEIHOTO Maciio npu Temmneparypa 20
°C u 50 °C. Ot nomny4eHus pe3yirar ce BUXK-
71a, Y€ BUCKO3UTETa HAa MAacjOTO Ce MpPOMEHs
ot 0.0745 no 0.0780 Pas npu temneparypa ot
20 °C u ot 0.0254 o 0.0268 Pas nipu 50 °C .

0.0785

500 0.0780

0.0775
400
i 0.0770
30
7 0.0765

TinPa
o
1in Pas

200 0.0760

0.0755

100
0.0750

cO = 10 e 20 25 300'0745

t_segins

Quz. 6. Peoepama na sucxoznocm npu 20 °C.

0.0270

500 \ 1 0.0268
I 0.0266

400
W’WA ﬂi 0.0264

0.0262

TinPa
w
o
o
nin Pas

200 0.0260
0.0258

0.0256

OO = 10 15 20 25 30()'0254

tsegins

Que. 7. Peoepama na sucxoznocm npu 50 °C.
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3AKJIIOYEHUE

CeMenara ca o0emaBaiy Bb300HOBSIEMH U
MO-€BTUHU M3TOYHHUIIM HA XPAHUTEITHH W WH-
OyCTpUAIHU Maclia. MHOro TpaauIlMOHHU
CUCTeMH H3IIOJI3BaT Maclia OT CEeMEHa 3apaju
MHOKECTBOTO UM TIOJI3U 3a 3/IPaBeTO U OHoak-
THBHOCT [5].

bsixa mpoBeneHH cepusi OT €KCIIEPUMEHTH
3a OMpEeENsTHe MOBEACHUETO Ha PACTUTEIHO
MAacJo TPH Pa3INdHU TEMIICPATyPH.

Pesynratute moka3Bar, 4e BUCKO3UTETHT
Ha PACTUTEIHOTO MAacjio MMa TIOBEJCHHE Ha
THIIMYHA HIOTOHOBA TEYHOCT. JIMHAMHWYHMS
BHUCKO3UTET HAa PACTUTEIHOTO MACJIO HaMaJs-
Ba C TIOBUINIABAHE HA TEMIIeparypara.

Pesynratute OT M3cnenBaHETO Ha PEOIIO-
TUYHUATE XapaKTEPUCTUKHA MOTAT J1a C€ M3MOJ-
3BaT MPH OMpeAesTHE Ha XHUIPABIUYHH 3ary-
OM ¥ XHUIPOTPAHCIIOPT HA PACTHTEITHU Macia
B Pa3JIMYHU TEXHOJIOTUYHH CHOPHKEHUS.

baaronapuocr:

ABTOpHTE M3Ka3BaT CBOSITa OJaroJapHOCT
Ha npoexkt BGOSM20P001-1.002-0023 Llen-
THP 32 KOMIIETEHTHOCT ,,JIHTeTMreHTHU Mexa-
TPOHHH, €KO- U EHEepProCHecTsBaIld CUCTEMHU
U TEXHOJIOTUHU .
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EKCHHEPUMEHTAJIHO U3CJIEJIBAHE HA OCTATBYHUTE
HAITPEKEHUS OKOJIO CKPEIIMTEJIHA OTBOPHU B AJIYMHHUEBA
CIIJIAB 2024-T3, BbBEJJEHU YPE3 MOJAU®UIINPAH SPLIT MANDREL
METOJ

EXPERIMENTAL STUDY OF RESIDUAL STRESSES AROUND FASTENER
HOLES IN 2024-T3 ALUMINUM ALLOY VIA MODIFIED SPLIT MANDREL
METHOD

Vladimir Petrov Dunchev Petya Hristoforova Daskalova

Technical University of Gabrovo Technical University of Gabrovo

Abstract

The article presents outcomes from an experimental study of residual stresses around fastener holes in aluminum alloy
2024-T3. The hole pre-stressing was performed via new method based on split mandrel cold working method using special
device. This cold working method provides constant tightness (interference fit) between the mandrel major diameter and
previously drilled hole. This allows to eliminate some of the control operations in the technological cycle and thus to
reduce production costs. The circumferential residual stresses were measured using X-ray diffraction technique and sin®y
method with a least-squares fitting procedure. It was successively investigated.: the influence of the initial diameter size
scattering of the hole on the residual stress distribution immediately after hole cold working, the evolution of the
introduced residual stresses depending on the thickness of the sheared metal layer by countersinking the cold worked
hole, and the influence of the initial hole diameter size scattering on the final residual stress distribution. It was found
that regardless of the relatively large scattering of the initial diameter size of the hole, the used method of hole cold
working provides a practically constant zone of useful circumferential residual stresses around the pre-stressed hole. It
was proven that the removal of a layer of metal with a suitable thickness by means of final countersinking can homogenize
the area with residual compressive stresses around the hole in the axial direction.

Keywords: 2024-T3 aluminum alloy; cold hole expansion; modified Split Mandrel Method; residual hoop stresses; X-
ray diffraction analysis

1. BbBEJJEHUE
CKpenuTenHUTe OTBOPU B KOHCTPYKIMOH-

JKU3HCHHA UKD U HAMAJIABAHC HA Pa3sXOo4UTe
3a INIAHOBHU PEMOHTHU U MOAOBbPKAHC HAa CbO-

HUTE €JIEMEHTH ca Hal-4ecTo CpelIaHuTe
€CTECTBEHH KOHILICHTPATOPHU Ha HAIIPEKEHUS U
nedopmanuu, mopaar KOeTo Te ca MOTeHIIHA-
HU MECTa 3a 3apaxKJaHe U pa3BUTHUE Ha MyKHa-
THUHH OT yMOpa Ha Marepaia. YMOpPHUTE pa3-
PYLIEHUS Ca TUIMUYHU 32 KOHCTPYKIIMOHHUTE
€JIEMEHTH B CAMOJIETOCTPOEHETO, KbJIETO TEX-
HUAT a1 € 50-90 % oT BCHMUKM MOBpeIud Ha
komroHeHTHTE [ 1]. PazpaboTrBanero Ha moaxo-
I 3a MOBUILIABAHE HA YMOpPHATa IBITOTpaii-
HOCT € HE CaMO MHBECTULIUS 32 yAbJDKaBaHE HA

www.eufunds.bg

PBKEHUSITA, HO U 3allUTa HA HAl-LIEHHUS Ka-
nuTan — 9oBemkus pakrop. Enud or ocHOBHU-
T€ MOAXO/AM 3a MOBHIIIABAHE HA YMOpPHATA IbJI-
TOTPaitHOCT € MOJIXOABT 3a Ch3JaBaHE Ha IO-
ne3Hu ocrarbuHu HamnpexeHus (OH) na Ha-
TUCK OKOJIO OTBOPHUTE MpEeAr BbBEXKIaHE Ha
KOHCTPYKIIMOHHHUTE €JIEMEHTH B EKCILJIoaTa-
1ust. MHOTO u3cie/iBaHus ca MOCBETEHH Ha I0-
ne3HusT e(heKT oT HanmureTo Ha 30Ha ¢ OH Ha
HaTUCK [2-9], KaKTO M Ha OLIEHKa Ha peJiakca-
nusata Ha OH [10-13]. WMaesta 3a mone3Hus
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e(eKT OT Ch3/laBaHe HA 30HA C MOJE3HH OK-
pbxxuu OH Ha HaTHCK, cle/cTBUE TPEeMUHA-
BaHEe Ha MHCTPYMEHT IIpe3 OTBOpa OTKpail Jo-
Kpail 10 HampaBJeHUE HA OCTa MY, 3a IIbPBU
0BT € pa3BUTa M MaTeHToBaHa OT Boeing 3a
MIPEBEHIIMS Cpellly Bb3HUKBAHE U Pa3BUTHE HA
YMOPHHU IyKHaTHHHU OKOJIO OTBOPUTE B HOCE-
1M KOMIIOHEHTH B CaMOJIETOCTpoeHeTo [14].
OTnuunTeNHa XapaKTEpUCTHKA HAa METoAa €
M3II0JI3BaHETO HA MOHOJIMTEH KOHYCHO-IIMIIMH-
JpUYEH JOPH M pa3psi3aHa ThHKOCTEHHA BTYII-
Ka-TIOCPETHUK OT HEpBXKJaeMa CTOMaHa C Bb-
TpeurHo Ma3aHe. Brynkara ce mocTaBsi OKOJIO
JIOpHA M 3a€/IHO C HETO CE€ BBbBEXkIa B OTBOPA.
OTBOPBT ce pasmmpsiBa MPHU U3TEINITHETO HA
JIOpHa OOpaTHO Tpe3 pas3psA3aHaTa BTYIKA,
NPUYMHIBAWKKA TIaCTU4YHA Jedopmanus Ha
3HAYUTEIHA JHJIOOUYMHA OKOJIO OTBOpA U eJac-
TUYHA TaKaBa B I10-OTJaJIeueHuTE cioese. Ma-
TEepUaTbT OKOJO OTBOpPA CE OKa3Ba HATHUCHAT
cliel IpeMUHAaBaHE B HOBO €JaCTUYHO PaBHO-
BECHE MOpPaJ €CTECTBEHUS CTPEMEXK Ha eJac-
TUYHO J1e()OPMHUPAHHUTE TO-OTIAIECUCHU CIIOe-
BE JIa C€ BbPHAT B ITbPBOHAYAIIHOTO CH CHCTOS-
Hue. [Ipe3 roqunuTe nuoHepHUAT MetToA [14] e
IPETHPIISIT MHOKECTBO MOJOOPEHHMsI, KaTo MO-
HACTOAIIEM Hal-IIIMPOKO NMPHUIIOKEHNUE HaMHPa
metoasT Split Sleeve Cold Expansion (SSCE),
cobctBeHoct Ha Fatigue Technology Inc. [15],
IIpU KOWTO pa3psizaHaTa BTYJKA 3a €THOKpaTHA
ynotpeba ce M3BaxKJa aBTOMAaTUYHO OT 0Opa-
6otenus orBop. Kato anrepHarusa Ha HEOOXO-
JMMOCTTA OT BTYJIKAa-IIOCPEIHUK 32 €HOKpAT-
Ha ynorpeba Hogenhout (1986) paspaborsa
metozaa Split Mandrel Cold Working (SMCW)),
cobctBeHocT Ha kommnanusaTa West Coast Ind.
3a MPUIIOKEHUE KOHKPETHO B aepOUHIYCTpPHSI-
Ta [16]. MetogbT SMCW BKITIOUBA M3I10JI3Ba-
HETO Ha KyX HaJIBKHO pa3psA3aHus Ha YETUPU
YacTH JOPH, KOMTO Cliea KaTo ce BbBEJE B OT-
BOpa, ce “BTBBPIABA’, JOCTUTAUKU PaOOTHUS
CH MaMeTpaJieH pa3Mep MOCPEACTBOM OCOBO
IIpeMeCcTBaHe Ha IUQT, pa3MOJI0KEH B IIEHTPA-
JieH oTBOp Ha AopHa. Ciieq TOBa IOPHBT CE U3-
TErJIsl Ipe3 0TBOPA, MPH KOETO IO pa3LINpsBa.
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TexHOIOTWYHUTE LMKIM Ha METOIUTE
SSCE u SMCW peanusupar NpuHIUIIHO €1HA
u chlla koHuenims. CTerneHTa Ha CTy/IeHO pa3-
mpenue (CP) Ha orBopa DCE (Degree of
Cold Expansion) 3aBucH €IUHCTBEHO OT JTUa-
MeTpanHuTe pasmepu Ha gopHa npu SSCE nnmn
Ha nopHa u mudra npu SMCW, Kakto U OT
IMaMeTbpa Ha TPEIABAPUTETHO MPOOUTUS U
paiibepoBaH OTBOp. 3a Ja ce rapaHTupa 3aia-
JIeHaTa CbC CBOTBETEH JIOMYCK CTErHaTOCT
MeXTy 1e(hopMH-palus JOPH U IPeIBapUTEI-
HO 00paboTeHus 0TBOP, € HEOOXOAUMO OCHIIIE-
CTBSIBAHETO Ha KOHTPOJI IO T€OMETPUUYEH KpH-
Tepuit (4pe3 KanuOpu), KaKTo Ha IMaMeThpa Ha
NpeIBApUTEITHO MPOOUTUSL OTBOp, TaKa U Ha
paOoTHaTa yacT Ha JOpHA Cpeuly M3HOCBAHE.
TonemusT Opoii omeparuy MOBHINIABA [IEHATA
Ha oOpaboTkara. ChIIEBPEMEHHO C€ M3UCKBA
MHOTO TECEH JIONYCK Ha JAWaMETPaHUs pas-
Mep Ha MpeaBapUTETHO 00pabOTeHHUTE OTBO-
PH, KOETO 3HAUYUTEIIHO OCKBIISIBA TEXHOJIOTUY-
HUS Tpoliec Karo 1su1o. CieioBaTenHo, mpoie-
cbT CP, peasiuzupan upe3 Hail-KOHKYpEHTHHUTE
Metogu SSCE mu SMCW 1o cbliecTBo chOT-
BETCTBa Ha pa3MmepeH mpouec. Karo koHTap-
NYHKT Ha Te3M HEAOCTaThlM, MakCUMOB W
JynueBa u3o0petrsiBaT HOB MeTox 3a CP [17],
KOWTO TIO CBUIECTBO € MOAM(DUKAIUSA HA Me-
toga SMCW. B ocHoBara Ha MoauduInpanus
SMCW wmeton e uzaesta 3a TpaHc(hopMHpaHe
Ha npoueca Ha CP ¢ TpaHCIALMOHHO MpEeMHU-
HaBalll IMpe3 OTBOpa KOHYCHO-LMJIMHIPUYEH
JIOpH OT pa3MepeH KbM Hepa3MepeH. MeToabT
OCUTYpsIBa €/1HAa U ChIlla CTErHATOCT B YCIJO-
BUSATA HA OTHOCHTEIHO MO-IIUPOK JOMYCK Ha
IMaMEeTpajHUs pa3Mep Ha NPeABAPUTETHO
oOpaborenuTe oTBOPU. ToBa MO3BOJISIBA Ja Ce
SIIMMUHHUPAT ONEepPAIIMUTE HA KOHTPOJI B TEXHO-
JIOTUYHUS LUKBJI U 3HAYUTEIHO J]a C€ HaMaJIAT
MIPOU3BOJICTBEHUTE pa3xoau. ExcriepumenTan-
HO € JIOKa3aHa e(peKTUBHOCTTAa Ha HOBHUS Me-
TOJ[ TIO TEOMETPUYEH KPUTEPHI BbPXY KPBIJIU
oOpazuu oT amymuHueBa cruiaB 2024-T3 B
YCIIOBHSITa HA OTHOCHUTEIIHO IIMPOK JOMYCK Ha
00paboTeHN caMo Ype3 CBPEVIOBAHE OTBOPH
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[18]. JIumcBat obaue M3cleIBaHUS 3a OIEHKA
Ha €(EeKTUBHOCTTA Ha HOBHSI METOJ IO OTHO-
1IeHre Ha BbBeAeHuTe nonesnn OH B kauecr-
BEH M KOJIMYECTBEH AICEKT.

Ienta HA HACTOSIIOTO M3CIICABAHE € J1a CEe
OLICHM B KAaYE€CTBEH M KOJIMYECTBEH AaCHEKT
epexTuBHOCTTa Ha Moauduiupanus Split
Mandrel meTo OTHOCHO pa3IpeeIeHUeTo Ha

okpexHuTe OH. 3a n3mepsane Ha OH e us-
non3Bad X-ray diffraction ananus.

2. MATEPUAJI U METOIH

2.1. Marepuan

Marepuanst € anmymuHueBa cruias 2024-T3
BBB BHUJ Ha MPBT ¢ nuameTsp @ 32 mm ¢ xu-
MHYEH ChCTaB, MOKa3aH B Taom. 1.

Xumuuen cocmae na 2024-7T3 6v6 6uod na npovm Tabnuya 1
Al Si Fe Cu Mn Mg Zn Cr
94.03 0.746 0.485 1.64 0.764 1.67 0.0192 0.0382
Ni Ti Be Ca Li Pb Sn Sr
0.0186 0.0280 | <0.0001 | >0.0200 | 0.0025 0.237 0.0237 0.0004
V Na Bi Zr B Ga Cd Co
0.0106 0.0156 0.0203 0.0074 | <0.0005 | 0.0237 | <0.0010 | <0.0020
Ag Hg In Sb Ce La Mo Sc
0.0018 | <0.0050 | 0.0116 0.140 0.0197 0.0055 0.0037 | <0.0005

MexaHUYHHUTE XapakTepUCTUKH ca 0000-
ey B Tabn. 2 Ha 6a3ara Ha eKCIIEPUMEHT Ha

eTHOMEpPEH OITbH Ha IUIOCKH 00pa3ly, IpoBe-
JieH BbpXy m3nuTBarenHa MarmmHa Zwick/Roell
Vibrophore 100.

Mexanuunu xapaxmepucmuxu 2024-T3 6v6 éuo na npvm Tabnuya 2
I panuya na Ommnocumento
Hrocm na onvh
Mexanuunu x-xu npoeénausane R MPa YOwadCEHUE
Ry, MPa " As, %
Cmotinocm 319 430 17.5

2.2. ExcniepuMeHTAJHA 00pa3um

ExcrniepumeHTanHuTe 00pa3iy ca THII BTYII-
KW C HOMHUHAJIHU Ta0apuTHH pa3Mepu: BHIIECH
mramerbp D = 32 mm u BucounHa (nedenu-
Ha) § = 6 mm. 3a ;1a ce OLICHU BIMSHUETO HA

a. 0.

pa3celiBaHeToO Ha IMaMeThpa Ha MpeaBapuTell-
HO 00paboTeHUTE OTBOPH, M3CIIEIABAHUATA Ca
MPOBEJICHU BbPXY YETHPH 00pa3era, YuuTo OT-
BOpH ca NPOOUTH C pa3IMYeH HOMUHAJICH JIna-
MeTBp, KakTo ciensa (¢ur. la, 6, B, 1): d, =
8.14,8.16,8.20,8.30 mm.

8. 2.

@Due. 1. Excnepumenmannu obpasyu
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Cnen CP oTBOpHUTE TOMBIHUTEIHO ca 00pa-
00TeHHU upe3 MoCiIe0BaTeIHO paiidepoBane 3a
OCUTYpsIBAHE Ha OTBOpU C JuaMeTpu d =
8.4,8.5,8.6 mm. Ilo To31 HAYMH € OLIEHEHO
BIIMSIHUETO Ha JleOennHaTa Ha Cpsi3aHusl CIOn
MeTaJl OKOJIO OTBOPHUTE BbPXY €BOJIIOLIUATA HA
okpwxHUTEe OH B KOpenaius ¢ AuaMerbpa Ha
MIpPeIBAPUTEITHO 00paOOTECHUTE OTBOPH d,,.

23. ComHOCT ¥ peaJm3anMs  Ha
moauuuupanns Split mandrel meron

B ocHoBara Ha HOBHSI METOX € UAEATA 3a
Tpanchopmupane Ha nporeca CP ¢ Tpancna-
LIMOHHO IPEMMHABAI IIPE3 OTBOpa HHCTPY-
MEHT OT pa3MepPEH KbM HEpa3MepeH. 3a TEXHU-
YyecKa peanusalus Ha HOBUS METOJ ca Ch3Jla-
JI€HU UHCTPYMEHT U YCTPOWCTBO, OCUTYpsIBa-
LY €/IHA U ChIlla CTEHATOCT B YCIIOBUATA HA
OTHOCHUTEJIHO MO-IIMPOK JOIYCK Ha JuameT-
payIHusL pa3Mep Ha MpeaBapuTenHo oOpaboTte-
HUTEe upe3 pszaHe orBopH [17]. OcHoBHUTE
€Talny Ha TEXHOJIOTMYHHUAT LUKBI B CHOTBET-
CTBUE C OCHOBHUTE BapUaHTH Ha U3IIbIHEHHE
Ha HMHCTPYMEHTa U YCTPOWCTBOTO CBIVIACHO
M300peTeHNETo, ca MoKazaHu Ha ¢ur. 2a, 0, B,
r. MuctpymentsT 3a CP Ha OoTBOpH BKIJIIOYBA
YaCTUYHO HATHKHO paspsizaH IopH (¢ur. 2a),
Taka, 4e ca 0()OpMEHHU MOHE TPU CUMETPUUHU
CErMeHTa Ha JIOpHa, B OCOB OTBOP Ha KOMTO €
MO3ULMOHUPAH KOHYCHO-LIUIUHAPUYEH OCOBO
nojBmkeH mu@T. PaborHara yact Ha JopHa
BKJIIOYBA JIBE€ KOHYCHH IIOBbPXHUHU, CBbP3aHU
MIOMEXKJIY CH C LMIMHAPUYHA MOBbPXHUHA
(uniTO TMaMEThp € paBeH Ha MaKCUMAaJIHUS
IUaMeThp Ha OTBOpUTE, mojiexamu Ha CP).
KonycHata moBbpxXHMHAa Ha IUQTa BIKU3a B
KOHTAKT C ITOBbPXHHMHATa Ha KOHYCEH OTBOp,
n3palboTeH B pa3ps3aHus Kpail Ha JOpHA, KaTo
JIBETE€ KOHYCHU MOBbPXHUHHU UMAT €UH U ChIII
BI'bJ Ha HaKJIOHAa . PaboTHaTa KOHyCHa IO-
BbpXHHMHA Ha pabOTHATa 4acT Ha JIOpHa Mpe-
MUHaBa B IWIMHIPUYHA TIOBbPXHUHA, IO KOSI-
TO C€ yCTaHOBSBAa OTBOpa, nojyiexkani Ha CP.

Texnonornunuar nuksa 3a CP Ha oTBOpH
ChIbpKa CIIEAHUTE OCHOBHU eTanu (¢wur.

2a,0,8,r) [17, 18]:
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® [ eman: Bweedcoane nHa oopna Ha uH-
cmpymMeHma 6 npedeapumenno npooumus om-
6op

BxapBaHeTO Ha MHCTPYMEHTA C€ YJIECHSBa

OT IpeiHaTa KOHyCHa MOBbPXHUHA, U3padore-
Ha BbPXy paboTHATa 4acT Ha pa3psA3aHusi 10pH
(¢ur. 2a). Mex 1y UMIMHIAPUYHATA TOBbPXHU-
Ha Ha JIOpHa U TOBbPXHHUHATA HA OTBOPA ChIIE-
crByBa xjabuHa. [1lud1eT ce mpemecTBa oco-
BO 10 OTHOILIEHHUE Ha JOPHA HAJSIBO, TaKa, 4e
KOHYCHaTa My IOBbPXHHMHA HE KOHTAaKTyBa C
KOHyCHaTa MOBbPXHHUHA HA JOpHA (¢ur. 2a).
ToBa mo3BonsiBa enacTuyHa JedopMarus Ha
CErMEHTUTE Ha pa3psA3aHus JOPH B paaHaIIHO
HaIpaBJIEHUE, IIPU KOETO JOPHBT JIECHO CE Bb-
BEXJIa B MPEIBAPUTEITHO IPOOUTHS OTBOP;

® /] eman: Komnencupane na xnabunama
Mexcoy — yCmamosvuHama — YUTUHOPUUHA
NOBLPXHUHA HA OOPHA U CMPECUPAHUS OMEOD
IIpe3 To3u eran LMQTHT ce MPeMecTBa 0COBO,
Taka, 4ye KOHyCHaTa My NMOBbPXHHHA BIM3a B
KOHTAKT C KOHyCHaTa IIOBbPXHHUHA Ha OTBOPA,
u3paboreH B opHa. ToBa mpUYMHSABA pagual-
HO IIPEMECTBAHE HAa CETMEHTHUTE Ha JIOPHA, B
pe3yiTar Ha KOETO LWJIMHApUYHATA My IO-
BbPXHHHA BJIHM3a B IUTBTEH KOHTAKT C MOBbPX-
HuHaTa otBOpa ((ur. 26). B Ta3u nmo3uius nua-
METHPBT Ha paOOTHUTE IWJIMHAPUYHU TIO-
BbPXHUHU OT paOOTHHUTE YaCTH Ha JOPHA € MO-
ToJISIM OT AMAaMEThpa Ha MPEIBAPUTEIHO IPO-
OuTHs OTBOP B AeTaiina. /locTuraneTo Ha mrb-
TE€H KOHTAKT TapaHTHpa IIOCTOSHHA CTETHa-
ToCT npu peanuzauusata Ha CP, Tl kaTto mo-
clleqHaTa 3aBUCH €IMHCTBEHO OT pa3jMKara
MEX]ly TUaMeThpa Ha pabOTHATa [MIUHAPHY-
Ha 4acT OT JJOPHA U TUaMeThpa Ha LINHAPUY-
HaTa YCTaHOBbYHA TIOBBPXHHMHA OT CBHIIUSA
(Bux ¢ur. 3).

® /Il eman: CP na omeopa

EransT Ha CP ce peamusupa upe3 0COBO

IIpeMeCTBaHe Ha JOpHA CbBMECTHO ¢ IH(Ta,
IIPU KOETO pabOTHUTE KOHYCHH U LIMIIMHAPUY-
HU TOBbPXHUHHM Ha JOPHA IMpPEMHUHABAT Ipe3
IpEeIBAPUTETHO MPOOUTHSI OTBOp, AePopMu-
paiiku ro ractTuyHo (¢ur. 2B).
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_ HAOTBIICHO vempoiicmeso 3a CP
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Que. 2 Emanu om mexnono2uuHus yukwJi
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e [V eman: MHzmzane Ha pabomuama
uacm om UHCMpPYMeHma om cmpecupanusi om-
6op u ¢hopmupane ma 30Hama ¢ NOAE3HU
oxpvocuu OH oxono omeopa

Crnen mpekparsiBaHe Ha BB3JCHCTBUETO Ha
JIOpHA BBPXY OTBOPA, HA €CTECTBEHHSI CTPEMEK
Ha MarepuaIHUTE YaCTHUIIM J1a 3aeMar IbPBOHA-
YaJIHOTO CH TIOJIOKEHUE C€ MPOTHBOINOCTABS

uﬁpwez;\

IIPOBJIAYWIMAT CJIOM MeTajl OKOJIO OTBOpA, YMii-
TO IMAaMETBP ce € yBeIn4nil. BreanpensarcTBaHo
CBMBaHE Ha MeTajla OKOJIO OTBOpa BOIH 10 (op-
MupaHe Ha 30Ha ¢ mone3in OH Ha Haruck (¢t 2r).

WHCTpYMEHTBT, peanau3upal MoaupuIm-
panus npouec 3a CP Ha oTBOpH, € OKa3aH Ha
¢wur. 3a, 0.

a.

dn,mmci

Due. 3 Uncmpymenm, peanusupau moouduyuparnus npoyec Ha CP
a. eeomempus Ha pabomuama yacm, 6. 00w 8UO HA UHCTNPYMEHMA

B ycnoBusTa Ha NMIIBTEH KOHTAKT, T.€. IO
Bpeme Ha CP, crernarocrra i 3aBUCH caMO OT
pasnukKaTa MeXIy MaKCUMaJHHUs U MHHHMMa-
JIeH TMaMeThp Ha paboTHATa 4acT Ha pa3ps3a-
Hus JopH (dur. 3a):
i=D-d (1)

CnegoBarenHo, i = const, Thil KaTo HE 3a-
BHCH OT pa3celBaHETO HA AUAMETPUTE Ha Ipe-
JBapUTETHO 00pabOTEeHUTE Ype3 psizaHe OTBO-
pu. MI3MeHeHneTo Ha CTErHAaToOCTTa i BbB Bpe-
METO I1I€ 3aBUCH €IMHCTBEHO OT U3HOCBAHETO
Ha paOOTHUTE YacTH Ha pasps3aHus JOpH.
Crenenta Ha CP DCE e uuncneHo paBHa Ha
OKpB)KHATa JIMHEHHA iehopMaLus 3a TOUKUTE
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OT NOBbPXHUHATA HA O0TBOpa. HeitHOTO M3Me-
HEHUE C€ ONpeAEs OT FPAHUYHUTE CTOMHOCTH
Ha JMaMeTbpa Ha OOpabOTBaHUTE OTBOPHU

do,min u do,max ((bl/IF 3a):
i
= m X 100, %,

DCEmin = €rmin = d; x 100, %

o,max

DCEmax = &t max

(2

B HacTosmoro wu3cnenBaHe TPaHUYHHUTE
croinoctu Ha DCE ca: DCE,,;,, = 3.85;
DCE,, . = 3.93. 3a peanuzanus Ha MOau(u-
nupanus nmpouec Ha CP e u3non3BaHo ycTpoi-
CTBO C XHUJPAaBIUYHO 3a/BMKBaHe. OOmUAT
BU/] HA YCTPOMCTBOTO U MHCTPYMEHTA Ca IIOKa-
3aHu Ha ¢ur. 4.
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‘ HAYKA 1 OsPAZOBAHME 3A
WHTEAUTEHTEH PACTEX

Due. 4 Yempoiicmeo u uHcmpymenm 3a peanusayust Ha moouduyuparnus npoyec va CP

2.4. X-ray diffraction ana;m3 3a u3mepBaHe
HA OCTATHYHHUTE HANPeKeHUs!

3a m3mepBanero Ha OH Oeme m3non3Bax
mudpakromersp D8 ADVANCE c¢ xonumarop
¢ pin-hole #1.0 mm. PexxumbT Ha paborta Ha
peHTreHoBara TpbOa (BHCOKO HaIpexeHue/
ToK) e ¢ 30 kV/ 40 mA. 3a onpenensHe Ha ocTa-
TBUHUTE  HANpPEXKEHHs €  H3IMOJ3BaH
sin%y MeToaBT U YMCIIEHA MPOLEAYPa, 6a3u-
paHa BbpXyMeTO/1a Ha Hali-MaJIKUTe KBaJpaTH.
W3mepenusaT nuppakuroHeH Npouil Ha paB-
nuHarta Al {311} uma cBos MakcuMyM Tpu
260 =~ 139.3° 32 U3MOI3BAHOTO XPOMOBO JIbYe-
Hue, ¢unrpupano upes VKo ¢untsp. Hdu-
(bpakMOHHUTE TPOPHUIN ca ONpPEACTCHU IO
metona Pearson VII, kato ce u34ucaaBar Jie-
(dopmanuuTe Ha pereTkaTa Ha aTyMUHHEBaTa
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crutaB B Hampasienne Al {311}. 3a 06o0bme-
HUS 3aKOH Ha XyK Oelle MPUIOKEH METObT Ha
Winholtz u Cohen, karo ca u3non3BaHu ena-
CTMYHM KOHCTAHTH C TOJNEMHHH: S; =
~4.514TPa™* u >s, = 18.19 TPa™*. Tlapa-
METPUTE, HM3MOJ3BAHU B CKCIIC-pUMEHTA, Ca
KakTo ciensa: 20 mmamason ot 135° — 143°,
20 crpnka ot 0.5° 1 HaKJIOH, AJeUHUPAH Ype3
sin?y =0, 0.1, 0.2, 0.3, 0.4, 0.5 xakTo 3a Ho-
JIOXKUTEITHH, TaKa U 3a OTPULIATCTHH CTOWHO-
cti Ha brba Y. EdexkruBHara mabpibounHa Ha
nponukBane Ha CrKo TpueHHETO € B TUanaso-
Ha 6.5 — 11.0 um.

[Mpensua ¢usnyeckara CHITHOCT HA MO-
muunupanus Split mandrel meton 0GexT Ha
u3MepBane ca okpwxauTe OH B paguanHo Ha-
npaBJicHUE OT phOa Ha OTBOpA MO BXOJHATA U
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— HAYKA 11 OBPA30OBAHME 3A
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M3XOJIHaTa CTpaHa Ha MHCTPYMEHTA B CICIAHU-
Te JIBE XapakTepHu paBHUHU: 1). PaBHHHAaTa Ha
CHUMETpHsI Ha CUMETpHS Ha CerMeHTa; 2). Pas-
HUHATa Ha CUMETpUs Ha IIpopesa.

3. PE3VJITATU U KOMEHTAPHU

3.1. Bausinue Ha pa3ceiiBaHeTO HAa JUaMe-
ThpPa Ha NpeABAPUTEJHO 00padoTeHHsA OT-
Bop (DCE) Bbpxy OH cien CP B 0OKpB:KHO
HaNpaBJIeHHE

@ur. 5a, 0, B, T BU3yallM3upa BIUSHHETO
Ha pa3ceiBaHETO Ha MpeaBapUTETHO 00pabdo-

TEHUTE OTBOPH, PECI. BIUSHUETO HA U3MEHE-
Hueto Ha DCE, BbpXy pa3npenesieHueTo Ha
okpbxHUTEe OH, mMomyuyeHO HEemocpecTBEHO
cien CP.

ExcrniepuMeHTaIHUTE pe3ysTaTu JaBaT OcC-
HOBAHUE 32 CIIeTHUTE KOMEHTAPH:

e HaGmnronaBa ce 0coB I'paJeHT B pasIpe-
nenennero Ha OH, xapakTepeH 3a BCHUYKH Me-
tonu 3a CP ¢ TpaHCIAalMOHHO ITPEMMHABALL
npe3 oTBopa JehopMHpall HHCTPYMEHT — Ha-
THCKOBAaTa 30Ha € MO-U3pa3eHa OTKbM M3XOJ-
HaTa CTpaHa CJIEACTBHE JBUXKEIaTa ce Aedop-
MallMOHHA TUIaCTUYHA BBJIHA B OCOBO HaIlpa-
BJICHUE;

100 . . . . .
% B pasnunama na cumempus Ha ce2MeHma - 6X00
fE 0 Pazcmosinue om pvoa pa omegpa, mm
= ds 1 45 2 25 3 35
50 —
3 -100
& :
=, -150 —
£ —e— d,= 8.14 mm (DCE=3.93)
-200 —a— d, = 8.16 mm (DCE=3.92)H
250 —— d,= 8.20 mm (DCE=3.90) |
—u— d,= 830 mm (DCE=3.85)
-300 - : - :
a.
]0() 1 1 1 1 1 L
B pasnunama na cumempust Ha ceaMenma - uzxoo /J>
50 F =
Q? 0 PGS'C]’HOHHHE’ om pbﬁa fid omeqgpd, mm/
= ) (5 / 15 P 5 150] 3 35 4 45 )
£ o ,/J
S 74_,%/
§ '150 \ 1 o T T
-0‘5} /&///6/ —— d,= 8.14 mm (DCE=3.93)
=40l —— d,=8.16 mm (DCE=3.92)|
2250 — —— d, = 820 mm (DCE=3.90) |
-300 = d,= 8.30 mm (DCE=3.85) ||

0.
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EBPOMEWCK/ CblO3 CUCTEMH U TEXHOJOI'HA* SRR SRR
etttk TABPOBO 23 i VHTEAMFENTEN PACTEN
100 : . . . [ .
50 B pasnunama na cumempus Ha npopesda - 6X00
_ Pazcmsnue om pvoa ha omedgpa, mm
S 9 a5 ¢ 45 p A5 8 35 ¥ 4
L .50
ax
S -100 -
=
g;" 30 —e— d,= 8.14 mm (DCE=3.93)1
S 200 —— d,= 8.16 mm (DCE=3.92)
ain —— d,= 820 mm (DCE=3.90)
—u d,= 8.30 mm (DCE=3.85)
- 3()0 I I [ I
8.
100 : ’ . .
Bpaﬁ'imuama HA cwwempwi HA npope;ia = u3x0()
50
S B Paszcmosinue oin pvoa jia omedpa, mm r /T
$ ) 45 ¢ A5 p a5 kB 35 %47‘%
- =50 ~ L]
S A
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= A
< '150 \ L —— ns [
e ] [{ r~ <4
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-250 —— d,=8.20 mm (DCE=3.90) |
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2

Que. 5 Bruanue na pascetisaremo na usmenenuemo na DCE evpxy
pasnpeodenenuemo Ha OH cied CP

e PasceliBaHETO HA IMaMeThpa Ha MpeiBa-
puTeIHO 00pabOTEHHTE OTBOPU B H3CIEIBA-
nus nuana3on (DCE) pednextupa B ompene-
JIEHO pa3ceiiBaHe Ha pasnpenenenneTo Ha OH,
KOETO MMa pa3jMyueH XapaKkTep B JBETE paBHU-
Hu Ha cuMetpust. [loBspxHocTHHTE OH carpy-
NMpaHU Hall-CUJIHO 10 BXOJ{HATa CTPaHa B paB-
HUHATa HA CUMETpHs Ha cermeHTta (dur. Sa),
KBJETO paznukara € camo 7.6 MPa. Pa3ceiiBa-
HeTo Ha noBbpxHocTHUTE OH € oTHOCUTENHO
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MO-TOJISIMO B PaBHMHATA Ha CUMETPHS Ha pa3-
pe3a (¢dur. 5B, T), Karo He ce HAOIIONaBa Ch-
IIEeCTBEHA pa3jIMKa 10 BXOIHATA U U3XOAHATa
CTpaHa Ha 00pa3lLuTeE;

e II3menennero Ha DCE pednextupa B
MPOTHBOMOJIOKHU TECHJICHIIMU Ha pasIpesierie-
Hue Ha OH mo BxojHaTta U M3XoJHATa CTpaHa
3a JIBETE paBHUHH Ha CUMeTpus. MakcuMaiHa-
ta crorHocT Ha DCE Boau 10 Hail-cUIIHO U3-
pa3eHa HaTHCKOBA 30HA MO BXOJIHATA CTpaHa B
paBHHHATA HA CUMETpUs Ha cerMeHTa (ur. 5a)
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1 00paTHO — HATUCKOBAaTa 30HA, ChOTBETCTBA-
ma Ha DCE = 3.93, e Ha Haii-cinabo u3pa3eHa
10 BXOJ[HATa CTpaHa B paBHUHATA Ha CUMETPHS
Ha mpopesa. 3a BXOJHATa CTpaHa, peau3upa-
HeTo Ha nponiec Ha CP ¢ MMHMMaiiHa CTOWHOCT
Ha DCE (DCE = 3.85) Boau 10 OTHOCUTEIHO
Hail-MaJKu 1Mo a0CoNII0THA CTOWHOCT HAaTH-
ckoBu OH B paBHMHara Ha CUMETpHUS Ha ce-
rMeHTa (¢Gur. 5a) ¥ OTHOCUTEIHO HaH-TOJIEeMHU
o abcomoTHa cToitHocT HatuckoBu OH B paB-
HUHATa Ha CHUMeETpusi Ha mpopesa (dur 5B).
[TpoTHBONONOXKHA € TEHAEHIMATA 3a pasIpe-
nenennero Ha OH 3a DCE = 3.85 1o usxonu-
Hata ctpaHa (¢ur. 56 u ¢ur. 5t).

3.2. EBosrounsa Ha OH B 3aBUCHMOCT OT Je-
0eJIMHATA HA CPA3AHMS CJIOH MeTaJ 0K0JIO
0TBOpa

EBonronusTa Ha pasnpeesicHHEeTO Ha OK-
pbxxkauTe OH B 00paser| ¢ HauaJeH TUaMeThp
Ha oTBOpa d, mm ciep crpyroane, CP u mo-
CJIEJIOBATEIHO paiibepoBaHe 10 MOCTUTaHE HA
otBopu ¢ nuamerpu d = 8.4,8.5,8.6 mm e
nmokasaHa Ha ¢ur. 6a, 0, B, .

e Eporoniusita B pasnpezencauero Ha OH
CJIe/l CTPYTOBaHE MOTBbPXK/1aBa e(hEKTUBHOCT-
Ta Ha HOBHSI METOJI 32 Ch3aBaHE HA MU3pa3eHa
30Ha ¢ nose3Hr OH Ha HATHCK OKOJIO MTOBBPX-
HUHATa Ha CTPECUPAHUS OTBOP;
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Due. 6 Esontoyus na OH cred cmpyeosarne, CP u nociedosamenno
patibepogane Ha omeopume

e Karo 10, MPEMAXBaHCTO HA MIIACTUYHO
neOpMHUpaHH CIOEBE METall OKOJIO CTPECHpa-
HUsI OTBOpP 4pe3 paiibepoBaHe peduiekTHpa B
npepasnpenenenne Ha OH no mocoka Ha WH-
TeH3U(UIUpaHEe Ha HATUCKOBAaTa 30HA C W3-
KJIFOUCHHE Ha MPepas3NpelieliCHHeTO B PaBHU-
HaTa Ha CHMETpHUS Ha Ipopes3a MO BXOJHATa
cTpaHa Ha oOpazena. EdexTsT Ha nHTEH3UDU-

www.eufunds.bg

Lupase Ha 30Hata ¢ HatuckoBu OH ce nposiBs-
Ba B pa3jMyHa CTEINEH B 3aBUCUMOCT OT jebe-
JMHAaTa Ha IpeMaxHaThs CJIOW MeTal B JIBETE
PaBHUHU Ha CUMETPHS;

e ExcrniepuMeHTaIHO MONTy4YeHuTe rpadu-
KU JIaBaT Bb3MOXHOCT Jla ce u30epe MmoIxo -
11a ebenrHa Ha Cpsi3aHus CIIOW, KOSITO Ja J10-
BeJIe 10 XOMOreHu3upane Ha 3oHata ¢ OH 1o
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HampaBJIeHUE HAa OCTa Ha OTBOpa. B KOHKpeT-
HUS CIlydail TOMBJIHUTEITHOTO NMpeMaxBaHe Ha
TBHBK cioi MeTan ¢ aebenuna 0.08 mm cren
CP no nmocturane Ha OTBOp € AMaMeThp d =
8.4 mm Bonu 10 HamassiBaHE Ha OCOBHUS I'pa-
JMEHT, T.e. IO XOMOTCHHM3WpaHEe Ha 30HAaTa C
none3nn OH Ha HaTuck okono orBopa. Ilosnes-
HUAT €PEeKT Ce IBJDKU Ha MpepasnpeesieHue-
To Ha OokpbxkHUTEe OH crien mpemaxBaHe Ha
CIION MeTan ¢ moaxoasna apindounHa. Edek-
TUBHOCTTA Ha TO3U MOAXO € 000CHOBAH U J0-
Ka3aH KaKTo 3a KPbIVIU, TaKa U 32 HEKPBIJIU OT-
Bopu [18, 19, 20]. CnenoBarenHo, npemaxpa-
HETO Ha ThHBK CJION MeTaJ ¢ moaxo s aede-
JUHA Ype3 3aIbJDKUTENHATa omepaus paiide-
pOBaHE MOXE J1a JOBEJC 0 XOMOTCHU3UpPAHE
Ha 30Hara ¢ OH Ha HaTUCK B OCOBO HampaBlie-
HUE, W 10 TO3W HAYHMH Ja MOJA00pU YMOPHOTO
MIOBEJICHHUE.

3.3. BumsHue Ha pa3ceiiBaHeTO Ha
AuaMeTbpa Ha MNpeABapUTEJHO o00pado-
TeHust orBop (DCE) BBpXy ¢uHAIHOTO
pasnpenesaenune Ha OH

@ur. 7a, 0, B, I BU3yanu3upa (HUHAIHOTO
pasnpeznenenre Ha OH B 1BeTe paBHUHU HA CH-
METpus M0 BXOAHATa M M3XOAHATAa CTpaHa Ha
o0OpasluTe B 3aBHCUMOCT OT JAMaMeTbpa Ha
npeaBapuTenHo oopadborenus orBop. MHTEpec
NPEJCTaBIsIBa MOAXOABT, OCUTYPSBAILl €IUH U
chlI (MHAJICH AUaMEeThp Ha CTPECUPAHHUTE OT-
Bopu. OOEKT Ha CPaBHHUTEIHO M3CIICABAHE Ca
o0pa3iu ¢ mpeaBapuTeTHO 00paboTEeHH OTBO-
pu ¢ muametpu d, = 8.14,8.16,8.30 mm u
¢unanen quamersp d = 8.6 mm. Ilo To3u Ha-
YHH CE€ OLEHSIBA N3MEHEHHETO BbB (PMHATHOTO
pasnpeznenenne Ha OH B 3aBuCMOCT oT 1e0e-
JIMHATA Ha CPs3aHMsl CIIOW MeTall ciell puHajl-
HOTO paitbepoBane. TakaBa € W OCHOBHATa
uzes B U3CIEIBaHUS MOAU(PULIKPAH METON 32
CP.
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ExcniepuMeHTamHuTE pe3ynTaTu MoKa3Bar
CIIETHOTO:

e He ce HaOmogaBa eHO3HAYHA TEHICH-
IS B UBMEHEHUETO Ha (UHAIHOTO pas3mpeie-
nenue Ha OH B 3aBUCHMOCT OT [uamMeThpa Ha
IpeaBapuUTeTHO 00pabOTeHHs OTBOP B JBETE
paBHUHU HA CUMETPHS 1O BXOIHATA U U3XOJ-
HaTta cTpaHa. Pa3celiBaHETO € OTHOCHUTEIHO
Haii-Manko (= 40 M Pa) no BXoJHara cTpaHa B
paBHUHATA HAa CUMETPHUS Ha CETMEHTa, a Hai-
roisiMo (= 120 MPa) — o BXoJiHaTa cTpaHa B
paBHUHATAa HA CUMETPHUS Ha IPOPe3a;

e HesaBucuMo oT paznuyHara jaeOennHa
Ha Cpsi3aHUsl CIOW MeTald, MOAU(DUIIUPAHUST
Split Mandrel meton ocurypsiBa ycroitunaa 30-
Ha ¢ OH Ha HaTUCK B OMU30CT IO TOBbPXHUHA-
Ta HA OTBOpA B JIBETC PABHUHU HA CUMETPHS U
o ABEeTe cTpaHu Ha oOpasuurte. Ch3nageHara
HATUCKOBAa 30HA CE XapaKTep3upa C rojisma
IBI00YMHA — = 5 mm oT prba Ha OTBOPA.

4. 3AKUIIIOYEHUE

W3non3Baiiku pa3paboTeHUTe WHCTPYMEHT
U yCTpOMCTBO, peannzupaiiu npouec Ha CP B
CbOTBETCTBHE ¢ Moxubuimpanus Split Man-
drel meron, e mpoBeNEHO EKCIIEPUMEHTAIHO
u3cienBane Ha pasnpezaenHuero Ha OH B 06-
pasuy TUM ,,BTYJIKH OT aJlyMUHHEBa CIUIAaB
2024-T3. IlomyueHuTe MNOCPEACTBOM X-ray
diffraction ananu3 ekciepuMeHTaIHU pe3yiTa-
TH MoraT 1a 0b1aT 0000IIeHH, KAKTO CIIEIBA:

® YCTaHOBEHO €, Y€ OTHOCHUTEIHO TOJISIMO
pasceiiBaHe Ha TMaMeThpa Ha MPEIBAPUTEITHO
obpaborenute orBopu (0.16 mm) Bomgm 10
OTIpeJICNIEHO pa3ceiiBaHe Ha pasIpeieIeHUEeTO
Ha OH, xoeTo MMa paznuyeH XapakTep B paB-
HUHATa Ha CUMETPUS Ha CETMEHTAa M paBHUHA-
Ta Ha CHUMeTpHs Ha paspes3a. [lomoxurenen
¢daxT e, ye HE3aBUCHUMO OT IOJYYEHOTO pas3-
ceiBane n3mepenute OH B 6mu3oct 10 puda
Ha OTBOpa ca MOAYEPTaHO HATUCKOBH U T10 JIBe-
T€ CTpPaHU Ha OOpa3LUTE CleJ BCUUKU MHTEp-
BeHIMK — cinex CP u cien AONBIHUTEIHOTO
paiibepoBaHe Ha OTBOPUTE;

www.eufunds.bg

e Jloka3aHa e e(eKTUBHOCTTa Ha MoAU(HU-
rupanus Split Mandrel meton 3a peanuzupane
Ha HepasMmepeH mpouec Ha CP, ocurypsiBaig
JOCTAaThbYHO WHTEH3WBHA M IBIOOKA 30HA (=
5 mm) c none3nu OH Ha HATHCK B yCIIOBHSTA
Ha OTHOCHUTEIIHO TOJISIMO pa3ceiBaHe Ha JHa-
MeTbpa Ha IMpeIBapUTEIIHO 00pabOTeHHS OT-
BOD;

® J[oka3aHO €, ye MPEMAXBAHETO Ha CJIOU
MeTall C MOJXOJsIa Ae0eIMHa TOCPEICTBOM
¢uHaTHO paitbepoBaHe MOXE J1a XOMOTCHH3H-
pa 3oHara ¢ OH B ocoBo Hanpasnenue. [lomy-
YEHUAT KaTo Pe3yaTar MO-MajbK OCOB I'pajau-
€HT ONaronpusTCTBa MOBUIIABaHE HA YMOpPHA-
Ta IBITOTPAUHOCT.
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NANOHARDNESS AND MODULE OF ELASTICITY OF CR-BASED
NITRIDE COATINGS DEPOSITED AT TEMPERATURES BELOW 200°C
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ABSTRACT

Sets of Cr-based hard coatings were prepared via reactive closed field unbalanced magnetron sputtering (CFUBMS).
Substrate temperature was kept in range of 150 to 200 °C during deposition. Nanohardness (H) and effective modulus of
elasticity (E") of the CrN, CrAIN, CrTiN and CrTiAIN coatings were examined using depth-sensing indentation method.
The results from the combined examination of the research ratios showed that the triple and quaternary hard coatings

have superior mechanical properties and they strongly depend on the deposition conditions.

Keywords: PVD hard coatings, mechanical properties, nanohardness, elasticity.

1. INTRODUCTION

Deposition of hard coatings on machine
components and tools is an effective method of
improving their performance and they expand
their various applications worldwide [1]. Cr-
based coatings are widely applied in industry
for different applications [2,3]. Deposition
temperature ranges below 200°C seriously
bother the obtaining of optimal mechanical
characteristics for the conventional PVD
coatings. Different heat sensitive industrial
materials like cold working alloyed steels,
copper alloys, die steels, polymers, etc. [4]
could improve their exploration time if hard
coatings with optimal mechanical properties
are deposited at these lower temperatures.
Magnetron sputtering has been applied for a
long time as an effective method of physical
vapour deposition of thin films [5]. Closed
magnetic field, generated by unbalanced
magnetrons effectively improves coating
quality. This technology popular as Close Filed
Unbalanced Magnetron Sputtering (CFUBMS)
[6] could be used for deposition of Cr-based
coatings under 200°C.
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The nanohardness of the materials characterised
their resistance to plastic deformation [7],
while elastic module describes the resistance
of a certain material to elastic deformation [8].
These parameters are easy to obtain via
instrumented nanoindentation on very fine
scale.

The focus of this research is the investigation
of the nanohardness and module of elasticity of
Cr-based hard coatings, deposited via
CFUBMS at low temperatures and intended
for real industrial applications.

2. EXPERIMENTAL DETAILS

All of the coatings were deposited onto
hardened high-speed steel (HSS) substrates
type EN 1.3343 via CFUBMS. The process
was carried out with four rectangular
magnetrons two of them Ti, one Cr and one Al
all of them of high purity (99,999%). Current
in the range 0.5-8 A was applied to the targets
in DC regime for the Ti and Cr targets and in
pulsed regime (150 kHz, 1500 ns) to the Al
target. The substrates were degreased and dried
prior to the deposition process.
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The Ar flow of 25 sccm was controlled by
mass flow controller (MFC). The nitrogen
flow, also controlled by MFC was variating
between 15 and 30 sccm. The working
pressure was maintained between 0.19 to 0.36
Pa, correspondingly. The rate of the samples
holder was kept at 5 rpm. Prior to deposition
the samples were cleaned in Ar plasma for 30
minutes at a bias voltage of -500 V for
removing contaminants from the substrate
surface. Bias voltage of -70 V was applied to
the samples and the substrate temperature was
in diapason of 150 to 200°C during all of the
deposition processes.

Nine Cr-based coatings were deposited with
different ratio of contained metals and
nitrogen: Cr, CrN, CrAIN, CrTiN and
CrTiAlIN.

The triple and quaternary coatings were
deposited with Cr adhesive layer (~ 0.1 pum)
and CrN transition layer (~ 0.2 um).

The mechanical properties of the coatings were
characterised via depth sensing method
appropriate for characterization of the
nanohardness and module of elasticity [9]. A
Nanoindentation Hardness Tester (NHT)
(Anton Paar), equipped with a diamond
Berkovich indenter was used. The applied load
was in range of 10 to 20 mN. The maximum
penetration depth is chosen to be between 10%
and 25% of the total coating thickness to avoid
the substrate influence [10,11]. Indentation
depths lower than 10% of the coating thickness
is not recommended because they will lead to
an increase in the Indentation Size Effect [12].
The hardness and the elastic modulus were
calculated, applying the method, proposed by
Oliver and Pharr [10,11].

3. RESULTS AND DISCUSSION

The calculated values of nanohardness (H) and
effective elastic modulus (E*) are shown in
Table 1. The coating mechanical properties
were examined by the application of different
load, chosen in the range of 10 to 20 mN for
each sample depending on its thickness.
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Table 1. Mechanical properties of the substrate and the
coatings.

. H, E*,
# Coating [GPal [GPal
1 Cr 8.1 295
2 CIN 17.9 383
3 CrAIN(1) 19.1 368
4 CrAIN(Q2) 20.1 279
5 CrTiN(1) 27.4 272
6 CrTiN(2) 29.9 392
7 CrTiAIN(1) 39.1 374
8 CrTiAIN(2) 324 399
9 CrTiAIN(3) 30.5 358
10 HSS substrate 11.5 274

During the nanoindentation any significant
cracks were not detected in the load-
displacement curves. Improved mechanical
properties of the coatings, compared to HSS
substrate were obtained.

Fig. 2 presents nanohardness and effective
modulus of elasticity of the examined coatings
and of the bare substrate.

The measured value of the Cr layer 8 GPa is
near to the values cited in the literature in range
of 11-14 GPa. The CrN hard coating show
higher nanohardness of 18 GPa because of the
formation of nitride phase that could increase
the nanohardness even to 28 GPa [13,14]. For
the triple and quaternary hard coatings are
measured higher values of nanohardness
supported from the including of Ti and Al in
their composition [15]. The nanohardness of
the CrAIN hard coatings is 19-20 GPa and this
value depends strongly on the deposition
conditions as the nanohardness of CrAIN

coatings could be also in a wide range: 15-36
GPa[16].

e

401 I H

H, [GPa]

F100

Fig. 1. Nanohardness and modulus of elasticity.
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The CrTiN coatings are characterized with Acknowledgements:  This work  was
nanohardness between 27-30 GPa identical supported by the European Regional

with the reported values for CrTiN coatings
between 25-29 GPa [17]. The superior
nanohardness of this group of Cr-based hard
coatings is seen for the CrTiAIN coatings
measured between 30-39 GPa compatible with
the value of 35 GPa reached from other
researchers [17] The nanohardness values of
the different coatings compared to each other
shown that their mechanical properties
strongly depend on the process conditions like
target current, nitrogen flow and working
pressure. The measured values of modulus of
elasticity for the different layers are as follows:
Cr (=300 GPa), CrN (~380 GPa), CrAIN
(~280-370 GPa), CrTiN (~270-390 GPa) and
CrTiAIN (~ 360-400 GPa). It seen that even
hard coatings with similar hardness could also
have a different modulus of elasticity and the
main contributing factor for this result is the
variation in their chemical composition [18].
As a conclusion, the nanohardness and
modulus of elasticity are improved for the
ternary and quaternary Cr-based coatings
compared to the substrate and the binary CrN
coatings.

5. CONCLUSIONS

The nanohardness and module of elasticity are
studied for Cr-based hard coatings deposited at
temperatures under 200°C. The results show
that independently of the lower deposition
temperature the mechanical properties of the
researched coatings are comparable with the
cited in literature for this class of coatings. The
highest nanohardness is measured for the
CrTiAIN hard coatings. The module of
elasticity strongly depends on the composition
of the hard coatings.

The results of the measured nanohardness H
and module of elasticity E could be used for
investigation of the different H to E ratios and
the different tribological and fracture
resistance properties to be identified, which is
our next research go.

www.eufunds.bg

Development Fund within the OP “Science
and Education for Smart Growth 2014 —
20207, Project CoC “Smart Mechatronic, Eco-
and  Energy  Saving  Systems and
Technologies”,

Ne BG0O5M20OP001-1.002-0023.

REFERENCES

[1] Ilieva M. Obtaining and investigation of hard,
wear-resistant protective chrome-based coatings,
PhD Thesis, “Angel Kanchev” University of
Rousse, Rousse, 2011.

[2] NavinSek B. Industrial application of CrN
(PVD) coatings, deposited at high and low
temperatures. Surface and Coatings Technology
1997; 97 (1-3): 182-191.

[3] Aouadi S.M, Schulze D.M. Growth and
characterization of Cr2N/ CrN multilayer coatings.
Surface and Coatings Technology 2001; 140(3):
269-277.

[4] Doudlas D. Lower Deposition Temperature
PVD Coatings Allow for Greater Choice in Mold
Materials. MoldMaking Technology 2008,
available at Lower Deposition Temperature PVD
Coatings Allow for Greater Choice in Mold
Materials | MoldMaking Technology

[5] Gudmundsson J.T. Physics and technology of
magnetron sputtering discharges. Plasma Sources
Science and Technology 2020; 29 (11).

[6] Deng Y, Wanglin C. Physical vapour
deposition technology for coated cutting tools: A
review 2020; 46 (11):18373-18390.

[7] T. Clyne, J. Campbell, Testing of the plastic
deformation of metals, Cambridge University
Press, 2021,
https://doi.org/10.1017/9781108943369

[8] Tushinsky L, Kovensky I, Plokhov A, Sindeyev
V, Reshedko P. Mechanical properties of coatings.
In: Coated metal. Engineering materials, Springer,
2002, DOI: 10.1007/978-3-662-06276-0 2.

[9] Xiao H., Theoretical model for determining
elastic modulus of ceramic materials by
Nanoindentation. Materialia 2021; 17.

[10] Oliver W.C. Pharr, G.M. An improved
technique for determining hardness and elastic
modulus using load and displacement sensing

153

Ilpoexm BGO5SM20P001-1.002-0023 - Llenmvp 3a Komnemenumuocm ,, Hnmenuzenmuu mexampoHtu, eko- u

€

enepzocnecmagauju cucmemu u mexuonozuu, punancupan om Onepamuena npoepama ,, Hayka u obpaszosanue 3a unmenucenmen
pacmedic“, cvunancupana om Esponetickus cvios upez Eeponetickume cmpykmyphu u unéecmuyuoHHu ghponoose.


http://www.eufunds.bg/
https://doi.org/10.1017/9781108943369

MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA

oy u ~MEXATPOHHMKA, EKO 1 EHEPTOCIECTSIBAIIN .. -
- e CHCTEMH ¥ TEXHOJIOT MU~ ‘ R
: TABPOBO 23

indentation experiments. Journal of Material
Research1992; 7: 1564—1583.

[11] Pharr G.M, Oliver W.C. Measurement of Thin
Film Mechanical Properties, Using Nanoinden-
tation. MRS Bulletin 1992;17(7): 28-33.

[12] X. Li, W. Zhang, M. Ham, F. Xie, D. Li, J.
Zhang, B. Long, Indentation size effect: an
improved mechanistic model incorporating surface
undulation and indenter tip irregularity, Journal of
materials research and technology, vol. 23, p. 143-
153, 2023

[13] Hviscova P, Lofaj F, Novak M. Nanohardness
of CrN coatings versus deposition parameters. Key
Engineering Materials 2014; 606: 191-194.

[14] Hvis¢ova P, Lofaj F, Novak M. The influence
of deposition conditions on the nanohardness and
scratch behaviour of thin DC magnetron sputtered
CrN coatings. Powder Metallurgy Progress 2013;
13 (3-4): 175-178.

[15] Mohammadpour E, Jiang Z-T, Altarawneh M,
Xie Z, Zhou Z-f, Mondinos N, Kimpton J,
Dlugogorski B. Estimation of high temperature

www.eufunds.bg

mechanical properties of CrN and CrAIN coatings
from in-situ Synchrotron Radiation X-ray
diffraction. in Asia Oceania forum for synchrotron
radiation research, 25-27 November, National
centre for synchrotron science 2015.

[16] Benlatreche Y, Nouveau C, Aknouche H,
Imhoff L, Martin N, Gavoille J, Rousselot C,
Rauch J-Y, Pilloud D. Physical and mechanical
properties of CrAIN and CrSiN ternary systems for
wood machining applications. Plasma Processes
and Polymers 2009; 6 (S1): S113-S117.

[17] Sharear Kabir M, Munroe P. Structure and
mechanical properties of graded Cr/CrN/CrTiN
coatings synthesized by close field unbalanced
magnetron sputtering. Surface and Coatings
Technology 2017; 309:779-789.

[18] Musil J, Kunc F, Zeman H. Relationships
between hardness, Young’s modulus and elastic
recovery in hard nanocomposite coatings. Surface
and Coatings Technology2002; 154 (2-3): 304-
313.

154

Ilpoexm BGO5SM20P001-1.002-0023 - Llenmvp 3a Komnemenumuocm ,, Hnmenuzenmuu mexampoHtu, eko- u

€

enepzocnecmagauju cucmemu u mexuonozuu, punancupan om Onepamuena npoepama ,, Hayka u obpaszosanue 3a unmenucenmen
pacmedic“, cvunancupana om Esponetickus cvios upez Eeponetickume cmpykmyphu u unéecmuyuoHHu ghponoose.


http://www.eufunds.bg/

MEXIYHAPOOIHA HAYYHA KOH®EPEHIIUA
»MEXATPOHUKA, EKO U EHEPTOCHHECTABAIIIA
CUCTEMMU U TEXHOJIOI'UH“
T'ABPOBO 23
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EBPOMEVCKM CTPYKTYPHU 1
WHBECTULMOHHU ®OHAOBE

- HAYKA 11 OBPA30OBAHME 3A
WHTEAUTEHTEH PACTEX

EKCHHEPUMEHTAJIHO U3CJIEJIBAHE HA YMOPHOTO INIOBEJIEHHUE
HA OBPA3IUA CbC CKPEIIUMTEJIHU OTBOPHU B AIYMHHUEBA CIIJIAB
2024-T3, IOAJIOKEHUE HA CTYIAEHO PASIIUPEHUE YPE3
MOAUPUILIMPAH SPLIT MANDREL METO/]

FATIGUE BEHAVIOR EXPERIMENTAL STUDY OF SPECIMENS WITH
FASTENER HOLES IN 2024-T3 ALUMINUM ALLOY SUBJECTED TO
COLD EXPANSION VIA MODIFIED SPLIT MANDREL METHOD

Angel Petrov Anchev
Technical University of Gabrovo

Vladimir Petrov Dunchev
Technical University of Gabrovo

Petya Hristoforova Daskalova
Technical University of Gabrovo

Abstract

The object of this study is a new cold hole expansion method in terms of evaluating its effectiveness in improving the
fatigue life of 2024-T3 aluminum alloy. The new method is a modified version of the existing split mandrel cold working.
The new method ensures the same tightness in the conditions of a relatively wider tolerance of the previously drilled hole
diameter. The evaluation of the new method effectiveness was made via fatigue tests with a pulsating tensile cycle using
flat specimens with central holes. Four group of specimens were tested. The holes of the first group of specimens were
drilled and finally reamed. The holes of the remaining three groups of samples were successively drilled in the conditions
of relatively large scattering of the diameters, cold worked and finally reamed. The obtained S-N curves prove the novel
method effectiveness for significantly increasing the fatigue life (up to four times) compared to the conventional case of
hole processing with cutting only. The application of the proposed method in the conditions of a relatively large scattering
of the diameters of the pre-machined holes leads to an insignificant change of the number of cycles to failure with the
same applied remote stress.

Keywords: 2024-T3 aluminum alloy; cold hole expansion; modified Split Mandrel Method; S-N curves; pulsating
cycle

MaTcepuajd B CaMOJICTOCTPOCHCTO Ca BUCOKO-
SAKUTC AJIYMHWHHUCBU CILJIaBHU IMOpaaud CbhbYCTa-
HHCTO OT BHCOKA CTaTM4Ha M JUHaMHW4YHa
SIKOCT C HMCKA MacoBa INIbTHOCT. TaksB Marte-

1. BbBEJJEHUE
CnencrBre OT JOMUHUPAILIOTO JUHAMUYHO

HATOBapBaHe, yMOpara Ha MeTanute € (peHo-
MEH, KOWTO THITUYHO CE€ MPOSBSIBA BbB BCHUKH
BHJIOBE TPAHCIIOPT — aBTOMOOWIICH, BB3/IYIIIEH,
KM TpaHcTopT U Mopcku. [lokaszarenen ¢axt
€, Y€ OTHOCHTEITHUSAT [T HA yMOPHHUTE pa3py-
meHus B camoisieroctpoenero € 50-90 % ot
BCUYKHM TOBpeau Ha kommo-HeHTuTe [1]. [o
roJisiMa CTETICH TOBA C€ ABJKH Ha MHOTOOPO¥-
HUTE CKPEIUTEIHN OTBOPH B JICTATEIIHUTE ara-
paTH, KOUTO ca €CTECTBEHH KOHLIEHTPATOPH Ha
HanpexxeHus: u aedopmanun. [Ipenmountanu
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puan e anymuHuena ciias 2024-T3.
JlokazaHo e(heKTHUBEH MOAXO/ 32 MMOBHILA-
BaHE Ha yMmMopHara abirorpaiiHocT (Y]I) Ha
KOMIIOHEHTH C OTBOPH B JKMJIABO-IUIACTUYHU
MaTepuaiy, B T.4. U alyMuHHeBa ciuias 2024-
T3, e koHuenuusTa ctyaeHo pasmupenue (CP)
Ha oTBOpHUTE. B 0CHOBarTa i1 € njesTa 3a BbBEXK-
JlaHE Ha MOJIE3HU OCTaThbUHU MaKpO-HaIpeKe-
HUS HA HATUCK OKOJIO OTBOPUTE MPEH BbBEXK-
JlaHEe Ha KOMIIOHEHTUTE B €KCILIoaTalus, pas-
BUTA U MIATEHTOBaHa OT KoMnaHusTa Boeing 3a
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npuioxeHus: B aepounnycrpusra [2]. Edek-
TUBHOCTTa Ha Meroaute 3a CP mocpencTBom
IIpEMUHABAIIl 110 HalpaBJieHHe Ha OCTa Ha OT-
BOpUTE Ae(opMupal e1eMeHT CbC CTETHATOCT
€ yTBbpJCHA B mpakTukara. OT TIX Hal-TOMs-
MO TPAaKTHYECKO MPUIOKEHHE MMa METOIbT
Split Sleeve Cold Expansion (SSCE) [2, 3],
KOWTO M3IOJI3Ba MHCTPYMEHT, BKJIFOYBAI MO-
HOJIUTEH KOHYCHO-IIMJIMHAPHYEH JOPH, OKOJIO
KOWTO c€ IMOCTaBs pa3ps3aHa THHKOCTEHHA
BTYJIKa OT HepbKaaeMa cTomana. [IpomecsT Ha
CP ce ochliecTBsBa Upe3 U3TEINISIHETO HA JI0p-
Ha 00paTHO Mpe3 pa3psizaHara BTYJIKa-MOCPe-
HUK, B pPE3yATaT Ha KOETO MaTepUaIbT OKOJIO
OTBOpa IJIacTU(U-IMpa, a MO-OTJAICUCHUTE
cioese ce aedopmupar enactuaro. Crex uz-
Ba)KJlaHEe Ha JIOpHA, BTYJKaTa 3a €JHOKpaTHa
ynotpeba ce U3XBbpIIA, a IPOBIAYMINAT MaTe-
pHaJl OKOJIO OTBOpA C€ OKa3Ba HATHUCHAT CIIE-
CTBHE €CTECTBEHHS CTPEMEX Ha E€IaCTUYHO
neopMupaHuTe cI0eBe Aa ce BbPHAT B IIbP-
BOHAYaJTHOTO cHU CchcrosiHME. Hogenhout
(1986) pazpadorsa merona Split Mandrel Cold
Working (SMCW) [4] 3a npuiioxxeHue B aepo-
MHIYCTPUATA KaTO ajTepHATHBA Ha HEOOXO0IU-
MOCTTa OT CKBIIO CTpyBallla BTYJKa-MOCpe.-
HUK. VIHCTpyMEHTBT, U3IOI3BaH MPH METONA
SMCW, BkirouBa KyX HaJUIBKHO pa3psi3aHus
Ha YETUPH YaCTH JOPH, KOUTO CIIE/T KaToO CE Bb-
BEJIE B OTBOpA, c€ “BIBBPIABA’, TOCTHIalKU
paboTHUS CH AMaMeTpajieH pa3Mep CIeICTBUE
OT OCOBO NPEMECTBaHE Ha UIU(T, pa3HOoI0KeH
B IIEHTpaJsieH oTBOp Ha opHa. [TpouecsT CP ce
OCBIIECTBSABA IPU H3YETNIIHE Ha ,,BTBbpJIE-
HusA“ nopH npe3 orsopa. Meronute SSCE u
SMCW wumar o011a ocHOBa — 1 JiBaTa mpoieca
ce peajM3Hupar ¢ eAHOCTPAHEH JOCTBII, a MPo-
necbT Ha CP mo ChIIECTBO CHOTBETCTBA Ha
pasmepen nporec. Crenenta Ha CP Ha oTBOpa
DCE (Degree of Cold Expansion) ce onpeznens
€IMHCTBEHO OT JuMaMeTpallHUTe pa3MepH Ha
nopxa nipu SSCE nnu Ha nopHa u mudTa npu
SMCW, kakTo ¥ OT 1uaMeTbpa Ha IpeBapu-
TEJIHO MPOOUTHS U paiibepoBaH oTBOp. 3aTOBa
3aJaJieHara ChC ChOTBETEH JIOMYCK CTETHATOCT
Ce OCUTYpsIBa Ype3 KOHTPOJ MO TeOMETPUUYCH
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KpUTepHil (Upe3 KanuOpH), KakTo Ha Juame-
Thpa Ha TMPEABAPUTEIHO MPOOUTHUS OTBOD,
Taka ¥ Ha paboTHAaTa 4acT Ha JOpPHA CpELLy
n3HocBaHe. HeoOxomumMocTTa OT roysiMm Opoit
KOHTPOJIHM OIIE€pallid M TECHUs JOMYyCK Ha
IMaMEeTpajHus pa3Mep Ha MPEABAPUTETHO
00paboTeHNUTE OTBOPH MOBHINABA I[eHATa Ha
oOpaboTkara. 3a eIMMUHHpAHE HA TE3U HEZO-
crarbli, MakcuMoB u JlyHueBa n3o0persiBat
HOB MeTo 3a CP [5], KOWTO 1O CHILIECTBO € MO-
mudukarus Ha merona SMCW. Moaudunmpa-
Hus SMCW wmeton ocurypsiBa €qHa U Chblla
CTETHATOCT B YCJIOBHSTAa HA OTHOCUTEIHO I10-
IIMPOK JOMYCK HA JUAMETpalHUs pa3Mep Ha
IpeaBapuUTeTHO 00pabOTEHUTE OTBOPHU, PECII.
npouechT Ha CP He e pa3mepeH npotrec.

Pa3zButueTo Ha M3cnenBaHHATA Tpe3 IOo-
CIICZIHUTE TOJMHH Ca CBBP3aHHU C U3IOI3BAHETO
Ha HOBH TOJIXOJM 32 Bb3JCHCTBHUE BHPXY Ma-
Tepuajga OKOJO OTBOPUTE — MPEIUMHO 4Ype3
€JIEKTPO-MarHuTHO Bb3JeHCTBUE [6-8] U mO-
CJICZIOBATEIIHO JIA3EPHO TEKCTYpHpaHe U MeXa-
HUYHO BB3JICHCTBHE BbPXY OTBOPA UpE3 POTHU-
pam gedopmupany enement [9]. HezaBucumo
OT BUJAa HA IPUJIOKEHOTO Bb3/ICHCTBHE, 1IeNTa
Ha Pa3TUYHUTE METOIM € elHa M ChIIa — Bb-
BeXXJIaHE Ha TOJIE3HH OCTaTh4YHU HAIPEKECHUS
Ha HATUCK OKoyio oTBopHTe. [lo3HaBaHeTo Ha
npoduiia Ha OCTaThbUHUTE HANIPEKEHUS OKOJIO
OTBOPHTE € Ba)KHA OCHOBA 3a MpeICKa3BaHe Ha
V]I Ha KOMIIOHEHTHTE, HO caMo 110 ceOe cHu He
€ JI0Ka3aTeJICTBO 32 €(PEeKTUBHOCTTA HA JaJCH
noaxoa. bescropeH KOMUYECTBEH KpUTEpUi
3a e()eKTUBHOCT Ca Pe3yITaTUTE, MIOyuYeHH Ha
0aza Ha ymopu#u tectose [10-19]. Jluncrar Ta-
KMBa EKCIIEPUMEHTAJIHU H3CIICABAHUS HA MO-
miduuupanus SMCW wmeron.

LenTa Ha HACTOSIIOTO M3CIICABAHE € J1a CE
OLleHH e(EeKTUBHOCTTa Ha MOAU(DUIUPAHUS
SMCW MeToj 10 OTHOILIEHUE Ha ITOBUIIIABAHE
Ha Y]] Ha amymunuena cruia 2024-T3 BbB BUA
Ha JIUCT B YCJIOBUATA Ha OTHOCUTEIIHO TOJISIMO
pasceiiBaHe Ha JMaMETPUTE Ha MPEABAPUTEITHO
obpaboreute orBopu. OlleHKaTa Ha YMOPHOTO
MIOBEJICHHE € HampaBeHa Ha 0a3za Ha yYMOpPHH
TECTOBE Ha MyJICUPAIll IIUKBI U S-N KpHUBH.
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Marepuanst € anymuHueBa cruias 2024-T3
BBB BHJI Ha JIKCT C Ae0elInHa 5 mm ¢ XuMU4eH
chCTaB, Moka3ad B Taom. 1.

2. MATEPUAJI U METOIHN
2.1. Marepuan

Xumuuen cocmae na 2024-7T3 6v6 6ud na npovm Tabnuya 1
Al Si Fe Cu Mn Mg Zn Cr
94.53 0.784 0.445 1.62 0.79 1.48 0.0176 0.0169
Ni Ti Be Ca Li Pb Sn Sr
0.0115 0.0485 | <0.0001 | <0.0001 | 0.0026 0.126 0.0077 0.0004
V Na Bi Zr B Ga Cd Co
0.0108 0.0024 <0.005 0.0115 | <0.0005 0.022 <0.0010 | <0.0020
Ag Hg In Sb Ce La Mo Sc
0.0011 0.0052 0.0113 0.132 0.0172 0.0052 0.0026 | <0.0005
MexaHUYHUTE XapaKTEPUCTUKH Ha W3- CTAaTMYHU W  JUHAMHYHU  W3CIICIBAHUS

Zwick/Roell Vibrophore 100. I'eomerpusita Ha
oOpasuuTe e nmokazaHa Ha ¢ur. 1a, a oOuMst UM
BUJ — Ha ¢ur. 16.

clie/iBaHaTa aTyMHHMEBA CILIaB ca 0000IIEeHU
Ha Oa3aTa Ha EKCIIEPUMEHT Ha eIHOMEpEH
OITbH Ha IUIOCKM oOpa3nu. M3nuranusita ca
MNPOBCACHU BBPXY HUIIUTBATCIIHA MalllMHA 34

300

80

40

‘ 80

0.

@Due. 1. Excnepumenmanen obpasey 3a mecm Ha ONbH

3a na ce omeHH edeKTa OT HATMYMUETO Ha
LIEHTpPAJIEH OTBOP, MEXAHWYHHUTE HM3MUTAHUS
Ha €JTHOMEPEH OIThH Ca MPOBEJICHH 3a JIBa CITy-
yasg — 0e3 U ¢ HaJM4Yue Ha [IEHTPaJieH OTBOP C
HOMHUHAJEH auameTsp @ 8.5 mm. OueBunHo,

www.eufunds.bg

HAaJIMYUCTO Ha HCHTPAJICH OTBOP C MOCOUCHUA
JAMaMEThp OKa3Ba MOJUEPTAHO CI1ad0 BIUSHHE
BbPXY MCXaHUYHOTO MMOBCACHHUC HA U3CJICABA-
HaTa aJIyMUHUCBA CIUIAB IIpU CTaTUYHO HATO-
BapBane (Ta0. 2).
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Mexanuunu xapakmepucmuku ua 2024-T3 6e3 u c omeop Tabnuya 2
R(),g, MPa Rm, MPa A5, %
be3 omesop 319 430 17,5
C omeop 331 429 10,5

2.2. UHCTPpYMEHT U yCTPOICTBO,
peanusupamm mogupuuupannsgs SMCW
MeTOo/

Jeraiinna wuH(pOpManus OTHOCHO ChII-
HOCTTa Ha Moauuupanus e naaeHa B [PCT].
Nuctpymentst 3a CP Ha OTBOpHM BKJIIOYBA
BKJIIOYBA YaCTHUYHO HauIbkHO SMCW MmeTon
pa3psizaH Ha YeTUpH YacTu AopH (dur. 2a), T.e.
oopMeHH ca yeTHpPU CUMETPUYHU CETMEHTA.
B ocoB oTBOp Ha I0OpHA € MO3ULMOHUPAH KO-
HYCHO-LWJIMHPUYEH OCOBO IMOJBMKEH MUPT
(¢ur. 2a). PaboTHaTa yacT Ha JOpHA BKJIIOYBA
JIBE€ KOHYCHU ITOBBPXHHMHU, CBBP3aHU IIOMEX-
oy CU C LWJIMHApPUYHA MOBBbPXHMHA (YMHUTO
IUaMEThp € paBEH Ha MAaKCUMAJIHUSI JUAMETBP

HAObIICHO PA3PA3AH
O0OpH

Ha otBOopuTe, nojyiexkaiu Ha CP). KonycHara
MOBbPXHHUHA Ha MHU(TA BIKU3a B KOHTAKT C TO-
BbPXHMHATA Ha KOHYCEH OTBOp, U3pabOTEH B
paspsi3aHus Kpail Ha IOpHA, KaTo JBETE KOHYC-
HU MTOBbPXHUHU UMAT €IMH U ChUI bI'bJI HA Ha-
kioHa. PaboTHara KOHyCHa TOBBPXHWHA Ha
paboTHaTa 94acT Ha JIOpHA NPEMHHAaBa B IU-
JIMHJPUYHA IOBbPXHHUHA, 110 KOSATO CE YCTAHO-
BsiBa OTBOpa, noziexan Ha CP. Unctpymen-
TBT (¢ur. 2) ocurypsiBa MOCTOSHHA CTETHa-
TOCT, Th{ KaTO TS 3aBCH CaMO OT F€OMETPHY-
HUTE TapaMeTpu Ha paboTHATa 4acT Ha JOp-
Ha—1[ = const = 0.32 mm.

KOHYCHO-YUTUHOPUYEH

a.

pabomua yacm
Ha OOpHa

ChriiacHO HM300peTeHHETO, MPOLECHT Ha
CP craprupa cieq KOMIEHCHpaHe Ha XJ1abuHa-
Ta MEXIYy HUIMHApPUYHATA YCTAaHOBbYHA IIO-
BbPXHHHA HA Pa3psA3aHus JOPH U MOBbPXHUHA-

0.
Due. 2. Uncmpymenm 3a CP, peanuzupaw moouduyupanusi SMCW memoo

www.eufunds.bg

Ta Ha oTBOpa. KoMmeHcupaHero ce ocbllie-
CTBSIBA YPE3 OTHOCUTEIHO OCOBO ABUKCHUE HA
mudTa Mo OTHOIICHHWE HA pa3psi3aHus JOpH.
XnaOuHa ChIIECTBYBA 32 BCHUKU TPETUPAHU
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OTBOpH, C M3KJIIOUYCHHE Ha Te3U, 00padoTeHH
Ha TOpHAara rpaHula Ha JWaMeTpallHus pas-
mep. ["apanius 3a puHanM3Mpane Ha erarna Ha
KOMIICHCHpaHe Ha XJlabuHara € JOCTHTaHETO
Ha IUTBTCH KOHTAKT MCXKIAY CICOAHUTC TpHU
€JIEMEHTA: KOHYCHO-IIMJIMHAPUYHUS IIUQT,

paspsizaHusl JOpH U oOpasera ¢ 0TBOp, MojuIe-
xai Ha CP.

Ha ¢ur. 3 e mokazan o0 Bua Ha Xujpa-
BIIMYHOTO 33/IBMKBAIIIO YCTPOWCTBO U UHCTPY-
MeHTa, peanu3upany Mogupunupanus SMCW

METOA.

@Due. 3 Oow 6uo Ha ycmpoticmeomo u uncmpymenma 3a CP,
peanuzupawiu mooupuyuparus SMCW memoo

2.3. ExcriepiMeHTAJHU YMOPHHU 00pa3uu

ExcniepuMeHTamHuTe YMOPHU 00pasiu ca
C TEOMETPUYHH TTapaMeTpH ChIIacHO Hur. la ¢
HeHTpajieH oTBop. OOEKT Ha YMOPHH H3IIHTA-
HUSI ca YEeTHPH TPYNH 00pa3ily, pa3irnyaBaliy
ce [0 HaYMHA Ha TPETUPAHE Ha OTBOPUTE:

e [* pedepHeTHa Tpyna — OTBOpHUTE ca
muametsp d, = 8.5 mm u obpaboreHu upes
psi3aHe (M3MOJI3BAHKU WHTEPIIONALUS) BBPXY
¢bpe3oB obpadorBany neHThp. [lokazanu ca Ha
¢wur. 3a;

e [[?? rpyma — oTBOpuTE ca 00paboTeHU B
clienHaTa TMOCJIEOBATeIHOCT: 4Ype3 psi3aHe
BbpXY (ppe3oB 0OpaboTBall HEHTHP 10 JUaMe-
™6p d, = 8.0 mm, CP u ¢unanno paiibepopa-
He 110 quametsp d = 8.5 mm (dur. 36). OtBo-
pHTE OT Ta3M rpyra ca TPETUPAHU ChC CTEICH

Ha cTyaeHo pasmupenue DCE = di = 0.04 x
100=4%.
e [II"™™ rpymna — orBOpuTe ca 0OpaboTeHn

B CIICJHATa IOCIJIEIOBATEIHOCT: 4pe3 ps3aHe
BbpXY (ppe3oB 0O6paboTBall HEHTHP 10 JUaMe-

www.eufunds.bg

™sp d, = 8.1 mm, CP u ¢unamnHo paiibepopa-
He 1o auamersp d = 8.5mm (pur 30).
OTBoOpUTE OT Ta3u Tpyla ca TPETHPAHH ChC

l
CTEIEH Ha cTyAeHo pasmupenue DCE = =

0.0395x100=3.95%.

e [V rpyma — oTBOpHTE ca 00paboTeHn
B ClIeJIHATa TOCIIEIOBATEIHOCT: Ype3 psi3aHe
BbpXY (ppe3oB 0O6paboTBall LHEHTHP 10 JUaMe-
™ep d, = 8.2 mm, CP u ¢unanHo paitbepopa-
He 1o quametsp d = 8.5 mm (dur. 36). OtBo-
pHTE OT Ta3M rpyrna ca TPETUPAHU ChC CTEIICH

Ha cTygeHo pasmmpenne DCE = — =

do
0.039x100=39%.

B choTBeTCTBHE € TOPHOTO ce 0Oe3rmeuana
€IMH U ChIU (UHAICH TUAMEThp Ha OTBOPA,
T.€. €IHO U CHIIO KPUTUYHO CEYCHUE HA YMOP-
HUTE 00pa3iu OT BCUYKU rpynu. OMHUCaHOTO
rpynupaHe Ha YMOPHUTE OOpasly J1aBa Bb3-
MOXKHOCT Jla C€ HampaBsT CICIHUTE CPaBHU-
tenHu omeHku: 1). [la ce omenu edekra ot
npuiaraie Ha moaudumupanus merox 3a CP
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Ha 6a3a Ha cpaBHeHue Ha [1P? TII™ u IV rpy-
nu ¢ [™ rpyna, T.e. ¢ KOHBEHUMOHAJIHUSA CIIy-
yaif Ha 00paboTBaHE HAa OTBOPHUTE CAMO Upe3

[

ps3ane; 2). la ce onenu edexra oT pasceiiBa-
HETO Ha MPEABAPUTETHO 00pabOTEHUTE OTBO-
pu ipeu CP BbpXy YMOPHOTO MM ITOBEJICHHE.

. .
] ]

3
-
4 .
Lo .

S
4 *
e
.

»

o.

-

Due. 3. Excnepumenmannu obpasyu 3a yMOpHU mMecmoge

B choTBeTcTBHE C TOPHOTO ce obe3nedana
€IUH U ChIIM (UHAJICH JUaMEThp Ha OTBOPA,
T.€. €JHO M CHII0 KPUTHUYHO CEUYCHHE HA YMOP-
HUTE 00pa3lu OT BCHMYKU rpynu. OMUCaHOTO
rpynupaHe Ha YMOPHUTE 0Opas3lyl J1aBa Bb3-
MOYKHOCT JIa C€ HalpaBsT CICIHUTE CPaBHU-
tenHu oneHku: 1). Jla ce onenn epeKTHBHOCT-
Ta Ha Monudupanus meroy 3a CP Ha Ga3za
Ha cpaBHeHue Ha 1P IIT™ u IV™ rpynu ¢ '™
rpymna, T.e. ¢ KOHBEHI[MOHAJIHHUS CIy4ald Ha
00paboTBaHE Ha OTBOPHUTE CAMO Ype3 psi3aHe;

www.eufunds.bg

2). Jla ce oueHu edexTa OT pa3ceiiBaHETO Ha
MpPeIBAPUTEIHO 00paOOTEHUTE OTBOPHU MPEIU
CP nHa 6a3a Ha CpaBHCHHE Ha YMOPHOTO ITOBE-
nenue Ha obpasiu ot 1P 1™ u IV™ rpynu.

CP Ha o0Opasiure ¢ HanpaBeHo 3a €Ha U
ChIlIa OPUCHTAIMS B OKPHKHO HalpaBIICHHE
Ha pa3psi3aHus JOPH — MHCTPYMEHTHT € Pa3Iio-
JIO)KEH TakKa, 4ye paBHUHATA Ha 3aCTPAICHOTO
CCUCHHE J1a ChBIIaJIa C pABHUHATA HAa CUMETPUS
Ha KOM JIa € CeTMEHT.
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2.4. YMOpHH TecTOBe MyJCUpall LUKbI BbPXY H3IUTBATECIIHA
YMOpPHOTO MOBEJICHUE HAa 00pa3IUTe OT BCSIKA mamuHa Zwick/Roell Vibrophore 100 (¢ur. 4).

rpymna € U3CleIBAaHO Ype3 YMOPHH TECTOBE Ha

L

i

Zwick I Roell

S e e I

Due. 3. Usnumamenna mawuna Zwick/Roell Vibrophore 100 6 dunamuuen pedxcum 3a paboma

YMOpHHTE TECTOBE Ca MPOBEIECHHU C YECTOTA, 3. Pe3ysnratu u komeHTapu
ChOTBETCTBAIllA HA I/I36paHa pe30HaCHa 4Y€CTO- HOqueHI/ITe 3a YETUPUTE TPy EKCIIEPHU-
Ta OT UBIIUTBATCIIHATA MaAIlIMHA. EKCHepI/IMeH- MEHTAJIHU 06pagu1/1 S-N KpHBHU Cca [I0Ka3aHU Ha
TaTHUTE PE3yJTaTH 3a BCHUKH IPyIu ca 0000- ur. 4 B TOrapuTMHYCH Marat.

LIIEHU BbB BUJ Ha S-N KpUBH.
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@Due. 4. S-N kpusu

S-N kpHuBHUTE TIOKa3BaT CIECTHUTE TCHJICH-
[UH:

e Haymie e 3HaunTEeNTHO MOAOOpsBaHE Ha
YMOPHOTO TOBEJICHHE Ha TPUTE TpynH o0pas3-
IId, YAUTO OTBOpHU ca momnoxenn Ha CP B
CpaBHEHHE C pedepeHTHaTa Tpyra OOpasiy.
ToBa nokasBa edeKkTUBHOCTTa Ha MoaUDUIHU-
panuss SMCW wmeron 3a noBumaBane Ha Y| —
3a oOpazuure ot [V™ rpyma moBUIIEHUETO € C
okosio 750 000 nukbna (4 meth) (ur. 4);

e Karo 115110, HaOmrOaBa ce OJIM3KO pasmo-
noxeHue Ha S-N KpuUBUTE, ChOTBETCTBAIN HA
obpazuute ot I III™ u IV™ rpynu, yuuro
otBopHu S-N kpuBuTe ca nojyioxxenu Ha CP. To-
Ba MOTBBPXkAaBa €(PEKTUBHOCTTAa Ha Mo (uU-
uupanusgs SMCW meTop B ycioBHsITa HAa OTHO-
CHUTEJHO TOJISIMO pa3ceiiBaHe Ha MpeBapuTel-
HO 00pabOTEeHHUTE OTBOPH;

® 3a0ensi3Ba ce ornpe/eneHa TeHACHIUS 3a
M3MEHEHHEe Ha HaKJIIoHa Ha S-N KpUBHUTE B KO-
pernarys ¢ HOMUHAJIHUS AUaMeThp Ha Mpe/Ba-
pUTEIHO 00pabOTeHHUTE Ype3 ps3aHe OTBOPHU.
He3zaBucumo, ue crenedra Ha CP uma Hal-TO-
nsMa CToHHOCT 3a obpasziute ot IIP* rpyma
(DCE = 4 %), cvorBercBamara uM S-N KpuBa
MOKa3Ba TE€HJICHIIUS KbM Hal-HUCKA CTOWHOCT
Ha SKOCTTa Ha ymopa npu 106 nukena B cpas-
Henue ¢ Te3u 3a 1™ u [V™ rpynu. Haii-rons-
Mma Y]| ce HaOmonaBa nmpu obpasuute ot [V™
rpyra, YuUTO MPeIBAPUTEIHO 00pabOTeHH OT-
BOpPHY MMAT Hai-roJIsIM HOMUHAJICH TUAMETHP.

www.eufunds.b

Te3u pesynraT ce IbDKAT B O-TOJIsSIMA CTe-
neH Ha eekTa OT Ipepasnpe/iesieHue Ha Mo-
JIE3HUTE OCTAThYHH HAINPEIKCHUS CIICICTBHE
OT OTCTPAHSBAHETO HA CJION MeTal ¢ pa3inyHa
nebenuHa cien (UHATHOTO paiibepoBaHe.

4. 3AKJIIIOYEHUE

[IpoBeneHO € CpaBHHUTEIHO EKCIIEPHMEH-

TaJHO U3CIIe/IBAaHE HA YMOPHOTO MTOBEJICHHUE HA
TUTOCKK 00pa3Iy ¢ OTBOPU OT BUCOKOSIKA alTy-
munneBa cmiaB 2024-T3, obGpaboreHu camo
4pe3 psi3aHe ¥ TakuBa, nojutoxkenn Ha CP upe3
Moaupuumupan SMCW meton B yciaoBusITa Ha
OTHOCHUTEIIHO  TOJIIIMO  pa3ceiiBaHe  Ha
IaMeTPUTE Ha IIPEeIBAPUTEITHO 00pabOTeHUTE
otBopH. [lomydeHuTe B pe3yiarar Ha yMOpPHHU
TECTOBE Ha ITyJICHPAII OI'BHOB ITUKBJI S-N KpH-
BU TIOTBBPIK/JIABAT CIIEHOTO:

e Jloka3aHa € e(peKTUBHOCTTA HA MOAUPHU-
nupad SMCW meTos 3a 3HaUUTENIHO MOBUIIA-
BaHe Ha Y/[ (10 4 MbTH) B CpaBHEHHE C KOH-

BEHIIMOHAJIHUSA Clly4ail Ha 00paboTBaHe Ha OT-
BOPHUTE CaMoO C ps3aHE;

e [Ipunaranero Ha mogupunupas SMCW
METOJl B YCJIOBHATA HA OTHOCHUTEIHO TOJISIMO
pasceiiBaHe Ha IMAMETPHUTE Ha TPEIBAPHUTEIN-
HO 00pabOTEeHUTE OTBOPHU HE BOJIU 10 CHIECT-
BEHa NPOMsIHA B YMOPHOTO IOBeneHue. ToBa
MOTBBPK/IaBa YCIEIIHATa peau3alis Ha HO-
Bus MeToy 3a CP kaTo Hepa3MepeH mpoliec.
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expansion method and its effect on surface
baaromapnocr:

ABTOpHTE H3Ka3BaT CBOSATA OJarogapHOCT
Ha npoekt BGOSM20OP001-1.002-0023 Ilen-
TBHpP 32 KOMIIETEHTHOCT ,,/IHTEJTUTeHTHU MeXa-
TPOHHH, €KO- U EHEPrOoCIeCTSBAIH CHUCTECMHU
M TEXHOJIOTHH ",
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Abstract

The report presents the concept of research laboratory 7.5 "Intelligent energy-saving systems and technologies” at
the Competence Center "Intelligent mechatronic, eco- and energy-saving systems and technologies"” financed through
the Operational Program "Science and Education for Intelligent Growth" 2014-2020". The equipment provided for
delivery has been reviewed. One of the mock-ups - Demonstration mock-up for testing photovoltaic panels, its

construction, some of its parameters and the possibilities of conducting research with it is examined in detail.

Keywords: Intelligent energy-saving systems

BBBEJEHHUE

JlaGopatopus 7.5 ,JIHTeIMIreHTHU €Hepro-
CIECTSBAIlM CHCTEMU U TEXHOJOTMH KbM
Hentppa 3a kommneTeHTHOCT "VIHTeNUreHTHU
MEXaTPOHHM, KO- U EHEPrOCIECTSIBAIIM CHCTE-
MU ¥ TEXHOJOTUU" € e]lHa OT CIeUUATU3UPAHU-
Te J1abOpaTOpUM MPEIBUICHU 33 U3rPaXKJIaHE B
LEHTHhpa 3a KOMIeTeHTHOCT. [IpoekTsT ce ¢u-
HaHcupa upe3 OneparuBHa nporpama ,,Hayka u
oOpazoBaHHMe 3a MHTEIUTeHTEH pacTex’ 2014-
2020%.

Bopemara unest npu ch3gaBaHeTo Ha jabo-
paropus 7.5 € 4pe3 U3IOI3BAHETO HA CUCTEMU
U YCTPOWCTBA, CBbP3aHH B 00I1a KOMYHHUKAIU-
OHHA MpeXa B peaJlH0 BpeMe Ja ce chOupar
JaHHU 3a JoOMBaHATa M pa3xoiBaHaTa eHep-
MU OT KOHKPETHHUS KOHCYyMaTrop WM Ipyna
KOHCyMatopu. Bb3 ocHOBa Ha aHanu3a Ha Io-
Jy4eHHUTE JaHHU TpsOBa 1a ce ONTHUMH3Hpa
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pa3xoja Ha €HEeprus Ha W3CIICJBAaHUTE KOHCY-
Maropu. B eaHa mo-janevHa nepcreKTuBa, Ha-
TpyHaHUAT ONMUT MOXE Ja Ce Ipuiara Ipu
NPOCKTUPAHETO Ha MTACUBHU CTPAIH U OOCKTH C
MUHUMH3HPAHO CHEPTONOTpeOICHHE.

N3JI0KEHUE

IIpu craprupanero Ha mpoekra LleHTsp 3a
xkomnetrentHocT (LK) ce popmupa u nnesra 3a
Ch3/IaBaHe Ha CIIeIHAM3UpaHa JadopaTtopus 3a
U3CIIEBAHE Ha €HEProCHEeCTABAIM CUCTEMHU U
texHonorun. Ha ¢ur. 1 e mpencraBena KoHuen-
musATa 3a Jaboparopus 7.5 ,IHTeTUreHTHH
€HEProCIeCcTABaII CUCTEMU U TEXHOJIOTUU .

IIpenBuieHo € M3rpaKJaHETO Ha JIOKAaJIEH
LeHTbp 3a MoHuTOopuHr (JILIM) B koiTO na ce
cbOupa u 0000mmaBa nHGopMIUATa 32 pasmnpe-
JIEIEHUETO HA €HEPTMMHUTE MOTOLU B U3CIEN-
BaHHUTe o0ekTH. M3cnenBanu 0OeKTH ca moTpe-
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OuTenu ¢ pa3NM4YHU TOBapoBU rpaduiy. B Ha-
YaJHHs eTal Ha pa3BUTHE HA CHCTeMara, KaTo
TaKMBa MOXXE J1a C€ W3IOJI3BAT YYeOHHUTE KOp-
mycu M CTyAeHTckoTo obmexutne Ha TY-Co-
¢us, umman InoBaus.

®EL] 1

JINE

®EL| 2

UTE

num NKKE

VEE

KKE

MWE

LEDO

Ao

YpEMII

o e A AN

aOM

Due. 1. Konyenyusa 3a rabopamopust 7.5

Jloxannute uzrounuim Ha eneprus (JIME)
ca JIBa, MOHTHPAHH B JiBa OT YYeOHHUTE KOPITY-
cu. Enunuar JIME e ¢otoBonTanyna cucrema
(DELL1) c momHuocT 22 kWp U mpuiiexamioro un
obopyZaBaHe: J1Ba Tpu(asHU WHBEpTOpA — Mpe-
KOBU U XUOpHIEeH, Bceku ¢ MourHocT 10kW,
akymynatopHa Oatepust ¢ momHuoct 20kWh u
3apsiiHa CTaHIMS 32 E€JIEKTPOMOOHIIM C MOII-
HocT 10 20kW.

Bropust JIUE e ¢oroBonTanyna cucrema
(®EI2) ¢ momuoct 5,5kWp u equn eaHoda-
3¢H MpEeXOBH HMHBEPTOpP € MOIIHOCT SkW.
@EL2 ce pa3nonara B Ipyr OT y4eOHHUTE KOp-
nycu Ha TY-Codust, punman [Inosaus.

Bropara rpyna oGopyaBaHe, NpenBUICHOTO
3a JIOCTaBKa € MpeJHa3HaueHO 3a M3MEpBaHe U
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KOHTpos1 Ha KoHcymupanara eHeprus (MKKE).
To BKIIIOYBA IIMPOK CHEKTHP OT U3MEPBATEIHU
YCTpOICTBa — YATPa3BYKOBH TOIIOMEPH 3a W3-
MepBaHe Ha TomuMHHa eHeprus (UTE), enHo-
¢da3uu u TpudazHU eTEKTPOMEPH 32 U3MEPBaHE
Ha enektpoeneprus (MEE). Kbm Ta3u rpyna ce
BKJIIOYBA M OOOpyJBaHe TpeAHA3HAYCHO 32
KOHTpos1 Ha koHcymupaHaTta eHeprusi (KEE) —
TOIUIO- WJIM €JEKTPOECHEPIUs: HHTEIUICHTHU
KOHTaKTH, U BEHTWIM 32 PaJuaTopH, CEH30pU
3a TeMIIeparypa, 3a OCBETJICHHE, 3a IPUCHCTBUE
u 1p. O6I0TO MEXAY TSX €, 4e MOIbPKaT KO-
MYHHUKALIMOHHU TPOTOKOIU M IMO-KOHKPETHO
M-bus, KOETO MO3BOJISIBA CBBP3BAHETO UM B JIO-
KaJTHU Mpexu. Upe3 KOHTpOJEpH - KOHLEHTpa-
TOpU Ha JaHHU, CHOMpPAHUTE JaHHU IIE CE M3-
npawar kpM JILM.

Tperara rpyma, HapedeHa IONMBIHUTEIHO
obopynane (10), BkIItouBa:

a/ Mobwunen n3rounuk Ha eHeprus (MUE) -
¢doroBonTanyHa cuctema ¢ mourHocT 3kWp ¢
enuH Tpudazen xubpuneH uHBeptop SkW mn
akymysatopHa 6arepus 5.8kWh;

6/ LED ocserurenu (LEDO) — ToBa ca
pa3NUYHU OCBETUTENH, BKIIOYUTEITHO U YJIHY-
HU, n3noj3Bamy PV nmanenn, LED m3toununm
Ha CBETJIMHA M KOHTPOJIEPHU 3a YNPABIECHUETO
uM.

B/ Ypeau 3a perucTpupaHe Ha eJleKTpoMar-
HutHu JpueHus (YpEMIJI) —npensuaenu ca 3a
JOCTaBKa pa3jaudHU ypeau 3a U3MEpPBaHE Ha CH-
JIOBUTE XapaKTEPUCTUKU HA EIEKTPHUUCCKU U Ha
MarHuTHH TI0JIeTa, W JPYTH [MapaMeTpu Ha
okonHara cpena. Ha ¢ur. 2 ca npencraBenu Hsi-
KOM OT TAX - 32 U3MEpPBAaHE Ha MHTEH3MUTETA 32
enektpuueckoro none (E) m marnutHara uH-
nykuus (B) u na mocko none (FF) B 3aBucu-
MOCT OT 4YecToTaTa Ha JibueHusnTa. Mima u ypenu
32 HM3MEpBaHE Ha CKOpPOCTTa Ha BATHpPA, HA
CI'bHUEBATa pajualiys u ap.

r/ Jlemorctparmonnn maketu ([AM) -npen-
BUJICHO € IIPOCKTHpaHe, U3paboTKa M JOCTaBKa
Ha JIBa JEMOHCTpAIlMOHHU MakKeTa — Ha BETPO-
re’eparop 4 Ha poToBosiTanyHa cucrema. Upes
TAX 1€ CE JAEMOHCTpUPAT BB3MOXKHOCTUTE 32
npeoOpa3yBaHe Ha €HEprusATa Ha JBa TUIIUYHU
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BH300HOBSIEMH W3TOYHHKA — BSTHD M CIBHIIE
MpeJ CTYJEHTH, KaTo KpalHarta e Ha Te3U Jie-
MOHCTpAIUU € MPUOOIIIABAHETO UM KbM U3CIIe-
JloBaTesickara JielHocT rpoBexkaana B LK.
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@Due. 2. Yecmomen duanazorn Ha ypeoume 3d
usmepgane na EMJI

[TocoyenoTo A0 Tyk obopyaBaHe ce 0Oemu-
HSBa B T.Hap. ,,JlJabopaTopeH KOMIIJIEKC 3a W3-
cieaBaHe Ha paboTara W eHepruiiHata edek-
TUBHOCT Ha BEU®.

JlaGopaTOpHHUAT KOMILIEKC 3a M3CIIeIBAHE HA
pabotata u eHepruiiHara edekTuBHOCT Ha BEU
BKJTIIOYBA 00110 32 pa3nuyHu apTHKya. W3BbH
na0opaTOpHUST KOMIUIEKC € JIOKAIHUAT HEHTBP
3a MoHUTOpHHT (JILIM), BK/IrOUBaIl KOMITIOTBP-
Ha TEXHUKAa M CIEHUAIU3UPAHO IMPOTrPAMHO
OCUTypsiBAaHE U 00OpYy/IBaHETO 3a KOHTPOJI Ha
koHcymupaHnata eHeprus (KEE).

JEMOHCTPAIIMOHEH MAKET HA
N3IIUTBAHE HA ®OTOBOJTANMYHU
ITAHEJIN

MaxkeThT € mpeaHa3HaueH 3a W3MUTBAHE Ha
(OTOBONITANYHN TAHENW C MajKka MOIIHOCT
(5W) or paznmuueH TUll - MOHOKPUCTAIIHU
( EMDE [1], TPS-1055-5W [2]) u noaukpu-
cranuu ( CL-SMS5P [3], Poli-Si [4] ) Ha pa3nud-
HU mpou3BoauTenu B Tabn.l ca maxgenu ycpen-
HEHUTE pasMepd Ha PV manenu B 3aBUCHMOCT
OT MOIHOCTTAa WM. Pa3mepbhT Ha maHenutre u

TSAXHATa MOIIHOCT €a ONpeAeIIAIlH 3a Iapame-
Tpute Ha [IM — KOHCTPYKTMBHU pa3sMepu H
MOIIHOCTTA HAa CBETJIMHHUTE U3/1bYBATEIIN.
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Taon.l.

Momnoct, W | Ipmkuna, m | IMlupounHa, m
5 0,30 0,20
10 0,35 0,26
15 0,42 0,30
20 0,44 0,36
30 0,65 0,35
40 0,55 0,51
50 0,65 0,55
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@Due. 3. Koncmpyrxyus na /IM 3a uznumeane na PV
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OOmusAT BUI Ha MpeAsiaraHusi MaKeT € Ja-
ner Ha ¢ur. 3. Toll BKIIOYBA CIICTHUTE ChCTAB-
HU eneMeHTHu: ocHoBa (1), cTolika 3a 3akpenBa-
HE Ha CBETJIMHHUS M3TOYHUK (5), U3TOYHHUK Ha
ceemyinHa (4) u peduexrop (3). M3nuTBaHUAT
¢doroBonTanyen naHen (2) ce ¢puUKCUpa BBPXY
ocHoBata (1). Pasmepure nHa ocnoBata (1) ca
ChOOpa3eHH C pa3MEepUTE Ha COJAPHUTE IMaHe-
nu. MakcuManHUAT pa3Mep Ha TaHEIuTe He
Tpsa6Ba na Haasumara 1000mm x 500mm.

Bucounnara Ha pedrexkropa u ChOTBETHO -
Ha M3TOYHUKA MOXE Ja C€ peryjupa, Taka ue
MaJalusaT CBETIMHEH MOTOK Jia MOKpUBa Iisiia-
Ta TUIOLI HAa WM3MUTBAaHUA NaHed. M3TOYHUKBT
Ha CBETJIMHA (2) ce peanus3upa ¢ U3I0JI3BAHE HA
12 cBerognona tum Alustar-G20-30 [5] ¢ mpen-
BAPUTEITHO M3BECTHU CIIEKTHpP, MOIIHOCT U
CBETJIMHEH MOTOK Ha M3JIbYBAHETO — I'PYIHU OT
1no 3 yepBeHHU, 3 KbBJITU, 3 3€J€HH U 3 CUHU
LED (tabmn.2).

Tabn. 2
No 1 2 3 4
Aomkmna 625nm | 590nm | 528nm | 475nm
Ha BbJ/1IHATa
LBAT Ha

‘-IepBeH Kbt 3eneH CUH

CBeT/InHaTa
c 350 mA 62 64 97 35
BETIMHEN 7260 mA 111 116 175 62

noTok, Im

1000mA | 145 151 228 81
Mowroc 350 mA 08 11 11 11
”\j\*" T 700 mA 1,7 2.2 2,4 23
1000 mA 2,6 3,3 3,7 3.4

JIbmkHATa HA BBJIHATA HA MOHOXPOMATHY-
HOTO M3JIbuBaHe Ha u3non3Banure LED u3rou-
HULIK CHOTBETHO € 625nm (uepBeH), 590nm
(xbaT), 528nm (3enen) u 475nm (cun). Cer-
JTUHHUAT TIOTOK C€ peryjiupa B T'PAHUIIUTE OT
40% no 100% crnpsiMO HOMUHAIHUS TTOTOK.

Ha ¢ur. 4 ca nagenu MouiHOCTTa M Hampe-
KEHUETO BBHPXY AUOAUTE TMPH H3MEHEHHE Ha
ToKa mpe3 TaX. Ha ¢ur. 5 e nmokazano n3mene-
HHUETO Ha CBETJIMHHUA NOTOK Ha LED u3tounu-
[UTe TIpU U3MEHEHHE Ha Toka. [IpeacraBeHute
3aBUCHMOCTH Ca TIOCTPOEHU IO CIPABOYHHU
JaHHU Ha Qupmara mnpousBoauTen [5] 3a u3-
OpaHUTE CBETOMOIH.
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Due. 5. Uzmenenue na ceemaunnus nomok na LED
8 3ABUCUMOCH OM NPOMUYAUUSL MOK

CuMynanvoHHHUAT MaKeT IIe MO3BOJIM Ja Ce
JEMOHCTPHpA BIUSHUETO HA CIIEKThpa Ha CBET-
JUHHUSA TOTOK M MOIIHOCTTa Ha M3TbYBAHETO
BBPXY paborata Ha (POTOBOATAUYHHUTE TAHEIH,
KaTo IIe ce U3BBPIIBA 00JbUBAHE HA AKTUBHATA
MOBBPXHOCT Ha (POTOBOJNITAMUHU TAHENU OT
pasjMyeH TUI, UMAaIld MOIMHOCTH OT SWp 1o
35Wp. Uzcnensanero Ha paborata Ha (OTO-
BOJITAMYHUTE TaHEJIUTE 1€ BKIIOUBA M3MEpBa-
HE Ha TeHEepUpaHaTa OT TAX eJIEKTPOCHEPTHUs
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[13
EBPOTIEVCKM CbI03 CUCTEMM U TEXHOJIOI'YAN e
DBECTHLAONHA SOUROBE TABPOBO 23 VHTEAMFENTEN PACTEN
pu 00THUBAHETO UM C PA3TUYHH KOMOMHAIIUN 0.420

MOHOXpPOMATHUYHH JIBYCHUS HMMAIU pa3jddHa
WHTEH3UBHOCT, KaTO CBIIEBPEMEHHO III€ CE U3-
BBpIIBA U JUCTAHIIMOHHO U3MEPBAHE HA TAXHA-
Ta Temrneparypa. Cbl1o Taka, IIe Ce H3CielIBa
TAXHATa eHepruiiHa e(eKTUBHOCT Ha 0aza Ko-
JINYECTBO CBETIIMHEH I[IOTOK IIONAJHAll BBHPXY
[s1aTa UM IIOBBPXHOCT WIIM CaMO BBPXY OIIpe-
JICJICHU 30HU OT Hes, KaKTO U IIe CC CUMYJIHUpaT 0,390
IIPOMsIHA HA HAKJIOHA Ha ITaHEJIUTE CUpPsAMO I10-

COKara Ha CBETJIMHHOTO MU3JTbYBAHE, 3aCEHYBA-

0410 ¢

HE, 1 00JIbYBAHE OT OTPa3eHa CBETIMHA, e a0 e 0,450
JIOIBITHUTENHO € TIPEABUICHO A Ce M3rpa- Que. 6. OmHnocumennu yeemosu KOOpOUHAMuU Ha
IM  ToArpsBamia (OTOBONTAUYHUTE ITAHENN LED ¢ monno-6sna ceemauna (3000K)
crcTeMa C KOSITO Jla Ce peryimpa Temieparypa-
Ta Ha MaHEJIUTEe M Ce CUMYJMpa paboTa MpH 0.400
pa3nuyHa TeMIepaTypa Ha OKOJIHATa Cpefa.
M3non3BaHeTo Ha MakeTa € CBbP3aHo C pas3- o
paboTBaHeTO Ha eHeproeeKTHBHO JpaiBepH
3a yIpaBlieHHE Ha CBETIMHHUS MOTOK Ha W3-
noim3BanuTe LED M3TOYHHUIM ¢ BB3MOXKHOCT 3a 0,360
peryiupaHe Ha Toka ( T.e. JUMHUpPAHE ) B IIUPOK
JMaIa3oH.

MozaenbT MOe /1a ce pa3BUe U 4pe3 100aBs-
HE Ha CBETOAMOAM C TPU pa3iMyuHU BHIA Oenmu
CBETJIMHU — TOIUIO Os1JI0, HOPMAITHO OSJI0 U CTY- 0,360
JIeHO O5J10, YHUTO OTHOCUTEIHH LIBETOBH KOOP- O3ed 030 00 0380 0400
JMHATH Ca TOKA3aHW Ha (UIYPHTE MO-TOpe @ue. 7. Omnocumennu yeemosu KOOpOUHAmMU Ha
( ur. 6, 7u 8 ), BKIIOYBAIIKA U 30HUTE HA OT- LED c bana ceemmuna (4000K)

KJIoHeHue Ha Mak Anawm [5].

0,370

3AK/IIOYEHHUE

NscnenoBarencka mabopatopus 7.5 ,,VIHTe-
JIUTEHTHU EHEProcIecTsBalll CUCTEMH U TeX-
Hojoruu* KbM IleHTBpa 3a KOMIIETEHTHOCT daso |
"MHTENUreHTHU MEXaTpOHHU, €KO- U €HEpProc-

IIECTSABAIIM CUCTEMH M TEXHOJIOTHH'" € ¢IHA OT

CTeLUANTU3UPAHUTE JTA0OPATOPUU TPEIBUICHU 0,340

3a M3rpaXKJaHE B LIEHThpPA 32 KOMIIETEHTHOCT.

[IpoektsT ce ¢uHaHcupa uype3 OneparuBHA B

nporpama ,,HayKa u 06pa30BaHHe 34 UHTCIIHN- 0,310 0320 0,330 0,340 0,350

re’TeH pactex” 2014-2020%. Duz. 8. OmHocumentu yeemosuy KOOPOUHAMU Ha
LED cvc cmyoeno-osna ceemauna (5700K)

0,360
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OcHoBHara ujes MpH Ch3JaBaHe HaA Jadopa-
Topuda 7.5, € 4pe3 U3MO0JI3BAHETO HA CUCTEMH U
YCTpPOICTBA, CBBP3aHH B 00IIa KOMYHHUKAIIHOH-
Ha MpeXa B pEalHO BpeMe Ja ce ChbOupar JaH-
HU 3a JoOMBaHATa U pa3xojBaHaTa EHEPrUu OT
KOHKPETHHSI KOHCYMAaTOp WM Ipyla KOHCyMa-
TOPH, U Bb3 OCHOBA Ha aHAJIN3a HA MOJYyUYECHUTE
JAHHU Jla C€ ONTHMM3UpPA Pa3xojia Ha CHEeprus
Ha U3CJIEIBAHUTE KOHCYMATOPH.

B eana no-nmanedna mepcrnekTUBa, HaTpyma-
HUST OIUT I1I€ CE CHOJIENS C MOTEHIIUATHU KIIH-
€HTH, MHTEPUCYBAILH C€ OT MPOCKTUPAHETO HA
MACUBHU CTPagl M OOCKTH C MUHUMHU3HUPAHO
€HEepromnoTpedieHne; OT eKCIUIoaTalusITa, MPO-
¢unakTHKaTa W TOJIPHKKATA HA TMOKPUBHU
($OTOBOATANYHM LICHTPAIIH.

He na mocnenHo MsCTO, JE€MOHCTpUpaiiku
BB3MOXKHOCTHUTE 32 Mpeodpa3yBaHe HA €HEPrus
Ha Pa3IMYHU TUIUYHU BHOOHOBSIEMH W3TOYHH-
II1 HA CHePrus Mpeja CTYACHTH, Ce LETH Ipruoo-
IIaBAHETO Ha CTYACHTUTE KbM H3CIIEJOBaTEIN-
cKara JEeWHOCT, mpoBexaaHa B LleHTspa 3a
KOMIIETEHTHOCT ,,JIHTEJIMT€HTHU MEXaTPOHHH,
€KO- U €HEProCHECTABAIIM CUCTEMH M TEXHOJIO-

13

T'nm .
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KOH®UTI'YPUPAHE HA POBOTU3UPAHA CUCTEMA C
KOJIABOPATUBHU ®YHKIIMU U TEXHUYECKO 3PEHHUE

ROBOTIZED SYSTEM CONFIGURATION WITH COLLABORATIVE
FUNCTIONS AND MACHINE VISION

Tihomir Stoyanov, Katia Madzharova, Pavel Radev, Vasil Popov, Nikola Shakev,
Sevil Ahmed, Andon Topalov

Technical University of Sofia, Branch Plovdiv, Control Systems Department

Abstract

The emergence of new technologies poses new tasks and challenges to robotics and leads to its development. In
recent years, the main element of development has been the rich information possibilities, which are provided by the
introduction of technologies and technical solutions related Industry 4.0. Much attention is paid to the integration of
computer vision systems in the control of robotic systems, as a basic approach enriching information about the
surrounding environment and the workspace. Thus, the paper presents a robotized system configuration with

collaborative functions and machine vision.

Keywords: Robotized System, Collaborative Robots, Machine Vision.

BBBEJEHUE

[TosiBaTa Ha HOBU TEXHOJOI'MH MTOCTaBs HO-
BU 3a/1a4d U MPEJU3BUKATENCTBA Mpea podo-
TUKaTa M BOAM N0 HeiiHOTO pasButhe. Ilpes
MOCJICTHUTE TOJMHU OCHOBEH €JIEMEHT Ha
pa3BuUTHETO ca Oorarute WHGPOPMALUOHHU
BB3MOKHOCTH, KOMTO CE€ OCHUTYpSIBAT OT Bb-
BEX/IAHETO HA TEXHOJIOTUUTE U TEXHUYECKUTE
CpeACTBa, HaBIM3AIIM C T.H. YeTBbpPTa HHIY-
CTpHaJiHa PEeBOJIONM. ['0JIsIMO BHMMaHHE ce
OTJETIsl Ha peluIa 3a/1aud KaTo: Ch3JAaBaHE U
M3II0JI3BaHE HAa MHTETPHpPaHH MH(POPMALMOH-
HU U TIPOU3BOACTBEHU cuctemd [1,2], cucre-
MU 3a WH(pOpPMAIMOHHA cUrypHOCT [3], MH-
TYUTUBHU YOBEKO-MAIIMHHU HHTepdeiicn u
ap. MHTerpupaHeTo Ha CHUCTEMH 3a KOMIIIO-
TBHPHO 3pEHHUE B YIPABICHUETO HA pOOOTOTEX-
HUYECKUTE CHCTEMH CE€ SIBSIBa OCHOBEH IOJ-
X0z oboratsBail uH(poOpMAIHITa 32 3200MKa-
nsamara  cpena. Hammumero Ha BH3yaniHa
oOpaTHa BpB3Ka pas3IIUpsiBa Bb3MOKHOCTUTE
Ha aJITOPUTMUTE 3a YIPaABJICHUE B AUHAMUYHA
U HecTpyKTypupaHa cpena. /[lpyr BaxeH

www.eufunds.bg

acriekT e 6e3onmacHocTTa. CbBMecTHaTa pado-
Ta poOOT-4OBEK W/WUIM POOOT-poOOT, crojie-
JITHETO Ha eIHO 001110 pabOTHO MPOCTPAHCTBO
BeYe € Bb3MOXKHA U Oe3omacHa OiarosapeHue
Ha KOJIaOOpaTUBHUTE POOOTH M 3AILUTHHUTE
CEH30PHHM €JIEMEHTH U OapHuepH.

B TO3M acmekT, AOKIAagbT MPENCTaBsl OC-
HOBHHMTE KOMIIOHEHTH M OCOOCHOCTH TIpHU
KOH(HUTypupaHe Ha poOOTH3UpaHa CUCTEMA C
K0JIaOOpaTUBHU (DYHKIIUU M TEXHUYECKO 3pe-
Hue. [IpencraBenu ca M copTyepHUTE IatT-
(bopMH, KOUTO OCUTYpSIBAT TSAXHOTO IPOrpa-
MUpaHE.

XAPJAYEPHATA KOH®OUT'YPALIUSA

[IpencraBenata cucreMa € Hay4HO-H3CIIe-
JoBaTeNicka  JlabopaTopHa  KOH(UTyparus
(@ur. 1) or gBa MIECT-OCHU MaHUIyJIaTOpa
Mitsubishi (1 u 2) , nBe cmapr-Kamepu
Cognex (3 u 4), cBeT/IMHHA 3aIMTHA Oapuepa
(6) u cepBo-maca (5), KOUTO OCUTYpsIBAT U3-
CJICZIBAHETO Ha 3a/1a4d C pa3IMyHa CI0KHOCT
Y HACOYEHOCT.
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Bceku Moy mpencrasisiBa caMOCTOSTE-
HO ()YHKIIMOHHpAIIl €JIEMEHT, KOWTO B KOH-
KpeTHaTa KOH(Urypamus € 4act oT poOOTH3H-
paHa cuctema ¢ 000coOeHH J1Be paObOTHU 30HH:

1) 3ona I. Cv30asane na korabopamughu
@dyHKyuu u noayyasare u 0b6pabomra Ha
3D suzyanna ungopmayus. 30HaTa naBa
BB3MOXKHOCT 32 ChueTaBaHe Ha paborara
Ha KonabopaTtuBeH MaHumyiatop RV-
5AS-D u Cognex 3D-A5060 3D kamepa;

2) 3ona IlI. 3ona 3a nonyuasane u obpa-
bomka Ha 2D eusyanna ungopmayus u
unoycmpuaner manunyramop RV-2FR.

@Due. 1. Hayuno-uscnedosamencka 1abopamopra
KOHQueypayus ¢ KoiabopamusHu QyHKyuu u
MexXHU4ecKo 3peHue

1. Konaoopamueen pooom - Mitsubishi

Electric RV-5AS5-D

KomnabopatuBHusar pobotr B KoH(uUrypa-
[UATA € TMPEACTAaBeH OT BEPTHKAICH IIECT-
oceH pobor RV-5AS-D (®wur. 2). Toit naBa
BB3MOXHOCT 32 ChBMECTHa pabora c Xopa,
OCHTYpSIBAKM BHCOKAa CTeMeH Ha Oe3orac-
HOCT.

Mitsubishi Electric RV-5AS-D uma cuen-
HHUTE TCXHUYCCKHU JaHHU:

- Maxcumanna mosaponocumocm: 5 ke

- Maxkcumanen oocee: 910 mm

- Cmenenu na céobooa: 6

- Uncmanayuonna nosa: 6vb3MONCHOCH

30 MOHMAIC HA NOO, MABAH UIU CMEHd

www.eufunds.bg

- IHooopvoicka na 1 mun xoumponep: D

mun  camocmosimeneH — KOHmMpoJep
(CR800-05VD xoumponep).

@Due. 2. Konabopamueen pobom - Mitsubishi
Electric RV-5AS-D

2. Pooom - Mitsubishi RV-2FR

Po6oTsT Mitsubishi RV-2FR e gacr ot ce-
pusita RV-FR. IlpencraBnsBa poboT ¢ mect
ocu (®wr. 3).

I

iy’ >

sy Y

- / 1///:!@

@®uz. 3. Poom - Mitsubishi RV-2FR

JIBoiiHaTa paMe€HHa CTPYKTypa MPeaOCTaBs
MPEeIMMCTBA 0 OTHOIIEHWE Ha CTaOMITHOCT-
Ta, 'bBKABOCTTa M CBO0OOJATa HA IBIDKCHHUE
Ha poOora.

OcHOBHUTE MapaMeTpu Ha MaHUITyJIaTopa
ca KakTo Cje/Ba:

- Makcumanna mosapornocumocm: 3 ke,

- Maxcumanen obcee: 504 mm,

- Cmenenu na céobooa: 6;

- Uucmanayuonna nosa: 6v3MONCHOCM

30 MOHMAIC HA NOO, MABAH UNU CMEHd.
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3. 3D kamepa - Cognex 3D-A5060

Cenzopure Cognex 3D-A5060 (Dwur. 4.)
ChYETaBaT MPOEKIUS Ha CTPYKTypUpaHa CBe-
ThuHa U ABe 2D kamepu 3a reHepupaHe Ha
uHpopmanus 3a 3D oGektu. CeH30pBT Mpo-
eKTHpa IMIa0JIOH OT CTPYKTypHUpaHa CBETJIMHA
BBPXY 00J1aCT B paMKHTE Ha 3pUTEIHOTO I10JIE
Ha asere kamepu. CodryepsT Ha Cognex usz-
rpaxnaa 3D cTpykTypa OT JaHHH, IpEICTaBs-
ma 00eKTa OT FeOMETPUYHO M3KPUBEHH H30-
OpakeHUs, B3€TU OT JBETE KaMmepH, KOWTO
CJIe/I TOBAa MOTaT Ja ce pas3riexaar Karo cra-
ti4HO 2D m3o0paxkenne uiam quHaMU4HO 3D
nzobpaxenue (Owur. 5.).

GigE Vision cameras

@Duz. 4. 3D kamepa - Cognex 3D-A5060.

Cnen xaro 3D ganHMTE ca HAIMYHU, MOTaT
Ja ce MPUJIOKAT PA3IMYHU WHCTPYMEHTH 3a
M3IBJIHCHUE Ha 3a/1a4d KaTo:

- Hamupane na 3D nozama na obyuen

3D mooen;

- T'enepupamne na uzuucienusi Ha 8UCOYU-

Ha unu obem;

- Ananuz Ha HanpeuHo ceuenue HA 0OEK-

ma.

2D Image 3D Viewer Image

@Due. 5. 2D (ns60) u 3D (0s1cHo) uzobpasxcenue.

www.eufunds.bg

4. 2D kamepa - In-Sight 7600

Buneo cucremara In-Sight 7600 e yact ot
cepusta In-Sight 7000 oT BTOpO MOKOJIECHHE.
Cepusita In-Sight 7000 Ha ¢dupma Cognex
NpeJCTaBIsiBa MHOTO(YHKIIMOHAIHA BU3Yyall-
Ha CHCTeMa, C KOATO Morar Ja ObaaT U3BBP-
IeHH OBbpP3M U TOYHH MHCICKIIUU HA IIHPOK
00XBaT OT JETAMIN U OOCKTH BHB BCUYKU BU-
J0Be MHIycTpuu. brnaromapeHue Ha CBOs
KOMIIAKTEH U MOJYJIEH JIU3aifH KaMepHUTe OT
Ta3u Cepus ca JIECHO MPUCTIOCOOMMH KbM Pa3-
HOOOpa3Hu npuioxenus. Kamepure ot tasu
CepHsl pasIoJiaraT ¢ Bb3MOXKHOCT 32 BBTPEll-
HO W BBHIIHO 3aXpaHBaHE M YIpaBJIEHHE Ha
ocBeTiieHneTo. OCBEH TOBa Te ca CHAOJCHH
CbC CBETOJIMOJICH MHIMKATOP C IOMOIITA, Ha
KOWTO MOXE J1a C€ CJIEAN ChCTOSHUETO HA UH-
CIEKIMATAa HE3aBUCUMO KbJI€ € MHCTAMpaHa
cucremara. B Tasu cepus ca HaTMYHU MOJEIH
C MOHOXPOMHH U I[BETHU CEH30pH, C PE30JIIO-
uuu Bapupany ot VGA o 5 MP.

@ue. 6. 2D xamepa - In-Sight 7600

5. Cepso-maca

Mexny aBata MaHMITyJaTopa B KOH(HUTY-
panuara € pasmnojoxeHa cepBo-maca (Dwur.
7), KOSITO J1aBa BE3MOYKHOCT 3a Ch3JlaBaHe H3-
ClIe/IBAHE Ha CJIOXHH aJTOPUTMH 32 B3aUMO-
JeWCTBUE M MOJEIMPAHE HA MPOU3BOJCTBEHU
IPOIeCH U MaHUIYJIAlNH.

OCHOBHUTE XapaKTEPUCTUKH Ha CEPBO-Ma-
cara ca 00001enu B Taom. 1.
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Taon. 1. Ilapamempu Ha usnonzeéanama 3UpaHu YCTPOMCTBA: Ipella3Ha CBETIMHHA

cepso-maca Oapuepa, KpailHH M3KJIIOYBATEIH HAa BPaTUTE
DOyHkuus -
YHKIHsH/ Texmuecka cremudnKams Ha pa0oTHaTa KJIETKa U KOHTposep o0paboT
XapaKTePUCTHKA Balll CUTHAJINUTE OT Te3u ceHzopu — safety
Xox mo oc X 300 mm controllet.
Xopmo ocY 300 mm 6
XO 110 06 Z 150 mm CeernuHHara Oapuepa € OT JBa KOMIIOHEH-
ToBapOHOCHMOCT 6 kg Ta: U3IbYBaTel, NpueMHUK. [Ipoussenenu ca
TounocT Ha £0.02 ( ) ot ¢upmara Pilz, Mmonenure Ha U3THUBATENS
.02 mm (3a BcUuKH ocu
I103ULMOHUPAHE u npuemHuk ca PSEN oplI3H — s — 30 — 105
Monynua niargopma iQ-R [4] receiver/emitter.
Bb3MOoKHOCT 32 100aBsIHE HA
Cucrema 3a Pa3IMYHU [TPOLIECOPH, BXOIHO- & i
yIpaBieHue U3XOIHU MOy, U3YUCITUTETHH
MOJIYJIH, KOMYHUKAIHOHHH
MOJTYJIH.
Iporpamupyem | Mogen: RO4CPU (mpousBoauTe:
kouTponep (PLC) Mitsubishi Electric)

“C” koHTpOIIEp

Mopen: R12CCPU-V
E3uk 3a nporpamupane: C/C++
Komynukarus: Ethernet, RS-232,
SD card

JonbyHUTEHN
byHKIIU

KomyHukarust ¢ korabopariuBeH
poboTt
BB3MOXKHOCT 32 yIipaBieHHe Ha
CEpBO Maca OT KOJIabopaTUBeH
pobort
Crieruanu3upanu QyHKIMOHATIHU
OJI0KOBE 3a M3MpallaHe Ha JaHHU
KBbM OOJIAUHH CHPBBPH C e
aHaJIU3 Ha JIAHHU, U3YUCIICHUS,
M3KYCTBEH UHTEJIEKT, MAITMHHO
oOyueHme

f L4

.1

@ue. 8. Ceemnunnu cenzopu 3a 6€30nacHOCm
— NPUEMHUK U U3THUEAME.

Taon. 2. llapamempu na ceemauHHama

@Due. 7. Cepso-maca

6. Ynpaenenue na 6ezonacnocmma

3a ocurypsiBaHe Ha Oe3omacHa pabora B

cuCTEMara ca BJIOXKCHHU CICOAHUTC CIICIUAIN-

bapuepa.
W3apuBaH curHai ot
Wndpayepsen
W3IThYBATEIS
BucounHa Ha 30Hara Ha
1050 mm
6e30IacHOCT
Pesomronus
(mpubnu3uTeHA Prka
rojieMriHa Ha 00eKT)
3axpaHBallo Hamp. 24 VDC
JbKrHA Ha BbJIHATA 850 nm
Bpewme 3a peakuus 9.1 ms

www.eufunds. b

Maruutau censopu PSEN mal.4a — 50 ce
M3IION3BAT 3a CJIEJICHE MOJOKEHUETO Ha Bpa-
TUTE OKoJo MaHumynatopure. CeHzopure
BpBINAT CUTHAJ, KOTaTO BpaTUTe Ha paboTHa-
Ta KJIeTKa ca 3aTBOPEHHU.

Koutponepst (Pwur. 9), xoitito o6padoTBa
CUTHAJIUTE 332 HUBOTO Ha 0OE30MaCHOCT OKOJIO
MaHUITyJIaTOPUTE, MMPUEMAIIl BXOJHU CUTHAIN
OT CBETIIMHHATa Oapriepa U MarHUTHUTE CEH-
3opu e PILZ PNOZ m BO.
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@ue. 9. Koumponep 3a bezonachocm

CO®PTYEPHA KOHOUT'YPALIUSA

OmnwucanaTa mo-rope xapjayepHa KoHQUry-
panusi ce mporpaMmupa upe3 CHelUaIn3UpaHu
copryepan 1iarpopmu. KomyHukamusta u
B3aMMO/ICHCTBHETO HAa BCEKU E€JIIEMEHT OT po-
0oTH3MpaHaTa CUCTEMA CE OCBILECTBSIBA IPE3
KOHTPOJIEH MOJYJ C BB3MOXKHOCT 33 M3IIOJI-
3BaHEe Ha YOBEKO-MAalIMHEH HHTepdeiic Ha
Mitsubishi.

1. Cogmyep 3a npozpamupane Ha

Kkonobopamuenus pooom - RT VisualBox

MELSOFT RT VisualBox mpenocraps uH-
TYUTHUBEH HHTep(deic 3a mporpamupaHe Ha
IPOMUILJICHH pOOOTH, KOMTO HM3ION3Ba I'pa-
(GUYHO Tpe/CTaBsIHE Ha MpOrpaMara BbB BH/I
Ha 610koBe. ToBa M03BOJIsIBa HA ONEpAaTOPHUTE
Jla mporpamupar podora 6e3 Jaa UMar mpeau-
IIIEH ONUT B MPOrPaMUPAHETO Ha POOOTH.

ZAla|E|l~|BlEa|jni<iol @ @

Sl Cal ° Paes  Banch Repesl

@Due. 10. Uzeneo na cogpmyepa 3a npoecpamupare.
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OcBeH TOBa, cOPTyepbT Mpeiara U Brpa-
JCHU CPEICTBA 3a CUMYJalUs M BH3yalu3a-
I[Ms Ha JIBIKEHUATA HAa poOO0Ta, KOETO MO3BO-
JisiBa Ha HOTpe6I/ITeHI/ITe Ja TecTBaT HOBU
[porpamMu Ipeau Ja M HU3IpaTAT KbM pea-
HUs poOoT, O6e3 pucka OT MoBpeaa Ha 000py/I-
BaHETO.

2. Co¢myep 3a npocpamupane Ha
unoycmpuannua  manunyiramop - RT
ToolBox3

Codryepuusat npoaykr RT ToolBox moa-
Ibp’Ka BCHUYKM OCHOBHH IPOIIECH CBBP3aHH C
pabortarta Ha poOota. ToBa BKIIIOYBA IpOTrpa-
MUpaHe, CUMYJIalys, HaboieHue Ha pabora-
Ta Ha po0oTa Ccie]] CTapTUpaHe U OTCTPAHSABA-
He Ha HeusmnpaBHocTd. [Iporpamuara cpena
IPEOCTaBsl BB3MOXHOCT 3a CJIEJIeHe Ha Mpo-
MEHJIMBH, BXOJHO/U3XOJHU CHTHAIH U APYTH
CbOMTHS CBBP3aHU C U3IMBIHEHHETO Ha IpO-
rpamara. brnaromapeHue Ha CcUMYyJAIMHUTE
Ch3/IaJICHUTE MPOrpaMu Morar jga ObaaT H3-
I'BJIHEHU B KOMITIOTBPA, a JABWKCHUSITA MOTAT
na OpAarT mpoBepeHH. ToBa MO3BOJSABA W3-
BBPIIBAHETO Ha S()DEKTHBHH TpPEIBAPUTEITHH
u3cieBaHMs Ha cucTtemara. B 3aBucumocTt ot
MoJiesia Ha poboTa MmporpaMuTe Morart ja 0b-
JaT pelakTUpaHd C TOMOINTAa Ha E3UIHUTE
MELFA-BASIC 1V, Vu VL

Program edit screen Windowitat

Project tree

Individual
function tree

e

Docking pane

Output window ey g
Status bar

Due. 11. Uzeneo na cogpmyepa 3a npoepamuparne
RT ToolBox3
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3. Cogpmyep 3a 3D mexnuuecko 3penue -
Cognex VisionPro

VisionPro e emun ot Bojemute PC-6a3u-
panu codryepu 3a o0paboTKa Ha M300paxe-
Hus. Tol € IpOeKTUpPaH Ja HacTpOiBa U BHE-
IpsiBa MPUIIOKEHHS 32 BU3yalU3alys - He3a-
BucuMo oT kamepata. C VisionPro motpebu-
TEJIUTE MOraT Ja HM3MBJIHIBAT IIUPOKA rama
OT (P)YHKIIMH, OT MECTOIIOJIOKEHHE U TPOBeEp-
Ka Ha T€OMETPUYHU OOCKTH 10 MJIECHTH(]UKA-
IIUs, U3MEPBaHE, KAKTO U CIEHUAIN3UPAHU
¢byHKIMH, crienuUYHN 32 TOIYTIPOBOIHUKO-
BU U €JICKTPOHHU PUIOKEHUS.

4. Cogpmyep 3a 2D mexnuuecko 3penue -
In-Sight Explorer

In-Sight Explorer mpencrasnsiBa codtyep,
KOMTO ce M3Mo3Ba 3a HaCTPOWKa 1 KOH(pUTY-
pUpaHe Ha BU3yalHU CHCTEMH, H3MOJI3BAILU
In-Sight xamepu Ha ¢upma Cognex. B Hero
ca BrimoueHun unrepdeiicst EasyBuilder, kak-
TO U pa3BoiiHaTa cpenara SpreadSheet.

In-Sight Explorer EasyBuilder mnocpen-
CTBOM CBOSI MHTYUTHBEH HUHTepdeiic naBa
BB3MOJKHOCT 3a JIECHAa HAacTpOMKa Ha MPUIIO-
KEHHATA CTHIIKA MO CThIKA. Taka morpedure-
JUTE HE3aBHCHMO OT CBOS ONHT MOrar Ja
KOH(Urypupar aagena cucrema. Korato e He-
00X0IMMO J1a C€ M3MBJIHH IMO-CI0XHO U I'bB-
KaBO MPUJIOKEHUE 32 MHCIEKIUS Ce M3M0I3Ba
In-Sight SpreadSheet, kpaero no edexruBen
U HaJeKJICH HaYMH MOTraT Jia ce KOH(QUrypu-
paT MHCTPYMEHTHUTE 3a BH3yaiHa oOpaloTka.
B Ta3u pa3BoiiHa cpena ca BKIOYEHU MHOXKeE-
CTBO CIIEUUAIU3UPAHU (PYHKIIUU U OTIEepalny,
KOHMTO TOJIOMAaraT U3IMbJIHEHUETO Ha MPUIIO-
JKeHMATa, 0e3 1a € HeoOXOAMMO IHCAHETO Ha
nporpama.

3AK/IIOYEHHUE

[Ipenyio’)keHOTO pEIIeHHEe 3a H3TpaXKaaHe
Ha CHCTEMa 3a MPOMHUIIJICHa aBTOMAaTH3aIHs €
peanu3upaHo karo JabopaTopHa yCTaHOBKA B
TY-Codus, ¢umman IInosaus. [IpencraBena-
Ta CUCTEMa MHTErpUpPa MHOKECTBO TEXHHUYE-
CKH CpPE/ICTBA U YINPAaBJIABALIN POTPaMHH pe-

www.eufunds.bg

cypcu. M3rpanena e uHTerpupaHa KOMyHHUKa-
IIMOHHA CTPYKTYPa, KOSATO MO3BOJISBA €PEKTU-
BeH oOMeH Ha uH(OpMaIus, H3MOI3BANKU
nBe ocHOBHHU KoHuenuuu: 1) Ethernet mpexo-
BU 00OMeH; i1) MHTerpupanara miardopma ,,e-
F@ctory*, xosTo mpemara mogobpeHa mpo-
M3BOJMTEIHOCT HA KOMYHUKAI[MOHHATA IIMHA
MEX]ly MpOLIECOPUTE Ha OTIACITHUTE YCTPOW-
ctBa [4]. Ctpykrypara Ha cucremara IM03BO-
JsiBa BUCOKa I'bBKABOCT, M3pa3siBallla Ce BbHB
BB3MOKHOCTH 332 HEHHOTO pa3lupsiBaHe W
HaArpaxaaHe.
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Paborara e moakpenena ot EBpomeiickus
(GOHJI 32 PETUOHATTHO Pa3BUTHE B PAMKUTE HA
OIl ,,Hayka u oOpazoBaHuE 332 WHTEIUTCHTECH
pactex 2014 - 2020%, npoexr LK ,,Uutenu-
TEHTHU MEXaTPOHHHU, €KO- U €HEProCIeCTsBa-
10071 CHUCTEMHU Hu TEXHOIOTHUH, Ne
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Mo6bunHa, pobotusupaHa nnarpopma

Tuxomup CmosaHos, Bacun Monos, Cesun Axmed, AHOoH Tonanos,

Kamsa Maoxcaposa, Hukona LLlakes

Na6. C5.1. YMHU (MHTenuUreHTHU) U cneymuanusmpanu poboru, TY-Codpua dunnan Nnosams

OCHOBA HA NOAXOAOA

MpeasioKeHa € OpurMHasHa KOHCTPYKUMA MOCPeACTBOM KOMMOHEHTUTE: XOJIOHOMHa MobunHa
nnatpopma KUKA youBot, maHunynatop c 6 cteneHn Ha ceoboga cbe chepuyHa KUTKa, nponsseaeH ot
KaHaackaTa komnanua Kinova, nasepen ganekomep Sick Tim 551, Cognex 7402C. MobunHata nnatdopma
e obopyasaHa ¢ WiFi aganTep, KOITO N03BO/ABA yCTaHOBABaHETO Ha ROS KOMyHMKaLMOHHa CTPYKTypa.
Ha ®durypa 1 ca noka3aHM OCHOBHM pa3mepu Ha X0NOHOMHaTa MobunHa nnatdopma, B gobaska Purypa
2 nokasBa v poboTusnpaHaTa pbKa C HEMHUTE pasmepu.

wheel #3

durypa 1 FeomeTpuyHM Ha pasmepyn Ha mobuaHa nnatdopma Kuka youBot.

B EHCIOY
SO TION

i} To hand center

durypa 2 FeomeTpuuHu pasmepu Ha poboTusnpaHa pbka Kinova Jaco Gen 2.
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(13
EBPOTEVICK Cbi03 CHUCTEMMU U TEXHOJIOI'A L
TreaT b SONAORE TABPOBO 23 MHTEAWTERTEH PACTEXC

Pasamepute Ha MaHunynaTopa ca NokasaHuM U TabnumuHo B Tabnuua 1, KOUTO CTOMHOCTM yyacTBaT B
MaTeMaTUYeCKUTe U3pasu, HaMUpaLY peleHNe Ha NpaBaTa KMHemMaTUKa.

MNapameTtsbp OnucaHue Apnieing
(m)
D1 Ot 6a3a ao BTOpa cTeneH Ha cBoboaa 0.2755
. [bnKMHa Ha 3BeHO OT BTOpa CTeneH Ha
D2 0.41
cBoboaa Kbm TpeTa cTeneH Ha cBoboaa
D3 PascTosiHue mexay TpeTa u YeTBbpTa 0.2073
cTeneH Ha ceobopa
D4 PasctoaHne mexay 4eTBbpTa U neTa 0.1038
cTeneH Ha cBobopa
D5 Pa3crosHue mexay neTta v wecTa cTasa 0.1038
D6 PascToAaHue oT WwecTa cTaBa Ao paborteH 016
opraH
E2 OTmecTBaHe mexay TpeTa u YeTBbpTa 0.0098
cTaBa

Tabnuua 1 feomeTpuyHM pasmepu Ha 3BeHaTa Ha poboTU3npaHaTa pbKa.

Mob6unHaTa nnatdopma KUKA youBot e o6opyaBaHa ¢ weeacku (MekaHym) Koiena, Nno3Bo/ABawy aa ce
ABUXW BbB BCAKA eHa NOCOKa B paBHUHATA M Aa Npuara KOMNAEKCU MaHeBPU. YNpasasasawuma xapayep
ce cbcTon ot ITX PC nnatka ¢ npouecop Intel Atom dual-core CPU, 2GB RAM, 32GB SSD, WLAN u USB
nHtepdeiic. 3axpaHBaHeTo Ha MobunHaTa nnatdopma € nocpeacTBOM aKymynaTopHa 6atepua c
HanpexeHue ot 24VDC uau upe3 3axpaHBall agantep. OnepaumoHHata cuctema e Linux Ubuntu.
MobunHusa nnatpopma MMa MOHTaXKHU OTBOPM 3a NPUKPENAHETO Ha MaHWUNYNATOP, KOMTO OTBOPU Cce
M3NoN3BaT 3a MOHTMPaHeTO Ha Kinova Jaco. PaspaboTkaTta Ha uscnegoBaTencku codryep 3a mobunHata
nnatpopma 1 3a maHunynaTopa e nocpeacrtsom Robot Operating System (ROS).

KoHBeHLUMOHaNHMA NOAXOA 3a ONUCaHWe Ha ABWKEHWe B PaBHUMHA W3UCKBA AedUHMPAHETO Ha
KOOpAMHATHU cuctemm, nokanHa (G, X, Y) v nuepunumanna (0, X;, Y;). BeKTopbT KONOHa,

X
p=[y] (1)
]
npeacrasA I'IO3ML],MF|Ta Ha J/10Ka/lHaTa KOOpPAWHATHa CUcCTemMa cCnpamo rno6anHaTa HenoaBwuXHa,

u3pasfaBalla OTMECTBaHeToO Mo X, ¥y U opueHTaumata O. MobunHata nnatdpopma KUKA youBot ce
ynpaBaABa C NPOMAHA Ha BIIOBUTE CKOPOCTU Ha KoJsienaTa i.

KWHeMaTUYHMAT MoAen OnNucBa Bpb3KaTa MeXKAy pPOoTauMOHHATa CKOPOCT Ha Konenata @1, Pz, P3, Pg U
CKOpOCTTa Ha ABWXeHue Ha nnatopmaTta B paBHMHATA. BuabT Ha Konenata onpegens Habop or
orpaHuyeHus, cnopep, [1] oTuMTaiiKKM OrpaHUYEHMATA HAIOXKEHWN OT KOHCTPYKLMATA Ha KOJle1aTa MOXKe Aa
ce onpejenu KUHEMAaTUYHWUA mogen Ha mobunHata nnatdopma. 3a LWBEACKM Konena cnegHute
MaTemaTuyeckun uspasmu Tpabsa Aa 6baaT ya0BNETBOPEHU:

ViR(6)P —r¢; cos(y;) =0
Vi = [sin(a; + i +vi) —cos(a; +Bi+vi) —lcos(Bi +vi)] 2)
VECZR(B)P —TrQ; COS(}/i) — Tow@sw =0
VEC, = [cos(e; + B; +v;) sin(a; + Bi +v;) — lsin(B; +v)]
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PasmepuTe Ha nnatdopmaTa ca NoKasaHu Ha durypa 1, vraute a;, B;, ¥; ce usuucnasat [2] 3a Bcako
Kosena cnopeg, u3spasa:

a, = arctg (%) ~ 32.5° a, = 180° — arctg (i—z) ~ 147.5°
l -l 3)
az; = 180° + arctg (l—y) ~ 212.5° = —147.5° a, = arctg <l—y) ~ —32.5°
. x X
]
4
/’ .
-
L A f"‘a:.\y
Vbarehmi =22
T A »:'\ ~
a 2’)
P = Xz

durypa 3 NMapameTpu Ha NO3ULMATA Ha KoslenaTa Ha mobunHaTa naatpopma.

3a na ce u3pasu vrona B; M pascToaHmeTo | nsnonssame uspasure:

Bi=90—a; = /l,% + 12 ~ 27.9cm (4)

M3uncneHunTe napameTpu ca gagehu [2] 8 Tabnauua 2.

a® B° ye | ILm | rm
Koneno #1 325 57.5 -45 | 0.279 | 0.05
Koneno #2 147.5 -57.5 45 | 0.279 | 0.05
Koneno#3 | -147.5| -122.5 | -45 | 0.279 | 0.05
Koneno #4 -32.5 122.5 | 45 | 0.279 | 0.05
Tabnuua 2 KuHemaTUYHKU NapaMeTpu Ha MobuHaTa nhatdopma

MpaBuAT KMHemaTUYeH mogen Ha mobunHaTa nnatdpopma e:

. 1 1 1 1 @,
o B ! 1 -1 1 @,
NN=z| -1 -1 1 1 | (5)
Oy Gry) L) bl e
O6paTHUAT KNHEMATUYEH MOAEeN UMa CAeaHUA BUA:
b, 1 -1 (L +1) :
g2| 11 1 (L + )| )
P3| rl1 —1 (k+l) g
4 11 (L+1)

B Tabnuua 3 ca aageHn Gusndeckn xapakTepUcTMKM Ha MaHunynatopa Kinova Jaco Gen2.

CodryepHute naketn ocurypeHn ot KINOVA HabaBaT 4oCTbN A0 GpYHKLMOHANHOCTU Ha MaHWUNynaTopa.
Development Center u Torque Console AaBaT Bb3MOXHOCT 32 MOHUTOPUHT Ha CbCTOAHWETO Ha poboTa,
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NPoOMAHa Ha KOOpPAMHATHU cucTemu, AedUHUPAHE HA TPAEKTOPUM, EKCNEPUMEHTUPAHE € YNpaBasaBalum
anroputmu u a.p. Kinova Jaco Gen 2 moxe aa paboTh 1 KaTo MHTErpupaHo yCTPOMCTBO B cpeaTta Ha ROS.
Habop®bT oT naketn 3a ynpasnenue kinova-stack nossonssa reHepupaHe Ha ROS Bb3/nM 3a TecTBaHe
$YHKLMOHANHOCTUTE HA YCTPOMCTBOTO C rOTOBM CODTYEPHU PELIEHMA, CLLO U HAArPaXKAAHETO Ha Beye
cbliecTByBalmTe NnpuaoxKeHnua. Ha ®urypa 4 ca nokasaHu npueTuTe KOOPAUHATHU CUCTEMU, NPUKPENEHM
KbM CbOTBETHUTE 3B€HA HA MaHMNynaTopa.

Maca 4.4kg
O6xBat 98.4cm
ToBapoOHOCUMOCT 2.6kg (mid-range)/2.2kg (full-range)
Matepuanu Carbon fiber/Aluminium
MakcumanHa uHeiiHa S0crm/ser
CKOpocCT
3axpaHBalLO HanpeXeHue 18 - 29 vDC
CpeaHa MOLWHOCT 25W (15W standby)
MakcumanHa mouiHocT 100W
KomyHuKaumoHeH RSA85
NpOTOKOA
KomyHUKaLMOHHU Kabenun 20 pins flat flex cable
Knac sogoycroiumnsoct IPX2
OnepauuoHHa -10t0 40 °C
Temneparypa

Tabnuua 3 TexHU4Yeckn napameTpu Ha maHunynatop Kinova Jaco Gen 2.

®urypa 4 PasnonoxkeHWe Ha KOOPAMHATHUTE CUCTEMU NPy poboTM3MpaHaTa pbKa.

Tabnuua 4 e c napameTpuUsMpaHUTe BPb3KN MEXKAY CTaBUTE Ha poboTa cnopes KOHBEHUUATA Ha JleHaBuT-

XapteHb6epr [3].
i a; a; di Hi
1 /2 0 D1 gl
2 T D2 0 q2
3 /2 0 —e2 q3
4 /2 0 —(D3+D4) | g4
5 /2 0 0 q5
6 Y4 0 —(D5+D6) | g6

Tabaunua 4 Tabauua c napameTpu Ha [leHaBuT u XapteHbepr [4].
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Ha ®urypa 5 e nokasaH nasepHusa ganekomep Sick Tim 551, usnonssaH 3a onpegensHe Ha pa3cToAHMATA
oT mobunHaTta nnatpopma c MOHTUpPaH MaHUNyaTop A0 obKpbKasaLwym Te rn 06eKTn B paboTHaTa cpeaa.

Seanning range i m (feety

| | 180"
10 l B e
3281 225° 7] <
o
(19.69)
) 270°7
o 907 e
2
6.56) 313
6
119.694
10 -45" PN -
3281 } SRmEmEe
14 I Firoe i
(45,93 i
14 10 6 2 0 2 & 10 14
@599 (284 (1969 (656 ©56 (19657 (32B1) (€45.9%
Scanning range in m {feet)
Bl scanning range max. 10 m (32.81 feet)
D Seanning range typicat B m (2625 feet)
for objects up to 10 % remission
®urypa 5 Sick Tim 551 durypa 6 3oHa Ha obxBaT (rpagycw) Ha Sick Tim 551.

OCHOBHM TEXHUYECKU XapaKTEPUCTUKM Ha YCTPOMCTBOTO Ca NoKasaHu B Tabauua 5.

YecToTa Ha CKaHUpaHe 15Hz
‘brnosa pesonouma 1°
PaboTeH obxBaT 0.05m — 10m
CraHupauy obxeat 8m

Tabnunua 5 TexHnyecku aaHHM Ha ceHsopa Sick Tim 551.

Bpb3kaTa 3a TpaHchep Ha JaHHU OT CeH30pa KbM pa3paboTeHuTe anroputmu e nocpeacrtsom Micro USB,
type B, 3axpaHBaHeTo e 24VDC 1 e gOCTbNHO OT 3axpaHBalla bykca Ha MobunHaTta naatdpopma.

30HaTa Ha 06XBaT Ha AaneKkomepa e nokasaHa Ha durypa 6.

Ha ¢urypa 7 e nokasaHa kamepata COGNEX In-Sight 7402C — cmapT Kamepa OT HOBO MOKOJIEHUE,
camocToATesIHa CUCTeMa 33 MAWWHHO 3peHue, W3MNos3BaHa 3a aBTOMATUM3MpaHa WHCNEeKuus,
naeHTMdUKaLma Ha 06eKTHU, U3MepBaHUA, ynpas/ieHUe Ha PoboTH 1 Ap. B NPOM3BOACTBEHU NPEANPUATUS.
Mma rotosHOCT 3a paboTa B Mpeka, Aa Ce KOHPUrypupa OT pasCTOAHME MO MperKaTta M3NoN3Baiiku
cneunanusmpaH copryep.

i 84.8 334 - -—

= 275108 ——

OPTICAL
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OPTICAL
AXIS

.0{2.17]

®urypa 7 kamepa COGNEX In-Sight 7402C n ¢pusnyecknte n pasamepu.
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T — CUCTEMH Y TEXHOJIOT UM~ I~
e TABPOBO 23

MEXAYHAPOIHA HAYYHA KOH®EPEHIIUSA
»MEXATPOHUKA, EKO 1 EHEPT'OCIIECTABAIIIN

HAYKA N OBPA30OBAHUE 3A
WHTEAUIEHTEH PACTEX

®urypa 8 Komnsekc ot mobunHa naatdopma Kuka youBot (1), manunynatop Kinova Jaco 2 (2),
MHAYCTPUAIHa CUCTEMA 33 MaLUMHHO 3peHue Cognex 7402C (3), nasepeH aanekomep Sick Tim 551 (4)

3AKNNIOYEHUE

Craka aceMGnMpaHa'ra cncrtema ce gaBa npeanocraBKa 3a NO-HaTaTbWHU U3CneaBaHUA CBbP3aHU C:

ynpasaeHue Ha MOBMIHNA MaHWUNYNATOP YPE3 Ia3epeH AaneKkomep;

ynpaBneHue Ha MOBMAHUA MaHUNYNATOP Ype3 Kamepa MOHTUPaHa Ha MobunHaTa nnatpopma;
ynpaBneHne Ha MOBWIHMA MaHUNyNaTop Ypes Kamepa MOHTMpaHa Ha WHAYCTPUANHMA
MaHunynaTop;

ynpasneHue Ha MOBMAHMA MaHUNYNATOP Ype3 KOMBMHALIMA OT FOPHUTE;

JTUTEPATYPA

1. R.Siegwart, |. Nourbakhsh, Introduction to Autonomous Mobile Robots, MIT Press (2004)

2. Ahmed S.A., Topalov A.V., Shakev N.G., Popov V.L., Model-Free Detection and Following of
Moving Objects by an Omnidirectional Mobile Robot using 2D Range Data, (2018) IFAC-
PapersOnLine, 51 (22), pp. 226 — 231, DOI: 10.1016/j.ifacol.2018.11.546

3. Paul, Richard (1981). Robot manipulators: mathematics, programming, and control : the
computer control of robot manipulators. Cambridge, MA: MIT Press. ISBN 978-0-262-16082-7.

4. Kinova Gen2 Ultra lightweight robot. User Guide, 2019.

baaromnapnocr:

ABTOpHUTE H3Ka3BaT CBOsTa OJIaroapHOCT
Ha npoekt BGO5SM20P001-1.002-0023 Ilen-
THpP 32 KOMIIETEHTHOCT ,,JIHTeIMrenTHn Mexa-
TPOHHH, €KO- U €HEPrOoCHEeCTABAIA CHUCTEMH
M TEXHOJIOTHH"".

www eufunds.bg

Ilpoexm BGO5M20P001-1.002-0023 - Llenmvp 3a Komnemenmuocm ,, Humenuzenmnu mexampounu, eko- u
enepzocnecmagauju cucmemu u mexnonozuu“, punancupan om Onepamusna npoepama ,, Hayxa u obpasosanue 3a unmenuecenmen
pacmedic”, cogunancupara om Eeponetickus cvios upes Eeponeiickume cmpyKmypHu u UHBECMUYUOHHU (POHIO8e.

181






	PROCEEDINGS
	ISSN

	СБОРНИК ДОКЛАДИ
	ГАБРОВО
	ISSN

	Sadarjanie.pdf
	C O N T E N S
	Maria Ormanova1, Stefan Valkov1, Nikolai Ivanov1, Darina Kaisheva1, Angel Anchev2, Georgi Kotlarski1, Vladimir Dunchev2, Dimitar Dechev1, Borislav Stoyanov2

	paper_1-s.pdf
	Фиг. 1. Видове микросистеми в зависимост от използваната подложка
	[13] Chowdhury Asif, MEMS Packaging for High Volume Products, достъпно на: https://embeddedcomputing.com/technology/analog-and-power/analog-semicundoctors-sensors, април 2023


	paper_2-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	Благодарност
	ЛИТЕРАТУРА

	paper_3-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_4-s.pdf
	Technical University of  Gabrovo
	ВЪВЕДЕНИЕ
	ЛИТЕРАТУРА

	paper_5-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	благодарност
	ЛИТЕРАТУРА

	paper_6-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_7-s.pdf
	introduction
	discussion and results
	Conclusion
	references

	paper_8-s.pdf
	ВЪВЕДЕНИЕ

	paper_9-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_10-s.pdf
	Introduction
	Automated industrial systems
	assembly system description
	Transfer and vision inspection module
	Feeding and transferring module
	Measuring and transferring module
	Cover classification module
	Cover rejecting and transferring module
	Warehouse module
	conclusion
	Acknowledgment

	paper_11-s.pdf
	Introduction
	References

	paper_12-s.pdf
	ПОДОБРЯВАНЕ НА МЕХАНИЧНИТЕ ХАРАКТЕРИСТИКИ НА ЕЛЕКТРОННО-ЛЪЧЕВО ЗАВАРЕНА АЛУМИНИЕВА СПЛАВ  ЧРЕЗ ВЪВЕЖДАНЕ НА ЛЕГИРАЩИ ЕЛЕМЕНТИ  В ЗАВАРЪЧНOTО СЪЕДИНЕНИЕ
	IMPROVEMENT OF MECHANICAL CHARACTERISTICS OF ELECTRON-BEAM WELDED ALUMINIUM ALLOY BY INTRODUCING ALLOYING ELEMENTS INTO THE WELD SEAM
	Stefan Valkov
	Academician Emil Djakov Institute of Electronics – Bulgarian Academy of Sciences, Sofia, Bulgaria
	Technical University of Gabrovo, Gabrovo, Bulgaria
	Darina Kaisheva
	Academician Emil Djakov Institute of Electronics – Bulgarian Academy of Sciences, Sofia, Bulgaria
	Dimitar Dechev
	Nikolai Ivanov
	Angel Anchev
	Technical University of Gabrovo, Gabrovo, Bulgaria
	Vladimir Dunchev
	Technical University of Gabrovo, Gabrovo, Bulgaria
	Borislav Stoyanov
	Technical University of Gabrovo, Gabrovo, Bulgaria
	ВЪВЕДЕНИЕ
	Концентрираните енергетични потоци (КЕП), такива като електронни, фотонни и йонни снопове, се използват през последните няколко десетилетия [4,5]. Високата плътност на енергия на повърхността на обработваните материали, както и малкия размер на...
	Методът на електронно-лъчево заваряване (ЕЛЗ) е интензивно използван през последните години поради значителните си преимущества в сравнение с други методи. Сред основните преимущества са висока плътност на мощност, висока скорост на заваряван...
	Авторите на [3] са осъществили изследвания върху възможностите за електронно-лъчево заваряване на алуминиеви сплави /5005, 2024 и 6061/. Получените резултати показват намаляване на твърдостта в зоната на термично влияние, като също така се...
	Важно е да се отбележи, че  ефектът от въвеждане на легиращи елементи в заваръчната междина е доста слабо изучен. Ето защо, целта на това изследване е да се изучат възможностите за получаване на заваръчно съединение от алуминиева сплав с отлож...
	Експериментална част
	Образци от алуминиева сплав 6082Т6 с отложено покритие от ниобий върху заваряваните плоскости и имащи размери 100х50х8 mm бяха електронно-лъчево заварени. За сравнение бяха заварени образци без отложени покрития от легиращи елементи върху зав...
	Принципната схема на машина за електронно-лъчево заваряване е показана на фиг.1.
	Фазовият състав на получените заварени съединения е изследван чрез методите на рентгеноструктурния анализ. За изследване на микроструктурата на заварките е използвана сканираща електронна микроскопия. Химическият състав е изследван чрез енер...
	Фиг. 1 Принципна схема на машина за електронно-лъчево заваряване
	РЕЗУЛТАТИ
	Фиг. 2. Ренргеноструктурен анализ на електронно-лъчево заварените образци
	На фиг. 3 са представени СЕМ изображения на напречен срез на трите образеца, получени чрез електронно-лъчево заваряване. Фигури 3-а,в,д представляват микроскопски изображения при ниско увеличение, докато фигури 3-б,г,е представляват мик...
	Фиг. 3. Микроскопски изображения на електронно-лъчево заварени образци:
	(а) образец 1; (б) образец 2; (в) образец 3.
	На фиг. 4 графично са представени резултатите от проведените експерименти по определяне на границата на якост и границата на провлачване на получените образци. Резултатите показват, че най-ниски стойности за двете механични характеристики ...
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_13-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЛИТЕРАТУРА

	paper_14-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_16-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	благодарност
	ЛИТЕРАТУРА

	paper_17-s.pdf
	ВЪВЕДЕНИЕ
	Изложение
	Заключение

	paper_18-s.pdf
	CONTACTLESS CHARGING SYSTEM FOR ELECTRIC VEHICLES WITH RESONANT CIRCUIT
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	РЕЗУЛТАТИ ОТ ИЗСЛЕДВАНЕТО
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_19-s.pdf
	Investigation of Cationic Surfactants Adsorption Behaviour on Silicon Wafers Using Imaging Ellipsometry
	1. Introduction
	2. materials
	3. method and experimental procedure
	4. results and Discussion
	5. conclusions
	6. Acknowledgements The authors gratefully acknowledge the support from the Operational Programme “Science and Education for Smart Growth”, Bulgaria, project No. BG05M2OP001-1.002-0023
	7. References

	paper_20-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_24-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	Демонстрационен макет на изпитване на фотоволтаични панели
	ЗАКЛЮЧЕНИЕ
	БЛАГОДАРНОСТИ
	REFERENCE

	Sadarjanie.pdf
	C O N T E N S
	Maria Ormanova1, Stefan Valkov1, Nikolai Ivanov1, Darina Kaisheva1, Angel Anchev2, Georgi Kotlarski1, Vladimir Dunchev2, Dimitar Dechev1, Borislav Stoyanov2

	paper_25-s.pdf
	ВЪВЕДЕНИЕ
	Хардуерната конфигурация
	ЗАКЛЮЧЕНИЕ
	Благодарности
	ЛИТЕРАТУРА

	Sadarjanie.pdf
	C O N T E N S
	Maria Ormanova1, Stefan Valkov1, Nikolai Ivanov1, Darina Kaisheva1, Angel Anchev2, Georgi Kotlarski1, Vladimir Dunchev2, Dimitar Dechev1, Borislav Stoyanov2

	Titulna-web.pdf
	PROCEEDINGS
	ISSN: 2815-4924

	СБОРНИК ДОКЛАДИ
	ГАБРОВО
	ISSN: 2815-4924


	S.pdf
	PROCEEDINGS
	ISSN

	СБОРНИК ДОКЛАДИ
	ГАБРОВО
	ISSN

	Sadarjanie.pdf
	C O N T E N S
	Maria Ormanova1, Stefan Valkov1, Nikolai Ivanov1, Darina Kaisheva1, Angel Anchev2, Georgi Kotlarski1, Vladimir Dunchev2, Dimitar Dechev1, Borislav Stoyanov2

	paper_1-s.pdf
	Фиг. 1. Видове микросистеми в зависимост от използваната подложка
	[13] Chowdhury Asif, MEMS Packaging for High Volume Products, достъпно на: https://embeddedcomputing.com/technology/analog-and-power/analog-semicundoctors-sensors, април 2023


	paper_2-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	Благодарност
	ЛИТЕРАТУРА

	paper_3-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_4-s.pdf
	Technical University of  Gabrovo
	ВЪВЕДЕНИЕ
	ЛИТЕРАТУРА

	paper_5-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	благодарност
	ЛИТЕРАТУРА

	paper_6-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_7-s.pdf
	introduction
	discussion and results
	Conclusion
	references

	paper_8-s.pdf
	ВЪВЕДЕНИЕ

	paper_9-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_10-s.pdf
	Introduction
	Automated industrial systems
	assembly system description
	Transfer and vision inspection module
	Feeding and transferring module
	Measuring and transferring module
	Cover classification module
	Cover rejecting and transferring module
	Warehouse module
	conclusion
	Acknowledgment

	paper_11-s.pdf
	Introduction
	References

	paper_12-s.pdf
	ПОДОБРЯВАНЕ НА МЕХАНИЧНИТЕ ХАРАКТЕРИСТИКИ НА ЕЛЕКТРОННО-ЛЪЧЕВО ЗАВАРЕНА АЛУМИНИЕВА СПЛАВ  ЧРЕЗ ВЪВЕЖДАНЕ НА ЛЕГИРАЩИ ЕЛЕМЕНТИ  В ЗАВАРЪЧНOTО СЪЕДИНЕНИЕ
	IMPROVEMENT OF MECHANICAL CHARACTERISTICS OF ELECTRON-BEAM WELDED ALUMINIUM ALLOY BY INTRODUCING ALLOYING ELEMENTS INTO THE WELD SEAM
	Stefan Valkov
	Academician Emil Djakov Institute of Electronics – Bulgarian Academy of Sciences, Sofia, Bulgaria
	Technical University of Gabrovo, Gabrovo, Bulgaria
	Darina Kaisheva
	Academician Emil Djakov Institute of Electronics – Bulgarian Academy of Sciences, Sofia, Bulgaria
	Dimitar Dechev
	Nikolai Ivanov
	Angel Anchev
	Technical University of Gabrovo, Gabrovo, Bulgaria
	Vladimir Dunchev
	Technical University of Gabrovo, Gabrovo, Bulgaria
	Borislav Stoyanov
	Technical University of Gabrovo, Gabrovo, Bulgaria
	ВЪВЕДЕНИЕ
	Концентрираните енергетични потоци (КЕП), такива като електронни, фотонни и йонни снопове, се използват през последните няколко десетилетия [4,5]. Високата плътност на енергия на повърхността на обработваните материали, както и малкия размер на...
	Методът на електронно-лъчево заваряване (ЕЛЗ) е интензивно използван през последните години поради значителните си преимущества в сравнение с други методи. Сред основните преимущества са висока плътност на мощност, висока скорост на заваряван...
	Авторите на [3] са осъществили изследвания върху възможностите за електронно-лъчево заваряване на алуминиеви сплави /5005, 2024 и 6061/. Получените резултати показват намаляване на твърдостта в зоната на термично влияние, като също така се...
	Важно е да се отбележи, че  ефектът от въвеждане на легиращи елементи в заваръчната междина е доста слабо изучен. Ето защо, целта на това изследване е да се изучат възможностите за получаване на заваръчно съединение от алуминиева сплав с отлож...
	Експериментална част
	Образци от алуминиева сплав 6082Т6 с отложено покритие от ниобий върху заваряваните плоскости и имащи размери 100х50х8 mm бяха електронно-лъчево заварени. За сравнение бяха заварени образци без отложени покрития от легиращи елементи върху зав...
	Принципната схема на машина за електронно-лъчево заваряване е показана на фиг.1.
	Фазовият състав на получените заварени съединения е изследван чрез методите на рентгеноструктурния анализ. За изследване на микроструктурата на заварките е използвана сканираща електронна микроскопия. Химическият състав е изследван чрез енер...
	Фиг. 1 Принципна схема на машина за електронно-лъчево заваряване
	РЕЗУЛТАТИ
	Фиг. 2. Ренргеноструктурен анализ на електронно-лъчево заварените образци
	На фиг. 3 са представени СЕМ изображения на напречен срез на трите образеца, получени чрез електронно-лъчево заваряване. Фигури 3-а,в,д представляват микроскопски изображения при ниско увеличение, докато фигури 3-б,г,е представляват мик...
	Фиг. 3. Микроскопски изображения на електронно-лъчево заварени образци:
	(а) образец 1; (б) образец 2; (в) образец 3.
	На фиг. 4 графично са представени резултатите от проведените експерименти по определяне на границата на якост и границата на провлачване на получените образци. Резултатите показват, че най-ниски стойности за двете механични характеристики ...
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_13-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЛИТЕРАТУРА

	paper_14-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_16-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	благодарност
	ЛИТЕРАТУРА

	paper_17-s.pdf
	ВЪВЕДЕНИЕ
	Изложение
	Заключение

	paper_18-s.pdf
	CONTACTLESS CHARGING SYSTEM FOR ELECTRIC VEHICLES WITH RESONANT CIRCUIT
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	РЕЗУЛТАТИ ОТ ИЗСЛЕДВАНЕТО
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_19-s.pdf
	Investigation of Cationic Surfactants Adsorption Behaviour on Silicon Wafers Using Imaging Ellipsometry
	1. Introduction
	2. materials
	3. method and experimental procedure
	4. results and Discussion
	5. conclusions
	6. Acknowledgements The authors gratefully acknowledge the support from the Operational Programme “Science and Education for Smart Growth”, Bulgaria, project No. BG05M2OP001-1.002-0023
	7. References

	paper_20-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	ЗАКЛЮЧЕНИЕ
	ЛИТЕРАТУРА

	paper_24-s.pdf
	ВЪВЕДЕНИЕ
	ИЗЛОЖЕНИЕ
	Демонстрационен макет на изпитване на фотоволтаични панели
	ЗАКЛЮЧЕНИЕ
	БЛАГОДАРНОСТИ
	REFERENCE

	Sadarjanie.pdf
	C O N T E N S
	Maria Ormanova1, Stefan Valkov1, Nikolai Ivanov1, Darina Kaisheva1, Angel Anchev2, Georgi Kotlarski1, Vladimir Dunchev2, Dimitar Dechev1, Borislav Stoyanov2

	paper_25-s.pdf
	ВЪВЕДЕНИЕ
	Хардуерната конфигурация
	ЗАКЛЮЧЕНИЕ
	Благодарности
	ЛИТЕРАТУРА

	Sadarjanie.pdf
	C O N T E N S
	Maria Ormanova1, Stefan Valkov1, Nikolai Ivanov1, Darina Kaisheva1, Angel Anchev2, Georgi Kotlarski1, Vladimir Dunchev2, Dimitar Dechev1, Borislav Stoyanov2





