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EBPOINENCKN CbIO3
EBPONEMCKM CTPYKTYPHI W
VHBECTULIMOHHU GOHAOBE

HAYKA N OBPA30OBAHUE 3A
WHTEAUIEHTEH PACTEX

MN3CJIIEABAHE HA PA3SIIPEJAEJEHUETO
HA EJIEKTPOMATI'HUTHH ITOJIETA

RESEARCH OF THE DISTRIBUTION OF ELECTROMAGNETIC FIELDS

Stanimir Stefanov
Technical University — Sofia
Plovdiv branch

Georgi Ganev
Technical University — Sofia
Plovdiv branch

Abstract

In this report, an analysis of the characteristics of electromagnetic fields (EMF), their impact on living organisms,
the values that should be measured in order to perform an assessment against the basic and reference values regulated
in the regulatory framework has been made. EMF measurement was also carried out on electrotechnical elements and
workplaces in a teaching laboratory, as well as on a switchboard, floor switchboard and main switchboard on the
territory of TU - Sofia, branch Plovdiv, 4th educational building at a frequency of the supply voltage 50Hz. The
comparison between the obtained results and the main and reference values according to normative documents shows
that the values of the measured EMF parameters are within the safety norms.

Keywords: electromagnetic fields, basic value, reference value, electrical intensity, magnetic induction

BBBEJIEHHE

Enextpomaruutaure noziera (EMII) ca ne-
pa3fesHa 4acT OT CbBPEMEHHHUTE TEXHUYECKU
yCTpoHCTBa, OUTOBH U MPOMUIIJICHU YPEIu U
HUE HaBCIKbBJE CME 3a00MKOJIEHU OT TaX. Te-
3M II0JIeTa OKa3BaT MOHU3MpPAI0, HEMOHU3U-
pamo, TOIUIMHHO W HETOIUIMHO BBb3JCUCTBUE
BbPXY JKHUBUTE OpPraHU3MH, KOETO BB3IECH-
CTBHE MOXE Ja UMa (PU3UOJOTHYHH U TICUXO-
(GU3MOJOTMYHU MOCJIEANIHN 3a KUBUTE Opra-
HU3MHU. 32 Ja ¢€ U3BBPIIN IPEBEHLNS WIH 3a
Jla ce rapaHThpa 0e30IacHOCTTa 3a 3ApPaBETO
npu NpeOUBaBaHETO HA XOpa B OIpPEICIICHU
30HM € HEOOXOAMMO Jia c€ M3CJIeIBaT HAKOU
rapaMeTpyu Ha €JICKTPOMAarHUTHUTE I10JIETa U
B IIOCJIE/ICTBUE TEXHUTE CTOMHOCTH Ja ObaaTr
CBIIOCTABEHU C HOPMEHUTE U3UCKBAHMUS.

N3JIOKEHUE

CBHUIHOCT HA eJIEKTPOMATHUTHHUTE MOJIe-
Ta M TAXHOTO Bb3JeicTBHE

Kakto e¢ m3BectHo EMII ce cbcTosT OT
€JIEKTPUYECKO U MAarHUTHO MOJIe, KaTO U3Me-

www.eufunds.bg

HEHHETO Ha EJIEKTPHUYECKOTO IOJIe BOAM JIO
mosiBaTa Ha M3MEHSII0 CE MarHUTHO IOJe, a
TO OT CBOSI CTpaHa Ch3JaBa HW3MEHSIIO Ce
EIIEKTPUYECKO T0JIe, Pa3MpPOCTPAHSIBAIIN CE B
MPOCTPAHCTBOTO OT CH3AAIHAT T'M U3TOYHUK,
JIOpH ¥ TOM Ja cripe na GyHKIMOHUPA WIH Ch-
mectByBa — ur. 1. [1].

Enektpuusecko none

/
®@ur. 1.

Ta3u CBBKYNMHOCT OT pa3NpoCTpaHsIBallU
C€ CJICKTPUYECKO U MAarHUTHO I0JI€ Ce Hapuya
€JIEKTPOMAarHuTHA BbBJIHA, KOSITO CE XapakTe-
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pu3upa ¢ IBDKHHA Ha BBJIHATA M YECTOTa Ha
U3IIBYBAHETO, CBBP3aHU IOCPEICTBOM CKO-
pOCTTa Ha pa3npoCTpaHCHUE HA BhJIHATA. Te-
3 BBJIHHU, CBIIO TaKa, CE XapaKTEPU3UPAT U C
MIPEHACSHA UMITYJIC ¥ €HEeprHsi, KaTO 0OeMHa-
Ta TUTBTHOCT Ha TPEHACsSHATa CHEePTUs € ChB-
KYIHOCT OT TIPEHACSIHUTE OT €JIEKTPHYECKOTO
Y MarHUTHOTO TIOJIC CHEPTHH.

B 3aBHCHMOCT OT CBOsITa IBJDKUHA Ha BBJI-
HaTa, PECIIEKTUBHO YECTOTa, CIIEKTPOMArHUT-
HUTE BBJIHH ce KiIacu(UIMpaT B Taka Hapede-
HUS CIEKThP HAa ENEeKTPOMArHUTHHUTE Jhue-
HUs — Gur. 2

En EeKTPOMATHHTEH CHCKTHP

10pm - - 300 EH
7-TBYR P 2 :

I
10pm = - 30 EHz
X-an0m [—
10 nm = - 20 PHz

YRTpaEHARETORH MEuH

[HAd

| Uv-apam
380 pm - - 790 THz - BHANMA CBETNHHE (BHONETOE )
Bramva

CBETAHHA

BHAHME CESTAHHE
740 um

§ i
1 mm
1 dm
1im A
1om
100 m
1 km

C Hall-MaJku OBJDKUHM HAa BBJIHUTE, pe-
CHEKTHUBHO C HaW-BHCOKM YECTOTH Ca Tama-
JTBUNTE U PEHTTEHOBUTE JIbYM U TE IMpeJcTa-
BIISIBAT OCHOBHATA TpyIMara JTbUCHUS WUMAIIH
WoHM3upaio aeiicteue. ['pynata Ha onThy-
HUTE JTBYCHHS BKIIOYBA YJITPABUOJIETOBUTE
m3puBanus (10nm — 400nm), Buammarta 3a
YOBEIIKOTO OKO cBeTiauHa (380nm — 780nm)
1 uH(ppavyepBeHUTE JTbYCHHS TNOMAaaT B aua-
nazona 800nm — 10 000nm. Cnensa nuamna3zo-
Ha HAa MUKPOBBJIHOBOTO JIbYEHHE — YJITPaBU-
COKO M CBpbX yhTpa Bucoko 1o 30GHz. B
Kpasi Ha €JeKTPOMarHUTHHUAT CIEKThp, C Hail
rojisiMa JIbJKUHA HA BBJIHUTE, PECIIEKTUBHO C
Hal-MaJika 4eCTOTa Ha U3JIbYBAHETO CE HaMU-
pat paguoBwiaautre — YKB (0,1 — 10m), KB
(10 — 100m), CB (100 — 1000m) u B (1000
—10000m).

- 405 TH2 - BnANMS CBETAHHE (HepBena)

300 THz
WiHdbpaepeenn nban

- 300 GHz

MHKpoEBAHA

3 GHz

¥nrpartcn ernnn UHF
200 MHz

YATparLcH sLnmH VHF

- 30 MH PagnoBbiHN

MunmiHa Ha sbnHaTa

Krcn eennn G

- 3 MHz

Cpeann stnnn Mi
- 300 kHz

Jrenrw srann LW

dwur. 2.
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JIbueHnATa OT BCEKHM €IWH OT TE3HW Auara-
30HU UMAT GUUOJIOTMYHO WU TICUXO(PU3HO-
JIOTUYHO BB3ACHCTBHE BBHPXY JKUBUTE Opra-
HU3MH U TE€XHHTE ThKAaHH B 3aBHCHMOCT OT
YecToTara UM, ABJIOOYMHATA HAa TIPOHHKBAHE
B ThbKaHHUTE, M MOIIHOCTHATA INIHTHOCT HA 13-
J'bYBAHETO — MOHU3UPAILIO, TOIUIMHHO, CEH3U-
TUBHO, TICUXOCOMAaTUYHO W JPYTO Bb3JEH-
cTBHE. B HOpMaTWBHHUTE NOKYMEHTH HOPMH-
TC 110 OTHONIICHHC HA TE3HW BB3ACHCTBUS Ha
J'bYEHUSITA CE JIENIAT HAa JIBE€ OCHOBHM I'pyIH -
JTBYCHUS], IPEIU3BUKBAILN TOIUIMHHO BB3EH-
CTBHE W JIbUYCHMS, NPEAU3BUKBAILIN HETO-
IUIMHHY BH3ACHCTBHSL.

[Ipu TorMHKUTE BB3AECUCTBUS TEMIIEpaTy-
paTa Ha OpraHUYHUTE THKAHHU CE yBEJIMYaBa
BCJICJICTBHE HA TIPe0Opa3yBaHETO HA EHEPTHsI-
Ta BCJIEJCTBUE 3ary0H OT MPOBOJUMOCT IMPHU
PAIUOBBIIHUTE W JAWCIICKTPUYHU 3aryOu TpH
MUKpPOBBJIHOBUTE W3IbuYBaHUsA. KommuecTBo-
TO OTJACISHA TOIUIMHA B ThKAHHTE 3aBHCH OT
TEXHUTE €JIEKTPUUECKH MapaMeTpHu, OT YeCTO-
TaTra Ha JHYEHUETO U OT UHTEH3UBHOCTTA MY.
Hampumep, Hal-CWIIHO TOIUIMHHO BB3ICH-
CTBHUE MPU 00TbYBAHE C MUKPOBBIIHOBO JIbYe-
HUE, Ce Cpellla MPU ThKaHUTE, KOUTO UMAT BH-
COKO ChAbpkaHue Ha Bojaa Taka, mpu EMII ¢
eIHHU U chIu Tokaszatenau Ha EMII Thkanu c
MO-HUCKO ChIBbPKaHUE Ha BOJA, LI CE€ HArpsi-
BaT mo-c1a0o.

HeromnmmnaHuTe BBH3AECUCTBUSA CE€ U3pa3siBaT
B CTUMYJIAllMsl HA MYCKYJIM, HEPBHHU WJIU Ce-
THUBHU OpraHu [2] m Morar jaa yBpeIsAT yM-
CTBEHOTO U (PU3MUYECKOTO 37paBe, /1a TOBEAAT
JI0 TOsIBa HA MPEXOJHU CUMIITOMH KaTO CBe-
TOBBPTEXK WJIM HapyIICHUs B 3PEHUETO, Aa
NpEIN3BUKAT BPEMEHHO JPa3HEHHE WJIM 3a-
CEerHaT KOTHUTHUBHU CIIOCOOHOCTH, MO3BYHHU
WU MYCKYJTHU (DYHKITUH, KaKTO M Ja JOBeaatT
JI0 TIPOTUYAHE Ha €NEKTPUUYECKH TOK Ipe3 Tsi-
JIOTO WJIN KPAaWHUITUTE.

Ouenka Ha mapaMeTpuTe HAa €JEKTPO-
MATHUTHHUTE I0JIeTa MO OTHOUIEeHHe 0e3-
OMACHOCTTa HAa CpeJaTa W Y0BENIKOTO
3apaBe
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OueHkaTta, METOIWTE W METOAMKHUTE 3a
oueHka Ha napamerpute Ha EMII, u HeoOxo-
JUMOCTTa OT MpPEeIIpUeMaHe Ha MEPKH ce pe-
TJIAMEHTUPAT B HAI[MOHATHHW HapenOW, BbH3-
IIPUETH €BPONEHCKHU CTaHAAPTHHU U IPENOPbh-
YaHU HE3aIbJKUTEIHU PBKOBOJICTBA
[2]1[3][4][5]. B eBpomeiickute HOKYMEHTH C€
naBat JiBa Buja orieHku Ha EMII[3].

Ennure ca Hapeuenu ,,OCHOBHU OrpaHuye-
HUS — OTpAaHUYECHUS 110 OTHOIICHHE Ha U3J1a-
raHeTO Ha YOBEKAa Ha IPOMEHJIMBU BBB Bpe-
METO €JIEKTPUYECKH, MAarHUTHU M E€JIEKTPO-
MarHuTHU MOJIETa, OCHOBABallld CE€ NPSIKO Ha
YCTaHOBEHHUTE €()eKTU BHPXY 3[[PaBETO HA YO-
BeK croitHocTH. J[pyrure ca HazoBanu ,,Pede-
PEHTHM HMBA“, CIYXELIM 3a IpPaKTUYECKa
OLICHKA, 32 J1a CE€ OMNpEJEIu Jadd OCHOBHUTE
OTpaHMYEHUS MOraT Aa ObJaT MPEBUIICHH,
KaTo HSIKOU OT pe)epeHTHUTE HHUBA Ca MOJIY-
YEHU OT CbOTBETHUTE UM OCHOBHU OTpaHUYe-
HUs, a IpyTd B pe3yJITaT Ha BB3NPUATHE U
HEXKEllaHW KOCBEHHU €(EeKTH OT H3JIaraHe Ha
EMII. B nopmaruBHuTE ypendu y Hac [2] ca
perilaMeHTUpaHu ,,] paHUYHU CTOMHOCTH Ha
excriozurusa™ ('EC) u ,,CroitHocTH 32 TIpen-
npuemane Ha aeictBus (CII/]) mo otHome-
HHE HA MOCIEANIM 3a 30PABETO U MO OTHOIIIE-
HUe Ha edexTute 3a uyBcTBuTenHOCT. CI1/ ca
ONEpPaTUBHU CTOMHOCTH, YCTAHOBEHHM 3a Ja ce
OMPOCTH MpOIeca Ha JOKA3BAaHETO Ha Cra3Ba-
Heto Ha choTBeTHHMTE I'EC mmm, korato e
MPUIIOKHUMO, 32 1a ObJaT MPUETH CHOTBETHU-
T€ MEpKHM 3a 3alllUTa WIN MPEBEHLMS ChIJIac-
HO Hapezbara.

@u3nYHU BeJIUYHUHU 10 OTHOLIEHHE HA
U3JIaTaHeTO HA Bb3/IeliCTBHE OT CTPaHA HAa
€JICKTPOMATHUTHH 10JIeTa

OCHOBHUTE BEIMYMHH, U3IOI3BAHU 32 Xa-
paKkTepu3upaHe U OICHKA Ha BIUSHHUETO Ha
EMII ca cneqaute[2][3]:

- UHTEH3UTET HA €JIEKTPUYECKOTO Toie £,
(V/m);

- Enextpuyecku Tok B kpaitHuIuTe 11, (A)
B cieacTBue Ha miiaarade Ha EMII B uectoT-
Hus ooxsat 10MHz — 110MHz u B pe3ynrar
Ha KOHTAaKT ¢ mpeamer, Hamupaiy ce B EMII,
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WIM Ha MOTOKAa OT KamallUTUBHHU TOKOBE, MH-
QyUMpPaHU B TJI10, U310:keHO HAa EMIT;

- Konrakren enexrpuyecku Tok Ic, (A) B
CIIEJICTBUE HA JIOTHP HA YOBEK JIO MPEAMET B
EMII, kato npu BJIM3aHETO B JONHUP € Bb3-
MOJKHO J1a BE3HHKHE W UCKPOB pa3psi;

- [ImeTHOCT Ha TOKa J, (A/m2) npe3 emu-
HUIIA HAlPeYyHO CEUeHHUE, MEPICHIUKYISIPHO
Ha MOCOKaTa Ha TOKa B €JEKTPOIpPOBOAMMA
cpena, Karo HAmpUMEp YOBEIIKO TSUIO WIIH
4acT OT HEro;

- Enextpuuecku 3apsag Q, (C);

- Marautna uanykmus B, (T). B cBoGom-
HOTO TPOCTPAHCTBO, B OMOJIOTUYHU MAaTEpUH,
M3BBbH MarHUTONPOBOJISAIIN CPEIU, MarHUTHA-
Ta WHIYKIUS U WHTCH3UTETa HAa MarHUTHOTO
none H, (A/m) morar ma ObaaT W3IOI3BaHH
M0 €AWH W CHIIM HAYMH, KaTO C€ M3IOJ3Ba
Bpb3kata H=B/4n10”7 (1A/m=1,25uT);

- [ITpTHOCT Ha MOIIHOCTTA HA M3JIbYBAHE-
1o S, (Wm™) u3Mon3BaHa 3a MHOTO BHCOKH
4EeCTOTH, KOTaTo AbJIOOYMHATA HA MPOHHUKBA-
He e Manka. ToBa e MOLTHOCTTa Ha MaJalioTo
ThUCHUE TEPHCHIUKYISIPHO Ha MOBBPXHOCT,
paszfesieHa Ha IUIOIITa Ha MMOBbPXHOCTTA;

- Cnenn¢uuna norsyinarara eHeprus CIIE
(SA), (Jkg'") or enmnuIa Maca GHOJOTMYHH
ThKaHU. V3mon3Ba ce 3a yCTaHOBSIBAHETO Ha
OTpaHUYEHUS 32 BB3JACHCTBUETO HA MMITYJIC-
HUTE MUKPOJTBUCHUS;

- Crnenuduana norpianara momuoct CIIM
(SAR), (Wkg') ycpennena 3a usmoto Tsmo
WJIM 32 HSAKOS 4acT oT Ts10To. ToBa e Benuyu-
Ha 32 OILEHKA HAa CHOTHOUICHHETO MEXIY
BpPEJHU TOIUIMHHHU BB3JCUCTBUS U H3JIaraHe
Ha PaJIMOYeCTOTH, KAKTO U 3a OLIEHKA, U OTpa-
HUYaBaHEe Ha MPEKOMEPHOTO MOTJIbIaHE Ha
€Heprusi OT MAJIKH YacTH Ha TSAJIOTO B pe3yl-
TaT Ha crenuUYHH yCIIOBUS HA M3JIaraHe Ha
PaIMOBBITHH.

OT moco4yeHuTe BEJIMYMHHU MOTaT Ja Obaat
MPSKO W3MEPEHW MarHuTHaTa WHAyKOus B,
KOHTaKTHUAT TOK Ic, €NEKTPUUECKUAT TOK B
KpalHULMTE /L, UHTEH3UTETHT HA EJIEKTpUYE-
CKOTO ToJie E, UHTEH3UTEThT HA MarHUTHOTO
noJie H ¥ IIIbTHOCTTAa Ha MOIITHOCTTA S.
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B tabnuna 1 ca npencraBenn pedepeHTHH-
T€ CTOMHOCTH Ha BEJIMYUHUTE, ChIIACHO [3].

Tabnuya 1.
Pegpepumnu nusa 3a enexmpuuecku, MacHuUmMHU u
enexmpomazrumuu noiema (om 0 Hz oo 300 GHz,
rms cCmouHocmu)

Exsusanenta
HWurensurer Ha Hanpernatoct MaruutHa IUIBTHOCT HA
Yecroren 06xBaT €NIEKTPUYECKOT Ha MarHUTHOTO unyKums B, MOLIHOCTTA HA
o nose E, V/m nose H, A/m uT II0CKA BhJIHA
Seg, W/m?

0-1Hz 10000 3200 4000
1-8Hz 10000 3200/ 4000/
8-25Hz 250/f 4000/ 5000/f
0,025 - 0,8 kHz 250/f 5 5/

0,8 -3 kHz 87 5 6,25
3-150kHz 87 0,73/f 6,25
0,151 MHz 87/1"” 0,73/f 0,92 -
10 — 400 MHz 28 0,073 0,92 2
400 — 2000 MHz 1,375 2 0,0037 £ 0,0046 £ /200
2 -300 GHz 61 0,16 0,20 10

B Tabnuna 2 ca nmokasaHu HOPMHUTE ChIa-
cHo Hapen6a Ne9 3a mpenenHo mpomyctumMuTe
HHMBA HA E€JICKTPOMAarHUTHU IOJIETA B HAcele-
HHU TEPUTOPUU M OIpEJEsiHE HAa XUTHEHHO-
3aIUTHA 30HU OKOJIO M3IBbYBAIIM 00CKTH [4],
KOSATO Hapeaba periiaMeHTHpa HOPMHTE 3a pa-
JIMOBBIIHU.

Tabnuuya 2.
Ilpedenno donycmumu HUBA HA HANPESHATNOCHI-
ma u Ha nivmHocmma Ha euepeuﬁuuﬂ NOMOK Ha
EMII 6 nacenena mepumopusi

YecToTeH 00XBat IIpenenHo
B KOWTO pabOTH M3apYBATEINS] | JIOMYCTHMO HHUBO
ot 30 1o 300 kHz 25 V/im
ot 0,3 1o 3 MHz 15 V/m
ot 3 1o 30 MHz 10 V/im
ot 30 mo 300 MHz 3V/m
ot 0,3 10 30 GHz 10 uW/cm?

CpoTBeTCTBAIN 33 OMUCAHUTE MO-TOPE BE-
JTUYMHU, HOpMH, ca yOnuKkyBaHu u B Hapen-
6a Ne PJI-07-5 ot 15 nHoemBpu 2016r. 32 Mu-
HUMAJTHUTE W3HUCKBaHUS 32 OCUTYpSBaHE Ha
3IpaBeTO W 0OE30MacHOCTTa Ha PabOTEIIHTe
MPU PUCKOBE, CBBP3aHU C EKCIO3UIUS Ha
€JIEKTPOMAarHUTHU TosieTa [2].

IloctranoBKa Ha  H3CJIEABAHETO H
pe3yaratu

B u3mepBaTenHara yacT Ha HM3CIIECIBAHETO
ca U3MEPEHH HMHTEH3UTETa Ha CJIEKTPHYECKO-
To mone E,V/m W MarHuTHaTa WHIYKIUS
B, uT na pascrosinus / crorBetHo 10, 20, 30,
40, 50 u 100 cm oT: HaTpueBa J1aMIia BUCOKO

www.eufunds.bg

Hansrane (HJIBH) 70W; aBrorpancdopmarop
ATl - 9; pasnpengenuTenHo Tabio B
nab. 4413, namupama ce B 4™ yueGeH Kop-
nyc Ha TY- Codus, punman [Tnosaus; erax-
HO pasnpeaenurenHo Ttabmo (EPT) ma 4™
€TaX B CIIOMEHATHsI KOPITYC, 3amaJHO KPHIIO,
paboremu Ha mpomuiuieHa dectora SOHz.
Cpb11o Taka, HalPaBEHU Ca U3MEPBAHMS 3a el-
Ha TO3UIMs Ha 8§ pabOTHU MecTa B CIIOMEHa-
TaTa JabopaTopus, U 3a 3 MO3UIMU N0 BUCO-
yrHa A, Ha 30 cm OTCTOSIHHE OT KWIWHUTE Ha
rinaBHo pasmnpenenutentu tadiao (I'PT), crpa-
Ha Hucko Hampexenue (HH), Ha ciomenartus
y4eOeH KOpITyC.

W3mepBanusaTta Ha  MHTEH3UTETa  Ha
eJIEKTPUUYECKOTO ToJie £ ca OCHIECTBEHHU I10-
CpPEICTBOM H3MepBaTesieH ypeln MeTpukc
VXO 10-0 B usmepBareneH auana3zoH 0 —
100kHz, a Ha marHuTHaTa WHAyKOuUs B 1o-
cpeactBoMm u3MepBareneH ypenx PCF EMF
823A B mmanaszoH 0 - 300 Hz.

[TonmyyeHure pe3ynTaTH ca NPEACTaBEHU
Ha (UTypHUTE TTO-T0TY.

E={(/)
700

600
500
400
300
200
100

E, Vim

I, cm

B=f())

BT

o 20 40 60 80 100 120
[, cm

@uz. 1. Cmoiinocmu na E u B na HJIBH

E=f(D)

I.cm
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Due. 2. Cmovnocmu na E u B na ATJI-9 lym
Due. 5. Cmounocmu na Eu B na I'PT

E=f()
30
25
= 20 B=0 |[IIK B=0 |IIK
= 1s E=20 E=1,9
M 10
-1
o — Makert —
o 20 40 60 80 100 120 B:(i,(()):)’l HJIBH, B:O K
I, cm E= TIAT-9 E=5
) B=f(1) B_0.01 | T, JLI
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: 0,6 TTIK
m 0,4 B=0 B=0
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Due. 6. Cxema na pabomuume mecma u
Duz. 3. Cmounocmu na E u B na EPT 6 na6. 4413 usmepenume cmounocmu na E,V/m u B,uT 6 1ab.
4413 (IIK — nepconanen xomnromp, JIJI —
E=f() Y MUHECYESHMHU TAMNU).

35
2 Ot ¢wur. 1 u 2 ce BxkAa, Y€ MHPBOHAYATTHO
e ¢ oTtmanedaBade ot u3rounuka Ha EMII uma-
1
5

ME JIOKaJIHO HapacTBaHE Ha EJIEKTPHUYCCKUS
°, UHTEH3UTET B 30HaTa 20 — 30 cm, KOETO MOXKe

b Ja ce O0SICHU C MO-IIUPOKHUS MPOCTPAHCTBEH
. Bf() D BI'BJI KOWTO 00XBaIlla COH/IATa OT rabapuTHTE
Ha u3rounuka. Ot ¢wur. 3 ce BUxaa, 4e J0Ka-
TO MarHUTHATa MHAYKLUS € B CIaJl, UHTEH3H-
TeTa, OTUYUTAH OT ypeJa, HapacTBa ¢ yBelInYa-
BAaHETO Ha pa3CTOSHUETO OT TabJO0TO, KOETO

B, uT
T -

0 2 0 % w1 Ou MorJIo Aa ce 00siCHU ¢ mpuOiKaBaHe Ha
COHIaTa KbM JPYTH M3TOYHUIM HA €NEKTPH-
Duz. 4. Cmouinocmu na E u B na EPT YecKO ToJie, HaMHUpaly ce B JadopaTopusra,
TBU KaTO EJICKTPUYECKUTE TOBApPH B HES IO
i E~f) BpEMC Ha H3MCPBAHCTO Ca IMOCTOSHHH 11O
120 - croitHocT. Ha ¢wur. 4, npu CpaBHUTEIHO TIO-
5123 / Bl CTOSIHHU CTOMHOCTH 3a E, UMaMe CUJIHO Bapu-
| 7 // o paHe BbB BPEMETO HAa MATHMTHATA WHIYKLIHUS
22 e e N I R MeXay OTOeNsI3aHUTE MUHUMATHH W MAaKCH-
noow 0w W W W W W MaigHu croitHocTH. OT dur. 5 ce BUXKIa, Ue
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pasnpeneneHueTo  Ha ~ MHTEH3WTEeTa  Ha
€JIEKTPUYECKOTO I10JI€, KAKTO U Ha MarHUTHa-
Ta WHIAYKLUWS [0 PA3IMYHUATE KWIHH € pas3-
JUYHO, KaKTO U 10 BUCOUYMHA. Te3u pasnuku
O0rxa MOTJIM Jla c€ OOSICHAT C pa3IMYHUTE TO-
Bapu no kunuure Ha I'PT, a BBB BuCOUMHA
OCBEH C pa3IMYHHUTE TOBApU U C mojpendara
Ha ChOPBKEHUATA U allapaTUTE B THX.

Ot ¢ur. 6 ce BMXKAa Pa3MOIOKCHHETO Ha
EMII ¢ npomumuieHa gectoTa cupsmMo padboT-
HUTE MecTa B JabopaTopusTa U HaMHUpALIUTE
ce tam [IK u maGoparopHu MakeTu.

3AKJIFOYEHUE

B 3akmroueHne MoXKe J1a ce Kake, ue BeJH-
guHUTE 32 olleHka Ha EMII (enexTpuueckus
WHTCH3UTET WM MarHuTHaTa WHAYKIUS) HE
HAJXBBPJIAT U ca 3HAYUTEIHO MO pedepeHT-
Hute HuBa 3a EMII ¢ mpomunuiena yecrora —
Tad. 1.

B Onuzoct 1o uscienBaHuTe OOEKTH JIWII-
CBAaT M3JIbYBATEIN HA PAJUOBBIHU WIM aHTE-
HU Ha MOOWJIHM ONEpaTopu U B U3MEPBAHETO
HE ¢ BKJIOYCHO H3CJICABAHE 3a TCXHUTEC Yc-
CTOTH.

BJIATOJAPHOCTH

ABTOpHTE U3Ka3BaT OJIATOJAPHOCT KbM
npoekt BGOSM20OP001-1.002-0023, LlenTsp
3a KOMIIETEHTHOCT ,,VIHTEJIMIeHTHH MeXa-
TPOHHH, €KO- U E€HEPTOCIeCTSBAIA CUCTEMH
M TEXHOJIOTHH"".
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ANALYSIS OF LOSS OF VISIBILITY IN VIDEO- SEQUENCES
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Technical University of Sofia, Branch Plovdiv

Boryana K. Pachedjieva
Faculty of Electronics and Automation
Technical University of Sofia, Branch Plovdiv

Abstract

Analyzing the previous studies of surveillance data under different weather conditions, we extracted three main
parameters that enter into all methodologies for images visibility estimation: mean value, deviation and correlated color
temperature - CCT. The most of these methods use data bases of static images. We propose a dynamic tracking of the
occurrence of visibility loss comparing parameters from different fields in a single image. Our approach relies on different
distance of the objects in the field of view of the camera. The processing is performed on video-frames transformed into

Dark Channel Prior Images. The criteria of an occurrence of loss of visibility have been defined via the values of:

*  The lightness deviation;
. A CCT close to the white reference value;

. Magnification of deviation and CCT differences against the same parameters of a fixed area.
There are phenomena that lead to a false indication in the observed values: camera blinding due to the light source
falling into the field of view, sunrise and sunset. We derived numerical criteria for the presence of these natural phenomena

into an image.

The studies are accompanied by specially developed software and based on video-sequences collected from three

different locations.

Keywords: natural phenomena in images, numerical criteria, video sequence analyses, visibility in the images.

BBBEJEHHUE

3arybara Ha BHJIUMOCT B  CHUCTEMH,
MOJI3BAIM M300pa)KeHHsI € Cepruo3eH IpodiieM,
0cOOEHO KOraro craBa BBIPOC 3a 3a7ayddl
CBBp3aHH C aBTOMAaTH3UpPaH KOHTPOI. 3a
OCHOBHHMTE  arMOC(epHH  SBIEHHS  HMa
pa3pabOTeHH KPUTEPUU M  CTaTHCTUYECKH
MOJIENT, KOUTO Ca H3BEICHU OT OrpaHUYEH
Opoli momxomsamy u3oOpaxkenus [1] HsAKOM
U3BJICYCHH OT CHElNMaIHO Ch3JajJeHu 0asu
JIaHHU [2,3]. 3a  mpocneasBaHe Ha
3aCJIeNsBaHETO IpPU HACpelleH CBETIMHEH
W3TOYHUK WA CHJHO OTPaXXCHHE HsIMa
npeuiokeHn  pemieHus.  PaspaGotkure  3a
¢bunTpupane Ha n300pakeHUs MpH 3aryda Ha
BUIMMOCT TIOpaJd MBIV, IBXKA U CHAT

W3IIONI3BAaT CHUCTEMaTHYHO HaOIIONeHWe Ha
o0exkTM ¥ (QuKcupaHe Ha CTOMHOCTH Ha
n30paHy MmapaMeTpu Tpu J100pa BUIUMOCT.
TexHuKUTE 3a OTKpUBaHE Ha THUNa Ha
cMmymaBamus (akTop ¥ KOpUTHpaHE Ha
nzo0pakenusra wm3nomear — Dark Channel
Prior Image (DCPI) — cBb3maBane Ha
MOHOXPOMHO M300pakeHUe OT HAJTMYHOTO 0510
3a BCEKHW MHUKCeN B n3oOpaxkenue [4-6], Habop
OT ETAJIOHHM NPOOHM 00pa3lu ¢ pa3Mmep Ha
CHEXKMHKH U JIBXKJIOBHH KallKW 32 OTKPUBAHE W
OTCTpaHsBaHE Ha CHEroBaJie)X U AbXKI [1,6],
MHOTOCTETICHHa o00paboTka M aHaiIM3 4Ype3
HEBPOHHM MPEXH IOJI3BAIM MHOTO Ipodu 3a
TOYHO ONpEJeNsHe Ha BUAA HAa KOHKPETHOTO
apienune [2,3]. M3uucnurenHure anropuTMu
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olleHsBaT oOm@a mpomsiHa [3], MIBTHOCT Ha
MbIiara [4], 3arydba Ha BHIUMOCT Ha
KOHTYpUTE Ha obOektute [7,8], mpomeHuTe B
MajJku O0O0JacTH OT Iplara KaptuHa [6].
W3non3BaHuTe METOAM C€ pa3leisT Ha TaKUBa,
KOUTO MpaBsAT (uiaTpauus U nogoOpsiBaHe Ha
BUIMMOCTTa Ha 0a3zata Ha MHPEABAPUTEIHO
U3BECTEH BHUJ Ha M300pPAKEHUETO M TaKWBa,
KOMTO TION3BaT €IHO H300paxkeHue, HO
npuBexxgar (opMara Ha XHcCTOrpamara KbM
IIPEIBAPUTENIHO 3a/aJieH THUIl pa3lpelesIeHue
[9]. Tlocturanero Ha eQeKTHBHA KOPEKIIUS
HEMHHYEMO H3MCKBa 00paboTKara Ha TOJEeMH
obemu faHHU. M3mom3BaHUTE B MOMEHTA
TEXHUKH C HEBPOHHU Mpexu [5] maBar mobOpa
0aza 3a uneHTU(UKalUsI Ha METEO yCIOBUSATA,
HO paloTIAT C OrpaHUYEHU M3BAIAKU KOETO
mpeanosara  BB3MOXKHOCT 3a Tpellka Ipu
Bh3HUKBAHE HA HEMO3HAaTa KOMOWHAIUS OT
ycnoBusi. OTunuTaHe Ha Obp3UTE U3MEHEHHUS Ha
arMocepHuUTe YCIOBUS npeznosara
o0paboTka Ha HeMpeKbCHAT BUJEO TMOTOK,
KOETO HM3MCKBAa HajJMuMe Ha moaxozsma Oa3za
TECTOBH JIaHHHU.

Ienx u 3apaun
IlenTa Ha HACTOAMIOTO H3CIEABAHE €

JOCTUTAHE JI0 JIECHH 32 OMpPEIENsIHE TapaMeTpu
W OTPaHUYCHUS, KOUTO OMXa MO3BOJWIA JIa Ce
penymupa KOJIMYECTBOTO o0OpaboTBaHa
nH(popMalUg U C€ OCUTYpU BB3MOXKHOCT 3a
KOPEKIUs Ha BUIUMOCTTA B PEaTHO BpEME.

3agaynTe, KOMTO Ca  IIOCTaBE€HH  3a
M3II'BIHEHHE HA TO3HU €Tall OT U3CJIEIBAHETO Ce
CBEXKJIAT J10:

-aHaJN3 Ha CBIIECTBYBALIUTE AITOPUTMH U
1300p Ha MOIXOIAIIN TapaMeTPH;

-pa3paboTBaHe Ha METO/AMKA 32 Obp3a OleHKa
Ha U30paHuTe mapaMeTpy;

-Cch3/IBaHe Ha coTyep 3a MpecMsTaHe Ha
n30paHure rnapamMeTpu BbB BUJEO0-
MOCJIE0BATEIIHOCT;

-Ch3JIaBaHe Ha HA0Op OT TECTOBH BHUJICO
3amucu C  JocTaThb4yHa uWHpoOpManus  3a
SIBJICHUSITA, BOJICIIU 0 3ary0a Ha BUAMMOCT;

-POBEXKJAHE HA TECTOBE M aHaJIW3W Ha
MOJTYYCHUTE JaHHMW 32 Ch3/IaBaHE HA YUCIICHHU

KPUTEPHH 332 HACTBIBAILO CHOUTHE ChC 3aryda
Ha BUJIUMOCT.

TEOPETUYEH AHAJIU3

Ananmu3 u o0oOmIaBaHe Ha W3IMOI3BAHUTE
KPUTEPUM 32 BB3IPOM3BEKIAHE HA YHUCIIEH
KPUTEPHH TOKa3BaT, Ye B OCHOBATa Ha BCUYKHU
OLICHUTENN BIU3aT CpeAHAa CTOMHOCT Ha
SAPKOCTTa B NMHKCEJIUTE W HEroBaTa JIeBUAIIHSL.
3a pa3zpaboTBaHe Ha aJITOPUTHM 3a OIpeJeIIsHe
Ha MPOMEHH B TSIX, CBbP3aHU C HACTHIIBAaHE Ha
BJIOIIABAIld  BUAMMOCTTAa  YCJIOBUs  Osixa
OTYETEHH HSAKOJIKO JIOIBIHUTEIHN (haKTOpa:
-3pUTEIIHOTO T0Ji€ Ha BBHIIHUTE Kamepu
BKJIIOYBA yYacThIM Ha PA3IMYHO Pa3CTOSHHE
OT THIX;
-3ary0ata Ha BHJMMOCT 3a OOCKTHUTE Ha
pasiMYHO  pa3CTOSHUE Cce IojdydyaBa B
pa3In4yHO BpeMe (xamwp oT
nociuenoBarenHoctra). Ilo-ganeuynure obexktu
ryosT no-0bp30 BUAUMOCT.
Taka Bb3MOXKHOCTTa 3a Obp30 MHpOCIHEAsBaHE
Ha HACTHIIBAaHE Ha KOHKPETHO YCIIOBHE Ce€
CBEXJa /10 MpocCIe/sBaHe Ha MapaMeTpure B
paznuyHu 00JaCTH Ha CIIEHATA.

CrnenuduuHUTEe €CTECTBEHH SBJIECHUS, KaTo
U3TPEB W 3ajie3 ca CHIIPOBOIEHH OT MPOMSHA
Ha OIIBETSBAHETO Ha HU3XOJsIIaTa CI'bHYEBA
panuanus. [TapameTspbT, KOMTO
XapakTepu3upa 1BeTa €  KOopeJupaHara
nBeroa temreparypa (CCT) cwoTBercTBaIa
Ha pedepeHTHO Osmo. B m3o0paxkeHwus,
HEIHOTO oOmpenensHe cTaBa Ha 0Oa3ara Ha
KOJIMYECTBOTO OsJI0 BbB BCEKM MHUKCEN U MMa
HerocpeacTBeHa Bpb3ka ¢ DCPI.

B npoBexganuTe TecToBe ca 3all0XKEHU
CJICTHUTE XUTIOTE3H:
1. W3menennero Ha  Jucrepcusita B
WHTCH3UTETa Ha OSUIOTO Clie/iBa M3MEHEHUETO
Ha JHCIEpCUsiTa Ha HWHTEH3UTETa/IPKOCTTa B
M300paXKeHHUETO;
2. OTHOCHUTETHHTE U3MEHEHHS B
TCTIEPCHATA, CPeTHATa CTOWHOCT U IIBETOBATa
Temreparypa MoraT aa ObJaT H3IOJI3BaHU 3a
OTKpUBaHEe HAa TUHAMUKA BHB BHJIUMOCTTAa Ha
CIICHATa,

www.eufunds.bg 16

Ipoexm BGO5M20P001-1.002-0023 - I]enmvp 3a komnemenmuocm ,, Humenuzenmuu mexamponnu, exo- u
enepzocnecmsagawu cucmemu u mexnonozuu*, punancupan om Onepamusna npozpama ,, Hayxa u obpazosanue 3a unmenuzenmen

pacmeoic”, cogunancupana om Esponetickus cvios upes Eeponetickume cmpyKmypHu u UHBeCMUyUOHHU Gondose.


http://www.eufunds.bg/

MEXJAYHAPOJHA HAYUHA KOH®EPEHIIUA

»MEXATPOHHUKA, EKO U EHEPTOCIIECTABAIIIA

EBPONEICK Chioa CUCTEMH ¥ TEXHOJIOT UH* ”
PBRCTCMON SOROBE IJIOB/JIUB 23 ' UNTENATEHTEN PACTER
3. [TporpecuBHa poOMsIHA BbHB M300paXEHUETO; CpeAHa CTOWHOCT B Mada 3a

BHJIUMOCTTa MOXK€ Ja ObJe OTKpHUTa dYpe3
ONpe/e/isiIHE HA OTKJIOHEHUATA Ha BEJIMUYUHUTE
3a pa3IMYHU TPOCTPAHCTBEHW oOjacTu B
clieHaTa.

W3BexaaHeTo Ha YHUCIEHM KPUTEpUU 3a
HaCTBIIBAHE HA JAJICHO YCIIOBUE 3acsira cepus
SIBJICHUS:

e [losgBa Ha MBIVIA;

o [IlosaBa Ha OABXKI;

e IlosBa Ha CHEroBaJICK;

e HacrbpnBane Ha Mpak,

e zrpes,

e Jlomamane Ha CBETJIMHEH HM3TOYHHK B

Ha0II0aBaHO IT0JIE.

MN3IOJI3BAHU METO/IU U
MATEPUAJIN
PazpabGorenusr codryep pasnens

MpoeKIMsTa Ha cleHata Ha 9 mnopobmactu
(patch) mo cxemara mokasana Ha ¢urypa 1.

A1 e
/

w ([ i
= 0 /]
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\“ El /...
2250 "L " a0
A I:ﬂ -

v 270°

WHPOuHHA

@ue. 1 Pasnonoodcenue u Homepayus Ha
nooobnacmume 6 NpoeKyuama Ha cyeHama

[Mupounnata u BUcouMHATa 00O3HAYaBaT
pasMepuTe Ha pacrepa Ha H300paKEHHETO.
[TomoGmacTuTe ca KBaapaTHH C pasMep W
MO3UIIMOHMpaHEe TaKOBa, 4Ye Ja Ce BMECTAT
U310 B pactepa. [IpenBu Ha OpHeHTAIHs Ha
3acCHEMaHaTa CIi€Ha C BKJIIOYBAaHE Ha 3eMsi U
Hebe Mo-ONMu3KUTe OOEKTH ce pasmoiaraT B
noxo61acTu ¢ Homepa 6,7 u 8.

3a  Begka momobiacTt  ce  IpecMsTar
MHUHHMAJIHATa KOMITIOHCHTA oT TpOﬁKaTa
1BeTooOpasyBalii 3a BCEKHM IHUKCEN OT

Ta3u  KOMIIOHEHTa, JHCIepcusita M U
KOopeJupaHara 1[BETOBA TeMIeparypa.
[Tpecmsrane Ha CCT 1iBeToBa Temiieparypa ce
IpaBU Ype3 OINpeelisiHe Ha CpeHa CTOWHOCT
3a BCAKA OT TPUTE KOMIIOHEHTH OT KOUTO Ce
ce3maBa DCPIl. B Tabnamma 1 ca onmcanu
U3XOJJHUTE JaHHHU OT MPECMATAHHATA 32 BCEKU
mad 3a BCEKHM Kaabp BBB BXOJHA BHUJIEO-
MOCJIEIOBATEIHOCT, KOUTO CE H3BEXKIAT BBHB
BBHIIEH (ain. OTHOCUTEIIHUTE U3MEHEHUSI ca
(uKCUpaHy 3a OIpeeNsiHE KbM OIOPHO T0JIE C
Homep 8.

Taonuyal Hzsedcoanu napamempu

apaMeThbp 3HAaYCHUC

YYYY/MM/DD | roguna/mecery/ned

HH:MM:SS Yac:MHHYTHU:CEKYHIH

avrage CpeziHa CTOMHOCT Ha SIPKOCTTa Ha
pedepeHTHO 05710 BbB BCEKH CIIEICH
a4 OT €JIMH KaIbp

deviation CpPE/IHO KBA[PATUYHO OTKIIOHEHHE B
pedepeHTHOTO OsUT0 BB BCEKU
CIIEJIEH a4y OT €IUH Kaabp

XxCCT, yCCT KOOpJIMHATH Ha 1[BETHOCTTA Ha

pedepeHTHOTO OsUT0 BB BCEKU
CJICJICH TIa4d OT eIUH KaJbp

CCT CTOMHOCT Ha KOpeJHpaHara IIBETOBa
TemIeparypa B rpagycu Kensux
BCEKH CJIEJIEH a4 OT €JIMH KaIbp

dAv OTKJIOHEHHE Ha CpeIHAaTa CTOMHOCT
3a TEKyII Mad CIpsMO T1ad ¢ Homep 8
dDev OTKJIOHEHHE Ha CPEIHO KBAJAPATHIHO

OTKJIOHEHHE 32 TEKYIII a4T CIPSIMO
nay ¢ Homep 8

dTc OTKJIOHEHHE Ha KopenupaHara
[[BETOBA TEMIIEpaTypa 3a TEKyLl radq
CHpsIMO T1ad ¢ Homep 8§

patchN= HOMEp Ha ad OT Ka/ibpa

Codtyeppr € pa3paboTeH Ha Oa3aTa Ha
oubmmorekara OpenCV, cbC CHOTBETHUTE
neduHUPaHU BUIOBE MPOMEHIUBHU, 00paboTKU
U HanuuHu orpaHudeHus. [logpoOHo omucanue
Ha aNropUThMa € HApaBeHO B MyOJIMKaIUsATa
[10].

W3cnenBaHeTo Ha CHOTBETCTBHATA MEXKIY
€IHH W CBhIIM TapaMeTpU TMPECMETHATH 3a
HayatHO u3oOpakenne u DSPl e nampaBeHo
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WHTEAUMEHTEH PACTEX

Bbpxy 00mo 308 wu3o0pakeHHs, 3acCHETH C
doroamapar W CTaMOHAPHU KaMepH IMpH
pa3NMYHM CLEHH: TPajACKd U IUIAHUHCKH
nen3ax, B YCJIOBUA Ha CIbHIE, O0Nay, IbXK]I,
MBIJIa, MBIJIA ChC CHAT.

3a wu3cieqBaHe Ha  JMHAMUKaTta Ha
U3MEHEHHATAa € Ch3JajneHa Oa3a JaHHU OT
BUJICO-TIOCIICIOBATEIHOCTH ~ HATpymnaHa B
OpOABDKEHHE Ha TOAMHA TPU  Pa3InYHU
TOJUIIIHA CE30HU OT €JHH U ChIIU BHHIIHU
BUJICOKaMEpH -
https://meter.ac/gs/nodes/html/current.html.
Kamepute ca nokanusupanu B HAO Poxen —
obekt Poxxen u rp. Bapna- oOekr Bapmna.
Bceku 3anuc e HanpaBeH B IPOJAbJKEHHUE Ha 24
yaca, Karo Kaapute ca 3acHemaHu mpe3 30
cexkyHu. Beeku kagbp e ¢ pactep 1920 x 1080
nukcena. Pesynrarute ca moiydeHd OT aHATU3
Ha ob6mo 109 mocnenoBatennoctu. Ilpu Besika
JIOKaJIM3alus madoBeTe ¢ Homep 3 oOxBarar
HeOe, 0e3 JOIIBJIHUTCIIHH JCTaMIH, a TE3U C
HOMep 7 — Hail-OyMu3KkuTe 10 KamepaTa 00EKTH
Y BKJIFOYBAT HA3eMHH OOCKTH.

3a pasrpaHuvaBaHe Ha SBJICHHSI, BOJCIIU 10
€IHAKBH W3MEHEHUS B  HAOIIOJaBaHUTE
napaMeTpu ca CENeKTHpaHH H300paKeHHs, C
¢ukcupanu ycioBus npu usrpeB. OnUCaHUETO
UM € IaJeHo B TadauIa 2.

Tabnuya 2 bpoii cepuu ¢ eOHaksu yciosus

npu usepes
VYcaoBus | SicHo Jleka O6mavyno | Hamnune
Bpeme 00JaYHOCT Ha
MBbIJIa
Bpoii 49 11 40 9
PE3YJIITATU U AHAJIN3N
Codryep
Pazpaborenust codryep [I03BOJISIBA

napajieslHo HaOJI0/ICHHe Ha BUIMMATa CIIEHA U
M3MEHEHUE Ha NPOCIEASIBAaHUTE MapaMeTpHu.
Expan Ha mporpamara e mnaneH Ha ¢urypa 2.
AmnHanus Ha KOoJa U3BEXKIa HCOOXOIUMOCT OT
penuiia KOPEKIWH, KOWTO 1€ MO3BOJIST
JAHHUTE Jla C€ W3BEXJIAT OT IMpollecOpHa

dCCT %

Pdhesma e

dDev %
Kbey Legend:

Patch0-Patchg
Patch1-Patch8

Patch?-Patch8

Patch3-Patchg

f Patcha-Patch
Al PatchS-Patch8
Patchb-Patchs

Patch7-Patch8

Que.2 Expan Ha npoepamama

cucrema, paboTema B peaTHO BpeMe Ha
MIPEBO3HO WJIM JICTATEITHO CPEACTBO. A HMEHHO:
. W3noss3BaHe Ha  TUIOBE  JIaHHU
ChOOpa3eHy ¢ pa3psIHOCTTa HA M3YHMCISBAIINS
porecop " IOTXOISATIH orepaTopu
OCBIIIECTBSBAIIN HEOOXOIUMHUTE apUTMETUYHU
Y JIOTUYECKU JCHCTBUS.

. H3noin3Bane Ha JTUHAMUYHU
MPOMCHJIMBY,  JUHAMHYHO  3aJelsiHE U
ocBOOOXKmaBaHe Ha IaMer. Hamnmumero Ha
JUHAMUYHA TIPOMCHJIMBH B  IPOTpaMHAaTa
peanm3anysi ¥ Ha (QYHKIUU 33 3alelsiHe WU
OCBOOOXKIIaBaHE Ha  MaMeT  MpeJmnoiara
BB3MOXKHOCT 32 ONTHMH3AIMS Ha KOJa upe3
3aMsHaTa uM.

. OnTumusupane Ha U3IOI3BaHUTE
OUMTMoTeYHN (PYHKIIMHU OTKBM OBP30/ICHCTBUE U
Ch3J]aBaHE Ha COOCTBEHA CHEIHalu3upaHa
Ooubnmoreka oOcoyXBallla peaJTHOBPEMEHHa
cucrema.

N3cinenane Ha  CbOTBETCTBHE  MEXKIY
H30paHuTe MapaMeTpu

Ha d¢urypa 3 e mokazan oOm Buj Ha
M300paKeHUS B HAYaJIeH BUJ U TIPeoOpa3yBaHu
B DSPIl. Kakto Moxe 1a ce BHIH,
TpaHcopmarmsaTa HE BOAM 10 3aryba Ha
JETAIN B U300paKEeHHSITA.

OTKJIOHEHUATa B CpeaHaTa CTOMHOCT Ha
SPKOCTTa W JAHCIEPCHATa U TPH TPOMEHH B
aTMOC(EpHUTE  yCJIOBHS ca  JaJeHu C
rpadukuTe Ha Gurypa 4.
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average
150
140
130 MbIJIa + CHST
120
110
100
1 3 5 7 9 11 13 15 17 19
o st =53 e 53 DCPI
@ue. 3 Hauannu uszobpadxcenus — a, u
mexHu npouszeoonu DCPI — 6. deviations
CprocraBka Ha JaHHU OT PA3JIMYHU [1a4OBE “®
IIoKa3a CHHXPOHHOCT B HU3MCHCHHATA 3a 40
pasnuyHUTE MO0N00IACTH M pa3sMHHaBaHE IpPU
35 MbIIATCHATD
HACTBIIBAaHE Ha SBJICHHWE, BOJIEIIO JI0 3ary0ba Ha
BUAUMOCT. OT NOJy4YEeHUTE Ppe3ylTaTd Morar 30

J1a ce HaIpaBsT J(Ba [OJIE3HU N3BOJIH:
- CuBo wu300pakeHHMe OT MUHHMAaJHATa
KOMIIOHEHTa B I[BETOOOpa3yBalIuTe MOXE Ja
ObJle M3MOI3BAHO 32 MU3BJIMYAHE HA MapaMeTpH
3a ciIeIeHe Ha yCJIOBUSATA B CIICHATA,;

- B 3putenHoTro monme Moxe ga ce HaMepH
00nacT, CHpsIMO KOSITO OTKJIOHEHHETO Ha
napaMeTpuTe 3a OCTaHAIUTE ClieiBa olmara
NPOMsIHA Ha CBHIIUTE BHB BPEMETO.

1 3 5 7 9 11 13 15 17 19

=53 === S3 DCPI
QDue. 4 Hsmenenue na napamempume
6 Hauannume uzoopasicenusi u DSPI

IMocaeqHOTO 1aBa BB3MOXKHOCT Ja ce M30erse
3aBUCUMOCTTa OT Yaca B JEHOHOIIMETO U
TOAUIIHOTO BpeMe.

HN3BanyaHe HA YHCJIEHHU KpUTEpHUH

average
AHann3 Ha JaHHUTE 3a HAYaJHO OIMCAHHUTE
iég pa3MYHU SBIICHUS, 1a0Xa BH3MOXKHOCT Ja ce
80 U3BeNaT HAKOW KOHKPETHH YUCICHU CTOMHOCTH
60 - 3a CJENCHHWTE TapaMeTpHW, KOWUTO YKa3BaT
40 JUBACL POTATIH PITBHIE HaIM4yueTo M. Pesynrtature ca mokasaHu B
20 Tabnuma 2.
0
1 2 3 4 5 6 7 8 9 10 11
Taoénuya 2 Hzseoenu kpumepuu
deviations average | deviation CCT dCcCcT
100 MpakK - - =5459 =0
JlyHa B |Hapactea| - =5459 =0
50 - —— Kagbp
3acne- - <1 - 20
IIBKIT|00IaIH| CITBHIE
0 nABaHe
4 5 6 7|8 9|10 11 nsrpes - >1 #5459 #0
e S == S1 DCPI s2 S2 DCP Mbrnia - <10 - #0
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N3BoauTe ca HanpaBeHU NPHU CHIOCTABSHE Ha
HPECMETHATUTE CTOHHOCTH B MOJOOJACTHTE U
OTHOCUTCIIHUTC HU3MCHCHUSA CIIPAMO I1a4 8. B
TabyuIaTa, 3aclensBaHeTo Ce OTYMTA CaMo 3a
noj00jacTTa, B KOSTO IIONaJa CBETIMHHHS
U3TOYHHK.

[Tonyyenute pesynratd ca IyOIMKyBaHH
HOAPOOHO B MaTepHANIUTE OT CIUCHKA C
aurepatypa nmox Homepa [10],[11] u [12].

3AKJITIOYEHHUE

OT HanmpaBeHUTE M3CIEABAHUS MOXKE J1a Ce
HampaBu  €JHO  OOIIo
MOJIyUeHUTE  pe3yaTaTd jgaBar 0Oaza 3a
cleBaIy pa3paboTKH MO0 JUHAMUYHO CJIC/ICHE
Ha BUIMMOCTTA BbB BUJIEO-
MMOCJIENOBATEIHOCTH.

3aKJIFOYCHUC —

BaarogapHoctu

Pa3pa0oTtkara € Ha OCHOBaTa Ha 3aJaYUTE B
npoekta QuaHcupan ot European Regional
Development Fund mnmo OIl “Hayka wu
oOpa3zoBaHue 3a WHTeNUreHTeH pactex 2014 -
20207, 3a wum3rpaxkaaHe Ha ILEHTbP 3a
KOMITETEHTHOCT ,,JIHTETUT€HTHN MEXaTPOHHHU,

€KO- W  CHEProCHeCTSBallld CUCTEMHU U
TexHonoruu‘ -Ne BG0O5M20P001-1.002-0023
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Abstract

The article describes the experience gained in the extraction and processing of road traffic data from two traffic
surveillance systems and building simulation models, based on different characteristics of the traffic flow. It identifies
the challenges in extraction and cleansing the data from real traffic measurement units. It also discusses two options for
building a road traffic model based on the number of vehicles passing through certain locations - a mathematical model

based on theories for queue management and the use of an open source simulator.

Keywords: road traffic simulation; road traffic measurement, data acquisition.

INTRODUCTION

In the near future, the big cities will need to
cope with several problems emerging from the
expansion of the population. One of the
important issues is the traffic jams and traffic
safety. This makes road traffic optimization an
important research topic. Before proposing
some optimization methods, one should
analyze the traffic and identify the main
parameters that influence the traffic behavior
[1].

As the road traffic in the cities is complex, due
to the presence of many junctions, traffic lights
and interacting parties, mathematical and
simulation modeling are the main tools for
analysis. As the mathematical models are more
often used for more general analysis, the
simulation can provide several layers of details,
depending on the tools used [2].

Building a road traffic simulation model
includes various components — road network,
traffic flow data, selection of a simulation tool
(traffic simulator), interaction model between
agents, the models describing the time-space
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coordinates of the vehicles (car-following
model). Selecting appropriate data and
adapting it to the simulator is one of the
difficult tasks in road traffic simulation.
In the application of mathematical and
simulation models, the main challenge is to
adjust the parameters to reflect the real traffic
in the road network under test. Many research
activities are based on estimations or
theoretical throughput of the roads, but the best
results are achieved using real data [3].
As the integration of smart vehicles is not near
the final line, the road traffic parameters are
measured using: road-side units; sensors,
integrated in the road; junctions cameras; and
even drones. These methods provide different
levels of accuracy and details [4].
The accuracy of the measurements and the
processing for too detailed data can be
implemented with different sensor fusion
techniques. It can be crucial for the quality of
the final results [5]
Presented paper will focus mainly on two of
the measuring methods: virtual detectors
21
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from traffic cameras (which exist in the
Municipality of Plovdiv), and specialized
road-side units (installed on an avenue in
Plovdiv with the support of ongoing research
project). It will also discuss the possibilities of
using measured data as an input for
implementing a simulation model in Eclipse
SUMO (Simulation of Urban MObility) [6].

VIRTUAL DETECTORS DATA
ACQUISITION

This section describes the processing of traffic
information from the information system of the
municipality of Plovdiv in order to summarize
the data from the measurements so that they
can be used as input data for a simulation
model of road traffic in the central part of the
city.

The part of the road network in the city of
Plovdiv between Ruski Boulevard (to the east),
Osvobozhdenie Boulevard (to the west),
Gladstone Street and Princess Maria Louisa
Boulevard (to the north) and Hristo Botev
Boulevard and Saint Petersburg Boulevard (to
the south) is integrated into SUMO (Figure 1).

Figure 1: General map of investigated routes

The data from the data surveillance system of
Plovdiv Municipality was chosen due to the
fact that there are measurement facilities
(cameras) at most key intersections in the city.
The data is used by the Municipality to
determine the length of green, red and yellow
traffic light times in real time, in addition the
municipality's database accumulates historical
data from the measurements.

Figure 2 shows the position of the detectors at
one of the investigated intersections.
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Figure 2: Detector positioning in intersection
For the purpose of the experiment, data for six
intersections were used. Each report contains
data on the number of vehicles entering each
of the lines of the intersection per hour in Excel
format.
Data for 8 intersections for the period from
15th January to 27th January 2021 have been
processed. An extended dataset was formed,
adding reports for the period 19 February to 19
March 2021 for 3 of the intersections to the
main reports. Additional experiments were
performed with the expanded data set.
Figure 3 depicts the load on one of the
examined junctions for the period from 15
January to 27 January 2021. The morning and
afternoon peak hours are clearly visible, as
well as the difference in loads in working days
and weekends.

500

Figure 3: Traffic load distribution for a junction

Due to the cyclic nature of the data, it was
divided into two datasets - working days and
holidays. In each of the sets, the average values
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for each hour of the day for each lane at each
of the studied intersections were found.

An attempt was made to clean the data by
applying an outlier detection algorithm,
described in [7]. This alternative was rejected
due to the impossibility of extracting data for
longer periods due to limitations in the Plovdiv
Municipality  database  interface.  The
simulation model was built on the average
values of the raw data.

DATA ACQUISITION FROM
HETEROGENEOUS MEASURING
DEVICES

This section describes the processing of traffic
information from the traffic surveillance
system of the Technical University of Sofia,
Plovdiv branch in order to use it as input data
for the traffic simulation model. The advantage
is that it contains detailed information about
the exact time of passage of vehicles, speed,
dimensions, as well as detailed weather data.
The disadvantages are that the measurements
were made in one location, and there are
periods for which records from some facilities
are missing.

The information system of Technical
University has the following subsystems:

° 6 lines weight-in-motion subsystem
with weight on axes detections for trucks;

° subsystem for measuring overall
dimensions;

° Automatic Number Plate Recognition
(ANPR) subsystem with cameras;

° Variable Message Sign;

° On road weather conditions measuring
system, including temperature and thickness of
the water film on the asphalt.

Additionally, the systems count traversing
vehicles using data from infrared sensors and
ANPR cameras.

The data from the information system of the
technical university is accessible through a
web interface, but also 24 hourly reports can
be retrieved in excel format. For the purposes
of the study, the data from the system for
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measuring weight in motion were used.
Reports have been extracted for periods of
time for which we have data from the
municipality's information system. The data is
summarized in order to be in the same format
as the municipal reports - number of cars
passed per hour for each of the road lanes.
Thus, another input data point is added to the
simulation model.

IMPLEMENTATION  OF
MODEL

Two approaches have been used to create a
generalized model based on the real data in the
Municipality of Plovdiv. One is to create a
fully mathematical model based on theories for
queue management and the other is to use an
off-the-shelf road traffic simulator.

The investigation which 1is currently in
progress is the application of Network
Calculus as a deterministic traffic modeling for
Internet in road networks. Network Calculus
proposes an alternative to a queuing theory,
which works with worst case boundaries [8].
Developing a reliable Network Calculus model
for a particular city area will allow the users to
predict queue sizes on traffic lights, overall
delay for specific routes or traffic types
(especially if some prioritization is applied for
public transport).

For the development of a simulation model,
Eclipse SUMO (Simulation of Urban MObility)
is used. It is important to find the best way to
use the real measurement data as an input for
the simulation [9]. The overall behavior of the
traffic in the simulator can vary depending on
the selected traffic generators [10]. The
simulation model can be used to analyze the
influence of some road closures to other main
routes and to investigate the best traffic signal
parameters for specific periods and to optimize
preferred routes (e.g. city exit routes, routes to
hospitals, schools, etc.) [11].

TRAFFIC

CONCLUSION AND FUTURE WORKS
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The data from the information system of the
Technical University could be used to adjust
other parameters of the simulation model such
as the average speed of the vehicles and
dimensions. An interesting direction for future
experiments is to build a model of the
dependence of the parameters of the car-
following model used in the simulator and the
weather conditions.

Another important future direction of the
research is to apply sensor fusion and/or big
data algorithms to the raw data from sensors. It
will help benchmarking the measurement tools
and sensor and provide better data for further
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Abstract

The paper is devoted to the current state, research directions and authors' view for the future development of the
Laboratory of Special Electric Drives in Robotics. Therefore, an overview of the technical equipment in the laboratory
is presented. Different technical modules, laboratory setups and research approaches concerning design and
development of modern electric drives for the purposes of robotic systems and industrial automation are described.
Main research directions are in the field of speed and position control, motion, and trajectory control, as well as
production management. The applied approaches use the basic concepts of Control Theory for Linear Systems,
implemented in various algorithms via specialised for electric drives modelling and simulation, and microcontroller
prototyping softwares provided by Mathworks, Schneider Electric, SMC (Sintered Metal Corporation) and Texas
Instruments. Summarising, it is concluded that more efforts are needed to achieve reliable and automated design
solutions for the special electric drives which are in use of Robotics and Robotic Process Automation.

Keywords: electric drives, motor control, speed control, motion control, simulation, microcontroller programming,
rapid prototyping, robotic systems

BBBEJIEHHUE
[Ipe3 mocnegHUTE TOOWHU HENPEKbCHATO
ce yBeln4yaBa KPBI'BT OT (PYHKIIMOHATHH

HU3HUCKBaHUA, npeasaBiBaHn KbM
aBTOMAaTH3MPAHUTE CHCTEMHU 3a
eNeKTPOMEXaHWYHO  IpeoOpa3dyBaHe  Ha

eneprusata (Enexrpo3ansmwkBanms - E3) B
WHIYCTpUSTa, TPAHCHOPTA M CIEHHUATHOTO
o0opy/BaHe, TOBWIIABAT C€ W3UCKBAHUATA
KbM JIMHAMUYHUTE UM XapaKTEPUCTUKU WU
WKOHOMHS  Ha  €HEeprus, 3acuiBa  Cce
HEOOXOMUMOCTTa  OT  W3TpaXIaHe  Ha
QITOPUTMUYHO TPOTPAMHO  OCHUTYpsIBaHe,
KOETO MO €IMH WJIN JIPYT KPUTEPUH MOXKE Aa
Oblle HapeueHO ,,MHTENUreHTHO . CHHTE3bT
Ha YMPaBJISBAIM aJTOPUTMU TMOHACTOSIIEM
MpeICTaBIsIBa OCHOBEH npobiieM B

ChbBpPEMEHHATa TeOpus Ha AaBTOMAaTUYHOTO
ynpasinenue Ha E3. KonpmukTeT, 00ycioBeH
OT JUIcCaTa Ha METOJOJIOTMYHAa OCHOBAa 3a
U3rpakJaHe Ha ,,MHTEIUTCHTHU aJTOPUTMU
3a ynpasnenue Ha E3 u pasmmpsBamute ce
BB3MOKHOCTH  HA  alapaTHUTE  YacTH
(xapmyepa), cTtaBa Bce MO-OCTBP, ThbH KaTo
CBhCTOSITHUETO Ha CBhBpPEMEHHAaTa CHJIOBA
TEeXHHMKa U MHPOPMAIIMOHHA TEXHOJIOTHS Beye
NI03BOJISIBA PEATM3UPAHETO Ha EJEMEHTH Ha
,yuatenurenTHocT” (Intelligent Control) maxe
B CPaBHHUTEIIHO €BTHHHM CEPHIHU CHUCTEMH 3a
aBToMaTnyHO ympasinenue Ha E3 (CAVES3,
CVYE3). Ilpu3HakbT ,,MHTETUTCHTHOCT Ha
yOpaBIseMUTE npeoOpaszyBaTenn Ha
eJIeKTpHUecKa eHeprus B cucremute 3a E3 He
MpEeJCTaBIsiBa HM3MOJI3BAHETO HAa YTBBPACHU

www.eufunds.bg 25

Ilpoexm BGO5SM20P001-1.002-0023 - I[enmvp 3a Komnemenmuocm ,, HumenuzeHmuu mMexamporHu, eKko- u

¢

enepzocnecmagauju cucmemu u mexnonozuu, punancupan om Onepamusua npocpama ,, Hayxa u obpaszosanue 3a

unmenuzenmen pacmedxc”, cogpunancupana om Esponetickus cvios upes Eeponetickume cmpykmypHu u UuH8eCmuyuontu ¢ornoose.


http://www.eufunds.bg/
../../AppData/Local/Temp/pid-22268/ijk@tu-plovdiv.bg
../../AppData/Local/Temp/pid-22268/sevil.ahmed@tu-plovdiv.bg
../../AppData/Local/Temp/pid-22268/id.dimitrova@tu-plovdiv.bg

MEXKIYHAPOJHA HAYYHA KOH®EPEHIIUA

EBPOMNENCKA CHIO3

EBPOIMENCKN CTPYKTYPHM M
UHBECTULIMOHHW ®OHAOOBE

2 MEXATPOHHUKA, EKO 1 EHEPTOCIIECTSIBAII[A
CHUCTEMM U TEXHOJIOT MU
IJIOB/UB 23

METOAM OT W3KYCTBEHUS] MHTEJIEKT Karo
pasMHUTa  JIOTMKAa,  HEBPOHHM  MpPEXH,
TFE€HETUYHU aJITOPUTMU U T.H. (KaKTO YECTO Ce
U3ThKBa), a (PYHKUMOHAJIHA NBJIHOTA B
pelIeHHeT0 HAa OCHOBHHMTE 3a/1a4M Ha
ChbBpeMEHHATa TeOpUsi HA YNPaBJIEHUETO
NpH NPWJIATAHETO BbPXY TAKHBA CJIOKHH
00eKTH  KaTo  eJEeKTPO3aJBHKBAHUITA.
,,JIHTeJIMTeHTHOCTTa” Ha CErallHus eTall Olle
Ce pasriexja B CMUCHI Ha oOe3ledyaBaHe Ha
ynoOeH wuHTepdeiic Mexay uoBeka U
mukponpornecopuara CAVE3, wmunumym
PBUHO HacTpoiiBamy ce napamerpu Ha E3, HO
HE U CIOCOOHOCT KbM CaMOCTOSATEIHA
[IOCTAaHOBKA M  pelleHWe Ha HOBU U
HECTaHJAapTHH 33/1a4u.

Beue Oerie ciomeHnaro, 4e CTpyKTypuTe Ha
WHAYCTpPUAJIHUTE CUCTEMHM 3a yIpaBJeHHE Ha
KOOp/JMHAaTUTE Ha  EJIEKTPOMEXaHWYHUTE
CUCTEMH CHOTBETCTBAT Ha JIMHEHHATa TeOpHUs
Ha YNpaBJIEHUETO, M3rPaJeHH ca Karo
KacKaJHM, B  HAKOM  CIIydyau  Karo
MHOT'OKAHAJTHU M MHOTOKOHTYPHH CHUCTEMHU.

W3BoabT €, 4e ChIIECTBEHO Pa3BUTHUE MPeE3
nocineaaute 40 roguHU NpETHPIS:

- oboraTsiBaHETO Ha  (PYHKIIMOHAJIHUTE
BB3MOXHOCTH;

- KOMyHUKallMsTa C BUCOKHTE HHBa Ha
HepapXU4HUTE CUCTEMU;

- YCHbBBPUICHCTBAHE Ha OOpaTHUTE BPB3KU

o KOOp/IMHATHTE, BKJIFOYMTEITHO
Habmomarenu [5], [6];

- YCHBBPIICHCTBAHE Ha /OCHOBHO/
YHOpaBJICHUCTO HAa BBHIIHUTC KOHTYpHU — 3a
MO3UIIMOHUPAHe,  CIICJICHE,  TPACKTOPHO
JABHKCHUC, CBbBMCCTSIBAHEC HAa JABUXCHUA
/konaboparnus/

- BBBEJIE C€ TeopusATa Ha 00oOIIeHaTa
eIeKTpUYecKka MalliMHa B TMpakTUKaTa Ha
YIPaBIIEHUETO; (C TOBA C€ Ch3/1a]10Xa YCIOBUS
3a MacoBO TPUIOKEHHE HA CHHXPOHHUTE
JIBUTATEIIH)

- HagexxaHocTTa Ha E3;

ToBa, KO€TO He MOJIYYH pa3BUTHE:

- MPUIOKEHHE HAa HOBU METOAM Ha
yrpaBiieHue Ha E3 KakTo Ha MOJEBO HHUBO,
Taka U Ha CHCTEMHO U MEHUKBPCKO HUBO;

- BBBEXKJAaHE ~ HAa  ABTOMATH3HPAHOTO
npoektupane Ha E3  /T.Hap.  OBp30
OpOTOTHIHPaHE/ u (YHKIMOHATHOTO

IMPOCKTUPAHC HA CUCTEMHO H MCHUIKXBPCKO
HUBO.

JIABOPATOPUA 110 CIELNUAJIHA
EJIEKTPO3AJIBUKBAHUSA B
POBOTUKATA

Karo gact ot mayyHust nmpoexrt ,,PoGoTrka
Y UHTEJIUTCHTHH CUCTEMH 3a aBTOMATHU3alus’
u3rpajeHara Io IpoekTa Jjaboparopus IO
CIeLMaJIHU €JIEKTPO3aABUKBAHUS B
po6orukara  (CE3P) wuma 3a  mea
pa3paboTBaHe Ha METOAM W AaITOPUTMHU 34
UHTEJIMTEHTHO YIPAaBJIEHUE HA JBUKEHUETO
HA MEXaTPOHHU MEXaHU3MU — MOOUITHH,
MEUITUHCKH, pa3BieKaTeIHU u
UHAYCTPHAIHU POOOTH C ToisiM Opoil u
cnenupuuHu OoOpaTHU BPB3KH, MOAOOpEHa
peakiusi B YCJIOBHsI Ha HEOIpeleieHa W/WiH
OTJaJIeYeHa OKOJIHA Cpela M YBEIUYEHa
HAJEXKJIHOCT M KaueCTBO Ha JOKAIHOTO U
OTJAJICYCHO B3aMMOJECUCTBUE U YINpaBJICHHE.
[To TO3M Ha4MH ce moAIOMarar W HayYHHUTE
W3CIIEIBAHUS.

Ot Taka dopmynupaHaTa el TPOU3THYAT
peaMiia 3agadd, KOUTO OsXxa CBEIEHU 10
CJIETHOTO:

- pa3paboTBaHE HAa HOBU METOAM H
CHBPEMEHHU TEXHOJOTHH 3a YIIpaBIICHHWE Ha
cienmaiin E3 3a pa3nuyHu HU3MBIHUTEITHU
MeXaHU3MHU (aKTyaTopH) C I1eJl TOBUIIIABaHE U
MIOCTUTaHE HAa  HOBO  KayecTBOTO  Ha
JIBUKEHHUETO Ha KOOPJIUHATUTE;

- ceOupane u m3npamane Ha gaHHu (Cloud
data collection) KbM IIEHTpPOBETE 3a JIAHHH C
1[eJ MOoCTUraHe Ha e(eKTHBHA MOAAPHKKA Ha
000py/IBaHETO u eIIMMUHUPaHe Ha
MoTpeOHOCTTa OT MpeKbCBaHe Ha paboTara Ha
MIPOU3BOJICTBEHUTE MEXAHM3MU M arperari.
OtnanedeHus T AOCTBI M CTAaTUCTHYECKHUTE
JTaHHY 11 MO3BOJISIBAT Ha (UPMUTE CHTYPHO
U epEeKTUBHO Ja YIpaBIABAT, MOAIBPKAT U
nopoopsBar cuctemute 3a E3 nucTaHIMOHHO.
B cny4aitl Ha rpenika win nmoBpeaa CUCTEMUTE
3a yIOpaBlIieHHWE Ie Morar Jaa Objaar
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3
EBPOMENCKM CHi03 CUCTEMH U TEXHOJIOTUH » o )
a2 SovoRe IJIOBJIMB 23 MHTEAMTEHTEN PAGTER

OTHAJICYCHO TUATHOCTUIMPAHU U B MOBEUETO
ciiy4yau — npo0iaemMbT Aa ObJie OTCTPAHEH;

- MPOBEXKJAHE HA  W3CIEABAHHUA  CBC
ChBPEMCHHUTE WHIYCTPUAIIHH CHCTEMH 32
yOpaBleHHEe Ha JBIKEHUATA, CBBP3aHU C
OIICHKAa W IOM00psSBaHE HA TIOBEJICHHETO Ha
T€3W CUCTEMH B HOBU M HEMO3HATU CPEIU U
OOKpBKEHHE ¢  Iel  IOCTHUraHe  Ha
(yHKIIMOHATHA TBIHOTA HA MOBEACHUETO.

B naGoparopusra ca M3IpajeHd IET
7a0OpaTopHd  CTeHjaa 3a  oOydeHHe U
NPOBEXKIaHe HA HAaydyHM W3ciensanus ¢ E3 u .
HAMUpAIK TPHIOKEHHE B poOOTHKAaTta u e cosiis i ’
MHJIyCTpUAJIHATA aBTOMAaTU3aLus, > BB
BKJIIOYBAILIN:

Wil

984 |

-

U003 00 O N0
¥
CITT

- yIOpaBlieHHE  Ha  JBW)KCHHETO  HA
MIPOMEHJIMBOTOKOBH CEPBO3aJBIKBaHUsS ¢ 3D
WHTEpIoJanus - cTeda 1;

- MyCKaHe u 3alHATa Ha
SJICKTPO3aABM)KBAHUS - CTEH] 2;

- BEKTOPHO YIIpaBlIeHWE Ha ACHUHXPOHHU
JBUTATETM W CEPBO33JBM)KBAHE  CBC
CUHXPOHCH JIBUrateJl W  WHIYCTPHAIHH
nporokonu 3a komyHuKaius (CANOpen,
Modbus, Ethernet) — crenn 3;

TNy LTI |

S 38 s & 48 3888
T I R e R

St N

« )
@ue. 1. Cmenoose 1, 2 u 3.
- CHELHAJIHU EJICKTPUUYECKU 3aJBUKBAHUS

3a ymnpapjeHHE Ha 3axBallallld YCTPOHCTBA B
pOOOTH3MPAHUTE CHCTEMU;
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EBPOMEVICKA CHI03 CUCTEMMHU U TEXHOJOI'MHU* - o N
THBRCTAAON A GONTOBE IIJIOBAUB 23 UHTEAMIENTEN PACTENC
- UHTEJIUTEHTHO yIpaBJICHHE Ha ChC CHHXPOHEH JIBUTaTel, M OT4YACTH Ha
ABTOMATU3UPAHU CUCTEMH. ¢bupmara SMC — cepBO3aJBMKBaHHUS Ha

3axBallallld  YCTPOWCTBA H  TPACKTOPHH
JBIKCHUS, a MOIYJIHOTO 00OpyaBaHe — ¢
bbpMmyep/codTyep Ha Mathworks
(MATLAB) u Texas Instruments (TT).

CHeTeMa 3a HHIHPEKTHO H
JIHPEKTHO
CenzopHo/Gescen30pHO
VIpaBIeHHe Ha CKOPOCTTa Ha

ATl

@Due. 3. Yacm om modynume 3a usciedsane u
npoexmupane Ha cneyuaIHu
€/1eKmpo3a08UNC6aAnUs 8 pOOOMUKAMA

Que. 2. Cmenoose 4 u 5.

JlocTaBeHn ca MOAYJM 3a yNpaBlieHHE Ha
cunenuaiaay E3 BkIroyBamm: MN3CJIEIBAHUSA B JTABOPATOPUSATA
1O CE3P

3a Bpemero Ha (YHKIMOHHpAHE Ha
nabopatopusata  0dxa  M3BBPIIEHH U
HY6J'H/IKYB3HI/I CJIICAHUTC HU3CJICaABaHUA n

- MOIYJIH C TOCTOSTHHOTOKOBU U CTBITKOBH pesynTaTu:
ABUI'ATCIIN; - pa3paboTeHH ca MOJIENH 33 HACTpOiKa
CHCTEMH 3a yNpaBJIEHUE HA TUIIOBH KOHTYPH
Ha  EJEeKTPO3aJBIKBAaHHUA 33  Pa3IUYHU
pexumMu  Ha paboTa W KpPUTEPUM Ha

CTeH/IOBETe ce€ 3aJBH)KBAT OCHOBHO C HacTpoiikara [1], [3];

bbpmyep Ha pupmata Schneider Electric (SE) - paspaboTeH ¢ METOJl 32 HAcTpoiika Ha
_ 4eCTOTHH ACHHXDOHHHU MHOTOKOHTYPHM  KacKaJHU CHCTEMH 3a

€JIEKTPO3aJIBIDKBAHUSI M CEPBO3a/IBHKBAHE yIIPaBJICHHUE Ha €IEKTpo3aaBmkBanus [1], [3];

-MOAyJM 3a IIPOMCEHJIIMB TOK — C
0e34EeTKOBH JABUTATCJIIM 3a TIOCTOAHCEH H
ITPOMCHIIUB TOK;

-Monynmd ¢ Tpu(a3sHH  ACHHXPOHHU
JIBUTATEIIH.
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ERPONEICKH CHIO CUCTEMH ¥ TEXHOJIOT MU

EBPOnErG Ty IIOB/MB 23 o AL N e A
- I/I3CJI€I[B3.H e MOIIGH Ha BGKTOpHO /‘J‘Iaﬁggﬁr_qpnﬂ CrennaTHHE-eAeKTP03A IEHRBAHN B Pod0THRATA
aCI/IHXpOHHO eHeKTpO?)aI[BI/I)KBaHC /C
OpI/IeHTaHI/IH 110 CTaTOpHOTO

MOTOKOCILIETUIEHHe/ 32 yIpaBJCHHWE  Ha
CKOpOCTTa ¢ oKyC ompezenssHe Ha BrioBaTa
CKOpPOCT Ha JIBUTATEIIsA Ype3 HEBPOHHA MpPEka
B YCIOBUS Ha HembJHA UWHpOpMaLusi 3a
napameTpuTe Ha apurarens [7], [9].
[IpoBenenu ca cepus HAyYHU
W3CIeABAHMS, YacTHYHO TWyOJIMKyBaHH B
M3CIIE0BATEIICKUTE OTYETH:

. Moy 3a H3cIeABaHe Ha IOCTOSHHOTOKOBH H CTBIIKOBH
- O6HIH B’BHPOCH . HHTeHHreHTHHTe eIeKTPO3aIBHKBAHHEA H 3a 1a00paTopHo o0yIeHHe
MalvHu U uHaycrpus 4.0, MHOYCTpUAIHUTE Due. 5.
__—<Tadoparopus CnenHaIHH €TeKTPo3aiBILKBAHAH B puﬁm‘ﬁﬁ‘ﬁi{
HUHTCPHCT Ha HEIIATa W HWHTCIUICHTHOTO P
IIpONU3BOACTBO, pa6OTHI/I IPaKTUYICCKH

cemuHapu, cepBosanBmwkBanusi, SCADA wu
Machine Expert B po6oTukaTa — CbCTOSIHUE U
nepcneKkTuBy [8].

- O6yuenue: Ilman wu mporpama 3a
oOy4eHHEe TI0  eJIEKTPOMH)KEHEPCTBO  3a
npugoOMBaHe Ha 3HAHUA M YMEHHI 3a 7‘_ ) -
ynpasinenue Ha CE3P - craptupane Ha Kox M Automafon 231065 WS ppescntnasa
ype3 cHenualu3upaH xapayep u codryep ' — oraha nocraonka, ot TorpaN K
(®wur. 10), ympaBieHWe Ha [BUTATEN 3a 3 I -
noctosiueH Tok (dur 4,5 u 6), u3dop Ha ‘
CEepBO3a/IBIKBAHHUS " SHKOJIEpH B
pobotukara, copryep SoMove u SoMachine
Expert 3a HacTpoiika, KoHQUTypHpaHE H
ynpaBienne Ha E3 B poOorukara u

WHAyCTpHaJlHaTa aBToMaTu3anus [8].
Jadoparopus Cremna/IHH e1eKTP03aBH:KBAHAA B PODOTHKATA:

L]

JIaoopaTopus CrienHa. HH e1eKTPOAABHKBAHAH B puﬁuTnmara:/"-"'/

i o —_—

B
- . -

-

- 2 :

. - - |

= VnparneHHeHa CTBIKOB AeHrarex Anaheim
Autgmation 23Y106S-LW8
B peskHM Yaclbnkac GUI DRVESSIEEVM -
cxeMa Hia OTHTHATA IIOCTAHOBKA,
S OCHAIOLpaMa Ha asHEA TOK H IapaMeTpH
S Ha HacTpoHKara.

Salvare Swihes
L) by GO (M6) FMMY ELED SyeTick
oh 48) i

Due. 6.
m - Anaim3 u Mogenupane: CpaBHUTEIECH
E aHaJdM3 Ha JUPEKTHO OE3CEeH30pHO |
WHJMPEKTHO, CEH30pHO YIIpaBJEHUE Ha
ACHHXPOHEH JIBUTATEII, WHTEIINTCHTHA
TI-RSLK: Moy 3a maGoparopo o0yeHHe H TbTHa HAacTpolika Ha 3aJBW)KBaHE C XUOpHUIEH
TERSLK Maze Robot yieGRakapTa cTbnkoB gaBuraren (®wur.7), cpaBHHUTENIEH

aHaJIu3 Ha MCTOAMU 3a OICHKa Ha bIJIOBATa
CKOpOCT Ha ACUHXPOHHU JABUTaTCIIN,
CpPaBHHUTCJICH aHAJIU3 HAa CUCTCMA 3a TUPCKTHO
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EBPOMEVCKM CHIO3

EBPOIMENCKN CTPYKTYPHM M
WHBECTULIMOHHW ®OHOOBE

2 MEXATPOHHUKA, EKO 1 EHEPTOCIIECTSIBAII[A
CHUCTEMM U TEXHOJIOT MU
IJIOB/UB 23

BEKTOPHO YIpaBJICHHE Ha CKOPOCTTa Ha
ACHHXPOHEH [BUTaTel C OPHEHTAUUs IO
CTaTOPHOTO, POTOPHOTO ¥ Ha HAMATHUTBAIIHS
KOHTYp HOTOKOcUereHus [8].

JlabopaTopna CHeNAATHH eTeRTPO3AABM:KBAHNA B poﬁo'rnlcay/"
i ~loix o O — lojx)
VPt

XY Pt XY POt

2 4 0 1 2 3 B2 4 0 41 2 32 1 0 1 2 3
Xt XAz XAss

2
1
2o
T
2|

Xomorpad Ha ha3HHA TOK Ha XHGPHIEH CTHIIKOB JBHIATEN B PESKHM Ha IIA7Ta CTBIIKA IPH
enHodasHo BE3by:kTane Ihaza=2A (a), aeydazno ep3bysxaane (6) Ipaza=2A, u
AHAI0TOBO/CHHXPOHHO (B) yIpaeneHHe ¢ Imax_¢as

L [0Lx] T il

) XY Graph

3

2

9 y
§n

4

2|

3

Xiis

Xomorpac Ha ha3HHs TOK B PeKHM Ha ¥4 MHKPOCTHIKA AByha3HO BB3Gy:kaane (a) H Ha 1/8
MHKPOCTEITKA ABy(a3Ho BE3GyskaaHe (6) ¢ Imax_daza=2.8A /monen/

Que. 7.

- Pa3paboTBane Ha IPOEKTH 3a
yIpaBJIeHUE HAa ACHHXPOHHU M CHHXPOHHHU
E3: Scada Machine Expert Software,
SoMove; (®ur.8u9) wu3ciaenBane Ha
texHonoruara Smart Auto Tuning wa TI 3a
yIpaBJI€HUE Ha CTHIIKOB ABUTaTe [8].

Jlabeparopus CHenHATHH e1eKTPO3a 1B IREAHHAS B POSOTHRATAT

Examples of connecting SoMove and
SoMachine software to a device

Progr

Duz. 8.

Jadoparopus Cnennaann € 1eKTPOIRIBHRBAHIA B DODOTHKATAT —
Harerpanus Ha SCADA MES Ha Schneider Electric cbe cepBo3aiBHKBAHH -
Muctannpane, Kondurypupane u Hactpotixa
. i
— =

CIpyKTypa Ha H3C/IeI0BaTeICKHA CTEHI
Hsrmen Ha HHCTaTHpaHaTa TOTORA IIporpaMa
Example_Servo

Due. 9.

HNEPCIIEKTUBH HA
JIABOPATOPUSATA 11O CE3P
[IpoekTupanero Ha MOJEPHHU
€JIEKTPO3aJABIKBaHUS C (OKYC METOOu 3a
TAXHOTO YIIpaBJICHUE e CJIOXKCEH,

MHOTOIUTACTOB W TPYIEH HWHTEJICKTyalleH
nporec, KOMTO M3MCKBa paboTa B EKUIl Ha
CIEIUAIUCTA OT pa3au4yHu 00JacTH Ha
yVOpaBICHUETO W HAay4YHW HampaBlIeHUs. A
MPOCKTUPAHETO W CHUHTE3bT HA YIpaBICHHUE
Ha CUJIOBHTE TpeobpasyBareiu ce odepTaBar
KaTo KJIIOYOBH (DaKTOPH, KOUTO IIE MO3BOJIAT
na ObIaT TMOCpellaHu W3UCKBAaHUATA Ha
WHIyCTpUajiHaTa  aBTOMaru3amus -  OT
3aXpaHBalUTEe M3TOYHUIMU 10 KOMILIEKCHO
yIOpaBlIeHHEe Ha KoopauHatute Ha E3
[4]. ChmiecTByBaiara TEXHOJIOTHUSI Ha
o0ydeHHe M0 YIPaBJICHHE Ha CJICKTPUUECKHU
MAallMHA CE€ OCHOBaBa Ha aHalU3 B
HEIMPEKbCHATO BpeMe, YCPEIHEHO
MoJenupaHe Ha  mpeoOpasyBarend — Ha
MOIIIHOCT C UMITYJICEH PEXHUM U TEOpUs Ha
yIpaBIeHUETO B HEMIPEKhCHATO Bpeme. Obaue
aJTOPUTMUTE 3a yMpaBiieHne u (yHKIIUUTE 32
yIpaBleHHe Ha CWJIOBU IpeoOpaszyBareiu ce
npuiarat mudpoBo, CJAeI0BaTEJIHO TPsidBa
aa ce  pasmmpsiBa  o0jgacTra  Ha
u3cjeABaHUATA 10  MOJeJHpPaHe B
AMCKPETHO BpeMe M HU(POBH KOHLENINH
3a ynpaBJieHUe, cnenuuyHu 32 CUJI0BaTa
€JIEKTPOHHKA.

HeoOxogumure 3HaHWg Morar na ce
MOCTUTHAT Ype3 KOMOMHHUpAHE HA CIICIUATHH
Y4eOHHIIN ¥ KypCOBE IO CHJIOBA €JIEKTPOHUKA
U Ha TEeopusi Ha AUCKPETHUTE CHUCTEMHU 3a
ynpasienune. [loHacTosmeM CTYIeHTUTE W
CHELUAMCTUTE, KOUTO CE€ 3aHUMaBaT C
MPOCKTUPAHETO HAa JUCKPETHU CHCTEMH 3a
yIOpaBleHHe He pa30oupaT HAMBJIHO Mpobdiema
MMEHHO 3apajii MPa3HOTH B 3HAHUATA. 3aTOBA
TpsiOBa Ja ce 3ambJIHU Ta3HW MPa3HOTa, KATO
ce M3y4YaBaT OCHOBHMTE M NMPWJIAraHeTO Ha
AHCKPETHOTO ynpaBjieHHe Ha
eJIeKTPOMeXaHUYHH CHCTEMH no
3abJ100YEeH CHCTEMEH U CTPOT HAYMH.

®amunusara C2000™  mukpokonTponepu
Ha TI e crenmanHoO mMpoekTupaHa 3a nudpoBo
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EBPOMNENCKA CHIO3

EBPOIMENCKN CTPYKTYPHM M
UHBECTULIMOHHW ®OHAOOBE

2 MEXATPOHHUKA, EKO 1 EHEPTOCIIECTSIBAII[A
CHUCTEMM U TEXHOJIOT MU
IJIOB/UB 23

yOpaBlIeHHE Ha 3aTBOPEHH CHUCTEMH 34
yOpaBieHHEe Ha 3aXpaHBallld HW3TOYHUIH,
UHAYCTPUAIIHU  €JCKTPO3aJBWKBAHUA U
conapHu HHBEpTOpH. A cpenara Simulink® Ha
Mathworks® e B cbhcTosiHME aBTOMaTMYHO Aa
reHepupa Ko [2], mpuiokuM 3a crenuGuanu
BIPAJIcHH CHCTEMH upe3 palboTeH mpoLec,
6asupan Ha Mmomen (Pwur.10). Kato ce mmar
MpeIBUJ HACTPOUKUTE, KOUTO TO3BOJSIBAT
u3non3BaHe BbB (¢GoHOB pexuMm Ha Code
Composer™ Studio IDE na TI, momen Ha
Simulink® Moxe ga ObIe  JAMPEKTHO
KOMIMIIMpPaH 1 u3mbianena na C2000™ MCU.
CrnenmoBatenrHO, Ta3W AaBTOMATH3MpPaHA W
MHOTI0 epexTUBHA npoueaypa 3a
U3rpaxkiaHe W M3MbJHEHHE HA AJTOPUTMH
3a ynpasJ/ieHHe cJieiBa 1a Obje OBJIA/JAfAHA,
3@ Ja ce YCKOpPsIBAa TeCTBaHETO M
BHEJIPSBAHETO HA HOBH CTPYKTYpHM Ha
ynpasJieHHe.

Jabepatopns Cnennatan é.]eRI_[J“a;a_J_Biiil\‘BaHnn B POOOTHKATE:
Modz!-Based Design (MBD) in stages

Real-Time
Modeling and Simulation and Production
Simulation Testing Code Development

Systematic
Testing of
Algorithms

System Requirements-

Verification Based Testing Certification

Simulating
Algorithms with SiiY:I‘:E: n
System Models Simulation

Hardware-in-the- Software- and

Model Usage

(SIL, PIL) Simulation

Developing Algorithm Rapid Embedded Code
Algorithms Modeling Prototyping Generation

Code Generafion
3aIadH, TeHepHPaHe Ha koI H Hano13eane Ha MBD
Due. 10.

MGTOHI/ITG, TEXHUKUTE U TEXHOJIOI'MUTE II0
MMPOCKTUPAHCTO TpﬂGBa Aa C€ uzydaBaTr OT
CIIENUAJIHOCTUTE 10 CJICKTPOTCXHHUKA U
yhpaBiisBallla TEXHUKA.

HeobOxonnMo € 1a ce 00equHABaT 3HAHUATA
Ha HAy4YHU pa6OTHI/IL[I/I OoT pas3iinuHu
HaIlpasJICHUA U YMCHUATA HA CIICHUAJIUCTHU OT
HUHAYCTPUATA, 3aHUMaBallu C€ C BHCAPSABAHC,
CKCIIoarauusa MW MOAAPBKKAa Ha CHCTEMHU 3a
aBTOMAaTu3anurg Ha NpOU3BOACTBOTO.

P33pa60TBaHeTO Ha CHCTECMH 3a
YHOpaBJICHHUC Ha ABUKCHUSATA HA IMOJICBO HUBO,

Loop [HIL) Processor-in-the-Loop

HacTpoKKara UM M OLIEHKA Ha CBOWCTBaTa U
KaueCTBOTO Ha pabOTHUTE MPOLECH HU3BbH
MIOJIEBOTO HUBO — Ha CHUCTEMHO HHUBO, HUBO
MEHH/DKMBHT,  TPEANpUsITHE, O0JaK |
UHTEJIUIeHTHa (abpuka ChIIO € MHOIO
CJIO)KHA 3a]1aya.

MPOBJIEMU HA JIABOPATOPHUSITA
o CE3P

TpsibBa na ce BBBEAE H3Y4YaBaHETO Ha
TEOpHUsT HAa YIOPaBICHUETO, OCHOBaHa Ha
JTUCKPETHUS XapaKTep Ha MPOILECHUTE, KOUTO
IpOTUYAT B CHCTEMUTE 3a YIpPaBJIEHUE Ha
JIBUKCHHSITA.

HeoOxomqumo € 1a ce cbhb3AgaBaT HOBU
JUCKPETHH MOJCIM Ha OOEKTUTE M Ha
CHUCTEMUTE 3a yIIpaBJICHUE.

3AK/IIOYEHHUE

B nabopatopusita ce U3MBIHIBA KOMIUIEKC
3aJa4d, KOUTO CJleaBaT OT MOCTaBeHaTa Iiell.
Cuutame, ye 3a Ja ce yCKOpAT pa3pabOTKUTE
Ha HOBU METOJH M aJITOPUTMHU 32 yIpaBlICHUE
ca HeOOXOUMHU OOCAMHEHHU YCHIIHS HA CKUTTH
OT  CHEUMATUCTH OT  YHUBEPCUTETHUTE,
WH)KCHEPUHTa W  TPOM3BOJHWTEIHNTE  Ha
Xapayep B HaJIpeBapa ¢ BpeMeTo.

OOenuHeHNUTE YCHITHS BKJIFOYBAT
HOMyJsipU3MpaHe W pa3lIUpsBaHe  Ha
n3cinensanusta B CE3P upe3 cemunapw,
o0yuyeHHs, 3aKylyBaHe Ha o00OpyABaHE H
TeHepHpaHe Ha HHTEJIEKTyalTHa COOCTBEHOCT.
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EBPONEMCKM CTPYKTYPHI W
VHBECTULIMOHHU GOHAOBE
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WHTEAUIEHTEH PACTEX

PA3PABOTBAHE HA IoT BE3’)KMYEH CEH30P C UTHOPAYEPBEHA
MATPHUIA 3A MOHUTOPUHI' HA YMEH J10OM

DEVELOPMENT OF AN IoT WIRELESS INFRARED ARRAY SENSOR
FOR SMART HOME MONITORING

Galidiya Petrova
Technical University of Sofia, Plovdiv branch

Vasil Tsvetkov
Technical University of Sofia, Plovdiv branch

Grisha Spasov
Technical University of Sofia, Plovdiv branch

Abstract

Conceptual implementation of Active and Assistive Living (AAL) systems and monitoring systems in smart homes
includes networks of sensors, analyzing modules and actuators that process data to detect events categorized as
atypical, e.g. falls, assistance of daily user activities, monitoring and controlling environmental parameters and
generating alarms and warnings to prevent incidents. Leading in the use of video monumopune systems is compliance
with ethical and legal norms and the related requirements for preserving confidentiality and non-intrusion into
personal space. In this context, low-resolution infrared sensor arrays have become increasingly attractive over the past
decade.

This paper presents the development and implementation of a wireless IoT device based on an infrared array sensor
and its integration into a smart home monitoring system for detecting human presence, falls, or critical situations. The
developed user web interface for configuring the IoT wireless sensor device is shown. A result of the captured raw
image by the developed infrared array sensor with detected human presence in the kitchen and the switched-on stove is
presented.

Keywords: Active and Assisted Living, low-resolution infrared sensor arrays, smart home monitoring systems, wireless
IoT device.

BBBEJAEHUE Ha XOpaTa B HYyXJa UHTEIUIE€HTHA IIOMOLL],

TexXHONOrMYHUTE YCIyTH 3a MOANOMaraHe
Y NOJIbP’KaHE HA aKTUBEH HAUYMH Ha >KUBOT
(Active and Assisted Living) ca BB3MOXXHO
pelIeHue 3a CrpaBsiHe ¢ MPEAN3BUKATEICTBA-
Ta Mpel 3/JpaBHUTE U COLIMATHUTE CHCTEMH,
MPOU3THYAIIH OT EMOTPaCKUTE MPOMEHH B
HACTOSIIIIUTE MKOHOMHYECKU ycioBusa. AAL
CUCTEeMHTE MMAT 3a IIeJl J1a MOJo0PST KauecT-
BOTO Ha JKUBOT 4pe3 MOJAIbpKaHEe HAa HE3aBU-
CUM U 3/IpaBOCJIOBEH HAUMH Ha )KUBOT Ha Bb3-
pacTHM U Xopa ¢ yBpexnanus [1]. AAL koH-
nenmusaTa ce 0a3wpa Ha W3MON3BaHE HA Ha-
pacTBamoTO pPa3NpOCTpaHEHHWE U e(EeKTUB-
Hoct Ha UKT cucremure, 3a 1a mpenocraBu

www.eufunds.bg

KaTo OTrOBOPH Ha TEXHHUTE HYXIU OT aBTO-
HOMHOCT, HE3aBHCHMOCT, KOM(pOpT, CHUTYp-
HOCT U 0e30macHOCT. XapakTepHO 3a MOCIe-
HUTE TOJIMHU € Pa3BUTHETO Ha BUE0-0a3mpa-
Hu AAL ycTpoiicTBa C MOJOOpEHU BH3MOXK-
HOCTH 3a 00paboTka, 6e3xuueH Tpanchep Ha
JaHHU W TIOBUIIEHA OINEpaTHBHA ChBMECTH-
MOCT C JIpYTH YCTPOMCTBA U apXUTEKTYpH, OT
tumna ,,uaTepHet Ha Hemara“ (IoT) [2].
[[smocTHATA KOHIIENITYaIHA pean3alius Ha
AAL cucrema BKJIIOYBA MPEXHU OT CEH30PH,
aHAIIM3HUPAI MOIYJIU U U3IBIHUTEITHH Me-
XaHU3MH, KOUTO 00pabOTBaT TaHHM C LIEJI:
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- OTKpUBaAHE Ha CHOUTHS KaTETOPU3UPaAHU
KaToO aTUIINYHU, HAIPUMCP MadaHUA;

- W3MpamaHe Ha CHOTBETHU ajlapMHU JI0
CIELIMAJIM3UPAHU LIEHTPOBE 3a 34pPaBHU IPHU-
KM,

- ImoArmoMaraHe Ha CSXEIHCBHU ﬂeﬁHOCTH
Ha MOTPEOUTEITUTE;

- MOHUTOpPUPAHE W KOHTPOJ Ha Mapame-
TpPHUTE Ha OKOJIHATA Cpe/la W TeHepHUpaHe Ha
ajapMu U OpEeAyNpEXICHUS 3a MPeaoTBpaTs-
BaHE Ha 3JI0TMOJYKH U MHIIUICHTH.

Moratr nga OBAAaT MOCOYEHU MHOMXKECTBO
AAL pemenuss 6a3upaHd Ha KamMepH, Harp.
3a aHaJIM3 Ha MOXOJKATa, OTKPUBAHE U MPEJI0-
TBpaTsBaHE HA MaJaHMs, pexaOuinuTanus, co-
LMaTHA KOMYHHKAIUs, JINYHU ACUCTEHTH, T10-
MyJSpU3dpaHe Ha 3/paBOCIOBEH HAYUMH Ha
KHMBOT, (U3UOJIOTMYHO HAOIIOACHUE, TIOJKpPE-
na 3a 6omHornenayu u aAp [3]. IMonactosmem
obadye, TAXHOTO MIMPOKO MPUTIOKEHUE € Orpa-
HUYEHO MOpaAu TPYIHOCTU CBBP3aHU CbhC
CHEeM(PUIHUTE XapaKTEPUCTHKU Ha JJOMOBETE
(mpeTpynaH MHTEPHOpP U 3aTPYyJIHEHUSITA MPU
BHUJIEO aHANIM3), KaKTO W 3apajl €TUYHU U
MIpaBHU HOPMH M CBBP3aHUTE C TIX M3HCKBa-
HUS 3a 3alla3BaHe HA MOBEPUTEIHOCT U HEHa-
BJIM3aHE B JIMYHOTO MpPOCTpaHCTBO [4]. bes-
criopeH (hakT e, ye M3MOI3BAHETO HAa KaMepH
aBa BB3MOXKHOCT 3a mno-Hagexmau AAL
MPUJIOKEHHUS, HO YECTO C€ BB3MpHUEMA KaTo
TBBP/I€ HATPATYMBO OT KpailHUTE moTpeduTe-
mu. TonepaHchT OT CTpaHa HA MOTPEOUTETUTE
Ou ce yBelIMuuni, ako ce Ch3/Ja/1aT TaKuBa TeX-
HOJIOTUYHM pealiu3aliii, TapaHTUpally MmoBe-
PHUTEIIHOCTTA MpH 3ala3BaHe Ha KaueCTBOTO U
HaJIeKAHOCTTA HA MPEAOCTABSIHUTE TPUKHU.

[Ipe3 mocnegnoto npecermnerue [S], [6],
[7], [8] undpauepBenute (IR) cenzopHu ma-
TPUIIM C HUCKa pa3JeiuTesHa CICOOHOCT
(8x8, 4x16, 16x16, 24x32 mnukcena) craBar
BCE MO-TIPUBJIEKATEIHU B ClIEHapuu (okycu-
paHu BbPXY:

- MonuTtopupane Ha Xopa B JIOMOBETE
UM 33 OTKpPUBaHE Ha Bb3MOXXHHU WU3BBHPEIHU
CUTYyalluu;
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- OrtuuTaHe Ha NPUCHCTBUETO HA XOpa B
JIOMOBETE U CTPaJIUTE;

- 3acuyaHe Ha CTaI[MOHAPHO TMOJIOXKe-
HUE WIW TPOCIIEIBaHEe HA JABIKEIIN Ce XOpa
B CTas WU Crpaja;

- JlerexTupaHe Ha MagaHe WA OTKPHUBA-
HE Ha HeoOWYaifHa ACHHOCT 3a BB3PACTHHU XO-
pa B ToaneTHU, OaHU, CHOJICKATHH U AP.

B nacrosiara cratus e npeAcTaBeHa pas-
paboTkata W W3CleBAaHE Ha OE3KUIHO
ycTrpoiictBo ot tumna loT 6a3upano Ha uHppa-
YepBEH MAaTPUYEH CEH30pP U WHTETPUPAHETO
My KbM smart home MoHuTOpHpaIIa cuctema
3a JIeTEKIHs Ha YOBEIIKO MPUCHCTBUE, MMajla-
HE, WM KPUTUYHA CUTYyalHsl.

IoT BE3’)KUYEH CEH30P C UH®PA-
YEPBEHA MATPUIIA MLX90640
Pazpaboreno e 0C3)KUYHO CEH30pPHO
YCTPOICTBO, KOETO MOXKE Jla C€ INPUIIOKHU
KakTo B oOjactTa Ha AAL cucTtemuTe, Taka U
B MHTEJIUTCHTHUTE CHCTEMHU 32 CUTYPHOCT B
JIOMalIHa cpefia KaTo JOCThIIHA alTepHaTHBa
C HHCKA IIeHA Ha WH(pPAYEPBEHHUTE KaMEpH.
OCHOBHHMTE KOMIIOHEHTH Ha pPa3pabOTEHOTO
IoT pemenue ca nHppayepBEeHUSAT MaTPHUCH
ceazop MLX90640 c pesomomusa (32x24
nukcena) [9] u Wi-Fi xapayepen pasBoeH
moayn ¢ orBopeH kon ESP32-GATEWAY
[10], koiiTo Moxke ma ce 3axpanBa OT LiPo
Oatepust uiu ot ajgantep. PazBolHUIT MOy
OCHTYpsIBa 3aXpaHBalll0 HanpexeHue ot 3,3 V
KbM HH(]padepBeHus ceH3op. BramoxkHOCTTA
3a paboTa ¢ BBTpEIIHO OaTepuiiHO 3axpaHBa-
HE JiaBa JIOI'bJIHUTENIHA 'BbBKABOCT HA YCTPOM-
CTBOTO 3a MO3UIMOHUPAHETO MY Ha TPYIHO-
IOCTBIIHM MecTa 0e3 HeOOXOIMMOCT OT JIO-
'BJIHATETHO OKalensiBaHE U 3aXpaHBaHe.
VYcerpolictBoTo, mpoekTupano karo [oT pere-
HUE, € pealln3upaHo Ha Oa3a TPUCIIOWHA apXu-
tektypa [11], kpaero ESP32-GATEWAY wus-
I'BJIHSIBA (PYHKIIMUTE KAKTO HA CIIOS 32 ChOU-
paHe Ha JlaHHM (CEH30PHUS CJION), TaKa W Ka-
TO MpPEXKOB CJIOU. IIpUIOKHUAT CIION € OCTa-
BEH OTBOPEH 3a MOTpeOuTeNs, 3a a ce ajaim-
THpa KbM CHEMU(UIHUTE HYXIU HA BCSIKO

34

Ilpoexm BGO5SM20P001-1.002-0023 - Ilenmwvp 3a komnemenmuocm ,, Mnmenuzenmuu mexampontu, eKo- U eHepzoCnecmsaeauiu
cucmemu u mexuonozuu“, punancupan om Onepamuena npozpama ,, Hayka u obpazoeanue 3a unmenuzenmen pacmeoic *,
cvunancupana om Eeponeiickus cvios upes Eeponeiickume cmpykmypHu u UHBeCmuyuonu ponoose.

HAYKA N OBPA30OBAHUE 3A
WHTEAUIEHTEH PACTEX


http://www.eufunds.bg/

MEXIYHAPOIHA HAYYHA KOH®EPEHIIUA
»MEXATPOHUKA, EKO U EHEPTOCHECTSBALIIA
CUCTEMMU U TEXHOJIOI'NH“

IJIOBAUB 23

EBPOINENCKN CbIO3
EBPONEMCKM CTPYKTYPHI W
VHBECTULIMOHHU GOHAOBE

— HAYKA N OBPA30OBAHUE 3A
WHTEAUIEHTEH PACTEX

KOHKPETHO petieHne. To3u moaxo1 OCUrypsi-
Ba BB3MOXKHOCT 32 pa3paboTBaHE HA MHOXE-
CTBO MPUJIOKEHHSI U I'bBKaBa BPh3Ka C IPyrd
CMapT YyCTpoiicTBa dYpe3 yeO uHTepdeiic.

OyHKIMoOHATHa OJIOK-CXeMa Ha pa3paboTeHa-
Ta cucreMa u 6aszupanoto Ha loT OezxmuHO
CEH30pHO YCTPOMCTBO € Moka3zaHa Ha dwur. 1.

Que. 1. Pynxyuonanua O10K-cxema Ha paspabomenama cucmema u b6azupanomo na loT 6e3ocuuno
cenzopno ycmpoticmso. a) MLX90640; b) ESP32-GATEWAY, c) pymep, d) unmepnem 8pw3xa; e) MOTT
covpevp; ) MOTT xkauenm.

Monynst ESP32-GATEWAY Wi-Fi tps6-
Ba J1a ObJe B 00XBaTa Ha pyTep C aKTUBUPAH
uHTepHeT (ur. 1c), Taka 4e ga UMa JOCTHII
10 MQTT cwpBbpa (pur. le). MQTT cbpBb-
PBT WU OpOKEPBHT OCUTYpsiBa CBHP3BaHE Ha
notpedutens kM loT ycrpoiictBoTo. Toit
MO3K€ J1a IPEIOCTaBU JAHHUTE OT CEH30PHOTO
YCTPOMCTBO Ha BCEKU KJIIMEHT, KOWUTO UCKA J10-
CTBI 110 TAX. 3a oOMeH Ha gaHHU Mexay loT
YCTPOMCTBOTO, ChPBbpPa U MOTPEOUTETHUTE €
n30paH KOMYHUKAIIMOHEH MPOTOKOJI, OpUEH-
tupad kpM choOmenuss MQTT [12], koiTo
M3MOJI3Ba CXemara IMyOJIMKyBaHe-aOOHUpPAHE
3a B3aUMOJEHCTBUE C KIIMEHTUTE.

[Ipu crapTupane Ha MoAyja ce U3BbHPIIBA
naunmanuzanusa Ha ESP32-GATEWAY, kos-
TO BKJIIOYBAa MHUIIMAIN3AIUsl Ha €HEpProHes3a-
BHUcHMMa (pramr mamer, KbJIETO C€ ChXPaHSBAT
naHHuTe 3a KoHpurypamusta Ha Wi-Fi nu
MQTT. ESP32-GATEWAY wuere xoH¢wury-
pauroHHUTE JaHHU U u3Biau4a SSID u mapo-
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7a 3a Toyka 3a jgoctwil (AP), kouTo ca mpen-
BapUTENIHO ChbXpaHEeHU. AKO Bpb3KaTa ¢ AP e
yCHeIllHa, MOTPEOUTENAT MOXe Ja H3I0JI3Ba
SSID "ESP32-test-mqtt" n mapona "test1234",
3a J1a ce CBbpKE BpeMeHHO KbM ESP32-
GATEWAY (paboremr B pexum AP) upes
KOMITIOTHD win TenedoH. Crnen ToBa € HE0O-
xoaumo aa ce orBopu HTML crpanunara Ha
IP anpeca na ESP32 (192.168.4.1) u na ce u3-
non3Ba yed mHTepdeiica, mokazan Ha ¢ur. 2.
Toil mo3BoJisiBa Ha MOTPEOUTENS 1a CKaHUpPA
nokanaun AP u na w3bepe sxkemanata. Cren
ycremHa Bpb3ka ¢ xkenaHara AP, ESP32-
GATEWAY cnupa pexuma Ha AP u mpe-
BKIJIIOUBA B pexxuM crtaHius. Crex ToBa Ch-
xpansiBa SSID u maposiata BB (pramr mamer
3a TMo-HaTaThlIHA ynoTpeda. Yed uatepdeii-
ChT C€ H3IOJ3Ba CHIIO M 3a 3aJaBaHe Ha
MQTT xondurypanus: 6pokep, mopT, MOTpe-
OUTeNCKO HMMe, Mapoja, MACHTH(PHUKATOpU H
T.H.
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File Edt View Hi
o 10T device config
(f) 0 | 192.168.4.1

IoT infrared camera config:

MQTT broker url

MQTT broker port (default 1883)

device ID

Usemame (optional)

Password (optional)

@ue. 2. [lompebumencku yeb unmepdetic

PE3YJITATU U JUCKYCUA

W3non3Baiiku wHQpayepBeHUs MaTPUUCH
CEH30p B pPEaTHO BpeME 3a OTKPHMBAaHE HA 4O-
BEIIKO TPUCHCTBUE WM TAJCHE € MHOTO
yI00HO CBHIIUAT CEH30p Ja C€ M3MOJI3Ba U 3a
HaOIltO/IeHNE Ha CHCTOSIHUETO HAa KPUTUYHH
obOexTu B momenieHueTo. Hampumep, nzoodpa-
JKEHUETO OT OMpPEJIEIeH 00CKT (Teuka, KOTJIOH
WU Jp. JTOMAaKWHCKH ypel) MOXe 1a Obje
00paboOTeHO M OILIEHEHO, 3a Jla C€ YCTaHOBH
JlaJTi IMa TIOTEHIIMATHO TIPEeTPsiIBaHe, BKITIOYE-
Ha TeyYKa WM I0TUATA, 3allajiBaHE Ha MOXKap.
TakbB THI TPHIIOKEHUS Ca TIOJIE3EHU U MOTaT
Ja ObJIaT UHTETPUPAHU KbM CHCTEMHU 32 aBTO-
MaTH3alMATa Ha MHTEJIUTCHTHHS JOM HIIM
CUCTEMH 3a CUTYPHOCT Ha JlomMa. AKO ce Cly-
YU TaKbB CIICHAPUH, CHUCTEMAaTa 1€ YBEIOMHU
MOTpeOUTENsT WK TMOXKapHaTa ciyk0a, B 3a-
BHCHMOCT OT Pa3pabOTEHHUTE TOM MPHUIIOXKE-
HHSL.

Ha ¢wur. 3 e mokazan nmpumep 3a OTKpUBaHE
Ha NOTEHLHUAJIHA OMACHOCT OT moxap - IR ma-
TPUYHUS CEH30p CE€ HAMHpPA B KyXHsTa U € Ha-
COUYEH KbM NeYKaTa. AKO CEeH30phT HE 3aceue
MPUCHCTBHE HA YOBEK 3a OINPEICIICH MEePUO.
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OT BpEMe, a PEruCTpHUpa BKIFOUEHHS KOTJIOH,
ce TeHepupa NPeAyNpeIUTETHO ChOOIIEHUE
JI0 TIOTPEOUTENST WM OTOpU3HpaH opraH. Te-
3W CHEIU(PUIHA TOJPOOHOCTH Ca OMUCAHU B
OM3HeC JIoTUKaTa Ha MPWIOKHUS CIOH Ha pe-
[IICHUETO.

Due. 3. Uzobpasxcenue (be3 obpabomka) cHemo
om IR mampuyen ceH30p CbC 3aCeUeHo Y08euKo
npucvLemeue U KIYeH KOMJIOH 8 KYXHAMA.

Ha 6a3a pazpaborenoro loT O6e3xuuno
YCTpOMCTBO 0a3upaHo Ha MHQpPAYEPBEH Ma-
TPUYEH CEH30p MOCJENBALIUTE W3CIIEABAHUS
ca HACOYCHH KbM:

1. Peanu3upane Ha Mpexa u3rpajeHa oT Hs-
konko loT Oe3xwmunm yctpoirictBa ¢ IR ma-
TPUYHU CEH30pH, KOUTO Ca pa3MoJIOKEHH Ha
pa3IU4YHU, OMpEeNieHn KaTo KPUTHYHHU, Me-
cta B xwuuiieto. OCHOBHATA HJIEsl € YCTPOii-
CTBaTa C MaKCHUMaJeH Opod Ha MHUKCEIUTe
(32x24) na ce pa3monoXkaT B MOMEIICHUSATA,
KBJIETO TUITUYHO MIPUCHCTBAT XOpaTa — BCEKU-
JIHEBHA M KyXHS. YCTpoHCTBaTa ¢ MO-Mal’bK
Opoii Ha mukcenute (24x16) ga ce mocTaBsT
Ha MecCTa KbJIETO: UMa TOIUTMHHHU U3TOYHUIIH,
HampuMep B CIaliHATA, aKO TaM MMa IOoCcTaBe-
Ha OTOILTUTEIIHA MeYKa, paAuaTop, AyXajaka u
3a eBHTYATHO XBAIl[aHE HA 3alaJieHa [Urapa B
JIETJIOTO U OKOJIO JIETJIOTO, KOETO € THIUYHA
KpUTUYHA CUTYallsl NpU MYNIA4d; 3a JCTEK-
TUpaHe Ha MaJlaHe B TOAJIETHHU, OaHU, CHOIIe-
KaJTHU, KBJACTO U3MCKBAHETO 3a 3ala3BaHE Ha
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MOBEPUTEITHOCT W HEHABIM3aHE B JIMYHOTO
IPOCTPAHCTBO € BOJEIIO; HAa  IPEXOJHUTE
MeCTa — BXOJ Ha OaHs/ToajieTHa, BXOH Ha
CIAJHATA WK BXOJHATA BpaTa Ha KUJIHUIIETO.
2. VYerpolicTBaTa 1a ce ckaHupar mpe3 1-2
MUH U M300pa)XEHUATA Ja CE ChbXPaHABAT ChC
3allMCaHM JaraTa W TEKyIIOTO BpeME B
Sensor Cloud 3a ga ce cwrbepar mocraradyHo
pealHW JaHHM 3a TECTBAaHE Ha PA3IUYHU
aNTOPUTMU 32 Pa3lIO3HABAHE U KaTerOpH3Hpa-
HE Ha KPUTHYHHUTE CUTYyallud B JIOMa, KOWUTO
ca TOTCHIMAJHO OIACHH 32 BB3PACTHHUTE
obutarenu. [Ipumepu 3a omacHu CUTyaIUH
ca: 3a0paBeH BKJIIOYEH KOTJIOH Chc/ 0e3 chA
BBPXY HEro; 3a0paBeHO CIIMpaHe Ha BOJATa B
KyXHs/0aHs; TpH MylIauyuTe 3amajeHa |
3a0paBeHa (WM MMagHaia) Iurapa u T.H.

3AKJIIOYEHUE

B Ta3m cratms e ommcaHo pa3pabOTEHO
pemenue Ha loT Oe3xuyHo uHppavepBeHO
CCH30PHO YCTPOHCTBO, KOETO MOXKE Jia Ce
WHTETpHUpa B CHCTEMH OT 3ApaBEOIa3BaHETO,
AAL v MHTETUTEHTHU CUCTEMH 32 CUTYPHOCT
B JoMalmHa cpeaa. To e MHOro yaoOHO 3a
MpocyessBaHe Ha YOBEIIKO NPHUCHCTBUE,
HampuMep B MEIUIIMHCKO 3aBEJCHHE, KHJIETO
[MalMEeHTUTE Morar na ObHar HaOIIoLaBaHU
nopu B OaHsTa, 0€3 Aa ce HapyllaBa JIMYHOTO
UM TIPOCTPAHCTRBO.
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PABIHINPABAHE IIOACUCTEMA 3A METEOPOJIOI'MYHA
NHPOPMAILIUA C IoT BASUPAHA CUCTEMA 3A HABJIIOAEHUE HA
OKOJIHATA CPEJA

EXTENDING THE WEATHER INFORMATION SUBSYSTEM WITH AN
IoT-BASED ENVIRONMENTAL MONITORING SYSTEM

Grisha Spasov
TU-Sofia, Plovdiv branch

Stefan Lishev
TU-Sofia, Plovdiv branch

Galidiya Petrova
TU-Sofia, Plovdiv branch

Abstract

Traffic measurement systems are an essential part of Intelligent Transportation Systems (ITS). In addition to the
traffic monitoring subsystems, another important subsystem is the meteorological information measurement system. In
this article a novel hybrid dual-band IoT system based on LoRa and LoRaWAN for environmental monitoring is
presented. It has extended range due to the use of specific architecture, which consists of LoRaWAN end devices that
create custom LoRa networks. The paper shows the design, implementation and the initial results of the proposed
system, tested in a real-world scenario. Different environmental parameters are monitored such as temperature,
humidity, atmospheric pressure, volatile organic compounds and ionizing radiation. It could be used also for indoor as

well as outdoor city air pollution monitoring as a supplement to intelligent transport systems.

Keywords: intelligent transport systems; environmental monitoring; IoT system; LoRa and LoRaWAN.

INTRODUCTION

Intelligent transportation systems help
better organization of traffic in big cities and
optimize traffic behavior. One very important
part of them is the weather monitoring
subsystem. It helps to make correlations
between traffic intensity, environmental
pollution and weather conditions. Different
solutions for environmental monitoring can
be found in the literature. In [1] the authors
use sensors of the MQ family such as MQ-
135, MQ-9 for sensing, controlled by Arduino
Mega 2560, and data are stored on SD card
for processing. The essential drawback of this
solution is the use of sensors that have high
energy consumption. In [2] the used sensors
are MQ-135, MQ-136, MQ-9, DHTII,
PMS3003, MiCS-4514 and some others but

www.eufunds.b

again the major drawback of these solutions is
the higher power consumption.

The presented work aims to overcome
these drawbacks with using digital sensors
and LoRaWAN modem with low power
consumption and real time response. On the
other hand, LoRaWAN gateways could be
flooded with too much traffic when too many
devices are used in small urban area. For this
reason, new communication architectures are
needed to overcome this problem.

There are different solutions in the
literature like multihop networks, that extend
the coverage area and improve energy
efficiency [3]. Because of the Aloha-like
nature of LoRaWAN there are some efforts
made for improving reliability under large
scale deployments [4].
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Fig. 1. The proposed system architecture

SYSTEM ARCHITECTURE

The proposed system architecture is
presented on Fig. 1. It uses as basis the
classical LoRaWAN architecture, that consists
of end devices connected to gateways,
network server and application server. In this
case the role of network server plays The
Things Network (TTN) cloud service. It
communicates with ThingSpeak, which is an
open loT platform with MATLAB analytics
and is used as integration for TTN.

The developed hybrid end device creates a
custom LoRa network for end devices with
environmental sensors, which operate in the
433MHz band.

The developed device operates as master
and the end devices that communicate with it
are slaves. The master sends at regular
intervals requests to a selected end device and
relays the data to the upper layers of the
LoRaWAN network. This allows the network
to cover much broader area of interest without
collusions with the 915MHz LoRaWAN radio
band and without traffic data overload.

www.eufunds.bg

END DEVICE CIRCUIT DIAGRAM AND
COMPONENTS

The electric diagram of the proposed end
device is presented on Fig. 2. It is powered by
Lithium polymer battery with capacity of
6600mAMh. It is the main power source of the
device together with two photovoltaic cells
for charging the battery. They are rated as 6V
nominal voltage, 1W power each cell. The
end device is controlled by system on module
(SoM) CubeCell Dev-Board Plus (HTCC-
ABO02). The microcontroller is based on
ARM® Cortex® MO0+ Core processor,
operating at 48MHz. It has 16Kbites of
SRAM and 128Kbites FLASH memory for
the program. The module has integrated
lithium management system with SH1.25-2
battery interface as well as solar energy
management system that allows direct
connection of solar panels. The end device
performs acquisition of several environmental
parameters with its sensors — SCD40, AHT21
and ENS160. They are connected with I°C
interface bus operating at 3.3V.

39

Ilpoexm BGO5SM20P001-1.002-0023 - Ilenmwvp 3a komnemenmuocm ,, Mnmenuzenmuu mexampontu, eKo- U eHepzoCnecmsaeauiu
cucmemu u mexunonozuu*, punancupan om Onepamusna npoepama ,, Hayka u obpazosanue 3a unmenucenmen pacmeoic
cvghunancupana om Eeponeiickus cvioz upesz Eeponetickume cmpykmyphu u uHéecmuyuonnu ponoose.


http://www.eufunds.bg/

MEXIYHAPOIHA HAYYHA KOH®EPEHIIUA
»MEXATPOHUKA, EKO U EHEPTOCHECTSBALIIA
CUCTEMMU U TEXHOJIOI'NH“

IJIOBAUB 23

EBPOINENCKN CbIO3
EBPONEMCKM CTPYKTYPHI W
VHBECTULIMOHHU GOHAOBE

| HAYKA N OBPA30OBAHUE 3A
WHTEAUIEHTEH PACTEX

12C bus

I, .
mh
|Vdd |Vdd |Vdd ’/O
6V
SCD40 AHT21 | | ENS160 s/
J_ J_ 37V

[Vdd | Van

al

ARM®@ Cortex®
MO0+ Core ]

HTCC-AB02

vdd )
Pulse out MISO|MOSI|SCK|nCS|RST
vdd
Ant

SX1278 —

PMS7003 m
m

1 I
Fig. 2. Block diagram of the developed hybrid end
device

The SCD40 is CO> sensor from Sensirion
Corp. It uses technology for sensing CO»
called photoacoustic non-dispersive infrared
spectroscopy [5]. This method uses infrared
light with 4260nm, which is absorbed by the
carbon dioxide molecules, causing excited
molecular  vibrations.  They  increase
translational energy and this causes periodic
change in pressure of the measuring cell, that
translates into sound waves, measured by
micro-electromechanical systems (MEMS)
microphone.

The sensor AHT21 is used for temperature
and humidity measurement of the ambient air.
The two sensors are paired for temperature
and humidity compensation and are integrated
into one module.

The sensor ENS160 measures total volatile
compounds (TVOC) and equivalent CO»
(eCO2) using MEMS hotplate coated with
metal oxide semiconductor (MOx). It has
broadband sensitivity for both reducing and
oxidising gases — H», ethanol, methane,
toluene, acetone, n-octane, CO and
formaldehyde.

For particulate concentration measurement
is used the sensor PMS7003. It uses the
Rayleigh scattering effect [6],[7]. The sensor
uses laser to radiate suspended particles in the

13y . | LoRaWAN 915MHz
I—- 5V<I3.3V L1 Vs Vbat — ~}»

air. It gives the concentration of particles in
three ranges as follows: between 0.3 — 1.0,
1.0-2.5 and 2.5-10um in pgr per cubic meter
volume of air. The sensor communicates with
the microcontroller via serial interface.

The gamma ray detector module is based
on J305 tube, which supports ionising
radiation measurement from 20mR/h to
120mR/h. The output is in the form of pulses.
The required supply voltage for the fan as
well as the supply voltage of the particulate
matter sensor is 5V. Because of this is added
an impulse step-up voltage converter from
3.3V to 5V as shown on the figure. All
measured parameters by the sensors are
summarized in Table 1.

Table 1.

Sensor | Parameter Range Unit | Accuracy
ENS160 TVOC 0+ 65 000 ppb -
ENS160 eCO2 400 +65000 | ppm | -
AHT21 |Temperature| -40+120 °C +0.3
AHT21 Relative 0100 % +2

Humidity
SCD40 CO2 400 + 2000 ppm +50
PMS7003 | Particulate 0+500 pg/m3 +10
matter 0.3
- 10um

1305 Gamma 20+ 120 mR/h | -

radiation

www.eufunds.b

The microcontroller module has integrated
SX1262 on board and supports LoRaWAN
v1.0.2 connection. It is added additional LoRa
module SX1278, that is used for the custom
LoRa network in the 433MHz band. It is
connected to the microcontroller using SPI
interface.

RESULTS

The developed system is tested in a
real-world scenario. The measured data is
sent by the developed hybrid end device to
The Thing Network, which acts as a
network server. A connection is made to
ThingSpeak platform, where the data is
visualized and further processed in
MATLAB. The test results of the air
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temperature measurement can be seen on
the ThingSpeak chart, as shown on Fig. 3.

+

Temperature
22

10:00 10:30 11:00 11:30 12:00
Date

ThingSpeak.com
Fig. 3. The test results of the air temperature
measurements

CONCLUSION

This paper presents the architecture and
implementation of a novel hybrid dual-band
IoT system based on LoRa and LoRaWAN,
along with the developed hybrid LoRaWAN
device. Initial tests were carried out to
measure the air temperature as a proof of
concept. Future work includes designing and
testing more end devices connected to the
developed hybrid LoRaWAN device and
creating a network that can be evaluated in
terms of system latency and reliability. One
limitation of this study is the use of
inexpensive sensors that have not yet been
calibrated, and this is a further issue in future
investigations.
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AKPEJIUTAIUATA 110 ISO 17025 - Bb3MOKHOCTHU U OBJIACT HA
IMPUJIOKEHUE TP MEXAHWYHU UBIIMTBAHUA HA METAJIN

ACCREDITATION ACCORDING TO ISO 17025 — POSSIBILITIES AND
FIELD OF APPLICATION IN MECHANICAL TESTING OF METALS

Angel Petrov Anchev
Technical University Gabrovo

Abstract

Part of the activities in the implementation of the Competence Center project "Intelligent mechatronic, eco- and
energy-saving systems and technologies"” was to accredit a group of laboratories according to the international
standard ISO 17025. The report presents the possibilities of the equipment in connection with the accreditation of the
sector "Energy-saving technologies for extension of the life cycle and increasing operational security”, as part of the
laboratory complex. The possibilities of the equipment and the field of application of the machine for dynamic and
static tests ZWICK Vibrophore 100 and the semi-automatic microhardness tester ZWICK/Indentec - ZHVu-S are
presented. By means of the results obtained from the calibration of the machines and the participation of the laboratory
in an inter-laboratory international comparative test, the accuracy of the obtained results in the determination of the
stated mechanical quantities has been proven.

Keywords: Mechanical testing of materials; ISO 17025.

BBBEJEHUE

CpBpeMeHHaTa MHIyCTPHUS BCE MOBEYE CE
HY’K7ae OT pa3HOOOpa3HH II0 CBOSITA Ch-
IIHOCT, TOYHH - KaTO pe3yiTaT u Obp3u - IO
BpeMe eKCIepuMeHTu. Pesynrature oT TiX
OCUTYpSIBAT JIOKA3aTEJICTBAa 3a BHUCOKOTO Ka-
YEeCTBO Ha BJIOKCHUTE MaTEepHald B IOJIy4e-
HUTE W3JCJHs, KaKTO U Ha CaAMHTE TAX BBHB
BCHUKH cepu Ha HHIYCTPUATHOTO IPOHU-
3BOACTBO. [lOBHIIEHHTE W3HUCKBAaHUS, KAaKTO
KBM Ka4eCTBOTO TaKa U KbM KOJMUYECTBOTO Ha
MPOU3BEICHATa TPOIYKIIHS BOJHM 10 HEOOXO-
JIMMOCTTa OT BBBEXKIAHETO Ha CTaHIAPTU3U-
paHu mporeAypu 3a paborata Ha Jlaboparo-
pUHTE 32 WM3MUTBAHE M KaTUOpHpaHe, KOUTO
ca OCHOBHHMS MHCTPYMEHT 3a JOKa3BaHE Ha
MOCTUTAHOTO Ka4eCTBO Ha CH3IAJCHUS IPO-
IYKT WIN MaTepual.

MexayHapogHaTa OpraHu3alus Mo CTaH-
JapTu3anys BbBexa npeau noseue ot 30 ro-
IVHU TIOpEeIUIa OT MEXKITyHAPOIHH CTaHIap-
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THU 3a yIpaBlIeHUE Ha TMPOIECUTE B TaboparTo-
pUU 3a W3MUTBAHE /WM KaauOpupaHe, Imbp-
BoHayanHo ISO 45001, Bmocnexnctsue, mpe3
2001, ISO 17025. 3a ocurypsiBaHeTO Ha TO-
JTy4aBaHOTO KadeCTBO Ca HEOOXOAMMH U
CTaHJapTH 3a U3MUTBAaHE HAa MaTepUAIU U W3-
Jenusi, KouTo popmMupar oOxBaTa Ha eHa Jia-
Ooparopus mpuTekaBalla CUCTEMa 3a yIpaB-
JIeHUEe B CHOTBETCTBUE C HM3UCKBAHHATA Ha
MexayHapoaHusaT ctangapt ISO 17025 [1].

IlenTa Ha HAcTOSIIMS NOKJIAa € MpelncTa-
BsiHE Ha oOXxBara Ha jabopartopus ,,EHepro-
CIECTSIBAIld TEXHOJOTHH 3a yAbKaBaHE Ha
KU3HEHUS LIMKbBJ U TIOBUILIABaHE HA EKCIUIOa-
tanuonHara curypHoct® (ETYXXUIIEC), xa-
TO YacT OT JabOpaTOpHUS KOMILUIEKC H3rpa-
neH kbM LlenTsp 3a xommnereHTHOCT "WHTE-
JIUTEHTHU MEXaTPOHHHU, €KO- U €HEProCIecTs-
Ballll CUCTEMU U TexHOoJorun'" B TexHudecku
yHHBepcHuTeT — ['abpoBo.
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HAYKA N OBPA30OBAHUE 3A
WHTEAUIEHTEH PACTEX

N30 KEHHUE

1. O0xBaT Ha 1a0opaTopusTa

B u3nbiHEHME Ha M3MCKBaHUATA Ha Opra-
HBT 10 akpenuTanus B PenmyOnuka bbirapus

— bearapcka cimyx6a 1o akpenuranus, 1a0do-
paTopusTa € 3asBHJIa 00XBAaT MPEJCTaBEH B
Tabimua 1.

Taénuya 1. Obxeam na rabopamopus ETYKUIIEC

OOxBaTt Ha Meronau 3a
W3IUTBAHETO W3MUTBaHE Msnoxssan
Ne o | MznutBanu Bun Ha u3nutBane/ ’ TEXHUYECKU
e MPOJYKTH XapaKTePUCTHKA ChITIACHO (crannapTusupanm/ cpencTBa
et poiy P P W3HCKBAHHATA HA BaJIMIPAHHN) et
MeTOoJIa
1 2 3 4 5 6
I |Meramn SIkocT Ha OIBH; 1+5000 MPa BAC ENISO 6892- Vibrophore 100
METAJIHU 1
CIUIaBH I'panuna Ha ' 1-4000 MPa BJC EN ISO 6892- Vibrophore 100
MIPOBJIAYBAHE; 1
OTHOCHUTEITHO
YIbIKEHHE TIPH 0100 % bACEN {SO 6892- Vibrophore 100
paspyliiaBase;
OTHOCHTEITHO CBI/IFaHe 0= 80 % BJIC EN ISO 6892- Vibrophore 100
MIpH pa3pylIaBaHe; 1
bren Ha orpBane 0--100° BJIC EN ISO 7438 | Vibrophore 100
I/ISHI/I.TBaHe Ha TBBPAOCT 0,01+2 Kgf BJIC EN ISO 6507- ZHVp-S
o Vickers 1
2 |3aBapeHu SlkocT Ha OIBH —
ChEAVHCHUS |HAITHKHO HA 1+5000 MPa BJIC EN ISO 5178 | Vibrophore 100
OT METAJIHU  |3aBapbuHUS mied
MaTepuand  |['paHmIla Ha MPOBIIAYBAHE
- HAITHKHO Ha 1+4000 MPa BJIC EN ISO 5178 | Vibrophore 100
3aBapbyuHUSA Ied
OTHOCUTEIHO
YABIDKCHUE - HAJUTHKHO 0+ 100 % BJC ENISO 5178 | Vibrophore 100
Ha 3aBapbUHMS HIe)
OTHOCHUTEITHO CBUBAHE -
HaJUTBKHO HA 0+ 80% BJIC EN ISO 5178 | Vibrophore 100
3aBapbyHUsA e
‘bren Ha orpBane 0--100° BJIC EN ISO 5173 | Vibrophore 100
SlkocT Ha OITbH —
HaIlPEYHO Ha 3aBapbUHUS 1+5000 MPa BJIC EN ISO 4136 | Vibrophore 100
ed
MakcuManHa cuia —
HanpeuyHo Ha 3aBapbunus | 100+100000 N | BAC EN ISO 4136 | Vibrophore 100

ed
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2. BB3MOKHOCTH HAa H3MHUTBATEJHOTO

Jlaboparopuss ETYXHIIEC mnputexasa
CIICJIHATE TEXHHUUYECKH CPEIICTBA 32 N3IIUTBAHE
Ha METalli ¥ METaJTHH CIUIaBU:

Tonyasmomamuyen MUKPOMBbLPOOMED
ZWICK/Indentec ZHV =S (¢ue. 1). NU3mepBa-
HETO Ha MHUKPOTBBPIOCTTa CE€ H3BHPIIBA B
MOJTyaBTOMaTHU4eH pexxnM. HaumHa Ha HaToO-
BapBaHE € C PealTHU TEKECTH B JHAINla30HA OT
10 g no 2 kg pa3nenenu B 8 crpnku. Pesynra-
TUTE CE€ OMPENCISIT B ChOTBETCTBHE C MEXKIY-
Hapoguusa crangapr [SO 6507-1:2018 [2].

o0opyaBaHe

N3nomsBanus Meron € Bukepc. MukporBbp-
JIOCTTa C€ U3MepBa BbpPXy 00pasLy C IWINH-
JpUYHAa WIM Tnpu3MaruuHa ¢opma. Mak-
cUMaJIHUs 00eM B KOWTO MOXKe na Obae Ioc-
TaBeH M3MepBaHMs oOpaser] e ¢ BucounHa 60
mm, mupuHa 60 mm u gpwkuHa 60 mm.
N3o0paxxennero ot Montupanara CCD kame-
pa nocTblBa B copTyepa Ha ypena, 4pe3 Kou-
TO CE€ ONpElelsd CTOMHOCTTa Ha M3MEpeHara
CTOMHOCT Ha MUKPOTBBPAOCT Mo Bukepc.

Duez. 1. Muxpomewvpoomep ZWICK/Indentec ZHV 1+-S

Mawuna 3a cmamuynu U OUHAMUYHU
usnumarnust ZWICK/Roell Vibrophore 100
(ue. 2).

CraTHyHWTE W3MUTBAHUS CE€ W3BBHPIIBAT
CTOpe]] HM3UCKBAaHHMATA Ha MEXKIyHAPOIHHS
craggapt ISO 6892-1 [3]. MakcumanHus
obxBar 3a m3MepBane Ha cuia ¢ 100000 N.

www.eufunds.bg

CkopocTTa Ha HaTOBapBaHE MOXE J1a CE MPOo-
MeHs B rpanunute ot 0,0001 mm/min go 600
mm/min; OKOMIUICKTOBaHAa € ChC 3aXBaTH 3a
MJI0CKK 00pasmu ¢ nedenuHa ot 0,2 mm g0 10
mm ¥ 3a IWIKHIPUYHU 00pa3iu ¢ AHAMETHP
ot 5 mm 1o 15 mm. 3a onpenensiHe Ha MOJTY-
Ja Ha JUHEeWHH aeopMmanuu € TpenBUIeH
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€KCTCH30METhp C u3MepBaTeneH obxsar 50
mm. MammHata € o0opyZBaHa U C HPUCIO-
coOieHre 3a 3 TOYKOBO OI'bBaHE 3a HM3BBP-
[IBaHE HAa M3MUTBAHUS CHIIACHO N3UCKBAHUS-
Ta MeXayHapoaHus ctangapt ISO 7438 [4].

MarmHara U3BbPIIBA U TUHAMUYHU H3ITH-
TaHWs HA CBIUTE 1Mo dopma 0Opa3Iy, ¢ Mak-
cumazes Toap +50 000 N. JluHaMU4HUSAT TO-
Bap ce peaju3upa MOCPEICTBOM EIeKTPOIu-
HAMUYHO BB30YXK/IaHE B YECTOTHHS JUAMAa30H
muH. 30 Hz, makc. 300 Hz.

CohriacHo 3asBeHUs 00XBaT BbPXY Malllu-
HaTa ca CTaTUYHH M JUHAMUYHH H3MUTAHUS
IIe Ce peaju3uparT U MEXaHUYHU H3MHUTAHUS
Ha 3aBapeHM CheMHEHMs. Te Ie ce ochlec-
TBSIBAT B CHOTBETCTBUE C MEKIYHAPOTHUTE
crangapty ISO 5178 [5] — 3a u3nuTBane ¢ mpu-
JlaraHC Ha CWJIa HAUIbKHO Ha 3aBapbUHUSA me(b,
ISO 4136 [6] — nanpeuHo Ha 3aBapbuHHA HIed U

ISO 5173 [7] — 3aBapeHu CheqUHEHUS MOIOKECHH
Ha OI'bBaHC.

Bb3 ocHOBa Ha MTPOBEKIAHUTE TUHAMUIHH
TECTOBE, MOXKE J1a CE OLEHU YMOPHOTO IOBe-
JICHUE Ha W3MHUTBaHUTE 00pa3Iy — rpaHUIa Ha
yMoOpa, IBITOTPAaHOCT HAa yYMOpa, Hampexe-
HUE TIpU pa3pylIaBaHe.

CodryepbT KbM MalIMHATA peATU3UPA MMO-
Beue oT 100 pa3nuuHu nporpamu U3IbIHSIBA-
HU B CbOTBETCTBUE C Pa3IMYHU MEXKIYHApO/I-
HU CTaHJIAPTH 3a W3MHUTBAHE B CTaTUYCH pe-
xuM. [IpenBuaeHa e Bb3MOKHOCTTAa KbM Hesl
na ObaaT m00aBsIHU TOMBIHUTEIHA U3MEpBa-
TEJTHHU CEH30pU, CUTHAJIUTE OT KOUTO MOCTBHII-
BaT B codTyepa 3a ympasieHue. OCUrypeHu
ca Bb3MOXKHOCTH 3a €KCIIOpPTUpaHE Ha JaHHU-
T€ OT HM3MEPBAHETO B pPA3NMMYHU (ailoBU
dbopmatu — PDF, ASCII, docx u xIsx.

ore 100

vibroph

@uez.2. Mawuna 3a cmamuunu u ounamuynu uscieosanus ZWICK/Roell Vibrophore 100
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3. YuacTue B MEXIAYHAPOJAHO CPABHM-
TeJIHO M3NIUTBaHe

OcCHOBEH KpUTEpHIl 3a JOKa3BaHE Kadec-
TBOTO Ha M3BBPIIBAHUTE JEHHOCTU IO OIpe-
JIeNIIHE HAa MEXaHWYHU XapaKTEePUCTUKH, Ch-
[JIACHO M3UCKBaHMATA Ha MEXIyHapOJHMUS
cranzapt ISO 17025, e peryaspHOTO y4yacTue
Ha naboparopuss ETYXKUIIEC B mexnayHa-
POJIHU CpaBHUTENHM m3nuTanus. [Ipe3 msro-
To Ha 2021 r. B3eXME yyacTUe B CPaBHUTEIIHO
M3MUTBaHEe, OpraHu3upaHo ot ,,PT nposaiiovp
CCJICE* non Homep 21042. ®ur.3 cbpabpxka

JAHHUTE OT MbPBUYHHS MPOTOKOJ IOIy4eH
oT copTyepa Ha MalIMHATA 32 U3MUTBAHE MPH
onpezieNisiHe Ha MEXaHWYHHUTE XapaKTepuc-
TUKU Ha o0pa3nu ot ctomana S235. Cnen no-
IIBJIHUTEIHA CTaTUCTUYECKa oOpaboTka Ha
pesynratute B Tabmuuu 2 U 3 ca MOKa3aHU
MOJIyY€HUTE PE3yJITaTH HAa BCUYKU JIEBET Jia-
O6opaTopun yuyacTBauy B u3cienBanero. llo-
Jy4YeHUTE pe3yJTaTH IMOKa3BaT CTOWHOCTH C
I00pO CHBMAJCHUE C MEIUAHWUTE 3a TPaHUIA
Ha skocT (Rn=486.2 MPa) u oTHOCHTETHO
yABIDKEHHE ciell paspyiiaBane (As0=29.1%).

HAYKA N OBPA30OBAHUE 3A
WHTEAUIEHTEH PACTEX

I Print date: 08.06.21
Test report
Customer Specimen type
Job no. : Pre-treatment
Test standard : DINENISO 6892-1 Tester
Type and designation : Notes :
Material : Ae determination : Method a)
Specimen removal Machine data
Test speeds : Method B Speed in the yield range :  0.00025 1/s
Pre-load 3 MPa Test speed 0.0067 1/s
Speed, yield point : 30 MPa/s
Test results:
me  Rpo2 ReH Rel  Ae Rm Fm Ag  Asomm So
Legend No. GPa MPa MPa MPa % MPa kN % %  mm?
4 73 | 304 | - - - | 497 |14.56|20.02| 34.3 12932
[ 5 69 | 311 | 312 | 306 | 0.73 | 495 |13.71/19.11| 35.1 |27.71
‘ 6 72 | 313 | - - - | 497 |14.06/19.51| 34.8 |28.27
7 74 304 | - - - | 491 [14.16]/19.39| 34.3 |28.84
Series graph:
500
400 1 //" \
& 300 {:/W
s I
£ T
2 200 4
¢ 1
100
0 +—— — i i
0 10 20 30
Strain in %

Due.3. [Ivpsuuen npomokon om usnumeane
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Tabauya 2. Pezynmamu 3a epanuya na axocm (R,,) na rabopamopus 21042

Ne HaenTHanoct Ha | JoKkIaiBam ﬁeonpeueneﬂocr, Otki1oHenne (bias) ot Z value ¢ value
no YYacTBAIIHA, pe3varar, MPa NpHeTaTa CTOHOCT (bias/o) |Pass| <2
pel |KomHpaHa CTOiHOCT MPa [Pass| < 100 MPa |Pass| <2
1 2 3 4 5 6 7
1 21010, 550.3 11.006% 64.3 1.29 2.9¢|
2 21013 43§ 5 -48 -0.96 -2.27
3 21023 504 12 18 0.3 0.82
4 21030 449 .96 10.6 -36.04 -0.72 -1.66
5 21032 499.2 1.22 13.2 0.26 0.63
6 21033 519 3 33 0.6 1.57
7 21042 496.33 3.07 10.33 0.21 0.49
8 21049 510 25 24 0.48 0.98
9 21064 409 0.36 =77 -1.54 -3.67
A Tabnuuya 3. Pezynmamu 3a omuocumenno yoviicenue (Asg) na rabopamopus 21042
Nemo | HoentnuHocT Ha | JowxaaasaH | HeompeneneHocT, | OTK1oHeHHe (bias) o1 | Z value (bias/a) < value
pex YYaCTBAIIHA, pesvarart, %o % OpHeTATA CTOHHOCT |Pass| <2 [Pass| <2
KOOIHPAHA CTOHHOCT Pass| <16.2 %
1 2 3 4 5 7 8
1 21010 25.1 1.004* -4.000) -0.49 -1.16
2 21013 35.0 0.5 5.900 0.73 1.73
3 21023 31.0 3 1.900 0.23 0.51
4 21030 39.02 5.29 0.920 1.22 2.30
5 21032 18.52 0.21 -10.580 -1.31 -3.11
6 21033 31.7 0.7 2.600 0.32 0.76
7 21042 34.57 1.23 5.470 0.68 1.5§
8 21049 28.0 0.1 -1.100 -0.14 -0.32
9 21064 18.7 1.4 -10.400 -1.28 -3.00
3AK/IIOYEHUE JIUTEPATYPA

Pe3ynrature OT NpOBENEHOTO MEXTyHa-
POJHO CpAaBHUTEIHO M3MUTBAHE JIOKa3BaT
BB3MOKHOCTHUTE 3a MPOBEXKIaHE HA MEXaHNY-
HU TECTOBE C HEOOXOJMMAaTa TOYHOCT, KOSATO
€ OCHOBHA IPEAINOCTaBKa 3a YCIIEIIHO aKpe-
mutupane Ha jabopatopust ETYXXUIIEC B
CHOTBETCTBUE C MEXIYyHapOIHUS CTaHAApT
ISO 17025.

BJIATOJAPHOCTHU

Hacrosmmust qokmnan € CBbp3aH ¢ U3IbJIHE-
HUETO Ha 3a7auu 1no npoekt BGOSM20P001-
1.002-0023 - LleHTHp 32 KOMIETEHTHOCT ,,H-
TETUTEeHTHU, MEXaTPOHHHU, €KO-U €HEeProcrec-
TSABAIIY CUCTEMU U TEXHOJIOTUHN .

[1] BAC EN ISO/IEC 17025:2018. O6ui u3uc-
KBaHMS 32 KOMIIETEHTHOCTTa Ha JTaOOPaTOpuun
3a m3nurBaHe u kanuOpupane (ISO/IEC
17025:2017)

[2] BAC EN ISO 6507-1:2018. Mertanuu

Matepuand. HM3nuTBaHE Ha TBBPAOCT IO

Vickers. Hact 1: Merox 3a m3nurBane (ISO

6507-1:2018)

BAC EN ISO 6892-1:2020. Metannu
Matepuanu. W3nutBaHe Ha ombH. Yact 1:
MerTo/ 3a U3NUTBAHE MPHU CTalHA TEMIIEpaTypa
(ISO 6892-1:2019)

[3]

[4] BAC EN ISO 7438:2021. Meranau
Matepuanu. MsmutBane Ha orsBane (ISO
7438:2020)
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THBECTALONHIA GOHTOBE IJIOBAUB 23 VHTEAUTEHTER PACTESK
[5] BAC EN ISO 5178:2019. M3nuTtBanus c METaTHH MaTepuanyd. M3nuTBaHe HaA OIIBH,
paspylraBaHe Ha 3aBapeHU CHEAWHCHHS Ha HarnpewHo Ha mmeBa (ISO 4136:2022)
MeTanHu MaTepuanu. M3nuTtBaHe HaA ONBH, [71 BAC EN ISO 5173:2023. U3nutBaHus c
Ha/UIHKHO Ha MeTaja Ha IIeBa Ha 3aBapeHU paspyliaBaHe Ha 3aBapeHH ChEIWHEHHUS Ha
uype3 cTorsBane chenuuenus (ISO 5178:2019) METaJTHU MaTepuainu. M3mnTBaHus Ha OT'hBAaHE
[6] BAC EN ISO 4136:2022. UznutBaHus ¢ (ISO 5173:2023)

paspyluiaBaHe Ha 3aBapC€HU CBHCAUHCHHUA Ha
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OBJIACT HA ITPUJIOKEHUE HA OBOPY/IBAHE 3A
PEHTTEHOCTPYKTYPEH AHAJIN3

FIELD OF APPLICATION OF EQUIPMENT FOR X-RAY STRUCTURAL
ANALYSIS

Vladimir Petrov Dunchev
Technical university of Gabrovo

Abstract

This article presents the capabilities of the D8 Advance X-ray diffractometer for qualitative and quantitative phase
analysis of metal alloys and powders, and software products for conducting qualitative and quantitative analysis of
various materials with a crystalline structure. Through the Difrac.Eva software product, a qualitative and semi-
quantitative analysis of the distribution of the different phases observed for a specific sample can be performed. The
Difrac.Leptos program is presented to determine residual stresses for various polycrystalline specimens that have been
subjected to mechanical or thermal treatments. The Difrac. Dquant software product for estimating the amount of
retained austenite after heat treatment of different steel classes is also presented.

Keywords: X-ray diffractometer; qualitative and quantitative phase analysis; residual stresses; retained austenite.

BBBEJIEHUE

CbBpEeMEHHUSAT MPOLEC Ha MPOU3BOJICTBO
Ha YEpHU U LIBETHU METaJU U CIUIaBH, 3aI04-
Ball] OT PyJY Mpe3 MbPBUYHU U BTOPHUYHU Me-
TaJypruyHU MPOLECH 10 3arOTOBKH, IPBTH,
IUI0YM, TEJIOBE W PA3IUYHU APYTU KpaiHH
MPOYKTH, € €IUH OT HAN-CIIOKHUTE, HENPEKb-
CHAaTH MPOLECH, MPUJIAaTaHU B ChbBPEMEHHUTE
IMpOKOMAIadH! MHAYCTpUU. B chIoTo Bpe-
Me MPOU3BOJIUTENINTE HAa CTOMaHa ca U3IpaB-
€HU MpeJ] UKOHOMHUYECKH MPEIU3BUKATEICTBA
ChC CJIOXKHA M KOHKYpeHTHa nporpama. Exun
KIIF0UOB (PaKTOp 3a yCIeX € IIbJIeH KOHTPOII Ha
KauyecTBOTO OT CYPOBHHHTE JIO KpalHUS Mpo-
JTYKT BBB BCSIKA CThIIKA OT IpoLieca.

[IspBOHAYATHOTO Ka4eCTBO U MOCJIeIBalIa-
Ta 00paboTKa Ha METAJTHHUTE MPaxoBe, HU3MOJ-
3BaHM 32 aIUTUBHU ITPOU3BOJCTBEHH MIPOLIECH,
Wrpae BakHa poJisi 32 KaueCTBOTO U CBOMCTBA-
Ta Ha KpaitHus npoaykt. [TapameTrpu karto pas-
Mep Ha YacTHUIUTe, pa3mnpeseneHue u Mopdo-
JIOTUSl Ha YacTULIUTE Ca YCTaHOBEHH, HO TE
MpEeACTaBISIBAT CaMo ,,MEXaHUYHATA"* 4acT OT

www.eufunds.bg

XapaKkTepu3upaHeTo, MpeHeOpersaiku MeTa-
JTYPrUYHUTE U XUMUYHHUTE €()EKTH, BBIIPEKU
4ye XMMHITa Ha YaCTHUIIUTE BiMsie BbpXY (QyH-
JAMEHTATHOTO MPEACTaBSIHE HA KpaHUTE OT-
nevyaTtaHu win popMoBaHU yacTu. 3a Ja ce ra-
paHTHpa, Y€ KpaHUTE YaCTH, HAIIPABEHH C Te-
3W TEXHUKH, OTTOBAPSIT Ha CTPOTUTE U3HCKBA-
HUS Ha METUIIUHCKUTE, aBTOMOOMIIHUTE U KO-
CMHYECKHUTE TIPUIIOKEHUS, METATHUTE TIPaxo-
B€, U3IOJI3BaHM KaTO CYpOBUHU, TPsIOBa 1a Ob-
JIaT HAI'BJIHO XapaKTepu3upaHu U HabIo1aBa-
HU TIpe3 MPOU3BOICTBEHUS IUKBJI.

[lenta Ha mpeACTaBeHHsI JOKIIA] € 1 Pe/-
CTaBH Bb3MOKHOCTHTE Ha PEHTI€HOB JU(paK-
TomeTbp Bruker D8 Advance 3a kauecTBeH U
KOJIMYECTBEH aHajM3 Ha METaJHU MpaxoBe U
peaHu METAIHU JETANIIN.

N3JI0XEHUE

PentrenoB mudpakromersp DS Advance e
TUGPAKTOMETHP OT HOBO MOKOJICHHE, C KOWTO
MOJKE J]a c€ M3BBpIIBa (a30B aHAIU3 HA TIpa-
XOB€ U ME€TAaJIHU O6€KTI/I, Aa CC OonpeaAcAT
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EBPOMNENCKW CbI0O3
EBPOMEMCKI CTPYKTYPHM 1
VHBECTULIMOHHY ®OHAOBE

‘ HAYKA 11 OBPA30OBAHME 3A
WHTEAUTEHTEH PACTEX

OCTaThYHUTE HAIIPEKEHUSI B TOBbPXHOCTHUTE
U TMOJNOBBPXHOCTHUTE CJIOEBE HA PA3IHYHU
MeTalHu cruiaBd. ChINO Taka UMa Bb3MOXK-
HOCT 32 TOYHO OIpeeIsiHE Ha KOJIUYECTBEHO-
TO pasnpejiefiecHue Ha OCTaThbu€H ayCTEHUT, B

CTOMAaHH TOJIOKEHN HAa MEXaHUIHU WJIH TEP-
MUYHH BB3JICHCTBHUS.

OO0 u3rae Ha PeHTTeHOBUS JUdpaKTOMe-
TBP € MOoKa3aH Ha ghue. 1.

Duez. 1. Oowy uzeneo na penmeenos ouppaxmomemvp Bruker D8 Advance

[IpoBexkaaHETO HA PEHTTEHOCTPYKTYPEH
aHaJIM3 Ha MPaxoOBe U TBBP/IU TEJIa CE U3BBPIII-
Ba IOCPEJACTBOM  COMTYepHUS  IPOIYKT
Diffrac. Measurement [1], cnenuaiHo HHTE-
rpUpaH 3a KOHKpeTHOTO obOopyxaBaHe. Upes
HEro Morar Jia ce U3BBPINAT IMIUPOK HAOOP OT
Pa3IMYHU MIPOTPAMH, B 3aBUCUMOCT OT TIOCTa-
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BeHaTa 3aaava. KpallHUAT pe3yJTar € nojayye-
Ha IudpakTorpama 3a mpoOHOTO TSJIO.

[Ipu u3BbpIIBaHE HA KAUYECTBEH U KOJIMYE-
CTBEH (pa30B aHANMU3 MOJydyeHaTa audpakro-
rpaMa ce UMIOPTUpa B COPTyepHHUS MPOIYKT
Diffrac.Eva [2], kOiTO € crnenuain3vpad 3a
KauecTBEHO ompeieisiHe Ha (a30BuUs ChCTaB.
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B 3aBHCHUMOCT OT XMMUYHHAT CHCTaB ca Ha-
JMYHU HAOOP OT paszIMyHU PEHTTEHOBU TPHOU
(Cu, Co n Cr), KOUTO U3JTBYBAT TaMa JTbUU C
pa3nuyHa AbDKMHA HAa BBJIHATA. 32 HAW-TOJISM
0o0xBaT Ha ToJiy4deHaTa nudpakrorpama € Ie-
Jech00pa3HoO J1a ce MU3M0I3Ba PEHTTCHOBA TPb-
0a c MeITHO JIbYCHUE, TIOPaIU KbcaTa JbJDKUHA
Ha BBIHATA HA MEIHOTO JbueHue 1 = 1.54A.
Ha ¢ue. 2 e nokazana nudpaxrorpama Ha HU-
CKOJIETUpaHa CpEJIHOBBIVIEPOJHA CTOMaHa
MOJIJIO’KEHA Ha TepMooOpaboTKa.

3a KOHKpETHHS CiIydail, mopaau (akra, ue
npu (Ga3oB aHaIM3 HA CTOMAHM M CIUIaBU Ha
OCHOBaTa Ha Fe W3IMOJI3BAHETO HA METHO JIb-
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Due. 2. Penmeenosa ougpaxmozpama obpadbomena upes copmyep - Difrac.Eva

Ha 6a3a Ha HanpaBeHUs aHAIU3 € MOTy4YeHa
nByhasHa cTpykTypa — Gpeput u ayctenur. [1o-
Jy4yeHarta JudpakTorpaMa, oka3pa uKoBe U
Ha fBeTe (a3, KaTto Te3u Ha o — Fe ca ¢ mo-
roJisiIMa MHTEH3UBHOCT, JOKATO T€3HU Ha ¥ — Fe
ca ¢ MHOTO MaJika UHTeH3uBHOCT. CopTyepbT
Diffrac.Eva naBa Bb3MOXHOCT Ha IOJTYKOJIU-
YEeCTBEH aHaJIN3 Ha Pa3NpeieIeHneTo Ha pa3u-
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Te, KBJIETO CE OTYMTA CAMO HHTECH3UBHOCTTA Ha
MUKOBETE. 3a KOHKpETHU citydail o — Fe e 80
%, nokaro y — Fe e 20 %. 3a mo-To4HO ompe-
JieTIsTHEe Ha KOJIMUECTBEHOTO pa3NpeieiieHue Ha
ocTtarbueH aycTeHUT (y — Fe) e Halu4eH Jo-
nweiauTeneH codryep (Diffrac.Dquant), na-
BaIll Bb3MOXHOCT 32 TOYHO OIPE/IEIIsSTHE Ha KO-
JIMYECTBOTO OCTATHUYCH ayCTECHUT.
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Due. 3. Penmeenosa ougppaxmoepama oopabomena upesz cogpmyep - Difrac. Dquant

Ha ¢wur. 3 ca nokazana qudpakrorpamu JIU3 ce MpaBu Ha 0a3a OTHOIICHUSATA MEX-
UMIIOPTUPAHU B CO(PTyepHUS MPOAYKT Ny TITOIIMTE 3a JiBa MHKa Ha o0 — Fee U J1Ba
Diffrac.Dquant [3]. Ha ¢urypata ce 3abe- Ha Y — Fe, mOKa3aHU CHOTBETHO B OPAHIKEB
JS13BaT YETUPH AU(PAKTOTpaMu 3a YeTUPU Y CBETJIOCHH LIBAT, 4 CAMUTE PE3YJITATH CE
pasiindyHu CTOMAaHH. KonuuectBenns aHa- MNpCACTaBAT B TaOINYEH BHU.
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Due. 4. Buzyanuzayusi Ha noayuenu pe3yimamu 3a 0Cmamvynu Hanpesicenusi - Difrac.Leptos
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3a ompenessHEe HA OCTAThUHU HAIPEkKe-
HUS B TIOJIMKPUCTATTHU 00pa3Iy € WHCTAJIH-
paH crenuanupaH codryep —
Diffrac.Leptos [4]. B HeroBata 6aza naHHu
ca MPEeJICTAaBeHH TOJISIM 00€M OT pa3InuyHU
€JIACTUYHU KOHCTAHTH 3a Pa3IMyHu (a3u
Ha METaJIM U CIUIaBH, B 3aBUCUMOCT OT KPH-
CTaJIHATa UM DPEIIeTKa U Kpucraiorpadcka
mwiockocT. CopTyephbT MO3BOJSBA JOIBII-
BaHE Ha 0a3aTa JIaHHU, C HOBH 32 KOHKPET-
HU CIUIaBH, C OMPEJICTICHU 110 eKCIIEPUMEH-
TajeH MbT — KoeQUuIueHT Ha Poisson u Mo-
nyn Ha Young. Ha ¢ue. 4 ca mokazanu
CTOWHOCTH Ha OCTaThYHU HAIPCIKCHUS B
MTOBBPXHOCTHHUS CJIOW HA BUCOKOJIETHpaHa
ayCTeHHWTHA CTOMAaHa, MOJJIOKEHA Ha TO-
BBPXHOCTHA IUIACTMYHA  Jedopmarus.
CodtyepbT mO3BOJIABA OIpEAENsHE Ha
OCTaThYHH HAIPEKEHUS B pa3iuyHu (a3u
3a eIUH ChIIl 00pa3ell, B KOUTO ce Habto-
JaBaT MoBeYe OT eaHa. M3MepBaHeTo ¢ Ha
0a3a HAKOJIKO TU(PPaKTOrpaMu 3a MOJIO0KH-
TEJHHU U OTPUIIATEITHH BT OTHOCHO CHMe-
TPUYHOTO PA3MOJIOKCHHUE HA U3IIHYBATEIIS
U JIeTeKTopa. Bb3MOoXHU ca JBa KMHEMa-
TUYHM PEKMMa 3a Ch3JaBaHe Ha Mporpama
3a U3MEpPBAHE HAa OCTATHYHU HAPEIKEHUS:

1) kuHEMAaTHKa, TIPH KOSTO C€ JIBHKAT
U3IIbYBATENl U JIETEKTOpa 3a JUCKPETEH
Opoil OT M3MepBaHus, AOKATO MPOOHOTO
TSJIO € HEMOJIBHKHO;

2) KMHEMaTuKa, MpU KOSITO Ce 3aBbpTa
MPOOHOTO TAJIO, TOKATO MPU BCSKA TOYKA
OT U3MEPBAHETO, U3IIHYBATEIS U JIETEKTO-
pa ce MPUABMKBAT B CHMETPUYCH PEKHUM.

Kunemartukara, npu KOsITO ce IPUIBUXK-
BaT B CUMETPUYCH PEKUM U3IBUBATEIIS U
JIETEKTOpa, TMO3BOJISIBA OMPEICIISTHETO Ha
OCTaTBhYHHUTE HAIPEKECHHUSI C TO-TOJsIMa
TOYHOCT, )K€ W NMPHU MaJKW BIJIA HA W3-
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cnenBanute (asu, mopaau Qakrta, ye u3-
MEpPBAaHETO Ha BCUYKH TOYKH € TIPU STHU U
CHIIY HAYAJIHU U KPaHU BIJIH.

[Ipu m3mepBaHe HA OCTATHYHU HATpe-
KCHHS, B PSKUM Ha TPEMECTBaHE Ha W3-
JTBYBATEIIS M JETEKTOPA, IPU MHOTO MaJIKU
BIJIM CE MOBHILIABA IPEIIKATa OT U3MEpPBa-
Heto. [Topaau ToBa, M3MEpPBAaHETO HA OCTa-
THYHHU HAMPEKEHUS € 100pe J1a ce U3BBPIII-
Ba MPU OTHOCUTEIIHO I'OJIEMH BIJIM HA JIU-

bpaxuus.

3AKIIOYEHUE

[IpencraBeHn ca B3MOKHOCTUTE HA PEHT-
renoB audpaxtomersp D8 Advance 3a xauec-
TBEH M KOJIMYECTBEH (a30B aHAIM3 HA METajl-
HU CIUIaBU U TIpaxoBe, OIpeelisiHe Ha OcTa-
THYHH HANPEKECHUS U OCTAThUCH ayCTCHUT.

Upes codryepen npoaykt Difrac.Eva moxe
Ja ce M3BBPIIM KAaueCTBEH W KOJIWYECTBEH
aHaJIM3 Ha pasnpeleNICHUETO Ha Pa3INYHUTE
($ha3u B MeTaTHU 00pa3ly U MPaxoBe.

IIpencraBena e nporpama Difrac.Leptos 3a
OIIpeZIeTsIHE Ha OCTaThYHHUTE HANPEKCHUS 32
Pa3IUYHM MTOJIMKPUCTATHU 00pa3Iy, KOUTO ca
MIOJVTOYKEHN Ha MEXaHWYHA WM TEPMUYHA 00-
paboTka.

3a TOYHO OIpeZesIHE Ha OCTaThUCH ayc-
TEHUT, cJell TepMUYHA 00paboTKa Ha pa3Iuy-
HU KJIaCOBE CTOMAaHH, € MPEJCTaBeH codTrye-
pen npoaykt Difrac.Dquant.

BJATOJAPHOCTH

Hacrosimure wu3cnenBaHus ca CBBP3aHH C
M3OBIHCHHETO Ha 3amadud 1mo npoekt BGO5-
M20P001-1.002-0023 - LleHTsp 3a KOMIICTEH-
THOCT ,,JIHTEIWTeHTHH, MEXaTPOHHH, €KO-U
€HEepProCIeCTIBAIIN CUCTEMU 1 TEXHOIOTHH .
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MN3CJIEIBAHE HA XUBPU/HMU IMTO3UIITNOHHMU 3A IBUKBAHUS
RESEARCH OF HYBRID POSITIONING DRIVES

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

Modern advances in the technology of positional electric drive systems help to significantly reduce operating costs
and make them an increasingly preferred solution for a wide range of tasks requiring precise and fast positioning.
These two basic types essentially contain an electronic control system (the so-called driver), a position motor and many
feedback loops, the main one of which is the one for monitoring the current position (encoder). In the construction of
stepper motor systems, there are solutions both with the presence of position feedback (hybrid stepper drives) and
without current position feedback (conventional stepper drives). In the recent years, a hybrid stepper driver increases
their applications in industrial positional systems and many of the leading manufacturers uses a different type of
positional feedback and controllers to design a combination between stepper motor driver and positional feedback.
Considering their application and parameters, the following question arises: what are the boundary parameters and the
possibility of application of such type of drives. The presented paper inculdes practical investigation of two types oh
hybrid stepper motor drives — high power and low power posiotional drives and their main parameters — boundary

speed, operating temperature, waveform of output current and output microsteps.

Keywords: hybrid stepper motors, positioning systems and drives, hybrid stepper drivers, servo controllers.

BBbBEJEHUE

XuOpUAHNUTE CTHIKOBH MO3UIMOHHMU 3a-
JBMD)KBAHUS M3IOJI3BAT CTHIIKOB JBUTAaTel U
CEPBOKOHTpOJIEP, KAKTO M CUCTEMa 3a 0o0pat-
Ha Bpb3Ka MO TOK M IO MO3MLUA 3a Ja ce
YCTaHOBH YCTOHYMBa paOoTa Ha JABHUraTeis B
IIMPOK JHMAaNa3oH Ha U3MEHEHHe Ha 000poTH-
Te Ha BbpreHe [1, 2 u 3]. Ilpu To3u THN 3a-
IBMD)KBaHE c€ KOMOMHMpAT IpeauMcTBaTa Ha
7IBa TUIA MO3UIMOHHYU 33JBM)KBaHUS — CTBII-
KOBO, OTJIMYABAIO0 C€ ChC CBOSITA JIECHA Ha-
CTpOIlKa M HUCKA 1I€HA U CEPBO3aJBUKBAHETO
ChC CBOSITA TBBPJOCT HAa XapaKTEpUCTHUKATA,
MPELU3HOCT U HaJM4YHaTa oOpaTHa Bpb3Ka 3a
CIIEZICHETO Ha TeKylara nosumus. Eqna raka-
Ba MO3ULIMOHMpAIa CUCTEMA HMa IOBEACHHE
10-0JIM30 10 CepBO3a/IBUXKBAIllA CUCTEMa, Ka-
TO IIYMOBUTE M PE30HAHCHHUTE IPOLIECU ca
HamajieHu 10 MUHUMyM. Ilo To3u HaumH ce
THPCH KOMIIPOMHUCEH BapHaHT ,,ll€Ha-KadecT-
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BO‘‘ Ha 3aJIBMIKBAIllaTa CUCTEMA MPHU 3aJBHX-
Balmy CUCTEMH, KbACTO U3MCKBAHUATA IIO OT-
HOIIICHHE HA CKOPOCT, JUHAMHUKA Ha TIO3UIHO-
HUPaAHE U IPELU3HOCT HE Ca TOJIKOBA BUCOKH.

N3JT0XKEHUE

OCHOBHUTE MPEIUMCTBA HA €IHO XUOPHU-
HO MO3HMILMOHHO 33/IBU)KBAaHE MOTar Jia Obaat
0000I1IeHN J0: 3aTBOPEHA CHUCTEMa 3a yIpa-
BJICHHE, Oe3 MPOITyCKaHe Ha CTHIKH JI0 HUBA
Ha MaKCUMAJIHUA BBPTALL MOMCHT Ha U3IIOJI-
3BaHMs JIBUTATElsl; OCHTYpsIBAHE Ha OIpeie-
JICHAa TBBPAOCT HAa CKOPOCTHA U MCXAaHUYHATa
XapaKTePUCTHKU, HaMaJIeHH 3aryOuTe B JIBH-
rarciisi, CbOTBECTHO HaMaJIdIBaHC Ha pa60THaTa
TeMIlepaTypa Ha CTBIIKOBHUS JIBUraTesl U yBe-
JM4yaBa e(beKTI/IBHOCTTa Ha 3aABHUXKXBAHCTO, OT-
ChCTBUE HAa MEXAaHWYHHU PE30HAHCH IPH pas-
JIMYHHA OGOpOTI/I, TUIIMYHO 3a KJIaCHU4YCCKOTO
yIpaBJICHHE Ha CTHIIKOBUS JIBUTATEI; OTCHCT-
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BHE Ha CIIOKHU HAaCTPOWKH KaKTO MPU CEPBO-
3a/IBMOKBAIIUTE CUCTEMU U BBIIPEKU TOBA BH-
COKa CTa0MJIHOCT Ha MapaMeTpuTe Ha 3a-
JBUKBAHETO; HUCKA II€HAa U KOMIAKTHOCT Ha
3aiBWKBallara cucrema. llpuioxeHuero Ha
TO3M THI 33JBUXKBAIM CUCTEMHU € MPU MeXa-
HU3MH, KbM KOWUTO C€ MOCTaBAT WU3UCKBAaHUS
3a KOMIIAKTHOCT, HUCKA 1I€Ha U CPABHUTEIHO
JIECHAa HacTpoKa Ha mapaMmerpure. B cpaBHe-
HUE ChC CEPBO3AJBUKBAIIUTE CUCTEMU, TO3U
THI 33JBUKBAaHHS OTCTHIIBA IO OTHOIICHHUE
Ha MaKCUMaJTHHUTE 000pOTH Ha BBPTEHE, KaK-
TO Y IO OTHOLIEHHE HAa TUHAMUYHUTE IPOLIECH.

B Hacrosimmata myOnuKamus ce u3cleaBat
7IBa BHUJIa XUOPUIHU MO3UIIMOHUPAILN CHUCTe-
MU: MOIIIHA, Oa3upaHa Ha CTHIIKOB JBUTATEN C
HOMMHAJIEH BBPTAIL MOMEHT 8N.m; Mmajo-
MOIIIHA, Oa3upaHa Ha CTHIIKOB JIBUTATEI C HO-
MHHajIeH BbpTAIl MOMEHT 0,6 N.m.

A. Hscneosane na manomowen XuOpuoHo
NO3UYUOHHO 3A08UHNCEAHE

BobHIIHUS BUA Ha JpaiiBepa 3a XUOPUIHO
yIIpaBJI€HUE HAa MOULIEH CTHIIKOB JIBUraTel €
nokasas Ha ¢ur. 1.

Que. 1. BvHuien U0 Ha U3CIe08AHOMO MOUIHO
XUOPUOHO NOZUYUOHHO 3A08UINCEAHE

HpaiiBepa, KOHTO ce HM3ClieBa € MOIIECH
npaiisep Tum CWDS860H [4], npenBunen na
paboTH C MOIIEH CTHIIKOB JBUTATEN C HOMHU-
HajJieH BBPTsIl MOMeHT oT 6N.m. U3cnensa-
HUS ApaiiBep pabOTH ChC CIACAHUTE HOMUHAJ-
HU TMapaMeTpu: 3aXpaHBalll0 HAIMpEKEHUE B
muanasona (30 — 110)Vpc umu (20 — 90)Vac,

www.eufunds.b

HM3XOJICH TOK JI0 8A, MaKCMMaJiHa BXOJHA Ye-
crota A0 200kHz, MUKpPOCTBIIKOB peXHM Ha
IIBUTATENS B CIEOHUTE AMAIa3oHu: oT 1:2 1o
1:256 u ot 1:5 no 1:200. Ynpasnenuero Mo-
e Jla Cce U3BbpLIBA IO CTaHAapTeH
STEP/DIR wunrepdeiic. [paiiBepa pabotu c
ARM Cortex mporecop U ONTUYEH CEH30p 3a
no3unus (onTuueH eHkozep). JpaiiBepa
yIpaBJisiBa CTBIKOB JBUTaTen [5] ¢ pasmep
NEMAA42 u uma ciielHUTe HOMUHAIHU Mapa-
MeTpu: Tok — 6,0A, BBpTALIL MOMEHT — 8N.m,
CBHIIPOTUBIICHUE M WHIYKTUBHOCT HA HAMOT-
kata — 0,5Q u 0,7mH. Hanpasenu ca uzcnen-
BaHUs 3a (popmara Ha U3XOJHUS TOK MPH pas-
JIMYHO JIeJIeHe Ha CThIIKaTa, CKOPOCTHA U Me-
XaHUYHA XapaKTEePUCTUKA, KAKTO U TOTUIMHHU
PEKUMHU Ha ABUTATEINS.

[IspBaTa yacT OT M3CiIEABAaHETO Ha Ta3u
3aJIBUKBallla CCTEMAa Ce ChbCTOM B 3aCHEMaHe
Ha pa0OTHUTE PEXMMH Ha TOKAa Ha TMpe3 Ha-
MOTKHUTE Ha JABUTaTeNsl MpU pa3IndHd MUKPO-
CTBIIKOBH peXUMHU — OT 1:2 110 1:16.

Ha ¢wur. 2, 3 u 4 ca mokazaHu Te3HW OCIIH-
JIOTpaMu, KaTo C€ BMIKJA, Y€ TOKBT Mpe3 Ha-
MOTKHUTE Ha JIBUTATENsl CTaBa BCE MO OJIU3BK
mo gopma 10 CHHYCOMJIATHATA TIPHU yBEJIHMYa-
BaHE Ha MHKPOCTBIIKUTE, KOETO € Mpearno-
CTaBKa 3a HaMaJsBaHE HA IIYMBT WU BHUOpa-
LUUTE HA IBUTATEIIS.

Tek .. ®stop 1 Pos: 0.000s MEASURE Telk M. ®sup 1 Pos: 0,005 MEASURE
- -
| | mMaTHOM MATH 0ff

‘ CyeMS
CHI
;f
322mh
,f' CHI b
‘d Pos Width 4,
a‘u ’Ww r\ M 611305
CHI cHl
Pos Width Pos Width
611315 4347ms
CHT 1.004 1 250ms CHI /1124 CHT 1004 i 250ms CHI 7 1244

@Due. 2. Uszxo0en mok na opatisep CWDS860H 6
peoicum na 1:2 u 1:4 muxpocmonku

Cyc RMS

CH1
Mean
10im

CH1
Pos Width
4.34Tms

CH1
Mone

Tek .. ®stop 1 Pos: 0.000s MEASURE Tek [l ®stp 1 Pos: 0,005 MEASURE
- -

MATH DI MATH 0ff
Cyc AMS Cyc NS

4 smmA i 7?1mn
CHI

Pos wmm 4 Pos Width

4025ms 33%ms
CHI CHI
Hone Hone
CHI CHI

Pos W\d(h Pos Width
4.025m: 3.335ms
CHT 2008 M 250ms CHT #2604 CHT 2004 M 250ms CHT 7 2804

QDue. 3. Uzxooen mox na opatiscep CWDS860H ¢
peorcum na 1:8 u 1:16 mukpocmvnku
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* X x
* * EBPOMECKY CbIO3 CUCTEMMU U TEXHOJIOI'NH“ - e
L ARG MO SOLROBE IJIOBIUB 23 MHTENTEHTEH PACTENC
*
Tek S L] S(Op* M Pos: 0.0008 MEASURE  Tek Sl L] Smp* M Pos: 0.000s MEASURE
o ark ot Ilpyro H3CJICABAHC € CBBP3aHO C TOIIJIMH-
b i L o HUTC PCIKMUMU HA ABUTATCIIA, KOUTO IMO-Ka3BaT
| S TEMIIEPATYPHOTO pasnpeeieHue 1Mo MOBbPX-
/e L) HOCTTa Ha JABUTATells, KOETO € B CJIEJICTBUE HA
i HeroBara BHTPEIIHA TEMIIEpaTypa, TeHepHupa-
CH1 2,004 M 250ms CH1 /2,804 CH1 2,004 M 250ms CH1 /7 2804 Ha HO BpeMe Ha pa6OTa, B CHeI[CTBHe 3ary6I/I—
Que. 4. Usxo0en mok na opavisep CWDSS860H 6 T€ B HAMOTKHUTE U MarHUTOIIPOBOJIA.
peoicum na 1:32 u 1:64 muxpocmonku Ha ¢ur. 7a u ¢ur. 76 ca mokasaHu 3acHe-

TUTE C TEPMOBHU3MOHHA KaMepa TOIUIMHHU pe-
KUMH Ha CTHIIKOBHSI JBHUTaTeN mpu padoTa C
nBarta Bujaa npaiiBepu. OT rpadukuTe ce BIK-
7la, 4ye TeMmIieparypara Ha CTHIIKOBHS JIBHTa-
TeJ TIpH paboTa ¢ XUOPHIHUSI CEPBOIPANBED €
no-nucka ¢ okono 3°C npu enHaKbB paboTeH
PEXHUM B CpaBHEHHE C KJIACUYECKHUS CTHIIKOB
JpanBep.

B Tabn. 1 ca mpencraBeHu NaHHHUTE 3a
MOJIy4aBaHEe Ha OCHOBHUTE XapaKTEPUCTHKH,
npu paboTa ¢ IBUTATENS ChC CEPBOIpANBEp
CWDS860H u xiacuueckd MOIIEH JparBep
tun SH-1108 [6]. [IBata npaiiBepa ocuryps-
BaT UACHTUYHA (YHKIMOHATHOCT U €JIEKTPH-
YeCKH PEKUMU U 32 TOBA ca M30paHM 3a CpaB-
nenue. Ot rpadukaTa Ha Qur. 5 ce BUXKIa, Ue
XUOpUAHUS JpaiiBep OCUTYpsiBa KOHCTaHTCH o R
TOK Tpe3 LIeTus WHTEpBaJl Ha YIpaBliEHUE, ! =i
KakTo U ocurypsiea ¢ 30% m0O-BUCOK CKOpO-
CTeH UHTepBai Ha JBwxkeHue. OT rpadukara
Ha ¢ur. 6 ce BUXKIA, 4Ye XUOpUTHUS ApaiiBep

OCHUTypsiBa KOHCTAHTEH BBPTSI] MOMEHT IIPE3 |t .| =
e MHTCpBaJl Ha YIPABJICHUC, KaKTO H a) opaiisep CWDSS60H 6) opatisep SH-1108
OCUT'YypsIBA MHOI'OKPATHO IIO-BHCOK BBPTIIL] @Due. 7. Tonnunen pesxcum Ha 08ucamens 8 HOMUHALEH
MOMEHT TP BUCOKU 00OPOTH Ha JIBHIKEHHE. pabomern pedcum

Tabu. 1. Tox u evpmswy MoMeHm HA U3CIe08aHUA O8ueamesl npu paboma ¢ XubpuOeH U KOHEEHYUOHAIeH Opaiieep

Fster, kHz 10 [ 20 | 40 | 60 | 80 | 100 | 120 | 140 | 160 | 180 | 200

Ip1, [A] 3a CWDS860H 5,00 {5,00|5,00]| 5,00 | 5,00 |4,98 (4,99 |4,98|5,00|5,00| 4,95
Iz, [A] 3a SH-1108 5,00 {4,784,21|3,62|3,05|2,21(1,80|1,50| x X X

ng, 06/MUH 187,5| 375 | 750 | 1125|1500 | 1875 | 2250|2625 | 3000 | 3375 | 3750

Mg, [N.m] 3a CWDS860H 5,00 {5,00|5,00|5,00|5,00|4,98 4,99 |4,98|5,00]5,00| 4,95
Mg, [N.m] 3a SH-1108 5,00 {4,7814,21|3,62|3,05|2,21|1,80|1,50| x X X

0 500 1000 1500 2000 2500 3000 3500 4000
—e—ID1,A —e—ID2,A

—e—Ms1,N.m —@—Ma2, N.m

Quz. 5. CKopocmua Xapakmepucmura na MoujeH
CMBNKOG 08U2aAmell YNpagisean om XubpuoHo
3a06UdIC6AHE (8 CUH YBM) U KOHBEHYUOHATIEH

cmvnkosu opausep (8 uepeeH yesim)

QDue. 6. Mexanuuna xapaxmepucmuxa Ha MOWeH
CMBNKOG 08U2aAmell yNpasisean om XubpuoHo
3a08udiceane (8 Cum yesm) U KOHBEHYUOHANEH

CcmvnKog opatieep (6 uepeer yesim)
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b. Uszcneosane ma manomowern xubpuouo
NO3UYUOHHO 3A08UNCEAHE

BoHIIHMS BUA Ha ApaiiBepa 3a XUOPHIHO
yIOpaBlIieHUE HAa MAJIOMOIIEH CTBHIIKOB JBHUTa-
TEeJ € MoKa3aH Ha ur. 8.

0)
QDue. 8. BvHuien U0 Ha U3C1e08aHOMO MATOMOUHO
XUOPUOHO NOZUYUOHHO 3A08UNCEAHE

WN3cnenBanus  npaitBep (momen MKS
SERVO042C) [7] paboTu chC 3aXpaHBaIlo Ha-
npexxenue 10 36V, uszxoneH Tok 10 2.5A,
MakcuMaJiHa BxoaHa dyectoTa 1o 200kHz, mu-
KPOCTBIIKOB PEXXHUM Ha BUTATENS B JUANA30H
oT 1:2 mo 1:256. YnpaBieHueTo MOXe Aa ce
u3BbpmBa 1o crangapren STEP/DIR unTep-
¢detic wm nocpeactsom UART mpotoxot.
HpaiiBepa pabotu ¢ ARM Cortex mpouecop u
MarHMTeH CEH30p 3a MO3UIus (MarHuTeH eH-
kozep). OcBeH ToBa € MpeABUACHA Bb3MOXK-
HOCT 3a IMOCTaBSHETO MY BBPXY BCEKU €IMH
cThIKOB aBuraten ¢ pasmep NEMA17 (¢ur.
8a). JIpaiiBepa, ChIIIO Taka MMa MPUCTaBKa 3a
OCHUTYpsIBAHE HAa MHJIHA CHBMECTHUMOCT ChC
CTaHJApPTU3UPAHU JpaiiBepu OT IPYTrH BOJe-
mm Gupmu, karo Hanpumep Trinamic, Texas
Instruments, Alegro u ap (¢ur. 86). 3a nenu-
T€ Ha HACTOAIIOTO U3CJIelIBaHe, ApaiBepa
YOpaBiisiBa CTHIKOB JBHUTaTel C pa3Mep
NEMAI17 u uma ciielHUTe HOMUHAIHU Mapa-
Metpu: TOK — 2,0A, BBPTIAIN] MOMEHT —
0,6N.m, chbIpOTUBIIEHHE U UHIYKTUBHOCT Ha
HamoTkara — 1,2Q u 2,3mH.

OCHOBHHTE MapaMeTPu U XapaKTEPUCTUKH,
KOUTO c€ M3cieaBar ca: (opMa Ha U3XOAHUS
TOK, CKOPOCTHA ¥ MEXaHWYHA XapaKTEPHUCTHU-
Ka, KaKTo M TemIepaTypa Ha ApaiiBepa U JIBH-
rarensi. B Hacrosimus Aoknazn, GyHKIMOHAT-
HOCTTa Ha TOBAa MO3UIMOHHO 3a/IBUKBaHE €

CpaBHEHa C (YHKIMOHAJIHOCTTAa M Iapame-
TPUTE HA MAcOBO M3MOJ3BAHUTE JpaiiBepu Ha
¢upmu Trinamic (momen TMC2209) [8, 9] u
Alegro (mogen A4988) [10].

[IbpBara yacT OT M3CJIENBAHETO HA Ta3H
3aJIBIIKBAIIA CHCTEMa Ce ChCTOM B 3aCHEMaHe
Ha pa0OTHUTE peXHMH Ha TOKAa Ha IMpe3 Ha-
MOTKHUTE Ha JABUTATENSI TIPU PA3TUIHA MUKPO-
CTBIKOBH pekuMH — oT 1:2 go 1:16. Ha ¢ur.
9 u ¢ur. 10 ca mokazaHu TE3U OCIHIIOTPAMH,
KaTo ce B/, Y€ TOKBT MPE3 HAMOTKHUTE Ha
JBUTATENIS CTaBa BCe MO OM3BK M0 (hopma 110
CHUHYCOHMJajHaTa, KOETO € MpPEelNocTaBKa 3a
HaMaJsIBaHEe HA ITYMBT ¥ BUOpAIIUUTE HA JIBU-
rare’s.

Tek Sl @swp Mposi-7000ws  MEASURE Tek L. @Swp M Pos; -T000s  MEASURE
v cH ¥ CHI
Freq Freq
3397H: 1001He
CH1 CH1
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) 1 B59mA
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28.83ms 2557ms
CHI S00mA M 25.0ms CHYLSEOmA  CHT S00mA M 25.0ms CHT . 560mi
-z 103 20Tz BT <i0He
a) 6)

@ue. 9. Usxooen mox na opatieep MKS SERVO42C 6
peoicum Ha: a) 1:2 u 6) 1:4 muxpocmonxu

HAYKA N OBPA30OBAHUE 3A
WHTEAUIEHTEH PACTEX
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0)

Due. 10. H3xooen mok na opatieep MKS SERVO42C ¢
pexcum na. a) 1:8 u 6) 1:16 mukpocmovnku

Tek M. @sup MPosOO0s  MEASURE ok
¥ cH
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(a) TMC2209
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(6) A4988

Due. 11. H3xo0en mok Ha KOHBEHYUOHATHUME
Opatigepu 6 pesicum Ha 1:4 mukpocmovnku
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Hanpasena e cbrnoctaBka Ha Te3u pabOTHU
PEKUMH ¢ PAOOTHUTE PEKUMH NPH UICHTHY-
HU HAIpeXEHUe, TOK U HaTOBAapBaHE Ha JIBH-
rarensi, Koraro Toi paboTu cC japaiiBepu
TMC2209 u A4988 — ¢ur. 11. Ot ocumio-
rpamaTa ce BHXKJa, 4e Ipu pexxuM 1:4 Mukpo-
cThIIKH, ApaiiBep TMC2209 ocurypsBa mbiHa
CHUHycouaanHa ¢opma, 3a pa3iukKa OT Xu-
OpunmHUs cepBopaiiBep u npaiiBep A4988.

Ha ¢ur. 12 ca mokazaHu OCHHIOTpaMH 10
BpEMeE Ha IyCKOBM MPOLEC HAa JBUraTels MpH
pabora c npaiiBep MKS SERVO42C, kato
MAKa Ha IyCKOBUS TOK KOWTO C€ BHUXKIA OCH-
rypsiBa rojisiM IIyCKOB MOMEHT IIpU ITyCKaHe,
GyHKIUS KOSITO OTCHCTBA MPH KOHBEHIIHO-
HaJIHUTE APAUBEPH.
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QDue. 12. Tox no epeme Ha nyckogume npoyecu npe3
opatieepa u HaMomKume Ha 0guecamens

W3cnenBanusiTa Ha CKOPOCTHATA M MeXa-
HUYHATA XapaKTEPUCTUKHU Ca CBBP3aHU C W3-
MEepBaHe Ha TOKa U BBPTALUIMS MOMEHT Ha
nBurareis. B tabim. 2 ca 0000mEeHy JaHHU 3a
paboTtaTa Ha CTHIIKOBHSI JBUTATEN C XUOPHII-
HUS CTHIIKOB JIpaiiBep U ¢ KOHBEHI[MOHATIHUTE
JpaiiBep 3a CTHIKOB JaBHUraren 0e3 oOpaTHa
Bpb3Ka 3a nozunuonupane u [/ perynaro-
pu). Tpure wu3cienBaHu aApaiiBepa pabOTIT
pu pabOTHU EJNEKTPUYECKU U (yHKIIMOHA-
HU pexxuMmu. JlanauTe B Taba. 2 ca 3acHETH
IIpYU 3aXpaHBaIlo HampexeHue oT 24V, usxo-
IIeH TOK OT 1A u nerneHe Ha cTpIkara 1:16.

Ot rpaduxara Ha ¢ur. 13 ce Bwxkzaa, ye
XUOpUAHUS JpaiiBep OCUTYpsiBa KOHCTaHTCH
TOK Tpe3 LeTus WHTEpBaJl Ha YIpaBJICHUE,
KakTo M ocurypsiBa ¢ 20% Io-BUCOK CKOpO-
CTCH WHTEpBall Ha JBIKEHHWE B CPABHCHHE
npaiisep TMC2209 u ¢ 60% c 20% no-Bucok
CKOPOCTEH MHTEpBaJl Ha JBUKEHHE B CpaBHe-
Hue apaiieep A4988. Ot rpadukara Ha Qur.
14 ce Bmxna, ye XuOpUAHUS ApaiiBep OCUTY-
psiBa KOHCTAHTEH BBPTSI MOMEHT Mpe3 Ie-
TUs. UHTEPBAJI Ha yTpaBJeHHE, KaKTO U OCHU-
rypsiBa MHOTOKPATHO IO-BUCOK BBHPTSII MO-
MEHT MpPU BUCOKU 00OpPOTH Ha JBHKEHUE.

Tabu. 2. Tox u eppmsiuy MOMEHM HA U3CAe08anus dsuesamell npu paboma ¢ pasiuiHu no eud opatigepu

Frequency Fsree, kHz 1 2 5 10 15 20 25 28 35 | 40 | 45 | 50 | S3
In, [A] 3a TMC2209 1,00] 0,93 | 0,90 | 0,86 | 0,79 | 0,64 | 0,53 | 0,44 | 0,32 | 0,21 | 0,16 | 0,08 | x
In, [A] 32 A4988 0,991 0,99 | 0,99 | 0,98 | 0,96 | 0,93 | 0,91 | 0,90 | 0,87 | 0,81 | 0,70 | x X
In, [A] 3a MKS SERVO42C | 1,00| 0,95 | 1,00 | 1,04 | 1,03 | 0,96 | 0,95 | 0,95 | 0,98 | 1,00 | 1,05 | 1,02 | 1,00
ng, 06/MUH 18 | 37 93 | 187 | 281 | 375 | 468 | 525 | 656 | 750 | 843 | 937 | 993
Ms, [N.m] 3a TMC2209 ]0,60| 0,56 | 0,54 | 0,52 | 0,47 | 0,38 | 0,32 | 0,26 | 0,19 | 0,13 | 0,10 | 0,05 | x
Ms, [N.m] 3a A4988 0,60] 0,60 | 0,60 | 0,59 | 0,58 | 0,56 | 0,55 ]| 0,54 | 0,52 | 0,48 | 0,42 | x X
Ms, [N.m] 3a SERVO42C |0,60| 0,57 | 0,60 | 0,62 | 0,62 | 0,58 | 0,57 | 0,57 | 0,59 | 0,60 | 0,63 | 0,61 | 0,60

0 200 400 600 800 1000

—8—1a4983, A —@—Itmc2209, A Iservo, A

Due. 13. Cxopocmua xapakxmepucmuka Ha
MALOMOUEH CIMBIKOG O8U2AMell YNPABISEAH Om
XUOPUOHO 3A08UIICBANE U KOHBEHYUOHATHU CIMBIKOGU
Opaiisepu
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Due. 14. Mexanuuna xapakmepucmuxa Ha
MANOMOUEH CMBIKOG O8U2ame npu XUOpUOHo
3a08UdHC8AHE U KOHBEHYUOHAIHU CIBIKOSU Opaueepu
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Ha ¢wur. 15 (a, 6) [11] u ¢dwur. 158 ca moka-
3aHM W CpPaBHEHW TOIUIMHHUTE PEXUMH Ha
npaiiBepute, a Ha dur. 16 (a, 6) [12] u dwur.
16B ca moka3aHu U CpPaBHEHU 3aCHETUTE TO-
TUTMHHUTE PEXUMH Ha CTHIIKOBHS JBHTATEI
mpu paboTa ¢ aBara BUAA JpaiiBepu (XuOpu-
JIeH ¥ KOHBEHIIMOHAJIHH ).

28/03/22 21:06
28/03/22 20145

8) opatisep MKS SERVO42C
QDue. 15. Tonnunen pesxcum Ha Opatisepume 6
HOMUHATIEH pADOMeEH PencuM

ApaiiBepu
' i e Maicumarin Temneparypa | Temmneparypa
a) opaiisep TMC2209 6) opaiieepu A4988 Tun Ha oboporuna | M ;}I;gpa . % ﬁy P
ZipaiiBepa BBPTEHE AP 0 p 0
- T, [°C] T, ['C]
n, [min™']

TMC2209 675 50,4 47,4

A4988 375 95,3 50,2

HOCTTA Ha JBHUTaTelsl, KOETO € B CIIEJICTBHE Ha
HEroBara BBTpEIIHA TeMIlepaTypa, reHepHupa-
Ha 10 BpeMe Ha paboTa, B CIIeJICTBUEC 3aryOu-
T€ B HAMOTKUTE U MarHuromnposojaa. Ot rpa-
bukuTe ce BWXKIA, 4Ye TeMIepaTypara Ha
CTBIIKOBHS JBUTATeNl Tipu paboTta ¢ XuOpui-
Hus cepBoapaiiBep e mo-uucka ¢ (7 mo 10)°C
IIpU €IHAaKbB pa0OTEH PEKUM B CPaBHEHUE C
KIIACHYECKHsI CTBIIKOB JpaiiBep (Momenmu
TMC2209 u A4988).

B tabn. 3 ca 0600meHn mapameTrpuTe Ha
aBUTaTeNs npu paboTa C TPUTE ApaliBEepHH
cxemu. HampaBeHaTa chIiocTaBka € 10 OIHca-
HUTe (YHKIIMOHATHH MMapaMeTpu U XapakTe-
PUCTHUKH, OCHOBHH 32 TIO3UITUOHUPALITUTE CHC-
TEMHU.

Tabu. 3. [lapamempu Ha u3c1€06AHOMO NOZUYUOHHO
3a0euodiceane npu paboma ¢ xubpuden opatieep u
KOHGeHYuoHamu cmovnxosu opavgepu [11, 12]

ITapameTpu Ha u3c/eIBaHUTe ApaliBepu

MaxkcnmanHa Makc.
Tum Ha pabotHa YecToTa ¢ CunycouaneH
nipaiiBepa yecrora KOHCTaHTEH TOK
f, [kHz] tok f, [kHz]
TMC2209 36 15
A4988 22 5 cnen 1:16
MMKPOCTBIIKH

caen 1:16
MHKPOCTBIIKH

SERVO042C

ITapameTpn Ha ABMTraTe/is IPH PadoTa ¢ pa3IMYHUTE

s HAYKA 1 OBPA3OBAHUE 3A
VHTEAVMEHTEH PACTEXX

SERVO42C

Ot Ttabnumara ce BWXAa, 4ye mpu pabota
cbe cepoapaiiBep MKS SERVO42C, nozu-
LIMOHHOTO 3aJBWXKBaHE MMa Hail-moOpH mapa-
METpPH 1O BCUYKHU MOKA3aTeNU C U3KIIIOYCHHE
Ha CHHycouJanHus Tok. Paborara cbc cuny-
COUJIATICH TOK MPH BCHUYKH MHKPOCTHIIKOBH
PEXKHUMHU € €IHO OT BOACLIUTE JOCTHKEHUS Ha
¢upma Trinamic u cepusta JApaiiBepH
TMCxxXX, KOETO Ha TO3M €TaIl BCE Ol HE

£=0.95 RT=37.1c

8) ) C/] c kracuuecku opatigep TMC2209

Due. 16. Tonnunen pesxcum Ha 0guzamens 8
HOMUHANIeH pabomeH pexrcum

ToBa n3cnenBaHe € CBbP3aHO C TOTUTMHHH-
TE€ PEeXHMH Ha JBHraTelsi, KOUTO IOKa3BaT
TEMIIEPaTyPHOTO Pa3MpeeiCHUEe MO MOBbPX-
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MOXe Ja ObJie TOCTUTHATO TPU APYTH pas3pa-
OOTKH.

3AKJIIOYEHUE

HanpaBeHo e ekcriepuMeHTaTHO U3CIIe/IBa-
HE Ha CJIEKTPHUYECKUTE W TOTUIMHHUTE PEXKHU-
MU, KaKTO U Ha MEXaHUYHUTE M CKOPOCTHH
XapaKTepUCTHKH Ha JBa BUAAa XHOPHIHU
CTBIIKOBH 3aBMKBaHMs. Pe3ynraTute mokas-
BaT, Y€ XHOPHUIHUTE CTHIIKOBHU 3aJBH)KBAHUS
MPUTEKABaT MO-J00PH MMapamMeTpu, KaTo yBe-
JTrYaBaT pabOTHUS TMAIa30H Ha CKOPOCTHATa
U MEXaHWYHATa XapaKTepUCTUKA Ha JBUTATe-
a5 ¢ okoio 30%. OcBeH ToBa, paboTeiiku ¢
XUOPUIEH CEPBOKOHTPOJIEP, IBUTATENS HMa
MO-700pU TOIJIMHHU PEKU-MHU, KaKTO U TIO-
nobpa ¢opMa Ha U3XOTHUS TOK, KOETO BOAH
710 TIO-HUCKHM HHBA Ha IIyM W BUOparmu. 13-
MOJI3BAHETO HA XUOPUIHU CTHIIKOBH 3a]IBUXK-
BaHUS MPaBH Bb3MOXKHO YCHBBPIICHCTBAHETO
Ha CBHIIECTBYBAIM PEIICHUS ChC CTHIKOBU
3aB)KBaHUSI W TIOJOOpsSBaHE Ha TAXHATA
epeKTUBHOCT U (pyHKIMOHAIHOCT. ChIIO Ta-
Ka, 100aBsiHETO Ha oOpaTHA BPh3Ka MO MO3H-
[[Ms TapaHTHpa 3alla3BaHeTO Ha TEKyIIaTa Io-
3UIUST W TPENOTBpATsABa MPOMYCKAHETO Ha
CTBIIKH MPHU TO3UIMOHUPAHE.

BJIATOJAPHOCT

ABTOPBT HM3Ka3Ba CBOSITA OJIATOAPHOCT KBM
BCUYKH PEIEH3CHTH 32 TEXHHUTE CHBETH W TIPE/-
JIO’)KEHUs 3a MoMOOpsIBaHEe HA Ta3W ITyOIMKAITHsL.
ABTOPBPT WU3Ka3Ba CBOsTA OJarogapHOCT Ha
npoekt BGO5SM20P001-1.002-0023 IlenTsp 3a
KOMIIETCHTHOCT ,,/IHTeJIUTEHTHH MEXaTPOHHH,

www.eufunds.bg

€KO- W  CHEProCIeCTSBAIld  CHUCTEMH U
TEXHOJIOTUH .
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DIGITAL TWINS' DEVELOPMENT USING MODELING AND
SIMULATION TOOL ANYLOGIC

Radoslav Hrischev, Nikola Shakev, Donna Stoyanova, Denis Kulev
Technical University of Sofia, Branch Plovdiv, Control Systems Department

Abstract

AnyLogic is a powerful modeling and simulation platform suitable for Digital Twin development of processes and
systems. This software tool integrates modeling methods into one multi-method approach, which allows models to be
designed, built, dynamically simulated, and optimized. AnyLogic can build models using external databases and
simulation can generates an information for effective process control. Examples of effective use AnyLogic for the

development and deployment Digital Twins of business processes for educational purposes are presented.

Keywords: Digital Twin, modeling, simulation, AnyLogic, education.

INTRODUCTION

The development of Digital Twin of a real
object is a modern approach not only for the
investigate of systems and objects but also
increasingly for the effective management and
optimization of complex technical objects,
systems, and business processes. One of the
methods for building Digital Twins is the use
of specialized modeling and simulation
software platforms. The models are build
using data for the objects, and also in the
process of simulation created data, which are
on the base of the effective management.

Billions of sensors collect information for
the functioning of the real objects and using
new communication technologies transfer
them to the cloud databases. Big data
generated by IoT devices has many utilities.
This includes data on physical and virtual
objects with a variety of uses, from smart
products such as autonomous cars and
spacecraft, manufacturing systems to smart
cities. Common for all of them is that
management goes through the creation of
models of managed objects.

Modeling and simulation are one of the
ways to investigate real objects, their
interaction with their surroundings and
attempts to solve problems that arise when
they exist in the real world. Especially when
we can't afford to experiment with real
objects to find the right solutions. Sometimes
creating, researching, and making changes
can be too impossible, or just too expensive
[1]. It is often necessary to study the behavior
of systems under conditions that will lead to
their destruction. In these cases, models come
to the rescue, from simple models, product
prototypes to Digital Twins of real objects.
Modern science and powerful computer
technology allow building a twin of a real
system by representing it using specialized
modeling languages and with the help of
specialized software tools. This process
implies a certain level of abstraction, which
means that we must reduce the details that are
not essential to the study of the object for a
specific purpose, but we retain the important
elements for our study [2].
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Digital Twin is a simulation and
executable model; running it builds a
trajectory of system state changes. Operating
rules can be described by complex
mathematical methods, including systems of
differential equations, experimental state
diagrams of observed or generated databases
of real objects and processes. The twin's
outputs are produced and observed as the
model runs [3]. Simulation modeling requires
special software tools that use simulation-
specific languages [3]. The training to build
Digital Twin of real object, time and effort are
rewarded when the model offers a high-
quality dynamic system analysis and
opportunity for optimization. Therefore, the
development and deployment of Digital Twin
of a real system are important knowledge and
skills for scientists and engineers.

Any Logic platform as an intelligent tool
for process modeling and optimization is a
perfect tool for student education because it
integrates most modern modeling approaches
and provide opportunity to use external
databases.

MODELING AND SIMULATION
APROARCH

The simulation model gives the
opportunity to analyze complex objects and
systems and find optimization solutions when
the methods used to, for example, analytical
calculations and linear programming due to
the complexity of the systems, do not give the
necessary results.

Knowing the modeling methods and
specialized tools for this and having specific
skills, it is usually not so difficult to develop a
simulation model of the studied object. As a
rule, the capabilities built into specialized
platforms require less thinking but more skill,
and the development process is predictable,
scalable, incremental, and modular [4]. The
structure of the simulation model reflects the
structure of the system at certain levels of
abstraction. In the simulation model, we can

www.eufunds.b

observe and measure key parameters of the
object, add new measurements, accumulate
data internally of in external database, and
conduct statistical analyses when it’s
necessary.

Simulation models developed with modern
tools such as AnyLogic allow the creation of
2D and 3D models and the ability to
reproduce and animate the behavior of the
modeling object over time. This is a key
advantage of simulation over the use of
typical mathematical models [4]. Animation
is useful for object observation, behavior
demonstrations, checking and debugging of
object design errors.

In simulation modeling, the modeling
method is the framework which use to map a
real-world object to its model [5]. Modeling
tools are software platforms, but they are not
only a programming language; they offer
rules and conditions for building a model and
simulating the behavior of the object in real-
world conditions. On the base of this process
is a information for the object. Last years
thanks of computer and communication
technologies growing this information is
represent as Big Data and modern data
analysis approaches.

Simulation modeling tools are usually
based on three main methods - System
Dynamics, Discrete Event Modelling, and
Agent-Based Modeling. Modern platforms
increasingly offer tools that combine these
three methods in one additional mix - a Multi-
method approach.

Each method reflects a certain range of
abstraction levels. System dynamics implies a
very high level of abstraction and is typically
used for strategic modeling. Discrete event
modeling supports medium and medium-low
abstraction, such as for small businesses or
simple control systems. In the middle are
agent-based models, which can range from
very detailed models where agents represent
physical objects to highly abstract models.
Often, this is subjective because it also
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depends on the user's knowledge and skills
with the modeling and simulation tools.

Agent-based modeling is a newer and more
modern method compared to system
dynamics and discrete event modeling. In
fact, agent-based modeling was largely an
academic topic until software tool developers
made practical simulations possible 20 years
ago.

It was driven by advances in modeling
technology made possible by computer
science, such as object-oriented modeling,
and the rapid growth in processing power and
memory capacity of computing systems.

There is no standard language for agent-
based modeling, and the structure of an agent-
based model comes from graphical editors or
scripts [3]. There are many ways to define the
behavior of an agent. When we have an idea
of the actions and state of the model, then the
behavior is best defined with state diagrams.
In these cases, the internal dynamics of the
agent are important and a system dynamics or
discrete event approach is used and then a
stock-flow diagram or process diagram is
constructed in the agent. This is why many
agent-based models are multi-method models.

Agents in an agent-based model can
represent many different objects - real and
virtual: people, vehicles, units of equipment,
projects, products, ideas, companies, and
organizations.

System dynamics is a methodology for
studying dynamic systems, as the name
implies.

The system dynamics method was created
in the 1950s by MIT professor Jay Forrester
and is the first known modeling method.
Forrester applies the laws of physics to study
economic, financial, and social systems.
Today, many software systems enable the
application of the method without special
mathematical and computer skills, for
example, Vensim.

Discrete event modeling emerged shortly
after system dynamics. In 1961, IBM
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engineer Jeffrey Gordon introduced the GPSS
software system, considered the first software
tool for discrete event modeling using this
method. Many different discrete event
modeling programs are in use today,
including modern versions of GPSS.

This type of model is defined graphically
as a process flowchart, where the blocks
represent different sequential operations. As a
typical flowchart, the model usually starts
with source blocks that generate agents and
implement them in the process and ends with
sink blocks that remove them.

Agents, originally named transactions in
GPSS or entities in other simulation software,
can represent customers, employees, physical
and electronic documents, parts, products, and
more. Resources are groups of agents, for
example staff, libraries, servers, warehouses,
equipment, etc. Agent service times and
arrival times are typically stochastic, and
since they are drawn from a probability
distribution, discrete event models are
themselves stochastic. Or, to have a result, the
model must run for a certain period of time or
complete a certain number of iterations of the
cycles of operations. This type of modeling
and simulation provides information useful
for optimizing the operation of the real
facility, such as resource usage time, waiting
time, queue lengths, system throughput and
identifying process bottlenecks.

The multi-method modeling is a mix of
abovementioned modeling paradigms.
There’s a significant synergy between
different simulation methods, and this means
the capabilities of multi-method models are
greater than the sum of their parts. Often the
“hybrid modeling” is interchangeably with
multi-method modeling.

Combining the three modeling methods
and the use of a programming language
creates a hybrid model, which allows the
sienites and engineers to model different
aspects of a system at different levels of
detail. ~ This  multi-method  simulation
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modeling was first introduced by Any Logic
and, till today, remains the only software that
has that capability on the market.

THE PLATFORM ANYLOGIC

Any Logic platform is a versatile tool for
process modeling and optimization. It has
been used in many fields like supply chain
management, cargo terminal optimization,
automated packing systems, unit-assembly
production, etc. The software is widely used
in simulation and optimization experiments
like unit-assembly production and
technological lines. One of the key factors
allowing Any Logic to be used worldwide is
its capability for hybrid modeling [6].

What makes the software such a powerful
tool for the industry is that for more than 20
years after its release, the platform proved its
potential among 40% of Fortune 100
companies [6]. The software was designed by
The Any Logic Company to support all the
most common situation methodologies,
including  system  dynamics,  process
centricity, and agent-based modeling. The
interface of the software is designed so it’s
user-friendly with drag-and-drop
functionality, thinking about both beginners
and experienced modelers. Claiming its
position as a one-of-a-kind tool and operating
from the United States and Europe, the
company has gained a global network of
partners [6].

The software enables users to develop
models using all three  simulation
methodologies [6]. They can be used in
combination with other software to create
complex simulations to optimize business
processes and improve decision-making.
Additionally, the software Any Logic
supports the use of common programming
languages like Java.

Any Logic is built and optimized in such a
way that users can have a hands-on, unique
suite of industry-specific tools called “Process
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Modeling Libraries”. Each library is a
powerful instrument for developers to model
at a detailed level in logistics, banking,
manufacturing, and many other businesses
and services [6]. With the modeling library,
any user can visualize every kind of business
process easily. The results of business
processes can also be validated using Any
Logic’s animation capabilities.

The platform also offers a wide range of
2D and 3D visualization options, including
charts, animation, and GIS mapping
capabilities. An important part of Any Logic
is that the software incorporates optimization
and experimentation capabilities, allowing
modelers to analyze multiple scenarios and
identify optimal solutions. By running
different experiments with the best possible
outcome, users can evaluate different factors
and make informed decisions to improve
efficiency and productivity.

Knowing modeling capabilities, Any Logic
supports real-time data to improve the realism
and accuracy of simulations. The platform
allows users to import data from different
resources, such as databases and external
applications. Any Logic’s flexibility and
scalability have made it a leading tool for
problem-solving in diverse industries. These
unique capabilities of the platform make it an
ideal tool for building software Digital Twin
on various systems, including control
systems.

The digital twin contains two different
parts - a dynamic simulation model and data
that reflect the current state of a living system
[7], but they are two integrated elements of
one object. With the model and data, it is
possible to build a powerful software
counterpart that serves for experimentation
and analysis to understand the behavior of the
system. On the Fig. 1 is illustrates the ratio
between real system and Digital Twin of this
system (object).

Digital twin technology helps the
optimization and development of business
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processes, and its application is practically
unlimited. Which tool to build the
particular twin is a complex question due
to the combination of personal approach
and choice of software tool, which in turn
is determined by the knowledge and skills
of the researchers and the financial costs
of acquiring and maintaining the software
platform.

Real object I Digital Twin
Real object, % @ I Database Digital Twin
systema, =4 | -
process g I-
g [
wn

Feedback| l

Fig. 1. The ratio between real object and Digital
Twin of this object.

The AnyLogic platform provides multiple
benefits. It provides insights that are easy
to understand and communicate. In
addition to being a powerful modeling
tool and widely wused software, the
company has developed a private cloud so
that users and companies can have full
control over their data and processing.
Any Logic's private cloud infrastructure is
hosted in the user's data center by an
external PaaS provider. In this way, it can
be incorporated into the company's work
process and the models can be
implemented throughout the company.

It is good to mention the benefits of the
software, which have been crucial to the
business industry since its release. Some
of them are:

» Leverage a risk-free environment to test
and explore — The opportunity to test and
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explore various ideas and strategies puts
forward the idea of taking advantage of
situations where there are no risks
involved.

» Save money and time in the real world —
Allowing companies to protect themselves
from unexpected expenses helps them
achieve long-term  financial  goals.
Companies save time by running
simulations and benefit from being more
informed when making crucial decisions.
 Ensure the quality of processes,
products, and services, etc. — The
companies are allowed to ensure an
accurate representation of real-world
systems in a simulation model, involving
results based on available data or expert
knowledge. This includes appropriate
modeling constructs and organization,
while documenting the model design and
assumptions.

» Some of the suppliers of such systems
(AnyLogic, Vensim) allow use of a free
PLE (Personal Learning Edition) license
for training purposes.

Therefore, AnyLogic is perfect tool for
student education.

DIGITAL TWIN OF THE ELECTRIC
VEHICLES’ BATTERIES
MANUFACTURING

The Green Deal is the EU's response to the
ongoing climate crisis. One of the important
directions for its realization is the increase in
the number of electric vehicles (EV), and the
most important part of an EV is the batteries.

To keep up with expanding trend of using
of EV, an increasing number of automakers
are investing in the research and development
of electric vehicles and components.

Our student developed [8] Digital Twin of
the manufacturing process of batteries for
electric cars. The research and optimization of
such a complex and responsible production
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can be carried out using a digital twin, and the
advantages of this approach we have already
discussed.

AnyLogic is a perfect tool for this purpose.
On the Fig. 2 is present logical flowchart of
manufacturing developed in
AnyLogic.

process,

prepareAnode  wrappingConvey

Fig. 2. Logical flowchart of manufacturing
process.

The proposed layout of the manufacturing
shop is shown on Fig. 3 and 3-D simulation
plan on Fig. 4.

Fig. 3. Layout of manufacturing.

AnyLogic allows users to construct 3D
animations from a set of standard geometric
shapes: rectangle, line, oval, polyline, image,
text, and group. All of these shapes now
support the third dimension, height, and
appear in 2D and 3D presentation scenes.
Standard shapes are usually used to draw
simple objects (roads, walls, boxes). More
complex objects (people, forklifts, airplanes,
etc.) are usually not drawn in AnyLogic, but
rather imported from outside using the special
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3D object element. This allows the creation of
realistic 3D models of objects and processes.

Fig. 4. 3-D simulation plan.

Digital Twin is technology tool for
investigating industrial processes, evaluating
the effects of system changes, and producing
arguments for conclusions. This minimizes
the cost of testing in the real world, enables
effective analysis, and provides a useful way
of experimenting. AnyLogic helps to make
production processes more efficient. With a
specially created Material Handling Library,
it is a powerful process simulation tool that
makes it simpler to simulate complex
manufacturing systems and processes.

DIGITAL TWIN OF THE BICYCLE
ASSEMBLY FACTORY

In today's hyper-competitive business
world, the preliminary research and
improvement of the efficiency of companies
is a key factor for their survival. Therefore,
the creation of a model of small business
project is extremely relevant.

Our student developed [9] Digital Twin of
the manufacturing process of bicycle
assembly in small factory using AnyLogic
platform. The idea of researching such
production is a logical continuation of the
course Introduction to SAP, based on the real
company Global Bikes Incorporation (GBI).

This model covered bicycles assembly
area, packaging, store, and expedition
processes in small, specialized assembly
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factory. On the Fig. 5 is shown logical
flowchart of the processes.

sourcebodies conveyorBodies assembler conveyorAssembly loading  delay sink

dbodles

qAssembly :
souceparts dpans packaging

<

%
>
anmiy ]

== ! l0 245
i i

fmmnE i 1w = 1.6rmec

resourceAssembler resourceWorkers
© fnUpdateColor

Fig. 5. Logical flowchart and plan of bicycles
assembly, packaging, and expedition.

The simulation is present on Fig. 6.

| 4:]:](\

oo, — 4
oog Yo 4 9

|
=t .

Fig. 6. Workday simulation of the developed
model.

The development Digital Twin allows
monitoring of the resources used in the small
enterprise - the units (parts and bicycles) and
the workload of the workers.

The results of the real time simulation in
AnyLogic are presented on Fig. 7.

The obtained results in graphical view can
serve to optimize production processes
(assembly and packaging), resources planning
and utilization, and, finally, increase the
business efficiency.
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Fig. 7. Real time simulation results for resourses
using in the factory.

In this work our students are using
examples of production, provided in
AnyLogic cloud [10].

CONCLUSIONS

In conclusion, with the present thesis
examples, we considered the possibility of
developing a Digital Twin for different types
of production using the AnyLogic company's
modeling and simulation platform.

Any Logic is a comprehensive simulation
software that enables the creation of complex
and multi-method based models. The
flexibility and power of the software enables
the development of ideas in a wide range of
fields. By providing appropriate input and
guidance, this software allows us to tackle a
variety of projects and tasks, expanding the
boundaries of what can be achieved using
known popular mathematical methods to
study real systems. The user-friendly interface
and intuitive features, the ability to use it for
free for educational purposes, make it
accessible and enjoyable for students and
suitable for learning.

The use of such modern tools for modeling
objects and their simulation study, learning
new scientific methods, combined with the
acquisition of practical skills, is an innovative
approach to the training of specialists from
various fields at universities.

67

Ilpoexm BGO5SM20P001-1.002-0023 - Ilenmwvp 3a komnemenmuocm ,, Mnmenuzenmuu mexampontu, eKo- U eHepzoCnecmsaeauiu
cucmemu u mexunonozuu*, punancupan om Onepamusna npoepama ,, Hayka u obpazosanue 3a unmenucenmen pacmeoic
cvunancupana om Eeponetickus cvio3 upes Egponeiickume cmpykmypHu u uH8eCcmuyuoHHu Gondose.


http://www.eufunds.bg/

MEXIYHAPOIHA HAYYHA KOH®EPEHIIUA

EBPOINENCKN CbIO3
EBPONEMCKM CTPYKTYPHI W
VHBECTULIMOHHU GOHAOBE

»MEXATPOHUKA, EKO U EHEPTOCHECTSBALIIA
CUCTEMMU U TEXHOJIOI'NH“
IJIOBAUB 23

ACKNOWLEDGMENT

This work is supported by the European
Regional Development Fund within the
framework of the Operational Program
\Science and Education for Smart Growth
2014-2020, project CC\ Intelligent
Mechatronic, Eco- and Energy Saving
Systems and Technologies, No
BGO05M20P001-1.002-0023.

REFERENCES

[1]A. Borshchev, The Big Book of Simulation
Modeling:  Multimethod Modeling with
Anylogic 6, Published by AnyLogic North
America, 2013, p.612.

[2]Simulation and modeling, Study notes for
Mathematical Modeling and Simulation,
Online book. https://www.docsity.com/en/
simulation-and-modeling-2/5894484/

[3]llya Grigoryev, Front cover image for
AnyLogic 7 in three days : a quick course in
simulation modeling AnyLogic 7 in three days
: a quick course in simulation modeling. Print
Book, English, 2015, p. 256.

www.eufunds.bg

[4]Henriette Schoen. Modeling the innovation
ecosystem and development of a dynamic
innovation index. Published 2018, p. 303.

[S]Ali Ertiirk. System Dynamics for Aquatic
Ecosystem Modelling, Istanbul University,
Faculty of Aquatic Sciences. 2020.
http://www.bio.bsu.by/hydrobio/files/news/se
minar models 2020/Minsk Keynote Lecture
_2020.pptx.

[6]AnyLogic Simulation Software. Online:
https://www.indx.com/en/product/anylogic-
simulation-software.

[7]Arash Mahdavi, The Art of Process-Centric
Modeling with AnyLogic. Online:
https://www.anylogic.com/resources/books/the
-art-of-process-centric-modeling-with-
anylogic/

[8] Donna Stoyanova, Modeling and simulation of
the manufacturing process of batteries for
electric vehicles. Final year project, TU -
Sofia, Plovdiv Branch, 2023.

[9]Denis Kulev, Development of model for
bicycle assembly in small factory using
AnyLogic platform. Final year project, TU -
Sofia, Plovdiv Branch, 2023.

[10] Web platform AnyLogic Cloud, 2023,

https://cloud.anylogic.com/models?public=true.

68

Ilpoexm BGO5SM20P001-1.002-0023 - Ilenmwvp 3a komnemenmuocm ,, Mnmenuzenmuu mexampontu, eKo- U eHepzoCnecmsaeauiu
cucmemu u mexuonozuu“, punancupan om Onepamuena npozpama ,, Hayka u obpazoeanue 3a unmenuzenmen pacmeoic *,
cvunancupana om Eeponeiickus cvios upes Eeponeiickume cmpykmypHu u UHBeCmuyuoHHu Gonoose.

HAYKA N OBPA30OBAHUE 3A
WHTEAUIEHTEH PACTEX


http://www.eufunds.bg/

MEXIYHAPOIHA HAYYHA KOH®EPEHIIUA

EBPOMENCKV CblO3

EBPOMEVCKM CTPYKTYPHU 1
WHBECTULMOHHU ®OHAOBE

»MEXATPOHHUKA, EKO 1 EHEPI'OCIIECTABAIIIA
CUCTEMH U TEXHOJIOI'NH“
IJIOBAUB 23

[ HAYKA 11 OBPA30OBAHME 3A
WHTEAUTEHTEH PACTEX

EJJEKTPOMAT'HUTEH AHAJIN3 HA CUCTEMA 3A BE3KOHTAKTEH
3APA1 HA EJIEKTPOMOBHWJIM C TPOMAHA HA UHAYKTUBHOCTHUTE
B IPUEMHHKA

ELECTROMAGNETIC ANALYSIS OF THE SYSTEM FOR CONTACTLESS
CHARGING FOR ELECTRIC VEHICLES WITH DIFFERENT
INDUCTANCES IN THE RECEIVER

Desislav Iliev
Technical University of Gabrovo, BG

Nikolay Madzharov
Technical University of Gabrovo, BG

Abstract

This paper presents a contactless charging system for electrics vehicles where matching load values is done by
means of an additional resonant circuit and introducing a bundle inductance and capacitors in receiving coil. A
computer-simulated model of the system shows the distribution of the magnetic field around the transmitting coil, the

resonant circuit and the receiving coil.

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

BBBEJAEHUE

K®M nHerna gata METOOUTE 38 O€3KOHTAK-
TEH MPEHOC Ha €HEePrusi MOraT Ja ce pa3iesisiT
Ha HAKOJIKO OCHOBHH TPYIIH:

- MUKPOBBJIHOB;

- OIITHYEH;

- KanaluTHUBCH;

- MHIYKTHBEH.

Texnuuecku Hau-1IeIeChOOpa3eH MpHU 3a-
PEXITAHETO HA EJIEKTPOMOOMIIN € MHTYKTHBHH-
SIT METOJ ¥ B YaCTHOCT UHTyKTUBHO-PE30HAHC-
HUS 33 IPEXBBHPIISHE Ha €JIEKTPUYECKa CHEp-
rUs Ha pa3CTOYHUE MO-TOJIAMO OT Y4 OT Uame-
Thpa Ha npenaBarenHara HamoTka [1-3]. Enno
OT OCHOBHHUTE MYy IPEIMMCTBA €, Y€ CHEeprus
Ce MPEeXBBPJIs CaMO TOTaBa, KOraTo UMaMe aK-
THBHA MPUEMHA CTPAHA, 32 PA3JIMKa OT MUKPO-
BBJIHOBUSL M ONTHUYHUS METOMA, NpPHU KOWTO
EHEePTusTa Ce MpeaBa MOCTOSTHHO OT U3TOUYHHU-
Ka ¥ C€ U3JIbYBa B IPOCTPAHCTBOTO, O€3 3HAYE-
HUE a1 € HAJIULIE TPUEMHA YacT.

Ha ®wur. 1 ca npeacTaBeHU OCHOBHUTE T'€0-

www.eufunds.bg

METPUYHHU MapaMeTpy pu OC3KOHTAKTHUS 3a-
psa Ha eNeKTPOMOOWIIH, MMAIU OTHOIICHUE
KbM TIOJyyaBaHE MPHUEMIIMBH TEXHUKO-EKC-
TUIOATAllMOHHU TTapaMeTPH.

OcHoBHHTE TPOOIEMH, KOUTO BBH3HUKBAT
MIPH peaTn3upaHeTo Ha TO3H METOJ ca:

- MIpU yBEJIMYaBaHE Ha PA3CTOSTHUETO MEXK-
Ny TpeaBaTelHarTa ¥ NpUeMHa HaMOTKa 3a-
peXaaHe Ha aBTOMOOWIIHM HaJl ¥4 OT AuamMeThpa
Ha HamoTkute (D), Koe(hUueHThT Ha MarHUT-
Ha Bpb3Ka (k) Mexay Tsax HamaunsBa mox 0.2 u
oomusat KIIJ[ na cucremara cnaga. ToBa pas-
CTOSIHHE € WHIUBUIyaJTHO 332 BCEKH pa3IMueH
aBTOMOOWJI - 3aBUCEHIO0 OT TPOU3BOAUTEN,
Mapka, MOJIeJI Ha eJIEKTpOMOOHIIa U .

- CBIIO TaKa TOBAa Pa3CTOSIHUE 3aBUCU U OT
MOMEHTHOTO HaTOBapBaHe Ha aBTOMOOWIIA, J10-
PH U OT aMOPTU3ALUATA HA HOCEIIUTE eJIeMEH-
TH, OT OKAYBAHETO 10 BpeMeE Ha EKCILJI0ATALIH
Ha aBTOMOOWJIA, MOMEHTHOTO CBHCTOSIHUE Ha
TYMUTE U IpYTH €KCIIOATAllMOHHU (DaKTOPH.
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Due. 1. Enexmpoasmomodun no epeme Ha
sapedcoane: 1- npedasamenna Hamomka, 2-
npuemMHa Hamomka, 3- KIupeHc Ha asmomoduna,
4- pascmosnue mexncoy npedasamenHama u
npuemHama Hamomxka (d) u 5- ouamemuvp nHa
npedasamennama u npuemuama namomxa (D).

N3JI0XEHUE

3HaYUTENTHO MOA0OpEeHNe Ha CUCTeMara 3a
OE3KOHTAKTEH MPEHOC Ha €HEPrus MpH 3apsij
Ha eJIEKTPOMOOMITH (M HaMaJIsIBaHE Ha U3JI0XKE-
HUTE TMO-TOpPEe HEIOCTAThIIM) MOXE Jla Ce TO-
CTHTHE, KaTO C€ BbBEE JONBJIHUTEIECH Pe3o-
HAHCEH KPBI, KOWTO J]a C€ MOHTHPA B EIEKTPO-
MoOwta (mo3unust 6 ot @ur. 2). Upes mpoMsHa
Ha pasctosiHueTo (7), Ha KOETO TOW ce IMO3H-
LMOHHMpA OT €JeKTpoMoOuiIa W MbTHaTa Ha-
CTHJIKA, MOXE JIa C€ MOCTHTHE IMO-I00p0 Ch-
I1acyBaHE M OT TaM Ja Ce OChILIECTBU edek-
THUBHO MIPEXBBPIISTHE HA €NIEKTPUIECKA CHEPTHS
npu yaosiuerBoputeneH KIIJ[ w yBenndeno
pa3CcTosIHUE MEXIy MpeaBaTesiHaTa U IpueM-
Ha YacT Ha Oe3KOHTaKTHaTa cucrteMa. Jombi-
HUTEJIHATA HAMOTKA € ChC 3HAYUTEIHO IIO-
MajKa Maca W rabapuTH Mopaju Jjurcara Ha
MarHuTONPOBOJ M €KpaHHU. BBBEXKITAaHETO HA
JOMBIHUTETHATa HAMOTKA M Bb3MOXKHOCTTA 3a
JIECHOTO ¥ TMO3WIIMOHHWpPAHE BHB BEPTUKAIHA
MOCOKa pelaBa eIuH MHOTO BaXKeH IpobieMm,
CBBbp3aH C HACTPOMBAHETO HAa IsJIaTa CHCTEMa
MIPH PA3IUYHU PA3CTOSHUS MEXKIY €IEKTPOMO-
OWIa U IIbTHOTO IUTaTHO [4].
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Due.2. Enexmpoasmomobun no epeme Ha
3apexcoare ¢ 6b8e0eH OONBIHUMELEH Pe3OHAHCEH
Kpwe: 1- npedasamenna namomxa, 2-npuemna
HAMOMKA,; 3- KIUpeHc Ha agmomobuna, 4-
paszcmosnue mexcoy npedasamenHama u
npuemHama Hamomxa (d); 5- ouamemuvp nHa
npedasamennama, NPUEMHAMAa HAMOMKA U
donvanumentus pe3onancetr kpwve (D), 6-
OONBAHUMENEH PE3OHAHCEH KPbe U /- PA3CMOsSIHUE
MenCOy npuemMHaAma HamMoOmKa U OONbIAHUMETHUS
PE30OHAHCEH KPbe.

[Tpu M3YKCICHUETO HA XapaKTEPUCTUKUTE
Ha TOM00€H BUJ CHUCTEMHU 3a OE3KOHTAKTCH
MIPEHOC Ha CHEPTHsl € [eIecho0pa3Ho Ja ce pa-
00TH ¢ MarpuIa oT Z- TapaMmeTpH, 3aIl[oTo
Koe(UIIMEHTa Ha MarHUTHA Bpb3Ka (K) MEKIY
MpeaBaTellHaTa U MpUeMHaTa HaMOTKa € MHO-
ro MajJbK W TipakTudecku e Hyna (1) [5].

Ly Lz Lyz

[L] = |L21 Lz Ly3 (D
lz1 L3z Ls

KBICTO:

L- MHAYKTUBHOCT Ha CHCTEMATa;

Li- coOcTBeHa WHIYKTUBHOCT Ha

MpeaaBaTeTHaTa HAMOTKA;
L,- ”HIYKTUBHOCT Ha pe30HAHCHUS KPBT;
L3- MHAYKTUBHOCT Ha MpUEMHATa HAMOTKA;
Lio- Lyi- B3auMHa HHIYKTUBHOCT MEXAY
MperaBareIHaTa HAMOTKA M Pe30HAHCHUS KPBT;
Li3- L3i- B3auMHa WHAYKTUBHOCT MEXKIY
MpeaaBaTeaHaTa U IpueMHaTa HAMOTKa;
Ly~ L3~ B3auMHa HHIYKTUBHOCT MEXAY
PE30HAaHCHHUS KPBI' M IPUEMHATa HAMOTKA.
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[Ipu u3uncnsBaHe Ha epEKTUBHOCTTA Ha
cucreMa ¢ BbBeleHH N- Opoil pe30oHaHCHH
KpBIOBE CE€ M3I0J3Ba METOJ 3a M3UYHMCICHUS,
P KOWTO pe30HAHCHUTE KPHTOBE CE PA3IIICHK-
nat karo ¢untpu (Bandpass filter theory). Ha
0a3zara Ha Ta3u Teopus €PEKTUBHOCTTA HA CHC-
TeMara MOKe JIa C€ U3YUCIIH ¢ TTIOMOoIITa Ha (2)

Mmax = (1 = 72 (1 - 222050 ()

Rioad
KBIACTO:

Nmax- MaKcuMamHata eQEeKTUBHOCT Ha

cucTeMara;
T;,- CBIIPOTUBJICHHUE Ha MOCIIECTHUS PE30-

HAHCEH KPFT;

Rpaq- CBIPOTUBJIEHUE HA TOBAPA;

7;- CBIPOTHUBJIICHUE HA [-THSl PE30HAHCEH
KpbT;

Rg- chIPOTHBIICHHE HA N3TOYHHKA.

Ta3u cucrema 3a 0€3KOHTAKTHO 3apexaaHe
Ha eJICKTpOMOOMIH [4] Oelire yChbBbPIIIEHCTBA-
HAa, KaTo B Hesl Ce BbBE/IC HOB THUII PUEMHA Ha-
MOTKa, TIPY KOSITO TIOCPEACTBOM MPEBKITIOYBA-
HETO 4Ype3 TPaH3UCTOPHU KJIFOYOBE MOrar aa
Ce aKTUBUPAT OTACITHH YacTH OT MPHEMHATa
Hamotka (Pwur. 3).

L1 L2 L3 L4
T v w1 w2 W3 w4

road c1 o7} c3 ca

Controller
Receive
Side

@Duz.3 Cxema Ha npueMHama yacm c
eIeKMPOHHUME KII0Y08e U Yemupume pe30HAHCHU
Kpvea

[To To3u HaYMH cUcTeMaTa MOXKe J1a padoTH
C quI/IpI/I paSJ’II/I‘IHI/I CTOﬁHOCTH Ha I/IHI[YKTI/IB-
HOCTHTE B TPHEMHATa HAMOTKA, HO TIPH €/THA
ChIl[a PE30HAHCHA YECTOTAa. Te€3u CTOMHOCTH
MOTaT Jia ce MPEBKII0YBAT Ype3 CUCTeMara 3a
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ynpasienue. HAyKTHBHOCTH ca ¢ o0Imo Ha-
yaso U yetupu Kkpas (Pwur. 4). Llenrta e na ce
MOJTY4H ONTHMAITHO ChITIACyBaHEe MIPU pa3Iny-
HO MO3UIUOHHUPAHC B XOPU30HTAJIHO U BCPTHU-
KaJIHO HAIIpaBJICHUE MEXTy IIpelaBaTeIHaTa 1
IpUeMHa YacT.

Due. 4 BvHuien 610 Ha UHOYKMUGHOCuUmMe,
UBNON36AHU 8 NPUEMHA HAMOMKA.

bpost na naBuBkure ca: W1- 14 HaBuBKH,
W2 -16 maBuBkn, W3- 18 maBuBku u W2- 20
HAaBUBKHU. VHIyKTUBHOCTHTE CHOTBETHO Ca:
L1-17.6 uH, L2-23.7 uH, L3-e 31.1 pH u L4-
e 39.6 uH. CroifHocTTa Ha KanauuTETUTE €:
Cl- 2.26 pF, C2- 1.68 pF, C3- 1.28uF u
C4- 1.0pF. M3uncnenusara ca HamnpaBeHU 3a
pe3oHaHCHa yecToTa Ha kpbra 25 kHz (3).

f =0 3)

Kppaero:

- f-4ecToTa;
-L-MHOYKTHBHOCT
-C- 1ananuTeT

PE3YJITATHU OT U3CJIEABAHETO

3a cpaBHEHHE Ha pe3yiTaTuTe, 3a 0aza ce
M3MO3BAT IaHHUTE OT MPEAUIITHO U3CIIEABAHE
[4], kaTO eeKTUBHOCTTA HA cUCcTeMara (B 3a-
BHUCHMOCT OT Pa3CTOSTHUETO Ha MpejaBaTeiHa-
ta (TX) u npuemnara (RX) HamoTka u momno-
»enneto Ha pezoHancHus Kpbr (RC) (Tabmuma

1) ca nanenu Ha no-monHara Qurypa (dwr. 5).
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Taén. 1 Hopmanuzupano pazcmostue u
peanno pazcmosnue TX-RX u TX-RC na
Maxema.

TX-RX TH-RC

100% 500% | 31.25% | 37.50% 43.75% | 5000% @ 5625% 61.50% | 68.75% | 75.00%

140mm | 35.00mm | 43.75mm '52.50mm 61.25 mm| 70.00mm 78.75mm 87.50 mm| 96.25 mm [105.00 mm)

120mm | 30.00mm | 37.50mm | 45.00 mm 52.50 mm| 60.00mm 67.59mm 75.00 mm | 82.50 mm | 30.00 mm

100 mm 250mm | 31.25mm |37.50mm 43.75mm| 5000m 5625mm 62.50 mm| 68.75 mm | 75.00 mm

80mm | 2000 mm | 25.00 mm | 30.00 mm 35.00 mm| 40.00mm  45.00mm 50.00 mm | 55.00 mm | 60.00 mm

SYSTEM EFFICIENCY

Series1 Series? Series3 Series4

60.00
50.00
£ 40.00
>
9]

2 3000
5

2 2000
10.00

0.00
2500 31.25 3750 4375 5000 5625 6250 6875 75.00

DISTANCE BETWEEN TRANSMITTER AND RESONANCE COIL (TX-RC), [%]

Due. 5 Epexmusnocm Ha cucmemama npu
yemupume paziuihu PazCmosHust Melcoy
npeoasamenHama u nPUeMHama HAMOmKa
(TX- RX): series1-140 mm, series2- 120 mm;
series3 — 100 mm u series4- 80 mm.

Ha cnenpamute yetnpu urypu ca mpen-
CTaBEHH OCIIHJIOTPAMUTE Ha HAMPEKCHUETO U
TOKa B MpUEMHAaTa HAMOTKA Ha cucTemMaTa npu
pa3cTosiHME MEX Ay IpeJaBaTesIHaTa U MpueM-
Ha HaMoTKa (TX-RX) ot 80 mm u pa3zcrosnue
Mexay npenasarenHara HamoTka (TX) u peso-
HancHus Kpbr (RC) ot 50 mm.

Ha ®ur. 6 e noka3zana ocuuiorapama Ha Ha-
MPEKEHUETO M TOKAa B TMpHUEMHATa HAaMOTKa,
KOTaTo ca BKIIOYEHU MHIYKTUBHOCT L4 u Ka-
narutet C4.

Stop @ M CH1
Coupling
Y
il m Invert
o off
’ W Limit
4 f ] | | Off
| i | voltage
P [ g sx

G INSTEK w3 v @, B80S
b i

Expand
Center

0 168us 7] EDGE FRC
J 325, 943%Hz

B = Zm!

Due. 6 Ocyunozapama Ha HANPENCEHUEMO (HCHIMN
yeam) u moxa (CuH yesm) @ npuemMHama
HAMOMKA, KO2amo ¢a GKIIOYEHU UHOYKMUBHOCH
L4 u xanayumem C4.
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Ha ®wur. 7 e nokazaHa ocuuiorapaMma Ha
HaIpeKEHUETO U TOKa B IPUEMHATa HAMOTKA,
KOrato ca BKJIIOYEHUW WHIAYKTUBHOCT L3 u
kananuret C3.

TLor # L H 1
| Coupling
av
Rl ! Irwert
{0 8 ‘ Off
FA . ! B Lirnit
| L) I%p,f : Off

J Yoltage
Ll I S

G INSTEK v @, BEEs
-

Expand
Center

D 16us 1 EDGE FAC
B = Zml) 0 25.9441kHz

Due. 7 Ocyunoeapama Ha HANPENCEHUEMO (HCbIM
yeam) u moxa (CuH Yesm)e npuemMHama HaAMomKa,
Koeamo ca ekaro4eHu unoykmustocm L3 u
xkanayumem C3.

Ha ®wur. 8 e nmokazaHa ocuuwiorapama Ha
HaIpeXKEHUETO U TOKA B IpHEeMHAaTa HAMOTKa ,
KOrato ca BKJIIOYEHHM MHAYKTUBHOCT L2 u
kamamureT C2.

G INSTEK il - 1 55
| -

Stop ™ _H1
‘ Coupling
v,
Invert
(LT el Off
. BW Limit
‘ " L/l | off
¥ woltage
5K

Expand
Center

@ 16us T EDGE FAC
8 = Zml) @ 25. 9435kHz

Due. 8 Ocyunozapama Ha HANPENCEHUEMO (HCHIMN
Yesm) u moxa (Cumr Yesam)e npuemMHama HAMomKa,
Ko2amo ca ke unoykmugnocm L2 u
xkanayumem C2.
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Ha ®wur. 9 e nokazana ocuuiorapama Ha
HaIpeKEHUETO U TOKA B IpHeMHAaTa HAMOTKa ,
KOrato ca BKJIIOYEHU HHIAYKTUBHOCT L1 nu
kananutet C1.

G ITSTER v O.000% Tor W L LHl |
| = - Coupling
‘ A",
" Invert
, , | =
By Limit
Off
Woltage
5%

Expand
Center
EDGZE FAC

18us o

8= Zml 325, 943%H=

Due. 9 Ocyunoeapama Ha HARPEN’CEHUETO (HCHIM
Yesm) u moxa (Cur Yeam)e npuemMHama HAMomKa,
Ko2camo ca exaoyenu unoykmugenocm LI u
xkanayumem C1.

Ha mno-nmonnara ¢urypa (dur.10) e npen-
cTaBeHa B rpa¢uyeH BUA €(pEKTUBHOCTTA Ha
cucTeMaTa, Korato eJMHHYHAaTa MpUEMHa Ha-
MOTKa € 3aMEHEHa ¢ pa3padOTeHHs] MaKeT OT
MHTyKTHBHOCTH U KallalluTeTH.

SYSTEM EFFICIENCY

==Series1 = Series2 Series3 Series4

70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

EFICIENCY, [%]

25 3125 375 4375 50 56.25 625 6875 75
DISTANCE BETWEEN TRANSMITTER AND RESONANCE COIL (TX-RC), [%]

Due. 10. Egpexmusnocm Ha cucmemama ¢
UBNON36AHE NAKem Om UHOYKMUSHOCMU NPU
yemupume paziuihu pazCmosHust Melcoy
npeoasamenHama u nPUeMHama HAMOmKa
(TX- RX): series1-140 mm, series2- 120 mm;
series3 — 100 mm u series4- 80 mm.

www.eufunds.bg

[TonydyenuTe mo BpemMe Ha H3CIIEIBAHETO
CTOMHOCTH Ha TOKOBETE W HAIPEKECHUATA B
npeaaBaTenHara HamoTka (TX), pe3oHaHCHU-
a1 kpwr' (RC) u npuemnara Hamotka (RX) 6s-
Xa BbBEJCHH B MOJIEJI Ha CICTeMaTa, HallpaBeH
ype3 coTyep 3a CUMyJIHpaHe Ha eleKTpomar-
HUTHOTO Tmoje. Ha mo-monnata durypa
(®ur.11) e npeacraBeH Mo/ea Ha IPHEMHATa
HaMOTKa, KOWTO € U3IMO0JI3Ba B CUMYJIAIHITA.

Due. 11 Komniomvper mooen Ha npuemMHama
HAMOMKA.

CumMynanusara € u3BbpIleHa NPU pa3CcTos-
HUS MEXAy IpeAaBaTesHaTa v IprueMHaTa Ha-
MoTka (RX- TX) ot 80 mm u pa3cTosiHrE MEXK-
Iy TpenaBaTelHaTa HAMOTKA U PE30HAHCHUS
kpbr' (RX- RC) ot 50 mm, koeto oTroBaps Ha
Hail- ronsMaTa e(peKTUBHOCT Ha CUCTEMATa.

Ha no-nonnara ¢urypa (®ur. 12) e npen-
CTaBEHO Pa3NpeIeIEHUETO HA MAarHUTHOTO T10-
JIe B cCCTEMAaTa Py U3I0JI3BaHE HAa UHTyKTUB-
HocT L4 u xanamuret C4.

@Due. 12 Pasznpeoenenie Ha MASHUMHOMO NOJe 8
cucmemama npu usnonzeane Ha L4 u C4.
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Ha cnenBamara ¢urypa (®ur. 13) e npen-
CTaBEHO Pa3Npe/ICIICHUETO Ha MATHUTHOTO T10-
Jie B CUCTeMaTa IPH M3I0JI3BaHe Ha HHTyKTHB-
gocT L3 u kanamuret C3.

@Due. 13 Pasznpeoenenie Ha MASHUMHOMO NOe 8
cucmemama npu usnonzeare Ha L3 u C3.

Ha ®ur. 14 e npencraBeHo pasnpeaeieHue-
TO Ha MarHUTHOTO I10JI€ B CUCTEMATA IPU U3-
IoJ13BaHe Ha MHAYKTUBHOCT L2 n kanauuter C2.

@Due. 14 Pasznpeoeneniue Ha MASHUMHOMO NoOJe 8
cucmemama npu usnonzearve Ha L1 u Cl.

Ha ®ur. 15 e npencraBeHo pasnpeaeneHue-
TO Ha MarHUTHOTO I10JI€ B CUCTEMATA IPU U3-
nosn3BaHe Ha MHAYKTUBHOCT L1 1 kananurer C1.

@Due. 15 Pasznpeoeneniue Ha MASHUMHOMO NoJe 8
cucmemama npu usnonzeane Ha L1 u Cl.

www.eufunds.bg

CkanuTe Ha pas3npeAciCHUeTO Ha MarHUT-
HOTO TI0JIe, TIPEICTABEHU Ha MO-TOPHUTE (u-
rypu (dur. 12- 15) e eqna u cbma- ot 0 uT 10
2000 pT. ITo TO3u HAUUH MHOTO SICHO C€ BUXK-
J1a, 4e TIPY U3MO0J3BaHe HA MHIYKTUBHOCT L3 u
kananuTeT C3 MHTEH3UTETa Ha MOJETO € Hau-
roJisiMa OKOJIO MMPUEeMHATa HaMOTKa.

3AK/IIOYEHHUE

OT U370KEHOTO MO-TOpe MOorar Ja ce Ha-
MpaBsT CIEAHUTE U3BOIU:

-MIOCPEACTBOM MPOMSHA U3IOJI3BAHUTE Ta-
KETHU OT MHIYKTUBHOCTHU U KalalUTeTH B MPH-
€MHaTa HaMOTKa MOXe J]a C€ IOCTUTHE ChIJIa-
CyBaHE Ha crucTemMaTa 3a 0€3KOHTAaKTHO 3apex-
JlaHe Ha eJIEKTPOMOOWIIH CIIPSIMO TOBAapa;

-TIpY ChIIECTBYBaHE Ha (PU3NYECKU OTPaHHU-
YeHHsI TIPU HM3MOJ3BAHETO Ha JOIMBIHHUTEICH
PE30HAHCEH KpbI, e(eKTUBHOCTTA Ha CHUCTe-
MaTa MOK€ 3HAUMTEHO J]a ce Moao0pu 4pes
MPEeBKJIIOYBAHE HA YacTH OT MpUEeMHaTa Ha-
MOTKA Ype3 eJIEKTPOHHH KIIOYOBE.

B Obnenie uzcneaBaHusTa e MpoabiKar,
KaTo Ipe/iaBaTelIHaTa HAMOTKA U Pe30HAHCHU-
AT KPBI 1€ ObaT 3aMEHEHH ChC CHUIUTE Ma-
KETHU OT MHyKTUBHOCTHU U KaMalUTETH, KAKTO
B [IpHEMHATa YacT Ha cUCTEeMaTa.
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OIEHKA HA PABOTATA HA EJIEKTPUYECKHN MOBHJIEH KNIMMATHUK

EVALUATION OF ELECTRIC MOBILE AIR CONDITIONER OPERATION

Lyubomir Dimitrov
Technical University — Gabrovo

Abstract

Paper deals with results of research carried out on the indicators of the quality of electrical energy in the operation
of an electric mobile air conditioner. The goal is to analyze the operation of the selected electrical appliance and to
draw reasonable conclusions about its influence on the power supply network. A METREL MI 2892 measuring device
has been used to perform the measurements and analyze the quality of electrical energy. The measurements have been
carried out in laboratory conditions and operating modes corresponding to the technical specifications of the device.

Keywords: mobile air conditioner, electricity, power quality, power quality analyzer.

BBBEJIEHUE

Bpbxinersuiara csera mangemuss COVID-
19 nmpuHynum BCHUKM Ja INpekapBaT IOBEYE
Bpeme y noma. OTOIUIEHHETO Mpe3 3uMarta U
OXJTAKIAHETO TMpe3 JIITOTO Cca BaKHA YacT OT
MMOCTUTAHETO Ha Hal-100Bp KOMQOPT B 10Ma,
0e3 3HaueHHE OT ce30Ha Ha roamHara. Cpen
MpelHa3HauYeHUTEe 3a LeNTa eJNeKTpoypeau
Hal-moaxoIsmy U Hal-UKOHOMHUYHH ca KIIU-
MaTHUIUTE.

Knumarunure He 3aMbpcsBaT OKOJHATA
cpena. [IpousBexxnanara OT TAX €HEpPrus € 3a
OTOTUICHUE U OXJIaXxKaaHe. ToBa € pasymMHa HH-
BECTULIMA B OBJEIIETO, 3alI0TO TAXHATa W3-
XOJTHA MOIIHOCT € MPUOTU3UTEIHO TPU MBTH
mo-rojisiMa oT BXxojaHara. ToBa Boau 0 MUHU-
MU3HpaHEe Ha pa3Xoja Ha CHEPIus U TMOBHIIA-
BaHEe Ha Koe(dWIMEHTa Ha TpaHCchopMaIus
(mpeobpazysane) — EER/COP. OcBen yno6Ho
Y UKOHOMUYHO, OTOIUICHUETO C KJIIMMAaTHK € U
Hal-€KOJIOTUYHO. BcHuuyku cepuu IOHACTOs-
IIEM ca C €KOJIOTUYEH cepTUu(uUKar, yaocToBe-
psiBaIll, 4e W3MOI3BaHUTE ()PEOHU HE 3aMBbp-
csIBaT OKOJIHATa Cpefa.

Knumatumure obade ce mpeanarat B pas-
JUYHU BUJIOBE M HU300pPHT HAa OOMKHOBEHHS
MOTPEOUTEN TOHSKOTa € TPyAHA 3a/1a4a.

www.eufunds.bg

B Ta3u Bpw3ka Ha maszapa ca HaJIWMYHU H
T.Hap. MOOWJITHH KJIMMAaTHUIH.

Hma MHOTO BUAOBE MOOWIIHU KIUMATHIIH,
cpen KOWUTO na ce m3bupa, 6e3 JAopu aa ce
CIIOMEHABaT OTJEIHUTE MOJEIN OT BCSKa
Mapka. Hsakou mpeBb3X0KIaT OCTaHAIUTE B
€IHO WM JPYro HampaBlIeHHE, a MHOTO OT
TAX ca TACHO crneuuanusupanu. M3060pbsT Ha
MOAXOMSAI TUIT HA ITbPBO MSICTO 3aBUCH OT TO-
Ba C KaKbB MPOOJIEM HCKaMe Jla Ce CIPABHM.
U B kpaiiHa cMeTKa TpsOBa Jja ce HaMepH BU-
COKOKauecTBEH Mojen ¢ (yHKIUUTE, KOUTO
KeaaeMm.

Koraro temneparypara HaBbH 3amoysa jaa
ce MOBHIIaBa, MHOTO XOpa ThPCAT MpoxXJjaaa-
Ta, OCUTypsBaHa KOM(POPTHO OT KIUMAaTHK.
[Tomo6HO Ha BOJHUTE KYJIU M €JICKTPOMPOBO-
IUTe, KIMMATULUTE ca €QHO OT Te3U Hella,
KOUTO C€ BIIKJAT BCEKU JE€H, HO PAJIKO UM C€
o0OpBIlla MHOTO BHUMAaHHE.

Haii-00mo ka3aHo, BCEKH KJIMMAaTHK IIpe-
MECTBa €HEPrus BbB BUJ HA TOIUIMHA OT €IHO
MACTO Ha Jpyro. B mpupopara HOpMamHOTO
JBWKEHUE Ha TOIUIMHATA € OT MO-CTYJIEHOTO
KbM MO-TOIJIOTO MSICTO, MOJAYMHSIBAUKH C€ HA
BTOpUSI 3aKOH OT TepMOJIMHaMuKaTa. Thi Ka-
TO, B OCTa MOMEHTHU OT KUBOTA, TOBA HE HU
YIOBJIETBOPsIBa (HAampuUMep Mpe3 3umaTa Oux-
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M€ HCKaJld Jla B3€MEM TOIUIMHA OT OKOJIHATa
cpena, KOosiITo J1a MPEeMECTHUM BBTpPE B CTasTa,
HO TIpY BCUYKHU CIy4aW HABBH € IMO-CTYACHO,
OTKOJIKOTO BBTPE), TOraBa € HEOOXOAUM APYT
MOJIXO0JT ¥ CHOTBETHO M3IOJI3BaHE Ha IPYT Pu-
3WYEH 3aKOH.

[Ipouiecute, KOUTO MPOTUYAT MHOTO HAIIO-
n00SIBaT MPOIIECUTE B XJIAIUIIHUKA WA (pH-
3epa ¢ Ta3M pasivKa, 4e TOIUIMHHUTE MOIIHO-
CTH B KJIMMaTHKa Ca CPAaBHUTEIIHO MO-TOJIEMH,
a ChILO U Y€ TeMIepaTypHUTE WHTEpBAIU ca
YYBCTBUTEITHO MO-IIUPOKH.

OCHOBHHST MPUHIN Ha paboTa Ha KIMMa-
THKa € onucaH B T. Hap. "lluxba Ha KapHo"
(Carnot). CpmHOCTTa Ha IIMKBJIA H3MOJ3BA
MOBEJICHUETO Ha GuIyuauTe (ra3oBe WIH TEu-
HOCTH) TIPH MPOMSIHA HA HAJISITAHETO U TeMIIe-
paTypara, KaTo MO NMPUHIMI TE3H JBa Mapa-
MeTbhpa ca CBbP3aHU MOMEXIY CH IO CIeIHUS
HA4YMH: NPU MOBUIIABAaHE HA HAJISTaHETO Ha
(baywuma npu eIMH U ChIKM 00eM Ce TTOBHUIIIaBa
MPOIMOPLIMOHAIHO TeMIIepaTypara u o0OpaTHo.

KakTto ce Bmxa, ocHOBHa poutst 3a paboTa-
Ta Ha €IUH KJIUMATUK urpae QIyuabT, KOUTO
IUpKyIupa B cucremara. KomudecTtBoTo, u
Hali-Be4e KadecTBaTa My Ca MHOTO Ba)KHH.
Enue OT KauecTBEHUTE My MapamMeTpH € TeM-
nepatrypara Ha KUIeHe, T.e. Koraro (GpayuabT
ce pasmmupsBa (M3napsiBa) KakBa € MUHHMAJI-
HaTa TeMIlepaTrypa, IpHU KOSATO BCE OIlle MMa
u3napeHue B ToriooOMeHuka. ToBa e Taka,
3aI0To, 3a J]a MOXE /1a € OTHEME €HEeprus OT
OKOJTHATa CpeJia M Ja CE CIa3u BTOPHUAT 3aKOH
Ha TepMOJIWHAMHUKAaTa, TOM TpsAOBa na ce u3-
napsiBa Mpy TEMIepaTypa, Mo-HUCKa OT OKOJI-
Hara. M Thil cTaBa 1yMa 3a OTOIUIEHUE C KIIH-
MaTHK, TO TOBa O3Ha4YaBa, 4e KOrato mnpe3 3u-
mata HaBbH e muHyc 10 °C, To3m dmynn
Tps6Ba 1a ce m3mapsBa noHe Ha munyc 11°C
WM OlIe MO-HUCKH TeMmeparypu. B kimuma-
TUIATE TO3U (YU UMa CbOUPATEITHOTO UME
(bpeoH (MeXIy IPyroTo, TOBA € 3arma3eHa Thp-
roBcka mapka). @peoHuTe ca MHOTO BHIIOBE,
BCEKH ChC CBOUTE MPEIUMCTBA U HEIOCTATH-
I, HO 3a e)eKTUBHATa paboTa HA €IUH KITHU-
MaTHK (PEOHBT € EaUH OT TPUTE BAXKHH (akK-
Topa (OCTaHAJIUTE JBa ca BUIBT HA KOMITPECO-
pa W KadecTBaTra Ha TOILNTIOOOMEHHMITUTE), KO-
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TO OKa3Ba ChHIIECTBEHO BIUSHHE Ha paborara
Ha ChOTBETHUS KIIMMATHK.

JIpyTusT Ba)KeH KOMIIOHEHT Ha KJIMMAaTHKA
€ KoMIpecopbT. Toil € TO3H, KOUTO BbPIIU
pabota, HEoOXoauMa 3a fa paboTH KIMMaTH-
KbT IO Xelnanus HaunH. Kommpecopute, Kou-
TO C€ M3MOJ3BaT B ChBPEMEHHUTE KIIMMATHUIN
ce NeNAT Mo pasnuuHu Kputepuu. Kato Ha-
pUMEp TI0 TEXHOJIOTHATA, KOSITO M3IOJI3BAT,
o0 BHUJa Ha EJICKTPOMOTOPA, KOWTO TH 3a-
IBIKBA M T.H. Hsikom oT TsX ca mo-eekTus-
HU, JOPYTd TO-MalKoO, Karo e(eKTHBHOCTTA
TYK C€ MEpU B TOBA KaKBa 4acT OT MOJaJieHa-
Ta €HepTus € W3IMOJI3BaHa 3a CBUBAHE Ha pa-
O00THHS (PPEOH U KaKBa YacT ce € MpeBbpHaIa
B HekenaHa TorunHa. Llenta Tyk e He KOM-
IIPECOpPbT Ype3 HABUBKHUTE OT MEJCH MPOBO/I-
HUK Jla OT/aBa TOIUIMHA, a TOIUTMHATA Jia Ce
oTaaBa OT (hpeoHa Ha BBTPEIIHOTO Ts110. ToBa
O3HauaBa, Y€ CHEePrusiTa, KOSTO KOMIIPECOPHT
Yepru OT eIeKTpUIecKaTa Mpexa, TpsoBa u3-
ISUT0 J1a Ce M3IO0JI3Ba 3a yBelMYaBaHE HA Ha-
JSTaHeTO Ha ()peoHa — BBIPEKH, Ue UicaiHa
MaIlfHa HiIMa, [IeNTa € JoOImKaBaHe 70 uje-
anHara [1].

N300pbT HA MOAXOASI MOOWICH KiIUMa-
THK 3aBUCH OT HAKOIKO (pakTopa. Ha mbpBO
MSICTO Cca pa3MepbT Ha MOMENICHHETO M Ha
oroxera. OCHOBHOTO TpW H300pa € Ja €
SCHO KaKBa € TOJeMHHATa Ha MPOCTPAHCTBO-
TO, B KOETO YCTPOHCTBOTO IIE C€ HW3IOJI3BA.
Axo0 He ce 3Hae IUIOIITa, B KOSTO IIe paboTH
YCTPOWCTBOTO, WJIM II[E€ C€ M3MOJI3BA B pPa3-
JTUYHH TIOMEIIEHUS, € T0-100pe aa ce uzbepe
MIO0-MOIIEH ypea OT TO3H, KOMTO € Heo0X0auM,
CTWTa Jia € B paMKHUTE Ha pasroyiaraeMusi 01o-
JDKET.

CshI110 OT 3HAYEHHUE € pa3MePHT Ha YCTPOil-
CTBOTO, KaTO HSKOM Ca TO-JIGKH U MOOWITHH
OT JAPYTH.

N30 KEHUE

[[InpoKkoTO MpUTOKEHHUE HA YCTPOMCTBA C
HEJIMHEEeH XapakTep Ha ToBapa Hajlara HeoO-
XOJUMOCTTA 32 YCTaHOBSIBAHE HAa U3MEHEHUe-
TO Ha IOKa3aTelIWTe 3a KayecTBOTO Ha
eJIeKTpuYeckaTa €Heprusi B eJeKTphuecKara
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Mpeka Ha 00IIEeCTBEH OOCKT, Mpe/ICTaBIISBAIIl
JepMaTOJIOTUYHA KIMHUKA.

OcurypsiBaHeTO ¥ TOJABPKAHETO Ha Ka-
YEeCTBOTO Ha €JEKTpHUecKaTa eHEeprusi € oc-
HOBHO 33JIBJDKEHHE Ha €IIEKTPOCHAOIUTEITHU-
te npeanpusarua. OT apyra cTpaHa, noTpedu-
TEJHUTE Ca B MPABOTO CH JIa U3UCKBAT U TONY-
YyaBaT KauyeCTBEHA eJeKTpUUecKa eHeprus, Ka-
TO MMAaT 33IbJHDKCHHUETO Ype3 CBOUTE KOHCYyMa-
TOpU U PEKUMUTE UM Ha paboTa Ja He BJO-
[1aBaT MOKa3aTeNuTe 3a Ka4eCTBO Ha eJIEKTPH-
yeckara €Heprusi B eJIEKTPOCHAOAUTEITHUTE
cucrtemu [2].

Nmaitkn nipeaBul U3MOI3BAHETO HA TOJIAM
Opoil KIMMAaTUYHU CUCTEMH C EJIICKTPOHHH
KOMITOHEHTH U YCTPOMCTBa B TsX, FeHepUpa-
¥ BHUCIIU XapMOHUIIM, MOTAT Jla OKaXKaT Ch-
IIECTBEHO BIIMSHUE BBPXY IOKa3aTeNUTe 3a
Ka4ecTBO Ha enekTpudeckara eneprus. OcBeH
TOBa TE€3W EJNEKTPOHHU KOMIIOHEHTH U
YCTpOICTBa CIy>KaT 3a CHUTYpPHO HAaJIEXKIHO
YIPaBJIEHUE HA KIMMAaTUYHUTE cucTeMu [3].

Nmaiiku U310XKEHOTO 10 TYK, KaKTo U (ak-
TBT, Y€ U300PHT Ha KOHKPETECH BapUAHT BUHA-
T € CBbp3aH C IpPEleHKAa Ha TEXHUYECKHUTE
napameTpu (Harp. MOITHOCT, UKOHOMUYEH pe-
KUM Ha paboTa ¥ HUCKHM HUBA HA IIIyM), KOUTO
HEMUHYEMO HMMaT U MKOHOMHYECKO H3pake-
Hue, O0e m30paH MOOWJIEH KJIIMMAaTHK 3a KOH-
KpETHUTE U3MEPBaHUs Ha MOKA3aTEINTE 3a Ka-
YEeCTBO Ha eJIEKTpUYECKaTa eHeprusl.

Que. 1. Mobunen knumamux "Homa”’, mooen:
HMCH-8419R
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N30panusT MoOWIIeH KJIMMAaTUK — € Ha
¢upmara "Homa”, monen: HMCH-8419R c
HOMHWHAITHU TEXHUYCCKH JTAHHH:

— HoMuHanHO HanpexeHue: Upon= 220-
240VAC;

— HOMHHaJHa yectota: f = 50 Hz;

— HOMHHAaJIHA MOIITHOCT: Prov. =2000 W.

3a peanM3upaHe Ha W3MEPBAHHITA U aHA-
JIM3 Ha KaueCTBOTO Ha eJIeKTpUYecKara eHep-
rdst € W3IM0JI3BaH U3MEPBATEIECH  ypen
METREL, monen MI 2892 — ¢wur. 2. Uzmep-
BaTeIHUAT ypel pasmoiiara ¢ peauna (yHK-
[IMOHAJIHU BB3MOXKHOCTH, KaTO U3MEpBaHe Ha
e(eKTUBHATA CTOMHOCT Ha EJIEKTPUYECKHUTE
BenuuuHU (true RMS) u BB3MOXKHOCT 3a aHa-
T3 Ha Ka4eCTBOTO Ha EJIEKTpUYEeCcKara eHep-
rust (m3MepBane o cranaapt 5S0160).

Baxxna (QyHKIMOHaTHAa BB3MOXKHOCT Ha
ypelia € Bb3MOKHOCTTA 3a 3alKC Ha MpOoTHYa-
IUTC TMPEXOJHHU MNpoUeCHu B HI3CICABAHUTC
€JIEKTPUYECKU BEPUTH, OMPE/ENIIHE HaIU4Yue-
TO Ha ,Z[I/IC6aJ'IaHCI/I, OTYHUTAHC HAJIMYUCTO Ha
¢dbnukepu u n3o0pa3saBaHe Ha (Ga3oBa quarpa-
Ma U u3MepBaHe Ha Temreparypa. [Iputexana
yecToTa Ha ckanupane 49 kSamples/s.
[IputexaBa BUCOK KJIaC HA TOYHOCT, KAKTO U
rpa@uvyHO W TAOJWYHO TPEACTABIHE Ha pe-
syararute. Cxemara Ha CBbp3BaHE Ha U3Mep-
BaTeNIHUS ypea € AaseHa Ha Qur. 3.

Due. 2. Ananuzamop Ha Ka4ecmeomo Ha
enexmpuyeckama enepeuss METREL MI 2892
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EBPOMENCKM Cbl S
EBPDI‘lOEﬁCKMSTPYK(I':YPLea HJ'IOB HB 23 — HAYKA U1 OBPA30OBAHUE 3A
WMHBECTUUMOHHU ®OHAOBE I[ WHTEAUMEHTEH PACTEXX
B Smpmenmupem R 2004 Current Phi (%) Thd=13.12
= 18.04
1l 16.04
i 14,04
e 12.04
2188 10,04
ulviw, gg'
LU romgtopurs B 20
PEt | o o 2o 5 204 |
vivewy - = L d—t—
|lz sl i 4 € 12 16 70 2a 28 32 35 40 44 48 52 56 60 thd
N
=QF1 T
}}Fsr Due. 6. 'paguuno npeocmassine na sucuiume
o W i
L2 L2 | i H. MoGunen xapMOHMuM HA mokKa
o = ] T
PEN ° ! |
T 1

@Due. 3. Enexmpuuecka cxema Ha cevp3sane

Crnen mpoBexkaaHe Ha M3MEpBaHUATA ca
MOJIyYeHU PEe3yJTaTu MpPEeACTaBEHH C MOMOIL-
Ta Ha codryepHus mpoayktr Metrel Power
View B Ta0nuyeH u rpaduyeH.

Ha ®ur. 4 ca uzobpa3eHu H3MEpEHUTE
€JIEKTPUYECKU BETUYMHU M ¢dopMmara Ha Ha-
MPEKEHUETO W TOKa, MpH paboTa HA MOOWMII-
HUS KIMMAaTHK B PEKHUM Ha OTOIUICHHWE M Ha-
toBapBaHe 50%.

BB s000v
-] e

Voltage 1

Current 1

Voltage 2

Current 2

— i Voltage 3

/ Current 3 R
[ [2e L]

User break

Usx l S (kvay | P () l Q(kVAR) | P ‘ Freq

rms (V)

Irms () |mdu(%) l!hdl{%}

23274 4893 142 1312 23274 1139 1123 0189 0986 ¢

0,00 0656

0,00 6304 0,00 0,000 0,000 0000 0,000 ¢

0,00 0,140 0,00 14677 23274 0,000 0,000 0000 0,000 ¢

Il

5217 1139 1123 0189 099 ¢ 5002

Due. 4. Buzyanusyus na usmepernume
enekmpuiecky eauyunu npu namosapsatme 50%

I'paduuno mpencraBsHe HA BUCHIMTE Xap-
MOHHUIIM Ha HANPEKEHUETO M TOKA B PEKUM
Ha oToruieHue u HatoBapBane 50% ca mpen-
craBeHd Ha ur. 5 u Owur. 6.

i g Voltage Ph1 (%) Thd=1.42

404
354
3.04
254
20
15
1.04 ‘

0.5+
I —
4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 thd

Due. 5. Ipapuuno npeocmasaue Ha sucuiume
XAPMOHUYU HA HANPEHCEHUENO
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Ha ¢ur. 7, ¢ur. 8 u ¢ur. 9 ca nagenu nomy-
YEHUTE PE3yaTaTd B TaOIW4YeH U TpadudieH
BHJl TIpM paboTa Ha MOOWJIHHS KIMMAaTUK B
pexxuMm Ha ororuieHu U 100% HatoBapBaHe.

Towil karo KoHCymaropa € emHodaseH, ce
OTYMTAT CaMoO MOKa3aHUATa Ha ypena 3a (aza
L1 (Phl).

Voltage 1
Current 1
Voltage 2

Current 2

Voltage 3

Current 3

lUser break

Urrms (V) l!rms(A) l{mu(%) |{hd/(%) ‘ Usx ‘S(WA) ‘PrkW) IGWAR) l [ |Fre-1

23036 8423 142 1363 23036 1940 1914 0317 0987 ¢
0,00 3955 0,00 0,000 0,000 0000 0000 ¢

0,00 6704 23036 0,000 0,000 0000 0000 ¢

1,840 1914 0317 099 ¢ 50,00
QDue. 7 Buzyanuzyus na usmepernume
eekmpuyecku enuduHy npu Hamosapgare 100%

ig Voltage Ph1 (%) Thd = 1.41

40

lll 11
1] T T T T T — T T 1
0 & 8 12 16 20 24 28 32 36 40 44 48 52 56 60 thd

Due. 8 I paguuno npeocmassamne na sucuiume
xapmonuyu Ha Hanpesicenuemo npu 100%
Hamosapeane

20.0 Current Phi (%) Thd=13.81

L...

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 thd

Due. 9 I paguuno npeocmassane Ha sucuiume
xapmonuyu Ha moka npu 100% namosapeane
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3AKVIIOYEHHUE

[TomydyeHuTe pe3ynTatd OT MU3MEpBAaHMSTA
MPENCTaBAT pPa3MIekKAaHUd MOOUIIEH KIMMa-
THK KaTo HaJeXJeH ypel. B usBectHa creneH
ce MpEBHUILIaBA JeKIapupaHaTa OT IPOU3BOIH-
Tens koHcymupana MommHocT 2000 W — otue-
TeHa e crorHocT 2055,33 W.

CroitHOCTUTE Ha BHUCIIMTE XapMOHHUIU Ha
TOKa U HAIPEXKEHUETO ca B JOIYCTUMHUTE Ipa-
HUIM Ha u3MeHeHue. OO0 XapMOHUYHO U3-
KpUBSIBAaHE HA HAIPEKEHUETO 10 BpeMe Ha
u3mepBaneTo — Thdy = 1.42% npu 50% naro-
BapBaHe Ha MOOWJIHMS KJIMMATHUK, TOKaTo Mpu
100% naroBapsane ¢ Thdy = 1.41% (Pur. 5 u
@wur. §). CTOWHOCTUTE OTrOBapsT Ha 3aJI0XKE-
HUTEe HOopMmHTeE nafeHu B cra”aapra bJIC EN
50160, xoiiTo pernmaMeHTHpa TOJIEMHUHATa Ha
00III0TO XapMOHUYHO M3KPUBSIBAHE Ha 3aXpaH-
BaIllOTO HAIIPEXKEHHE 1A He npeBuana 8% [4].

CroiiHOocTUTE HA OOLIOTO XapMOHUYHO H3-
KpuBsiBaHE Ha Toka npu 50% HaToBapBaHeE €:
Thd; = 13,12%, a npu 100% HaroBapBaHe e€:
Thd; = 13,81% (®Dur. 6 u dur. 9).

M3mepenuTe CTOHHOCTHM Ha OOIIOTO Xap-
MOHUYHO M3KPHBSIBAaHE HA TOKA € IO-HUCKO OT
JomycTuMara cToMHocT oT 25% pnaneHa B
cranpapta BJIC IEC 61000-3-4 — Enektpo-
MarHuTHa cbBMecTUMOCT. YacT 3-4 ['panunu
— OrpaHMYaBaHE HAa €EMHUCHHMTE Ha XapMOHWY-
HUTE TOKOBE B CJIA0OTOKOBU CHCTEMH, 3aXpaH-
BaHE Ha 00Opy/ABaHE, C HOMUHAJEH TOK Haj
16 A [2].

Toect, MOOMIHMS KIMMAaTUK HE reHepupa
BHCILIA XapMOHHUIIM HA TOKA U HAIPEKEHUETO

www.eufunds.b

U OTToBapsA Ha JACKIAPUPAaHUTC HOMHWHAJIHU
TCEXHUYCCKHU JaHHU.

BJIAT'OJAPHOCT

PeanusupaneTo Ha TO3M Aokian e Onmaromape-
Hue Ha nozkpenara ot: [Ipoexr BGOSM20P001-
1.002-0023 LleHTHp 32 KOMIIETEHTHOCT ,,/IHTETH-
TEHTHU MEXAaTpPOHHH, €KO- U EHEprocHecTsABallu
CHCTEMH W TeXHOJOruu*, punancupad ot Omnepa-
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Abstract

Kubernetes has emerged as a powerful tool for managing and orchestrating containerized applications, including
those related to machine learning (ML). Resource management role in cloud container services is played by the
scheduler's component. The Kubernetes scheduler is an effective tool for managing containerized workloads. It uses a
variety of techniques to spread the load between nodes. It considers resource availability, node affinity and anti-affinity
rules, topology spread constraints and tries to balance out the resource utilization of nodes. However, it is not perfect
and can sometimes make suboptimal decisions. The default scheduling strategy selects node based on a single criteria
like number of running pods or available resources. Thus the execution of burstable workloads could lead to degraded
performance and bad QoS. This paper analyzes previous studies on scheduling in kubernetes and an evaluation of

features recently provided by the new scheduling plugins and scheduler framework for kubernetes.
Keywords: cloud computing, kubernetes, machine learning, scheduling

INTRODUCTION

Cloud computing has transformed the way
organizations handle their IT infrastructure by
offering a paradigm for managing computing
resources on a large scale. Cloud computing
is a multi-tenant service model that provides
on-demand access to computing resources.

Containers  have emerged as a
transformative technology in the cloud-native
era. They provide a lightweight and portable
way to package applications and their
dependencies, enabling them to run
consistently across different environments.

Kubernetes, an open-source container
orchestration platform, has become the
de-facto  standard for managing and
orchestrating containerized applications. It
automates the deployment, scaling, and
management of containers across clusters of
machines, ensuring that applications are
running reliably and efficiently. One of the
key components of Kubernetes is the
scheduler, which is responsible for assigning
pods, which are groups of one or more
containers, to nodes in the cluster.
Researchers have pointed out the advantages
of adopting Kubernetes in training and
running ML models at a scale [1].

In recent years, the relation between
resource  utilization,  efficient  energy
consumption, performance, and latency has
been widely researched [1, 2, 3, 4, 5].

Our focus is on researching and optimizing
the execution ML workloads inside a
kubernetes cluster using scheduling tools and
frameworks introduced in the newer versions
of kubernetes.

BACKGROUND

One of the key challenges in Kubernetes is
scheduling, the process of assigning
containers to physical or virtual machines
within a cluster. The scheduler must consider
various factors, such as resource
requirements, application constraints, and
system-wide performance goals, to make

informed decisions that balance resource
utilization and application performance.

Multiple publications [1, 2, 3, 4] have
researched problems related to resource
scheduling. The distributed nature of the
cloud and on-demand allocation of computing
resources raises problems that can be
classified in broad categories:
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- Efficient resource utilization

- Allocating resources in heterogeneous
environments

- Dynamic workloads
- Interference in the multi-tenant
environment

Scheduling algorithms play a crucial role
in ensuring that applications are placed on
nodes with sufficient resources, minimizing
contention, and optimizing overall system
throughput.

The default scheduler in Kubernetes is a
two-step algorithm consisting of filtering and
scoring. It will assign a Pod to a Node in a
static procedure executed each scheduling
cycle. Figure 1 shows the Kubernetes
scheduler workflow.

activeQ

Pod ‘ Pod ‘ Pod ‘ Pod
backoffQ
vod | rod | rod | roa |

unschedulableQ

Filter Score ‘ ‘Reserve Permit Bind

Node pool

‘ Node ‘ Node Node H Node

‘ il ‘ - ‘ Tl ‘ el ‘ Node ‘Node Node H Node ‘ Node

FIGURE 1. Scheduling process

The scheduling mechanism relies on
three queues:

- active (activeQ): providing pods for
immediate scheduling

- unschedulable (unschedulableQ): for
parking pods which are waiting for
certain condition(s) to happen

- backoff (podBackoffQQ): exponentially
postponing pods which failed to be

scheduled but are expected to get
scheduled eventually.

In the first step the default scheduler
filters out Nodes that do not meet the Pod's
resource  requirements or affinity or
anti-affinity constraints. Each Node could
have assigned multiple taints and Pods can
have an affinity that attracts them to a certain
set of nodes. This allows a small subset of
nodes to have specialized hardware (for
example FPGAs or GPUs) and pods that
don’t require the specialized hardware can be
kept off those nodes.

After filtering out ineligible Nodes, the
scheduler scores the filtered nodes based on
the active plugins and their scoring strategy.
The highest scoring node is chosen for the
pod placement.

The inflexibility of this static algorithm
has brought up several developments
allowing the scheduler to be extended or
replaced.

Control Plane

‘ kube-apiserver ‘

‘ kube-controller-manager ‘

‘ kube-scheduler l::‘ extender ‘
Node Node Node

‘ kubelet ‘ ‘ kubelet ‘ ‘ kubelet ‘
‘ kube-proxy ‘ ‘ kube-proxy ‘ ‘ kube-proxy ‘

FIGURE 2. Extender process

Scheduler extender is the initial proposal
for extending the scheduler [6]. An extender
is an external service that registers hooks that
can custom logic to each step of the
scheduling process. When a scheduling
decision is made, the scheduler sends a HTTP
request calling a webhook registered by an
extender process to execute custom logic and
make additional decisions. This way, the
scheduling decision made in the step can be
changed.

Extender processes, however, can present
some difficulties. They can make the
scheduling process more complex, and lower
performance. Having extension logic called
by sending HTTP requests decreases
performance and increases latency compared
to local function calls. Also extension can be
made only in fixed locations, which lowers
flexibility.

A custom scheduler on the other hand
runs alongside the default Kubernetes
scheduler [7].
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Some problems may occur when
running two or more  schedulers
simultaneously. The schedulers may schedule
different pod on the same node and as a result
a resource conflict may occur.

Control Plane

‘ kube-apiserver ‘

‘ kube-controller-manager ‘

‘ kube-scheduler ‘ ‘ custom-scheduler ‘

Node Node Node
‘ kubelet ‘ ‘ kubelet ‘ ‘ kubelet ‘
‘ kube-proxy ‘ ‘ kube-proxy ‘ ‘ kube-proxy ‘

FIGURE 3. Custom scheduler

The most recently developed extension
called Scheduler framework [8] provides a set
of plugable APIs for extending the default
scheduler. Plugins are compiled into the
scheduler giving the best of both worlds.
Being the most recent development and
providing the greatest amount of control and
flexibility.

PURPOSE AND TASKS OF THE STUDY

In this paper we introduce our
methodology capturing, analyzing and better
understanding patterns in scheduling and
resource usage in kubernetes. The variability
of workloads makes it difficult for the

Kubernetes scheduler to converge on a stable
state. To solve this problem, we need to first
understand the nature of this variability. We
can achieve this by observing arrival patterns
and runtimes of workloads on different
system configurations.

We focus on online analytical processing
and machine learning workloads and analyze
what are the challenges in achieving better
utilization efficiency.

Our initial goal is to test novel (for
kubernetes) scheduling algorithms:

- Coscheduling scheduling pods together
on the same node to achieve specific
performance or availability goals.

- Preemption Toleration allows pods to
specify whether they can tolerate being
preempted.

- Capacity Scheduling algorithm, which
greedily assigns tasks to workers that
have more available resources.

- Trimaran Load Aware Scheduling -
taking into account the gap between
resource allocation and actual resource
utilization.

METHODOLOGY

The experiments are run on a Openstack
private cloud.

‘VM host n

‘ VM host 2

VM host 1 '
node-1 node-2 node-3

Kibana

ruberet ruberet Buubelet

X oparkc || [ spork ||| [42 park $

B beats B beats B beats

... I » v
R logs and metrics 3
---------------------------- > Elasticsearch

FIGURE 4. Monitoring and data collection

The Elasticsearch agent is deployed to
each node in the cluster and VM host in the
cloud environment. The agent collects logged
metrics to an off-cluster Elasticsearch
instance.

By collecting and analyzing logs, metrics,
and traces from Kubernetes pods and nodes in
Elasticsearch valuable insights can be gained.
We mainly monitor utilization efficiency of
computing resources and job metrics like
completion time and makespan. We also
monitor logs related to scheduler events and
status of the scheduler queues.

The following workloads are chosen as
representation of common problems:
- TPC-H [9] decision support benchmark

implemented in Apache Spark using
dataframe API representing typical
business oriented analytical workload.
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- Logistic regression and Random Forest
regression in Apache Spark
representing a typical machine learning
workload

- PageRank in Apache Spark representing
a graph analytics workload

By collecting metrics and building models
describing workloads and their variability we
can utilize another tool created by the
kubernetes community.

Kubernetes scheduler simulator[10] is a
community project designed to allow testing
of different scheduler configurations. By
generating various workload patterns and
simulating the scheduling process, we can
better assess the impact of scheduling
decisions over a vastly larger scale.

CONCLUSION

The deployed system provides an
in-depth view of the planning process and
provides complete information on the
utilization of computing resources. The
future work includes adopting the
proposed environment to study utilization
patterns, methods and algorithms and to
identify potential areas for improvements
to achieve more efficient utilization of
resources and cost-effectiveness. And
research the application of machine
learning techniques to build models that
evolve over time or provide users with
generated models for specific situations.
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BJIUAHUE HA TEMIIEPATYPATA U BPEMETO HA OTBPBIIAHE
BbPXY MEXAHNYHUTE XAPAKTEPUCTHUKH HA JIBY®OA3ZEH
AJTYMHMWHHUEB BPOH3

INFLUENCE OF AGEING TEMPERATURE AND TIME ON MECHANICAL
CHARACTERISTICS OF TWO-PHASE ALUMINIUM BRONZE

Vladimir Todorov
Technical University of Gabrovo
e-mail: v_todorov@tugab.bg

Abstract

Aluminium bronzes possess a unique combination of high strength and wear and corrosion resistance in aggressive
environments; thus, these alloys find wide application in marine, shipbuilding, aviation, railway, offshore platform
applications and other fields. Iron-aluminium bronzes are the cheapest and most widely used. When the aluminium
content is above 9.4 wt%, Iron-aluminium bronzes is biphasic (i.e. it undergoes [(-transformation) and can be subjected
to all heat-treatment types depending on the desired operating behaviour of the bronze component. This article presents
correlations between the primary mechanical characteristics (yield limit, tensile strength, elongation, hardness and
impact toughness) and the ageing temperature and time of quench at 920°C in water Cu-11A41-6Fe bronze, obtained

using the centrifugal casting method.

Keywords: Aluminium bronze with B-transformation; Cu-11Al-6Fe bronze; heat treatment; mechanical characteristics.

BBBEJEHUE

AJyMUHHEBHUAT OpOH3 € M3BECTEH ChC
CBOSITA BUCOKa YCTOMYMBOCT Ha KOPO3HS H
OKHCJICHHE, ChUYETaHU C M3KIIOYUTEIHO J00-
pY MEXaHWYHU CBOMCTBA. Te3M CIUIaBu ca Jie-
CHH 3a TOJIy4aBaHe M ChIIO Taka A00pe ce 3a-
BapsBaT, MOpPaJN KOETO ca OWMIIM M3IOJI3BaHU
3a HampaBara Ha HIKOM OT Hall-TOJIEMUTE Ch-
IIECTBYBAIIM JISITH KOHCTPYKIIMH OT IIBETHU
MeTanu U ciulaBu. Hamumumero Ha kensizo B
TSAX BOJAW JI0 U3peOHsIBaHE HA 3bpHATa, KOETO
IpUaBa JOMBIHUTENHA SIKOCT HAa TE3U CIUIa-
Bu. [lopaau TOBa, Te3u OPOH3H ca MPEIIOYH-
TaHU KOHCTPYKIIMOHHM MaTepHa 3a pa3jind-
HU TIPWJIOKCHUs: 3b0HU KOJIeNa, TalKH, BOJIa-
YH, KOPITYCH U YIUITBTHEHUS B KJIallaHU U TTOM-
U, BTYJIKH, OyTania, eIeMEeHTH B OpBhKeiHaTa
MPOMMIIUIEHOCT, TPpHOM 3a OQIIOPHH IIar-
dbopmu, B KOpaOHM BUTATEIM U KOPAOHU BH-
TIa.

Kenszo-anymuaueBure 6ponsu Cu-Al-Fe

www.eufunds.bg

ca BbBeJIeHM B uHayctpuara npe3 1870 r
[1,2]. Te obukHOBEHO ChaBpKa 10 11% amy-
MUHHA, TP KOETO MeATa o0pa3yBa O-TBBPI
pa3TBOp ¢ anmyMHHHST. [[OBHIIEHOTO CHIBP-
KaHWE Ha ATyMHHUAW B OpOH3a BOIM O TIO-
HUCKa TUTBTHOCT B CPaBHEHHUE C YMCTaTa MeJ,
KOETO € BaKHO Jla Ce MMa TPEABH] 33 MPaK-
TUYECKOTO My mpmioxkenue. C yBenndyaBaHe
KOJIMYECTBOTO Ha anyMuHud g0 4 — 5%,
SIKOCTTA, TBBPIOCTTA U IIACTHYHOCTTA CE T0-
BumanaT. C TO-HATAaTHITHOTO YyBEIWYaBaHE
ChIBPKAHUETO HA ATyMHHUH TUTACTHYHOCTTA
HaMaJIsiBa, HO SIKOCTTa U TBBPAOCTTA MPOIbII-
apar 1a ce noBumasaT. OCBeH TOBa OT JU-
arpamarta Ha ¢a3zoBo paBHoBecue Cu-Al-5Fe —
dur. 1. cremBa, ue KenA30-aTyMUHHUCBHSI
OpOH3 CBhC CBHIABpKAHWE HA ATYMUHUN MOJ
9.4% wuma ennodaszHa crpykrypa (a-daza).
Te3u OpoH3M OOMKHOBEHO HE Ce€ MojyIaraT Ha
TepMUYHa 00pabOTKa, C IeJT TOBUIIaBaHE HA
TAXHATA SKOCT U TBBPJOCT. TakoBa yBemmnue-
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HUE MOXXE Ja Ce IOCTHTHE, 4Ype3 CTy/eHa
mwiactuyHa aedopmanus. Tepmuunara obpa-
O0oTka Ha enHo(da3eH IKEIsA30-aTyMHUHUECB
OpoH3 € OrpaHMyYeHa J0 XOMOTCHH3UPAIIO
WJIH PEKPUCTATM3AIIMOHHO OTrpsiBaHe. Brmpe-
KH TOBa, KeIs30-AIyMUHUEBUTE OpOH3U C [3-
Tpanchopmarusa (cbappkanue Ha Al Hag
9,4%) Morar ma ObaaT MOAJOXKEHW HA pas-
JIUYHU BUJOBE TEpMHUYHA 00paboTKa. B To31
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@Duzypa 1. Pasnosecrna azosa ouacpama
Cu-Al-Fe ¢ 5% cvovporcanue Ha sncensazo

nBy(haszeH3eH OpoH3 Mpu CTaliHa TeMIieparypa
nurcBa B-¢a3zaTa, TOH ChueTaBa BUCOKA SIKOCT
¢ 1oOpa KOpO3MOHHA YCTOMYHBOCT U € 0co0e-
HO TOJXOMII 3a TepMuuHa oOpabdoTka. IIpo-
MsSHA B MHKPOCTPYKTypaTa, 4pe3 TepMHYHA
oOpaboTka Ha Te3u OpOH3W, 1€ BOAU H IO
MpoOMsAHA B MEXaHUYHHUTE UM CBOWCTBA [3,4].
TBBpAOCTTA € HAll-4ECTO U3CIIEIBAHOTO MeXa-
HUYHO cBOWCTBO. OcTaHanuTe CBOMCTBA ca
U3CJIeIBaHH CIIOPAJUYHO U JTUIICBa HH(OpMa-
1Usl 32 IpyrH (Harp. TpaHMIla Ha MPOBJAYBa-
HE).

IlenTa Ha HACTOSIIOTO M3CIE/IBAHE € JIa ce
YCTaHOBHM BIIMSHUETO Ha TeMIepaTypara u
BpPEMETO Ha 3aJbp)KaHe MPHU OTBPBINAHE BBP-
Xy MEXaHUYHUTE XapaKTEPUCTUKH Ha JKETA30-
amymunaneB opon3 Cu-11Al-6Fe.

N3JI0KEHUE

W3cnenBaHuAT JKeNA30-alyMUHHEB OpOH3
Cu-11Al-6Fe e monmydeHn mo Merona Ha IEHT-
poOexHO NeeHe nox Gopmara Ha HUIMHIPUY-
HU BTYJIKH, CbC CJIEAHUTE HOMHUHAIHU pa3Me-
pu: BpHIIEH auaMeTsp 116 MM, abiokuHa 180
MM U JiebenrHa Ha cteHara 13 MM - ¢ur. 2.

180x¢p116x13

Due. 2. [Jurunopuuna emyaxa 3a uspabomeame
Ha nPoOHU mena 3a UsnUmMeaHe Ha
MeXaHuyHume XapaKxmepucmuxu

XUMUYHHS ChCTaB Ha CIUIABTA € OMpee-
JICH C IIOMOIIITAa HAa OIITUYCH EMUCHUOHCH CIICK-
TpoMeThp. KoHIEHTpaIusaTa Ha JICTHPAIIUTE
€JIEMEHTH € JaJieHa B MPOIICHTH, U3MEPEHA C
paznenutenna ciocooHoct 0,001% - Tabm. 1.

Tab6auna 1. Xumuuen cecras Ha Cu-11Al1-6Fe

OpoH3
Cu Al Fe Mn Ni Pb
80.95 | 11.0 6.26 | 0.905 | 0.391 0.028
Zn Si Sn Mg S JApyru
0.280 | 0.022 | 0.071 | 0.005 | 0.010 | B HOpMa

www.eufunds.bg

3a n3paboTBaHe Ha 00pa3LU 32 MEXaHUYHU
M3MUTaHUS BTYJIKHATE Ce Haps3BaT upe3 Mexa-
HUYHA HOXKOBKa II0 TEXHUTE OCH Ha 17 3aro-
TOBKH — ¢ur. 3.a. Yac oT TAX, IpeaHa3HAYCHU
3a u3paboTBaHe Ha OOpa3UM 3a OMBH, Ce
CTPyroBaT 3a Ja C€ IOJIyYd IWINHIPUYHA
dopma ¢ ruamersp 12 mm — ¢ur. 3.0.
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Bceuuku 3arotoBku (¢ M3KIIOYEHUE HA TPU
POTAllMOHHY W TPHU MPU3MATUYHH) CE Harpsi-
BaT 710 920° C B mpoabIKEHHUE HA €IMH Yac U
OBp30 ce oxnaxxaar BsB Boaa rnpu 20° C.

Temmneparypara ot 920° C e uzbpana or
paBHOBecHarta (azoBa nuarpama Cu-Al-Fe c
5% chabpkaHue Ha xens3o [1], B3 OCHOBA
Ha XUMUYHUS ChCTaB Ha ciuiaBTa — ¢wur. 1.

a.
@Due. 3. Emanu 3a uspabomsane Ha
0bpazyu 3a onvH

Edekture ot Temmneparypara u BpeMeTo Ha
OTBPBIIIAHE BHPXY MEXaHUIHHUTE XapaKTEPHC-
TUKH Ha OpoH3a ca W3CIeIBaHU Ha 8 Tpymu
oOpa3zmu:

1 rp. — cinen oTnuBaHe;

2 tp. — 3akanenu npu 920° C BbB BOJa;

3 rp. — 3akaneHu u orBbpHaTH npu 200°C

ChC BpEMEHa Ha 3aabprkaHe oT 1 10 4 yaca;

4 rp. — 3akaneHu u orBbpHaTH npu 300°C

ChC BpEMEHa Ha 3aabprkaHe oT 1 10 4 yaca;

5 rp. — 3akaneHu u orsbpHaTH npu 400°C

ChC BpEMEHa Ha 3aabprkaHe oT 1 10 4 yaca;

6 rp. — 3akaneHu u orBbpHaTH npu 500°C

ChC BpEMEHa Ha 3aabprkaHe oT 1 10 4 yaca;

7 rp. — 3aKaneHu u orBbpHaATH npu 600°C

ChC BpEMEHa Ha 3aabprkaHe oT 1 10 4 yaca;

8 rp. — 3akasieHu u orBepHatH npu 700°C

ChC BpEMEHa Ha 3aabprkaHe ot 1 10 4 yaca.
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3a BcsKa eKCIepUMEHTallHA TOYHA OT
ChOTBETHATa TpymHa ca U3padOTEeHU IO TpH
oOpasenia 3a M3MHUTBaHE SKOCTTA HAa ONBH H
yAapHara XuiIaBocT - ¢ur. 4. PesynrarsT 3a
BCSAKAa Tpyla € YCTaHOBEH C IIOMOINTa Ha
cpeaHaTa apUTMETUYHA CTOWHOCT, MOJIy4EHa
OT TpH TIPOOH.
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@Due. 4. . Buo na obpaszeya (pazmepume ca 6 mm):
a. usnumeawe Ha onv, 6. Tecm na Lllapnu
(yoapha sicunagocm);

SIKoCTTa Ha OI'BbH, TPAHMIATA Ha MPOBJIAY-
BaHE M YIBIDKEHHETO C€ ONPENENAT OT TeCTO-
BE 32 OI'BH NPH CTaifHa Temreparypa, Karo ce
U3I10J13Ba MalInHa 3a u3nureaHe Zwick/Roell
Vibrophore 100 cbc ckopoct Ha nedopmanus
107 s, Pasmepure Ha oOpasiuTe ca MOKA3aHU HA
¢urypa 4.a, cermacto [ISO 6892-1:2019, 2019].

ViapHaTta JKHJIaBOCT € OIEHEHa CBIVIACHO
[ISO 148-1:2016, 2016] ¢ momorra Ha yHU-
BepcasieH uyk Ha lllapnu ¢ MakcumanHa enep-
rus Ha yaapa 300 J. Pasmepute Ha oOpa3uute
ca mokasanu Ha Qurypa 4.6.

TBBpIOCTTA € U3MEpPEeHa BbPXY 00pa3luuTe
3a yznapHa >KujaaBocT cbmniacHo [ISO 6506-
1:2014, 2014] ¢ nomomrTa Ha ypes 3a U3IUT-
BaHe Ha TBbpAocT ZWICK/Indentec - ZHV p-
S cbe chepuuen wunmeHtop (D=2,5 mm),
HaroBapBaHe F=63 kg u Bpeme Ha 3ambpikaHe
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10 s. Ha Bcexu oOpa3zer ca U3BBPIICHH 10 TET
M3MEPBAHMS U € B3€Ta 3a PE3yJTaT MoIyyeHa-
Ta CpeHa APUTMETHUYHA CTOWHOCT.

Ha ¢urypa 5. e nokazana auarpamara Har-
pexxeHre — aedopmMarys moayyeHa npu pas-
JUYHUTE TEMIIEPATYpH Ha oTBpbiIaHe. OT Hes
ce moiy4aBa MH(poOpManMs 3a TpaHHIaTa Ha
MIPOBJIAYBAHE, SIKOCTTA HA OIbH M YIbJKCHHE-
TO B 3aBUCUMOCT OT TE€MIIepaTypara Ha OTBPb-
HIaHe.
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QDue. 5. Brusnue na memnepamypama Ha
OmepvUaAne 8bPXy QUASPAMAMA HANpediceHUe —
oepopmayus Ha Cu-1141-6Fe b6pons (epeme na

3advpoicane 3 waca)

TemmeparypaTa Ha OTBpBIIaHE OKa3Ba
CBIIECTBEHO BIIMSHUE HA CTaTHYHATA SIKOCT M
IUTACTUYHOCTTA Ha OpoH3a. OT Te3u auarpamu
€ molydyeHa MHQpOpMauus 3a TIpaHUIaTa Ha
MpOBJIAYBAHC, AKOCTTAa Ha OIIbH U YABIIKC-
HUETO B 3aBUCHMOCT OT TemIiepaTypara Ha
OTBPBLIAHE.

Ha ¢ur. 6 e mokazan edekra ot Temmnepa-
TypaTa Ha OTBPBINAHE BHPXY MEXaHHYHHUTE
XapakTepucTHKy. [ paHuIIaTa Ha MPOBIAYBaHE
U SIKOCTTAa Ha ONMBH — (ur. 6.a. MokKasBar
CXOJTHA TEHJICHIIMS Ha TIPOMSIHA: T€ C€ yBEIH-
yaBaT C IIOBUIIABAaHE Ha TeMmIeparypara Ho0
350 - 400° C, caen xoero HamansBaT. Cko-
pocTUTE Ha HaApacTBaHEe W HaMajsBaHE Ha
rpaHuiiaTa Ha MpOBJIAYBAHC Ca IMMO-TOJIEMHU OT
Te3W Ha SKOCTTa Ha OmbH. OTHOCHUTEIHOTO
VABIDKEHHE XapaKTepu3upa IIaCTUYHOCTTA
Ha MaTepHaia 1 Mmoka3Ba o0paTHa TEHICHITUS:
TS CE yBEIIMYaBa C TOBHUIIIABAaHE TEMIIEPaTy-
pata Ha oTBpbIIane — ¢wur. 6.6. Ha ¢wur. 6.B. ¢
MoKa3aHa MpPOMsHATa Ha TBBPAOCTTA B 3aBU-
CUMOCT OT TeMIlepaTypaTra Ha OTBpBIIAHE.
TenneHnuATa Ha TPOMSIHATA HA TBHPAOCTTA €
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aHaJIOrMYHAa Ha Ta3W 3a I'PAaHUIATa HA IPOB-
JJaYyBaHE M SKOCTTAa Ha ON'bH. BiusHuero Ha
TeMmrepaTrypara Ha OTBPBLIAHE BbPXY yAapHa-
Ta )KUJIABOCT € MOKa3aHo Ha ur. 6.T.
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QDue. 6. Brusnue na memnepamypama na
OmMBPBUIAHE BbPXY OCHOGHUNE MEXAHUYHU
xapaxmepucmuxu Ha Cu-1141-6Fe 6pon3 (speme
Ha 3a0vpoicare 3 uaca): a. paHuya Ha
npoGaaueane u AKOCM HA ONvH, 0. YOvIdICeHUe;
8. MBbLPOOCM U 2. YOAPHA HCUNABOCTI
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OyakBaHO TYK TEHJICHLMSTA HA MPOMSHA €
c &
aHaJIOTMYHA C Ta3H Ha yIBJHKEHHETO U MPOTH- g =0 —s
BOIIOJIO’KHA Ha TCHACHIWWUTE Ha MIPOMSAHA B g 700
AKOCTTa U TBBPAOCTTA. :g; 600 = Yield limit
Ha ¢urypa 7. e mokazana quarpamara Ha- = 500 ® Tensile strength
npexkeHue — nedopmarniys moaydeHa mpu pas- 5 4o S — 5
JIMYHYU BPEMEHA Ha OTBPBIIAHE.
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Que. 7. Bauanue Ha epememo Ha Omepvujane
8bPXY duazpamama HanpedlcerHue — oeghopmayus
na Cu-1141-6Fe bpous (memnepamypa na
omspwvuyane 500° C)

B cpaBHenme ¢ amarpamara ot ¢ur. 5. ce
BIDKJQ, Y€ BIMSHUETO HA BPEMETO HA OTBPbB-
IIaHE B PaMKUTE Ha HW3CJEIBaHUS HHTEPBAI
OT BpeM€ € 3HAYUTEIHO MO-CJIab0 OT BIUSHHE
TO Ha TeMIleparypara Ha OTBpblIaHe. Bnus-
HUETO Ha BPEMETO Ha 3aJbpXKaHe NpH
OTBpBIlIaHE MOXE Ja Ob/ie MO-3HAYUMO MpH
ApyTH TEMIEPATYPH HA OTBPBIIIAHE.

Ha ¢ur. 8. e mokazan edexra oT BpemeTo
Ha 3abpXKaHe MPU OTBPBINAHE BBHPXY MeXa-
HUYHUTE XapaKTepUCTHKU. [paHunara Ha
MPOBIIAYBAHE IMOKa3Ba ciiada TEHICHINS KbM
HaMaJIsIBaHE C yBeJIMYaBaHE BPEMETO Ha 3a-
IbpXKaHe, IOKaTo SKOCTTa HAa OMBH JOCTUTA
MaKCUMaJIHA CTOMHOCT MpH OKOJIO 3 yaca.
VI'bIDKEHUETO W TBBPAOCTTA TIOKA3BaT aHAJIO-
rMYHa TeHJEHIUs (B T€CEH MHTEpBajl Ha W3-
MEHEHHE) C Ta3 Ha SIKOCTTa Ha ombH. OOpar-
HO y/apHara >KWJIaBOCT (aHAJIOTMYHO Ha Tpa-
HUIIaTa Ha MPOBJAYBaHE) HaMallsiBa C YBEIH-
YaBaHe BPEMETO Ha OTBPBILAHE.
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QDue. 8. Brusnue na spememo na omepvujane
6bPXY OCHOGHUME MEXAHUYHU XAPAKMEPUCTHUKU
na Cu-1141-6Fe 6pous: a. epanuya Ha
npoeaaueane u AKOCM HA ONvH, 0. YOvIdICeHUe;

8. MBLPOOCH U 2. YOAPHA HCULABOCH
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3AK/IFOYEHHUE

Karo pesynrar or ToBa wH3cleaBaHE ca
MpeICTaBEHN 3HAUMMUTE HOBU OTKPUTHUS OT-
HOCHO TepMUYHaTa 00paboTKa (3aKaisBaHE U
OTBpPBIIAHE) HA IKEIA30-ATyMUHHEB OpOH3
Cu-11Al-6Fe ¢ B-tpancdopmarusi, moaydyeH
M0 METO/1a Ha IIECHTPOOEIKHO JICCHE.

MexaHUYHU XapaKTEepPUCTUKH (TpaHUIa HA
MpOBJIaUYBaHe, SKOCT HAa OMNbBH, YyIbIDKEHUE,
TBBPJOCT M YAAapHA XHUJIABOCT) HA JKENS30-
allyMUHUEBUTEe OpoH3U C [-TpaHchopmanus
BapHupar B IIUPOKHU T'PAHUIN B 3aBUCUMOCT OT
peXUMHUTE Ha TepMuU4Ha oOpaborka. Cueno-
BaTEIHO, TEXHUTE XapaKTEPUCTUKU MoraT Ja
OBIaT MOIXOMASII0 KOHTPOJIUPAHH, UYpe3 TEeM-
nepatypara U BpEeMETO Ha 3aJbpiaHe MpH
OTrpsiBaHe, cropea (YHKIHUOHATHOTO Ipel-
Ha3HAYeHUEe Ha WU3JIENHATa OT TE3H CIUIaBH.
Ot nBata onpezensmu ¢akropa (Temmnepary-
pa U BpeMe), 3HAYUTEIHO IO-TOJIIMa TEKECT
uMa TeMmIleparypaTa Ha OTBpbIIaHe. Temre-
parypuusar uatepai ot 600 mo 700°C mak-
CUMM3Hpa IUIACTHYHOCTTa M JAMHAMHUYHATA
SAKOCT, JOKAaTo TBBPAOCTTa U CTaTHYHATa
SKOCT JIOCTUTAaT MaKCHUMajHa CTOWHOCT B MH-
tepBaia ot 300°C go 500°C.

3aBUCUMOCTUTE HAa MEXaHUYHUTE XapaKTe-
PUCTHKHA OT TBBPAOCTTa ca HeauHenHu. C
YBEJIMYaBaHETO Ha TBBPIOCTTA CTaTUYHATA
SKOCT C€ yBeJlnyaBa J0 ONpe/esieHa CTOMHOCT
Ha TBBpaocT (mpubnusutenHo 230 HB 3a rpa-
HUIaTa Ha nposiauBaHe 1 210 HB 3a skocrra
Ha ON'bH) M BIIOCIIEJICTBUEC HaMalsBa. Y IbJI-
KEHHETO M JTWHAMUYHATa SIKOCT HeNpeKbCHa-
TO HaMaJsBaT, KOraTo TBBPIOCTTA CE YBEIH-
JaBa.
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BJIMAHUE HA TEMIIEPATYPATA HA OTBPBIIIAHE BHPXY
EBOJIOIUATA HA MUKPOCTPYKTYPATA HA JIBY®A3EH
AJTYMHMWHHUEB BPOH3

INFLUENCE OF AGEING TEMPERATURE ON THE MICROSTRUCTURE
EVOLUTION OF A TWO-PHASE ALUMINIUM BRONZE

Vladimir Todorov
Technical University of Gabrovo
e-mail: v_todorov@tugab.bg

Abstract

In the present article, the influence of heat treatment on the microstructure of iron-aluminum bronze Cu-11AI-6Fe is
investigated. The microstructure was studied on castings obtained by the centrifugal casting method. The samples for
microstructural analysis were quenched at 920°C in water and then aged for 3 h at temperatures of: 200, 300, 400, 500,

600 and 700°C.

Keywords: Aluminium bronze with B-transformation; Cu-11Al-6Fe bronze; heat treatment; microstructure.

BBBEJEHUE

bunapnara crutaB Cu-Al e u3BecTHa, Kato
allyMHHUeB OpoH3. B mpakTukara ce u3nons-
BaT KOMIUIEKCHU aJTyMUHUEBH OPOH3H, KOUTO
ce o3HayaBar ¢ obmara ¢opmyna Cu-Al-X,
kpaeTo X = Fe, Ni, Mn, Be, Co, Si u Sn [1].
Te3u crulaBu ce XapakTepuU3upar ¢ BHCOKA
SIKOCT, M3HOCOYCTOMYHMBOCT W YCTOMYHMBOCT
Ha KOpO3MsI B arpeCUBHH CpElld, BKIIOUUTEI-
HO Mopcka Boja. ETo 3amo te3u OpoH3H ca
MPEANOYUTaHNU KOHCTPYKIIMOHHU MaTepUaH
32 pa3iMyHU TPWIOKEHUS: 3BbOHH KOJIelna,
raiik, BOJIa4d, KOPIYCH M YIUTbTHCHHUS BHB
BEHTHJIM W TIOMITH, BTYJIKH, OyTasa, TpbOu 3a
omopan 1rarpopmMu, KOpaOHH JBUTATEINH,
KOpaOHH BHWTJA, €JIEMEHTH B OpBKeiHaTa
MIPOMUIIUICHOCT W BTYJIKH 3a TUIB3TalllX Jare-
pH, KOUTO ca CBBbP3aHU C MEXaHWYEH yJap U
UKINYHO HaroBapBaHe. EdexTture Ha pas-
JIMYHU €IEMEHTH BBPXY CHEIHU(PUIHUTE CBOM-
CTBa M EKCIUIOATAllMOHHOTO TOBEJCHHE Ha
ATYMUHHEBUTE OpPOH3H ca onmucanu B [1].

Bucoxonerupanure nByhazHu OpoH3H, Cb-
nbprkat Al B uaTepBana ot 8§ 1o 11% u nob6as-
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KM Ha KEIIA30 U HUKEJ, OCUTYPSIBAIIH 0-BHU-
coka sikocT — ¢wur. 1. [To-BUCOKOTO ChaBpKa-
Hue Ha Al pedrnexrupa B mo-rossiMa SIKOCT
CIIC/ICTBME Ha HAJMYUETO Ha IMO-TBBpJaTa
obemMHOILIEHTpUpaHa KyOudyHa Oeta (aza, koe-
TO TIPaBH T€3U OPOH3H MO-TIOIXOISINN 32 Tep-
M000paboTka u jeene [2].

Due. 1. Muxpocmpykmypu Ha aryMuHues OpoH3
cvowvpoicauy om 10 0o 11,5% Al,
cned omaugane u Omepseane
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IenTa Ha HACTOAIIOTO M3CIE/IBAHE € J1a Ce
YCTaHOBH BIHUSHHETO Ha TeMIleparypara Ha
OTBPBIIaHE BBPXY MUKPOCTPYKTypara Ha jKe-
ns3o-anymuHueB Opon3 Cu-11Al-6Fe, momy-
YeH 110 METO/Ia Ha IIEHTPOOEKHO JICCHE.

HN3J1O0KXEHUE

W3cnenBaHusT Kens30-alyMHHHEB OpOH3
Cu-11Al-6Fe e monmyden mo Merona Ha IEHT-
pobexxHo neeHe o ¢popMarta Ha IUITHHAPUY-
HU BTYJIKH, ChC CJIICTHUTE HOMHHAIHHU pa3Me-
pu: BbHILIEH quaMetrbp 116 MM, abpmkuna 180
MM U ne0enrHa Ha cTeHata 13 Mu - ¢ur. 2.

Due. 2. [Jurunopuuna emyaxa 3a uspabomeame
Ha nPOOHU mena 3a usnUmMeaHe Ha
MeXaHuyHume XapaxKmepucmuxu

XUMHYHHS ChCTAB HA CIUIABTA € OIpele-
JICH C IIOMOIIITAa Ha OIITUYCH EMUCHUOHCH CIICK-
TpoMeThp. KoHIeHTpanusaTa Ha Jerupamure
€JIEMEHTH € JaJicHa B MPOIICHTH, U3MEpPEHa C
pasznenutenna crmocooHoct 0,001% - Tabm. 1.

Ta6auna 1. XumuueH cecras Ha Cu-11Al1-6Fe

OpoH3
Cu Al Fe Mn Ni Pb
80.95 | 11.0 6.26 | 0.905 | 0.391 0.028
Zn Si Sn Mg S JApyru
0.280 | 0.022 | 0.071 | 0.005 | 0.010 | B HOpMma

3a ycTaHOBsSIBaHE BIMSHUETO Ha TeMIlepaTy-
para Ha OTBPBILAHE BHPXY MHUKPOCTPYKTypara
Ha OpOH3a ca M3CIeBaHu 8 TPYIH 00pasIu:

1 rp. — cinen oTnuBaHe;

2 rp. — 3akanenu npu 920° C BbB BOJa;

3 rp. — 3akanenu u orsbpHartu npu 200° C;

4 rp. — 3akanenu u orebpHatH nipu 300° C;

5 rp. —3akanenu u otebpHatH npu 400° C;
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6 rp. — 3akanenu u otBbpHATH Ipu 500° C;
7 rp. — 3akaneHu u otBbpHaTH Iipu 600° C;
8 rp. — 3akasieHu u oTBbpHaATU npu 700° C.

Beuuku 00pasiy ¢ U3KITI0YeHHEe Ha Te3U OT
1 rpyna ca 3akanenu mpu 920° C BbB Bofa.

@Da30BUAT aHANIM3 € MPOBEACH Upe3 PEHT-
renoB auppaxtomersp (XRD, Bruker D8
Advance diffractometer). 3a onpezaensae mo-
3UIIMUTE Ha THKOBETE €  M3IO0JI3BaHa
Crystallography Open Database. Muxkpo-
CTpyKTypaTa Ha H3CJIeBAHUTE OOpa3IH ce
Ha0JI01aBa uype3 CKaHUpalla eJIeKTPOHHA MU-
kpockornust (SEM, LYRA I XMU, Tescan),
Clie/l IPEABAPUTEITHOTO UM IOJIMPAHE U elBa-
He ¢ nomotra Ha 20% pa3ztBop Ha FeCls.
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20 (Coupled 20/@) Cu Wavelength - 1.54060
Due. 3. Pesynmamu om ¢azos anaius 6
3a6UCUMOCH O MEMNEPAmypama Ha
omepvwane: 1 —omauska; 2 - 3axanen; 3 —
omevpuam npu 200°C; 4 - npu 300°C; 5 - npu
400°C; 6 - npu 500°C; 7 - npu 600°C u
8 - npu 700°C
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Ha ¢wur. 3 ca moka3zanu pesyiaraTure OT
¢dazoBus ananu3. CTpykTypara ciief] IeHTpO-
OC)KHO JIeeHEe ce XapaKTepusupa ¢ J100pa
XoMoreHHocT — ¢ur. 3. OborateHuTe C Mex
a-¢pa3oBH 3bpHA UMAT yabKeHa popma (50—
60 um), KOATO € XapaKTepHa 3a JCHAPUTHUTE
CTPYKTYpH, TIOJy4eHHU upe3 JeeHe. JKemsi30To
HE ce pa3TBaps B MeaTa U o0pa3yBa ¢ aayMu-
HUS WHTEPMETATHOTO CcheauHeHue FesAl —
¢ur. 3. ToBa cheAMHEHHUE CE OTIara B MEIHUS
TBBPJ pa3TBOp moja ¢opmara Ha AHCIEP-
TUPaHd U TIO-TOJEMH KOaryJupaHU yTalKu.
dazute - Y' U  ca pa3nonoKeHu MEXIY 3bp-
HaTa Ha o-¢pa3zata U ce HabogaBaT Karo
eBTekTOouHU 30HU EB(0+y’) M urioBugHU
KpUCTaIM, TONydeHU upe3 Oe3nudysnoHHa
(momobHa Ha MapTeH3UT) TpaHchopmaIus
B—p . Maprensutnata TpanchopMalys Mpu
IIEHTPOOEIKHO JIECHE C€ IBDKH Ha OBP30TO
OXJIaXKJIaHe, XapaKTepHO 3a JICCHETO Ha IIBET-
HU cIutaBu B MeTanHu Gopmu. KommdecTBoTo
or B’ - daza (CusAl) u v - daza (CuAls) e
3HAYUTEIHO TO-MAJIKO OT OCHOBHHSI O.-TBBPJ
pasTBop — ¢uwur. 3.

Ha ¢urypu ot 4 o 11 ca nmokazanu momy-
YCHUTE MHUKPOCTPYKTYPH CleJ] OTJIMBaHE —
¢ur. 4 u cuen pa3IMIHUATE PEKUMH HA TEPMH-
yHa 00paboTKa 3a rpymnu ot 2 10 8.

Cnen 3akamsBane npu 920° C BbB Boja
(2rp.) ce oOpa3yBa eapo3bpHECTA CTPYKTypa
— ¢ur. 5. Ha rpanunarta Ha 3bpHaTa ce Ha-
OJogaBaT AUCIIEPTUPAaHU WA OT MapTEH3U-
TEH TUI 00pa3yBajH ce€ MOpaaMu HaUuue Ha
o0e3mudysnonna  Ttpancopmarnus PP,
Mexay uriure ce pasnojaraT JUCIIEPrUpaHU
30HM B CIJICICTBHE HAa €BTEKTOMIHO pa3lajiaHe
EB(aty’). XKenszoro ce pa3TBapsi YaCTHYHO B
B-dazaTa m ce oTmens Karo WHTEPMETATHO
ceenuHeHue FesAl B nucniepcHa dopma.

Cnen otBpbmane npu 200° C (3rp.) ce Ha-
OrozaBa yBeJIMUCHHE Ha WUTJIOBHIHUTE 3bpHA
[0 OTHOILIEHHE HAa pa3Mepa U KOJIUYECTBOTO
uM — ¢ur. 6. Tozu edhexT e npeau3BUKaH I0-
panu oOparHata Tpanchopmamus Y —p1 —
¢wur. 3. B ciieZICTBHE HA TEMIEPATYPHO YCKO-
pena nudysust. B — pasara e Hali-TBBpaATA OT

www.eufunds.bg

BCHYKH peructpupanu ¢azu Ha Gur. 3., KOeTo
e JIOBE/IE 10 3HAYMTEIHO IOBHUIIABAHE Ha
TBBPAOCTTa Ha u3cieABaHUs OpoH3. Mexay
UTTIOBUHHTE B-3bpHA ce 00pa3yBa MeXaHHY-
Ha cMec OT oOoraTeHu ¢ Mej 0-3bpHa U WH-
TepMeTanHOTO chenuHeHne FesAl. M3pazenn
IpaHUIU Ha 0-3bpHATa HE ce HabJlo1aBar.

C moBumIaBaHe TemrepaTypara Ha OTBpPb-
mane g0 300° C (4rp.) nudys3usra ce yBeu-
YyaBa NMPUYMHABANKM YaCTUYHO paslajaHe Ha
urnoBuaaute B -3ppHa: f'— Pit+ v - dur. 7.
Karo cnmenctBue oT Koarymanusita Ha JuUC-
nepcHata (a3a Ha FesAl ce nabmomaBar ot-
HOCHUTEIIHO TOJIEMH 3bpHAa OT TOBAa MHTEpMe-
TaJIHO ChEIMHEHUE.

Due. 6. Muxpocmpyxmypa ciied omspvujame
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npu 200° C

@ue. 11. Muxkpocmpykmypa cied omspvujane
npu 700° C

Due. 7. Mukpocmpykmypa cied omspvujane

npu 300° C Cnen orpbinane npu 400° C (5rp.) ce Ha-

OmofaBaT 3bpHA, YMHTO TPAHUIM TpEICTa-
BJISIBAT MpEXa OT HMBHYHH W3JPEOHEHU O-
3bpHA, MapKHpaHH C TyHKTHUpaHa JIMHUS Ha
¢ur. 8. Ha mecta ce 3abemnsi3BaT 30HH C
YaCTUYHO pa3KbCBaHEe Ha TpaHunute. UHIy-
[UpaHara OT TeMmeparypara audy3us yCKo-
psBa HyKJIealusTa Ha Mpexara OT O-TBBPI
pas3TBOp u TpaHchopmanusTa Ha
B"—EB(aty’)+Pi. B ocranamure P’-3ppHa
Pa3TBOPEHOTO JKENA30 ce OThels nox Gopma-
Ta Ha qucrieprupanu yactuiy ot FesAl.

Ha ¢ur. 9 e nmokazana MUKpOCTpyKTypara

v X clen o age 500° C (6rp.). IT
‘.\? "'a?ﬁi‘ JIE/L OTBPBIIANE P (6rp.). TIpouecsT

Due. 8. Muxpocmpyxmypa cied omspvujane
npu 400° C

V)

.‘“ Ha ¢asoso pasmemsue '+ fi— EB(aty’) e 3a-
BepiII. He ca oTkpuTu mMeTacTabmiHu ¢a3u
— ¢ur. 3. B 3ppHaTa Ha O-TBBPAMS PA3TBOP CE
HAOJIO/IaBaT yTaCHU TUCTIEPTUPAHU YACTHIIH
ot FesAl. [Topaan manmuuueTo Ha qudy3UOHHN
nporiecu ce HaOMoaaBa U3THHSABAHE HA UBHY-
HUTE O-3bpHa. XOMOTeHHaTa U paduHUpaHa
CTPYKTYpa, KaKTO U JUCTIEPTUPAHUTE YACTHIIH
Ha Fe3;Al maBar mpeamocTaBka 3a MmogydaBaHe
Ha BHCOKH CTOWHOCTH 3a SIKOCTTa Ha OIbH Ha
U3CcleIBaHMs MaTepuall.

Crpykrypara Ha oTBbpHaTHsT npu 600° C
(7rp.) 6pon3 e mokazana Ha ¢ur. 10. Tyk Ha-
IPSABAHETO € PeaTu3UpaHO HaJ eBTEKTOHIHA-
Ta uHUA (565° C) cnopen paBHOBecHaTa (a-
3oBa auarpama Cu-Al-Fe ¢ 5% cpabpxanue

Due. 9. Muxkpocmpyxmypa cied omspvujane
npu 500° C

. : Ha kems30 [1]. B Tasu obnact a-dasara, y»-

' ¢dazara u Or. ca B paBHOBecue. 1 tpute dazu

@ue. 10. Muxpocmpykmypa cied omepvujare ca cTaOMJIHM IIOJ E€BTEKTOMIHATA JUHUS. 3a
npu 600° C

pas3imKa OT AMarpamara B 30HaTa Ha HarpsiBa-
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HE Ie ce Chabpxka B-¢hasza mopaau mbpBOHA-
YaJIHO 3aKajieHara CTPyKTypa (BHK 1Mo3unus 2
Ha ¢ur. 3). Mertactabunnara ’-¢aza ce oopa-
3yBa MO BpEME Ha OXJIaXJaHE Ha CIIOKOCH
BB3IYyX, CJIEICTBHME OT YacTUYHATa MapTeH-
3uTHa TpaHcopmaius B—f U YacT oT 3bp-
HaTa mpeThpraBaT AUGY3HUOHEH pas3naj
B—oa+y’. IIpu Taszu temmeparypa Ha OTBpPB-
maHe ce oOpa3yBaT 30HU C JIaMeJNapHU H3-
npeOHEeHH O-3bpHA (OYepTaHM C Osi1a JIMHHUS).

IIpu Temneparypa Ha orBpbinane 700°C ce
Ch3/1aBaT yCJIOBHUSA 3a TpyNUpaHE U MOCIeaBa-
I1a Koarynaius Ha oborareHara ¢ Men a-¢hasa
— ¢ur. 11. MexaHu3MbT Ha TpyIUpaHe U pac-
TEX Ha PaBHOOCHHU (L-3bPHA BEPOSATHO € MOJ10-
OcH Ha Tporeca, MPOTUYAI MPHU IMO-HUCKA
temmnieparypa (Bwk ¢ur. 10). Ilo-Bucokure
TEMIIEPaTypH yCKOPSIBAT MPOIECUTE HA AUPY-
3Usi U TpPEeIU3BUKBAT HapacTBaHE Ha IIO-
eIpuTe 3bpHA 3a CMeTKa Ha mo-mankuTte. [lo
TO3U HAYMH MOJy4YeHaTa CTPYKTypa € HEXOMO-
reHHa — o0pasyBar ce 30HH C eIpOo3bpHEcTa
o-aza 1 3aTBOPEHU 30HU, ChIbPIKAIINA MeXa-
HUYHA CMEC OT YaCTUYHU MApPTCH3UTHH U JTU-
¢dby3uonnn Tpanchopmanuu P—B +a’. Yac-
THYHATa MapTEH3WTHAa TpaHchopMamms ce
IBJIKU Ha TI0-BUCOKAaTa CKOPOCT Ha OXJIaX]a-
He Ha BB3AyX. C moBHIIaBaHe TeMIepaTypara
Ha HarpsBaHe C€ YBEJIUYaBa XOMOTE€HHOCTTa
Ha [B-¢azara. [IpoyuBane [4] ycraHoBu, 4e [3-
(azarta 4aCTHUYHO pa3TBaps KEIE3HH ATOMH.
ToBa Moxe na e mpuuyuHara ja He ce Haoo-
naBa muk Ha Fe;Al B peHTreHOBUs aHAINU3 OT

¢wur. 3.

3AKJIIOYEHUE

N3cnenBaHo € BIUSHUETO HAa TEMIEPATy-
para Ha OTBpBINAHE BHPXY EBOJIOIMUATA Ha
MUKpPOCTPYKTypaTa Ha IKeJIA30-allyMHHHCB
Opon3 ¢ B-Tpancdopmarius.

W3cnepBanusaTa ca MpOBEACHH BBPXY 00-
pas3iy MOJYYEeH! 10 METOa Ha IIEHTPOOEIKHO
neene. IloarorBenu ca 8 rpynu obpasnu Ha
KONTO € M3BBPIIEH PEHTTeHO(A30B U MUKPO-
CTPYKTYpEH aHallu3.

www.eufunds.bg

YcTaHoBeHO e, ye o0pa3uTe ciies OTINBa-
HE C€ XapaKTepu3upar ¢ XOMOTE€HHa MHUKpPO-
cTpyktypa. OOorareHute ¢ wmen o-(a3oBu
3ppHa UMaT yabibkeHa ¢opma (50-60 pum),
KOATO € XapaKTepHa 3a IeHAPUTHUTE CTPYKTY-
pu, momydeHu uype3 iseeHe. ChImo Taka B
npoOuTe Clie]] OTIMBAHE € YCTaHOBEHa Map-
TEH3WTHA TpaHchopMaIys, AbJDKAla ce Ha
OBP30TO OXJAXKTaHE B MeTalHaTa ¢hopma Mpu
HEHTPOOEKHOTO JIeeHE. YCTAHOBEHOTO KOJIH-
gectBO OT " (CuzAl) u vy - dazam (CuoAls) e
3HAYUTEITHO TO-MAJIKO OT OCHOBHHS OL-TBBPA
pas3TBOD.

OO6pa3yBanata ciej 3akainsBade mpu 920°
C BBB BOJa cTpyKTypa € enposzbpHecta. Ha-
OJr0/1aBaT ce JUCHEPTrUPaHU UIJIH OT MapTeH-
3UTEH TUI 00pa3yBallv ce MOPaaAH HANWYHE Ha
0e3nudy3rnonHa Tpanchopmarnus B—p .

OtBpbuianero npu 200° C Boau A0 yBeNIu-
YyaBaHe Ha WIJIOBUIHHUTE 3bpPHA MO OTHOIIE-
HUE Ha pa3Mepa U KOJTUYECTBOTO UM.

[Ipu Temnepatypara Ha oTBpbIane 300° C
ce TMoJlydyaBa YaCTUYHO paslajaHe Ha HUIJIO-
BunHATE }-3bpHA BBB B — Bl1+ 7.

Cnen orBpbiiane npu 400° C ce Habmrona-
BaT 3bpHA, YUUTO I'paHUIU NPECACTABIABAT UBUY-
HHN I/I3,Z[pe6HCHI/I 0-3bpHA. Ha mecta ce 3abensa3Bar
30HAM C YaCTUYHO PpPa3KbCBAHC HA TPAHULIUTC.
HNunymupanara ot TeMiieparypaTta gudy3us yCKo-
psiBa HyKJIealldsITa HA MpeKaTa OT O-TBBPI pas3T-
BOp 1 Tpancdopmanusta Ha B —EB(0o+y")+P1.

ITpu temneparypa 500° C e ycraHoBeHo, e
JUIcBaT Metactabmwinu ¢asu. B 3ppHara Ha
O.-TBBPAUS Pa3TBOP ce HaOMIOAABaT yTaeHU
TUCTIEpTHpaHu YacTUI oT FesAl.

OtewpHaruaT npu 600° C GpoH3 ChABpXKA
B-daza mopamu mTHpBOHAYAIHO 3aKajeHaTa
cTpykrypa. Meracrabunnara f’-daza ce
o0Opa3yBa IO BpeMe Ha OXJIaXkJaHE Ha CIO-
KOCH BB3JIyX, CICJICTBUE OT YaCTHYHATA Map-
TeH3uTHa TpanchopMmanus f—f  u gact oT
3ppHATa MPEeTHPISABAT TU(Y3UOHEH pa3naj
B—a+y’. IIpu Ta3m Temmeparypa Ha OTBPB-
maHe ce oOpa3yBaT 30HU C JaMelapHH H3-
npeOHEeHH Ol-3bpHA.
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IIpu remneparypa Ha orBpbinane 700°C ce
Cbh34aBar yCIOBUA 3a IPyIHpaHe U IOCIEABA-
ma KoaryJjamnus Ha oborareHara ¢ men o-ha-
3a. [lomyyeHara CTpyKTypa € HEXOMOTECHHA C
o0Opa3yBaHU 30HU Ha epo3bpHEcTa a-(haza u
3aTBOPEHU 30HU, CBHIbpXKAIIM MeXaHWYHA
CMeC OT YaCTUYHHU MapTEH3UTHU U AU(y3HOH-
HU TpaHchopmaru f— +a’.
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HHUETO Ha 3a1a4u no npoekt BGOSM20P001-
1.002-0023 - LleHTbp 32 KOMIETEHTHOCT ,,H-
TETTUTCHTHU, MEXaTPOHHH, €KO-U CHEepProcIec-
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INTERACTION BETWEEN CATIONIC AND NONIONIC SURFACTANTS
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Abstract

In recent years, the surfactants that exhibit antibacterial and bactericidal properties have attracted great interest.
These substances are used in commercial formulations in combination with conventional surfactants, which are widely
used in various industries. The study of surfactant mixtures is of great interest to the manufacturers of final
formulations. The complex mixtures include different types of surfactants which can form complex mixed micelles with
specific structures. The aim of this study is to find optimal conditions under which both types of surfactants form stable
micelles with the desired structure. The critical micelle concentration (CMC) is the point at which micelles begin to
form in solution. It is an important parameter that affects the physicochemical micellar properties and the applications
of such compositions in the formulations of various cosmetic formulations, household cleaners, pharmaceuticals and
other industrial products. Using the Rubingh regular solution theory, the interactions of different surfactants are
analyzed and the conditions under which they will create micelles of a given structure are predicted. From the obtained
results one can understand what factors influence the formation of micelles, how a given system will be affected under
different conditions, and how one can optimize processes and formulations that incorporate one cationic and two
nonionic surfactants.

Keywords: quaternary ammonium salts, Qats, interaction parameter, critical micelle concentration.

INTRODUCTION

In the recent years, the surfactants that
exhibit antibacterial and bactericidal properties
have been of great practical interest [1,2]. The
surfactants with a proven antibacterial effect
are from the group of cationic surfactants
(especially quaternary ammonium salts) [3-5].
Quats penetrate the cell membranes of bacteria
and disrupt their structures leading to the
destruction of the bacteria. This effect makes
them extremely useful in various consumer
applications  such as  detergents and
disinfectants, in addition to fabric softeners and
hair conditioners, etc. Most of the detergents on
the market contain mixtures of ionic and
nonionic surfactants and different salts added to
control the viscosity and elasticity of the
products. The surfactant adsorptions and the

www.eufunds.bg

critical micelle concentrations (CMC) of mixed
solutions are of decisive importance.

The aim of the study is to characterize the
micellar properties of one cationic and two
nonionic surfactants and their mixing (ideal or
non-ideal) in micelles.

Processing the obtained experimental data in
accordance to the Rubingh regular solution
theory [6], we calculated the interaction
parameter, S, between the studied cationic and
nonionic surfactants. It is demonstrated that the
mixing of surfactants is ideal or synergistic
depending on their molecular structure.

MATERIALS AND METHODS

The studied cationic surfactant was
Dioctyldimethylammonium  chloride  (2Cs-
DAC): My =361 g/mol; 40% active; product of
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Biosynth. The used nonionic surfactants were
second ethoxylated alcohol with 7 EO groups
Tergitol 15-s-7 (Mw = 508 g/mol; 100% active;
product of Sigma) and linear ethoxylated
alcohol with 7 EO groups Pareth-7 (My = 500
g/mol; 100% active; product of KLK-Oleo).
The structural formulas of all used surfactants
are illustrated in Fig.1. All aqueous solutions
were prepared with deionized water (Elix 3
purification system, Millipore, USA). All
experiments were made at room temperature at
the natural pH of solutions. The static surface
tension was measured by the Du Noiiy ring
method on force tensiometer K100 (Kriiss,
Germany).

(A) S N R NS SN N,

I\
H3C CH>

(B) o(’\/o}ﬁ

HsC CHs

© /\/\/\/\/\/fo/\l/ o

Fig. 1. Structural formulas of the used surfactants:
(4) Dioctyldimethylammonium chloride - 2Cs-DAC;
(B) Tergitol 15-s-7; (C) Pareth-7

EXPERIMENTAL
DISCUSSION
Characterization of individual surfactants.
The CMCs of used surfactants are low, so that
the relaxation of the surface tension, of(f), with
time, ¢, is relatively slow. In the case of
diffusion-controlled adsorption, the expression
for the long-time asymptotic of o(¢) reads [7]:

RESULTS AND

" (1)
Here: a is a constant, which depends on the
experimental conditions; oeq is the equilibrium
value of the surface tension. All original
experimental data for the relaxations of surface
tension are interpolated with eq. (1), as it is
shown for example in Fig. 2, to obtain the most
probable values of owq and to construct the
respective surface tension isotherms. The
dashed lines in Fig. 2 are the best fit lines.

o(t)=0 +
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The determined surface tension isotherms of
2Cs-DAC, Tergitol 15-s-7 and Pareth-7 are
shown in Fig.3. The positions of the kink points
in the isotherms define the critical micelle
concentration for each surfactant. The
determined values are shown in Table 1.

Close to the CMC, the saturation adsorption
is reached and the Gibbs thermodynamic
relationship predicts that the change of the
surface tension is proportional to the logarithm
of concentration. From the slopes of the lines
through the points below CMC in Fig. 3, we
estimated the respective values of the saturation
adsorptions, [sa, also shown in Table 1. The
area per adsorbed molecule at the CMC, Acwmc,
is equal to 1/(I'saNa), where Na is the
Avogadro number.
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Fig. 2. Surface tension vs one over the square root of time for
three different concentrations of Tergitol 15- s-7.
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Fig. 3. Surface tension isotherms of 2Cs-DAC,
Tergitol 15-s-7, and Pareth-7 solutions measured at
25°C.
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The highest value of the CMC is for cationic
surfactant 2Cg-DAC (5.3 mM) because of its
ionic nature. The CMCs of the nonionic
surfactants are about 90 and 280 times lower
(Table 1). In the literature [8], the measured
CMC of Pareth-7 is 0.055 mM, that is 2.9 times
higher than the wvalue determined by us.
Nevertheless, the obtained therein area per
molecule 0.45 nm? at the CMC is close to Acmc
given in Table 1. The most probable
explanation for this difference in the CMCs is
that our sample contains a higher amount of the
long carbon chain fraction. From the
physicochemical viewpoint, all obtained
parameters are reasonable and in accordance to
the structural formulas of the surfactants

(Fig.1).

Table 1. Adsorption parameters of individual surfactants.
The surface tension at the CMC is ocuc.

CMC | ocuc Tt Acvie
(mM) | (mN/m) | (umol/m?) | (nm?)

2Cs-DAC 5.30 25.2 1.59 1.04
Pareth-7 0019 | 294 3.45 0.48
Tergitol15-s-7 | 0.059 | 28.2 3.00 0.55

Characterization of mixed cationic +
nonionic surfactant solutions. In the case of
binary mixture of surfactants, the value of the
critical micelle concentration is denoted by
CMCnix. The CMCs of the individual
components are CMC; and CMC,, their mole
fractions relative to the total surfactant
concentration are denoted by x1 and x2: x1 + x2
= 1. Clint et al. [9] derived the following simple

relationship between the critical micelle
concentrations:
1 N @)
CMC,,, CMC, CMC,

Eq. (2) is strictly valid for ideal mixing of
surfactant molecules in the micellar phase. In
many cases, the surfactant molecules in the
micelles obey antagonistic or synergistic
mixing behavior. In this case, the use of eq. (2)
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to predict the CMCnix leads to considerable
deviations from experimental observations.

In the framework of regular solution theory
[6], the respective chemical potentials of
components 1 and 2 in the bulk phase are equal
to those in the micellar phase at the CMC.

Thus, the conditions for the chemical
equilibrium between both phases lead to:

In(x; CMC;i ) = In(CMC, ) + In(y, ;) 3)

In(xy CMCp;;, ) = In(CMGC,) +1In(y, ;)
Therefore, one obtains the following
relationships:

Yo __ N Y2 __ ! (4)
CMC,x 7 CMC,” CMC,;, 7, CMC,

Here y1 and y» are the activity coefficients and
v1 and y» are the mole fractions of molecules 1
and 2 in the micellar phase. Taking into account
that y1 + 2 = 1, the eq. (4) can be rewritten to
give the following generalization of the Clint
result (2):

1 X Xy

= + )
CMC,;,, 7 CMC, ,CMC,

mix

The Rubingh theory of regular solutions gives
the formulae for the activity coefficients in
terms of mole fractions in micellar phase and
the dimensionless energy of interactions, f,
between molecules 1 and 2 in the micellar
phase:

Iny,=By3, my,=pyt , yi+y=1  (6)

If the two surfactants obey the ideal mixing
behavior, then f = 0. For attractive interactions
between components in the micellar phase
(synergistic mixing), the interaction parameter
is negative, and oppositely, for antagonistic
mixing, f > 0. The value of the interaction
parameter is of crucial importance for the
prediction of the micellar properties of
detergent products.

The experimental surface tension isotherm
for the mixed solutions of 2Cs-DAC + Pareth-7
at equimolar ratio between surfactants is shown
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in Fig. 4A. The determined critical micelle
concentration of this mixture is 0.041 mM. One
sees that the isotherm does not have a minimum
and the CMC is correctly determined.
According to the theory of regular solutions [6],
see eq. (5), it is convenient to plot 1/CMChix as
a function of the mole fraction of the cationic
surfactant, e.g., x1. From eq. (2) it follows that
1/CMChnix vs x1 should be a straight line for
ideal binary mixing. The experimental data for
2Cs-DAC + Pareth-7 are plotted in Fig. 4B. The
black solid line therein corresponds to the ideal
mixing behavior. One sees that the
experimental value of the CMC for equimolar
mixture of 2Cg-DAC + Pareth-7 slightly
deviates from the straight line. Having in mind
the experimental errors for the CMC
determination, we conclude that these two

surfactants obey rather an ideal mixing
behavior.
70 1o o (1:1) 2C4-DAC : Pareth-7 |
g K100
2
£ &0/
b
5
'6 50 +
=
2
8 404
©
€
=3
D 351  CMC=0.041mM
10+ 103 102 10 10°
(A) Total surfactant concentration (mM)
60 t t
2C4- DAC + Pareth-7
50 ] = .
s
E 407
x
E 30 +
o
=
O 201
10 }
0 t + + +
0.0 0.2 0.4 0.6 0.8 1.0
(B) Mole fraction of 2C4- DAC, x,

Fig. 4. (4) Surface tension isotherm of equimolar
2Cs-DAC + Pareth-7 solutions. (B) Dependence of
1/CMCpix on the mole fraction of 2Cs-DAC, x.
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The experimental surface tension isotherm
for mixed solutions of 2Cg-DAC + Tergitol 15-
s-7 at equimolar ratio between surfactants is
shown in Fig. 5A. The isotherm does not have a
minimum and the correctly determined CMC of
the mixture is 0.089 mM. The experimental
surface tension isotherms for the other mole
ratios, (1:3) and (3:1), of 2Cs-DAC + Tergitol
15-s-7 mixed solutions are analogous to that
illustrated in Fig. 5A. The dependence of
1/CMChix on the mole fraction of the cationic
surfactant, xi, is shown in Fig. 5B. One sees
that the experimental values for 1/CMChmix
deviate considerably from the straight line
corresponding to ideal mixing. The data for the
experimental values of 1/CMChix lie above the
straight line. Such deviations correspond to f <
0, i.e., the mixing of 2Cg-DAC and Tergitol 15-
s-7 molecules in the micellar phase is
synergistic. The CMCs of mixed solutions are
considerably lower than those predicted from
the ideal solution approximation.

1:1 2C4-DAC: Tergitol 15-s-7 |

~
o
L]

2]
(=]

8

Surface tension, o (mN/m)
[
o

(23
o

CMC =0.089 mM

1 V) .
104 103 102 10" 100
(A) Total surfactant concentration (mM)
25 t —
2Cg-DAC + Tergitol 15-s-7 —e— experimental data
—— ideal mixing
20 +
=
E
=
X
£
Q
=
o
=
0 t t t t
0.0 0.2 0.4 0.6 0.8 1.0
(B) Mole fraction of 2Cg-DAC, x4

Fig. 5. (4) Surface tension isotherm of equimolar
2Cs-DAC + Tergitol 15-s-7. (B) 1/CMChix vs mole
fraction of 2Cs-DAC, x;.
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The experimental values of the interaction
parameter listed in Table 2 are obtained as
follows. One defines the experimental values of
CMC;, CMC;, and CMCuix and solves
numerically the system of five nonlinear
equations (4) and (6) to obtain y1, y2, 71, 7, and
p. The absolute value of [ increases with the
rise of mole fraction of nonionic component,
that is the more Tergitol 15-s-7 in the mixture,
the more pronounced is the attraction between
molecules 1 and 2 in the micellar phase and the
synergism is stronger. Note that the theory of
regular solutions [6] is valid for mixtures of
nonionic surfactants and the values of f must
be independent on the mole fraction.
Nevertheless, the reported data for £ in Table 2
give information for the degree of the ideality
of surfactant mixture. In order to describe more
precisely the obtained results, it is necessary to
take into account the fact that the mixed
micelles are charged, the greater amount of the
ionic component leads to a more charged
micelles, and as a result, to a stronger repulsion
between the ionic species and charged micelles
[10]. The extension of the regular solution
theory for ionic surfactant solutions is an object
for a future work.

Table 2. Calculated values of the interaction parameter

from regular solution theory in the case of mixtures
2Cs-DAC and Tergitol 15-s-7.

2Cg-DAC + Tergitol 15-s-7 | CMChrix (mM) Yij
3:1) 0.19 -2.38
(1:1) 0.089 -4.18
(1:3) 0.066 —4.54
CONCLUSIONS

In the present study, the critical micelle
concentrations (CMC) of one cationic (2Cs-
DAC) and two nonionic (Pareth-7 and Tergitol
15-c-7) surfactants and their mixtures are
determined experimentally. Applying regular
solution theory, the cationic surfactant 2Cs-

www.eufunds.b

DAC was shown to be ideal miscible with the
nonionic surfactant Pareth-7. In the mixture of
2Cs-DAC and Tergitol 15-s-7, there is a well-
pronounced synergism between the two
surfactants and the interaction parameter
calculated for each molar ratio is negative. The
obtained results could be of interest to the
industry for the implementation of these
surfactants into different formulations and a
better control of the behavior of final products.
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WETTABILITY AND MORPHOLOGY OF CATIONIC SURFACTANT
LAYERS IN THE PRESENCE OF NONIONIC SURFACTANT ON SOLID
SURFACES
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Abstract

Cationic surfactants are frequently added to contemporary detergent products mainly to ensure the
antibacterial effect of the formulations and might improve the cleansing in some cases. Cationics adsorb on
the surfaces and remain adsorbed after rinsing thus ensuring long time antibacterial effect. However, one
might find some negative side effects as well — change in the appearance and/or tribology. The latter might
have quite a negative effect in industrial applications. The purpose of this study is to compare the adsorption
on solid surfaces of the cationic surfactants dioctyl (2Cs-DAC) alone and in a mixture with the nonionic
surfactant Tergitol 15-S-7. Adsorption layers formed from solutions of different concentrations (from tenth
times below and to hundredth times above the critical micellization concentration, CMC) are characterized
as wetting and morphology. Wetting by water droplets is characterized by the contact angles: equilibrium,
advancing and receding. Imaging ellipsometry is applied to provide information about the morphology of the
deposited layers. The obtained results convincingly demonstrate the role of deposited surfactants for surface
wetting, and the influence of the concentration and type of surfactants on the formation of homogeneous
layers of desired structure.

Keywords: Cationic surfactants, contact angle, morphology, ellipsometry

INTRODUCTION

Cationic surfactants and polymers are widely
used as surface modifiers, as antibacterial
agents, as detergents and viscosity modifiers
in a plethora of contemporary products for
personal,  house-hold  and  industrial
applications [1,2]. Cationics adsorb on
surfaces and could remain adsorbed after
rinsing thus ensuring long time surface
modification and/or antibacterial effects, for
example. However, some negative side effects
could be frequently found as well — buildup
on frequent application, change in the
appearance and/or tribology.

www.eufunds.b

The adsorption of cationic surfactant and
polymers on different surfaces has been
intensively studied for many decades [3-8].
Somasundaran and Fuerstenau [4] have
proposed a four-region model for surfactant
adsorption on solid surfaces in water. This
model has been successfully used to describe
variety of systems [3-8]. At low surfactant
concentration (region I), well below the
critical micellization concentration (CMC),
surfactant molecules are weakly adsorbed on
surfaces through electrostatic interactions,
mostly. With the increase of the concentration
aggregates/ hemimicelles form on the surface
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(region II). In region III, the surfactant cr-
concentration 1is sufficient to allow the R1\ /CHs
hydrophobic  interactions  between the P N* ~
monomers to structure further the layers. R, CH,

Above the CMC (region 1V), an
aggregation saturation and bilayer formation
is frequently observed [3,4].

The adsorption layers from nonionic
surfactants  follow qualitatively  similar
mechanism, however the structure of the
layers depends on the ethoxylation degree
[3,5].

The surfactant type and structure might
become especially important when mixtures
of amphiphiles are used [5]. Contemporary
products usually contain different surfactant
mixtures. For that reason, studies on the
adsorption and deposition from complex
mixtures are necessary to understand and
optimize the performance of the products.

Our study is devoted to characterize the
deposited layers of cationic-nonionic
surfactant on solid surfaces. We apply the
especially powerful imaging ellipsometry to
describe the morphology of dry layers, which
remain after product application and water
evaporation. Wetting characterization of the
layers is applied to quantify the variation of
the wettability with the surfactant deposition.
Properties of the mixed layers are compared
to those of the single surfactants and the
effect of each component is analyzed.

MATERIALS

We used the cationic surfactant dioctyl
dimethyl ammonium chloride — 2Cs-DAC
(Fig. la, Mw = 312 g/mol, product by
Biosynth), and the nonionic surfactant
Tergitol 15-S-7 (Fig 1b, Mw = 508 g/mol,
product by Sigma Aldrich). Aqueous
solutions of the surfactants alone, and in a
mixture of 1:1 molar ratio, are prepared with
different concentrations — from hundredth
times below up to hundredth times above the
CMC. The natural pH of all aqueous solutions
was between 5 and 7.

www.eufunds.b

Hac/\/\/\/K/\/\CH
b)
Fig. 1. Structure formulas of the used surfactants:
a) 2Cs-DAC; b) Tergitol 15-S-7

3

EXPERIMENTAL PROTOCOL AND
METHODS

All deposition experiments are performed
on a silicon substrate. Before each deposition,
the substrate is cleaned by consecutive
abundant rinsing with several solvents:
isopropanol, ethanol, water, and airdrying at
the end.

The experimental protocol for surfactant
deposition is as follows. The surfactant
solution (50 ml) is poured in a petri dish and
it is allowed for one hour equilibration and
adsorption layer formation at the air/water
interface. Subsequently the upper surface of
the silicone substrate is put in contact with the
surface of the solution for 10 seconds.
Finally, the substrate is left to dry in ambient
air at room temperature. The substrate with
the dry deposit is characterized further to
obtain the structure of the dry surfactant
layers and their influence on the wetting by
water.

For studying the morphology of the
surfactant layers, Imaging ellipsometer EP4
(ACCURION, Germany) is used (Fig 2a).
The instrument allows for a precise
measurements and visualization of thin mono-
and multi-molecular layers on surfaces with a
spatial horizontal resolution of 1 um (close to
the optical microscopy [9]). The substrate of
the deposits is well defined polished silicon
with a top layer of 203 nm silicon dioxide.
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Thus, a vertical spatial resolution in the
subnanometer range is reached for the
deposited layers [9,10].

The surface wetting is characterized by the
determination of the equilibrium, advancing
and receding contact angle of water droplets
on the test surface with and without the
deposited surfactant. The instrument Drop
Shape Analyzer 100E (KRUSS, Germany)
equipped with a tilting stage (Fig 2b) is used
for the contact angle measurements.

The contact angle is measured with 3 pl
water droplets put on the substrate. The
measurement continues for 90 seconds after
the drop deposition on the horizontal substrate
and the value at the 90™ second is taken as the
value of the equilibrium angle. Then the
substrate is tilted vertically (to 90°
inclination) with speed of 3° per second.
During tilting, the advancing and receding
contact angles are measured, see Fig. 3, and
the values at 90° tilt are further compared for
the different composition deposited. All
values of the angles shown below are
averaged from at least 3 independent
measurements.

b)
Fig. 2. Instruments used for the measurements: a)
Imaging ellipsometer EP4 (Accurion, Germany),
b) Drop Shape Analyzer 100E (Kriiss, Germany).
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Fig. 3. Contact angle of 3 ul water droplet on a
pure silicon substrate as a function of time after
deposition: 90 second in horizontal substrate

position and 30 seconds tilting to 90°

RESULTS AND DISCUSSION

The results for the contact angles measured
with water droplets on silicon surfaces with
deposits from solutions of the cationic 2Cs-
DAC are shown on Fig. 4. A slight but steady
increase of the contact angles is seen,
especially above the CMC (5.3 mM for 2Cs-
DAC), which demonstrates the surface
hydrophobization with the increase of the
cationic surfactant concentration.

2C,;-DAC, natural pH
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Fig. 4. Equilibrium, advancing, and receding
contact angles of water droplets on silicon surface
with deposited layers from solutions with different

concentrations of 2Cs-DAC.

When layers from the nonionic Tergitol
15-S-7 are deposited, a significant surface
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hydrophilization is observed at very low
surfactant concentrations, see Fig. 5. When
1:1 surfactant mixture is used, the measured
contact angles are almost the same as those
for the cationic alone in the entire
concentration range. Given the net negative
charge of the silicon support at the natural pH
(5 to 7), the cationic surfactants adsorb
through electrostatic interactions with the
surface, which would further control the
structure of the adsorbed and deposited layers
[1,5-8]. The nonionic surfactant adsorption
depends significantly on the particular
surfactant structure and the number of the
ethoxy groups [3,5]. The observed surface
hydrophilization =~ with  Tergitol ~ 15-S-7
concentration increase is a clear indication for
the important role of the hydrophilic ethylene
oxide groups ensuring the good wetting by
water. However, in the presence of cationic
surfactant, the electrostatic interactions
prevail and control the surface wettability
when mixed solutions are used, as clearly
seen from the data in Fig. 5.

The wettability variations with the
concentration increase in the formed deposits
(Fig. 5) depends on the structure of the
adsorption layers as well [3,5]. We apply
imaging ellipsometry to characterize the
structure of the deposited layers and to
analyze their impact on the wettability.

Equilibrium contact angle at natural pH
60 T T ! . .

°
°
50 | o . 8 %
g’ L]
© o o
2 40 o °
=
E L)
° o
& 301
<
S
o )
20] o 2C,DAC
° Tergitol 15-s-7
° 2C4-DAC : Tergitol 15-s-7
10

0.001 0.01 0.1 1 10 100

Concentration of surfactant, mM

Fig. 5. Dependence of the equilibrium contact
angle for individual surfactants and 1:1 mixed
solutions of nonionic and cationic surfactants.
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Fig. 6 shows representative images of the
surfaces after drying surfactant layers from
the cationic 2Cs-DAC (Fig. 6a), nonionic
Tergitol 15-S-7 (Fig. 6b), and 1:1 molar
mixture of the two surfactants (Fig. 6c),
deposited from solutions with concentration
of hundredths times CMC. Significant
differences are seen in the morphology of the
layers. The cationic surfactant forms
relatively homogeneous layers of thickness
2.5 or 4 nm. One could speculate that these
are mono- and bi-layers of the surfactant
according to the 4-region model for
adsorption of Somasundaran [3-7]. Note that
the layers deposited at low surfactant
concentrations correspond to regions with
hemimicelles-like structures (images not
shown). Thus, one can conclude that the
structures of the dry layers of cationic
surfactants well resemble the ones observed at
solid-water surface i.e., before drying.

The dry layers from the nonionic Tergitol
15-S-7 (Fig. 6b) consist of distinct thick areas
separated by wide areas without deposits.
Having in mind the good hydrophilicity of
these surfaces, one might speculate that the
oxyethylene groups dominate the surface
properties of the thick deposits while the
branched surfactant structure (Fig 1b)
prevents the formation of thin ordered layers.

The deposits from the 1:1
cationic:nonionic solutions (Fig. 6c) have
“intermediate” structure: grainy, similarly to
those from the nonionic surfactant (Fig. 6b)
with prevailing thin grains due to the
influence of the cationic surfactant. The
dominant role of 2Cs-DAC is witnessed from
the wettability as well, cf. Fig. 5.

100 mM 2C,-DAC

dinm]

a)
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c) =
Fig. 6. Images of dry layers deposited from
solutions of a) 100 mM 2Cs-DAC; b) 0.6 mM
Tergitol 15-S-7; ¢) 10 mM 1:1 2Cs-DAC: Tergitol
15-S-7. Sectional analyses are shown as insets.

CONCLUSIONS

A systematic characterization of the
morphology and wetting of layers of the
cationic surfactant 2Cs-DAC, the ethoxylated
nonionic Tergitol 15-S-7, and their mixture is
performed to analyze the role of the different
types of surfactants in complex mixtures.

At natural pH (5-7), the silicone substrate
is negatively charged and the morphology of
the layers containing the cationic surfactant
2Cs-DAC is dominated by the electrostatic
interaction. The morphology changes with
increasing the concentration in agreement
with the 4-region model of Somasundaran and
Fuerstenau [5]. At low concentrations, single
aggregates are observed. As the concentration
of the surfactant increases, the thickness of
the layers increases, with cationic surfactant
forming bilayers at very high concentration,
while with the nonionic surfactant - formation

www.eufunds.bg

of aggregates, is observed. The adsorbed
aggregates and layers of cationic surfactant
hydrophobize the substrate, and the nonionic
ones hydrophilize it. The mixed layers are
dominated by the cationic surfactants, which
are electrostatically adsorbed onto the
substrate.

The nonionic Tergitol 15-S-7 deposits on
thick domains which properties are dominated
by the ethoxy-groups and overall surface
hydrophilization is observed.

The applied imaging ellipsometry reveals
important details on the structure of the
deposited layers which analysis together with
the wetting properties allows for the better
understanding of the factors dominating layer
properties. This approach will be further used
for systematic characterization of deposits
from fundamental and practical importance.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the
support from the Operational Programme
“Science and Education for Smart Growth”,
Bulgaria, project No.BGO5M20P0011.002-0023

REFERENCES

[1] Honciuc A, Surfactants and amphiphiles, Ch.
4 in Chemistry of Functional Materials Surfaces
and Interfaces: Fundamentals and Applications.
Elsevier, 2021.

[2] Zhou C, Wang F, Chen H et al. Selective
antimicrobial activities and action mechanism of
micelles self-assembled by cationic oligomeric
surfactants. ACS Appl Mater Inter. 2016,
8(6):4242-4249.

[3] Somasundaran P, Zhang L. Adsorption of
surfactants on minerals for wettability control in
improved oil recovery processes. J Petrol Sci Eng
2006; 52(1-4):198-212.

[4] Somasundaran P, Fuerstenau DW, Mechanism
of alkyl sulfonate adsorption at alumina—water
interface. J. Phys. Chem. 1966, 70: 90.

[5] Adamy ST, Adsorption of cationic/ nonionic
surfactant mixtures on polyester, J Surfactants
Deterg, 2022; 1-11.

107

Ilpoexm BGO5SM20P001-1.002-0023 - Ilenmwvp 3a komnemenmuocm ,, Mnmenuzenmuu mexampontu, eKo- U eHepzoCnecmsaeauiu
cucmemu u mexunonozuu*, punancupan om Onepamusna npoepama ,, Hayka u obpazosanue 3a unmenucenmen pacmeoic
cvunancupana om Eeponetickus cvio3 upes Egponeiickume cmpykmypHu u uH8eCmuytionHu onoose.


http://www.eufunds.bg/

MEXIYHAPOIHA HAYYHA KOH®EPEHIIUA

EBPOINENCKN CbIO3
EBPONEMCKM CTPYKTYPHI W
VHBECTULIMOHHU GOHAOBE

»MEXATPOHUKA, EKO U EHEPTOCHECTSBALIIA
CUCTEMMU U TEXHOJIOI'NH“
IJIOBAUB 23

— HAYKA N OBPA30OBAHUE 3A
WHTEAUIEHTEH PACTEX

[6] Liu Z, Zhao G, Brewer M, Lv Q, Sudhoélter
EJR, Comprehensive review on surfactant
adsorption on mineral surfaces in chemical
enhanced oil recovery, Adv Colloid Interface Sci,
2021, 294:102467.

[7] Atkin R, Craig VSJ, Wanless EJ, Biggs S,
Mechanism of cationic surfactant adsorption at
the solid—aqueous interface, Adv Colloid Interface
Sci. 2003;103(3):219-304.

[8] Fan A, Somasundaran P, Turro NJ. Adsorption

www.eufunds.bg

of  alkyltrimethylammonium  bromides on
negatively charged alumina. Langmuir 1997;
13(3):506-10.

[9]  https://accurion.parksystems.com/thin-film-
characterization/products/nanofilm-ep4.

[10] Georgiev M, Konstantinov B, Marinova K,
Petkov J, Danov K; Investigation of cationic
surfactant adsoption behaviour on silicon wafers
using Imaginig ellipsometry; J Technical
University Gabrovo, 2023, 66:38-42.

108

Ilpoexm BGO5SM20P001-1.002-0023 - Ilenmwvp 3a komnemenmuocm ,, Mnmenuzenmuu mexampontu, eKo- U eHepzoCnecmsaeauiu
cucmemu u mexunonozuu*, punancupan om Onepamusna npoepama ,, Hayka u obpazosanue 3a unmenucenmen pacmeoic
cvunancupana om Eeponetickus cvio3 upes Egponeiickume cmpykmypHu u uH8eCmuytionHu onoose.


http://www.eufunds.bg/

MEXIYHAPOIHA HAYYHA KOH®EPEHIIUA

EBPOMENCKV CblO3

EBPOMEVCKM CTPYKTYPHU 1
WHBECTULMOHHU ®OHAOBE

»MEXATPOHHUKA, EKO 1 EHEPI'OCIIECTABAIIIA
CUCTEMH U TEXHOJIOI'NH“
IJIOBAUB 23

N3MEPBATEJIHU ITPEOBPA3YBATEJIN HA ®PU3NKOMEXAHUYHU
BEJIMYUHHA

MEASUREMENT CONVERTERS OF PHYSICOMECHANICAL
QUANTITIES

Tsanko Karadzhov
Technical University of Gabrovo

Abstract

A measurement conversion is a reflection in the value or change in the value of one physical quantity when the value
of another physical quantity that is functionally related to the first quantity changes. A measurement conversion is
performed by a converter. The measurement converter is a device that provides at its output a quantity that has a definite
relationship to the input quantity. The paper is an overview and aims to classify measurement converters according to

different criteria.

Keywords: Measurement Converter; Physicomechanical Quantities; Classification.

BBbBEJIEHUE

W3mepBarenHusT mpeodpasyBaren € cpej-
CTBO 3a M3MEpBaHE NpeIHAa3HAYCHO Ja U3pa-
00TBa CUTHaJI ChABPKAIL HH(POPMAIHS OT U3-
MEpBaHETO BBB opMa ya00Ha 3a MpeiaBaHe,
[0 HATATBIIHO MpeodpaszyBaHe Wi 00paboT-
Ka, ChbXpaHsABaHe, HO Ta3u MH(opmanus He e
MoJyIeXkaria Ha MPsKO Bb3IpUeMaHe OT Hal-
monaten. VHade Ka3aHO M3MEpBATEIHUSIT
npeoOpa3yBaresl € TEeXHHYECKO YCTPOMCTBO
MOCTPOEHO Ha ompezerneH (U3NYCH MPHUHIHIT
Wi e(eKT M3MBIHABALIO Ja/IeHO KOHKPETHO
M3MEpBaTEeIHO MpeodpasyBaHe. MHOT0-4ecTo
M3MEpBaTEIHUTE TpeoOpazyBaTenan mnpeodpa-
3yBar JajieHa (U3NKOMEXaHNYHA BEJINYMHA HA
BXOJ[a B €NIEKTPUYECKH CUTHAJl Ha M3X0/a Ha
npeoOpa3yBatens, KaTo HIKOH OT IMapaMeTpH-
T€ Ha eJIEKTPUUYECKUS CUTHAI ca (pyHKIIMOHA-
HO CBBP3aHHU C BXOJHATA BEIMYNHA.

HN3JIOKEHUE

[TpenuMcTBOTO Ha U3MEpPBATEIHUS MPEOO-
pasyBaTelnl € (pakThT, Y€ TO HH MO3BOJISBA Ja
00paboTBamMe TOMBJIHUTENIHO MOJyyeHaTa u3-
MepBaTtenHa HHQpoOpMaUs C TOMOIITa Ha
€JIEKTPOHUKATa, KOETO € MHOT'O €BTHH U I'bB-
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KaB HauYMH Ha 00paboTka. B TakaBa hopma nH-
(dopmarusiTa MOXKeE JIECHO Ja ce IIpeiaBa Ha ro-
JIeMHU Pa3CTOSIHUS ¢ MUHMMAITHO BB3JICHCTBHUE
BBbpPXY OKOJIHATa Cpela, OCBEH TOBa HHE MO-
K€M J1a U3BBpIIBaMe IpeoOpa3yBaHe Ha 3Ha-
YUTEIHO Pa3CcTOsIHUE OT 0OekTa. ToBa e ocobe-
HO BaKHO TPH U3MEPBAHE B TPYAHO JOCTHITHU
MecTa WIH arpecuBHA cpejia.

B moBeuero ciyuan 1o Bua Ha BXOAHATA U
U3XO0/IHATa BETMYMHA U3MEPBATEIHUTE TIPE00-
pasyBaTeIHuTe MOTaT Jia Ce pa3/eiiT Ha Ipeoo-
pa3yBaTeiH Ha HEeJICKTPHUYECKA B HECIICKTPH-
YyecKa BEINYHMHA, HEEIEKTPUIECKa B €JICKTPH-
YecKa BEIMYHHA, CICKTPUYECKA B €ICKTpHYC-
CKa BEJIMYMHA U CJICKTPUYECKa B HECIEKTpHYe-
CKa BEJINYHHA.

Cnopen MSCTOTO B M3MepBaTeIHATa BEpUTa
npeoOpa3yBaTeNuTe ce pa3lelisiT Ha ITbPBUY-
HY, MeXXIMHHHU U TpeIaBaly npeodpa3yBare-
. MiMa n MammabHu u3MepBaTeNTHu peolpa-
3yBaTeNy.

ITvpsuuen usmepeamenen npeobpasyeames
— W3MepBaTelieH MpeoOpasyBaTel, KOWTO ce
BJIMsIC TIPSIKO OT U3MepBaHaTa (u3nvecka Be-
JWYHMHA, T.€. IBPBUAT IpeoOpasyBaTel B H3-
MepBaTeHaTa BEpUra Ha N3MEpBaTeIHOTO
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YCTPOMCTBO.

Cenzopvm € CTpYKTYpPHO OTIENEH IIbPBU-
YeH U3MepBartesieH npeodpa3yBaTell, OT KOWTO
ce ImpueMat CUTHaJli 3a u3MepBaTesiHa nHpop-
Marusi. CeH30pbT MOXKeE J1a Ob/ie pa3noyokKeH
Ha 3HAYUTEIHO PAa3CTOSIHUE OT U3MEPBATEIHUS
ypel, KOUTO preMa HErOBUTE CUTHAIH.

Medwcounen usmepsameinen
npeobpa3zyeamen

W3mepBarenen mnpeoOpaszyBaTen, KOHTO
3aeMa MSCTO B M3MepBaTeliHaTa BepHUra ciej
I'BPBUYHUSA ITPeoOpa3yBaTer.

IIpeoasamenen usmepsamenen
npeobpasysamer

W3mepBatenen mpeoOpaszyBares, MpeaHas-
HayeH 3a JUCTAaHLUOHHO MPeaBaHe Ha CUTHAII
ChIIbpIKalll U3MepBaTeIHa HHPOpMALIHSL.

Mawabnu usmepsamennu npeobpasysame-
au

ToBa ca u3mepBarenHu npeoOpazyBaTeny,
KOUTO Ha BX0/1a M Ha U3X0Jla UMa €/IHA U ChIIa
¢u3NYHA BEIMYNHA, KOATO CE Pa3InyaBa camo
o ctoitHocTTa. [Ipmepwn 3a TakuBa peodpa-
3yBaTely ca ACIUTENIN Ha HAalpeXEeHHUE, TOKO-
BU U3MEpBaTENHU TpaHCPOpMaTOpH, U3MEPBa-
TEJTHU yCUJIBATEIIU.

Ananoeos usmepsamenen npeoopaszysamein
— U3MepBaTeseH Mmpeodpa3yBaren, KOUTO Ipe-
oOpa3yBa e/lHa aHaJOroBa BeJIMYMHA B ApyTa
aHaJIOroBa BEJIUYHMHA.

Ananozoso-yughpos uzmepsamenen
npeobpasysamer

W3mepBatenen mpeoOpaszyBaren, MpeaHas-
HayeH Ja rnpeodpa3yBa aHAJIOrOB M3MepBaTe-
JIEH CUTHaM B HU(POB IBOMYEH KOJI.

Lugpposo-ananozoe usmepsamenen npeoo-
pasysamen

W3mepBareneHn npeoOpas3yBatell, MpeaHa3-
HayeH 3a mpeoOpasyBaHe Ha IU(POB KO B
aHaJo0roBa CTOMHOCT.

www.eufunds.bg

[IpeobpasyBarenure Ha PU3NKOMEXaHUYHHU
BEJIMYMHU B €JIEKTPUYECKH OT IJIeIHA TOUKA HA
BHJIa HA CUTHAaja Ha TEXHMs M3XOJ MoraT jaa
ObJaT pasleleHHe Ha TEHEePaTOPHH, KOUTO
reHepupaT HampeXeHHe WM TOK C M3XO0JHa
BemmunHa E =F(X) wm [=F(X) u c
BBTPEIIHO CBIPOTUBIEHHE Zp = CONst, H
MapaMeTpUYHU C U3XOJHO CHIIPOTHUBIICHUE,
WHIYKTHBHOCT WJIM KalaluTeT, U3MEHSIIHU Ce
B CHOTBETCTBHE C U3MEHEHHETO Ha BXOJHATa
BennunHa E = (0 v u3X0/1Ha BEIMYMHA BbB BU]I
Ha u3mMeHenue Ha R, L i C BbB QyHKIIUS HA
X.

Pa3znukara Mexay reHepaTOpHHUTE U Mapa-
METPUYHUTE TpeodpaszyBaTelid ce ABIKH Ha
TEXHUTE E€KBUBAJCHTHU EJIEKTPUUECKU BEpH-
I'¥, OTpa3sBaniy (yHIaMEHTAIIHA Pa3lIUKd B
€CTeCTBOTO Ha (U3UYHHUTE SBJICHUS, WU3MOJ-
3BaHM B IpeoOpasyBatenute. [ eHepaTOpHUST
npeoOpa3yBaren € M3TOYHUKBT Ha JAUPEKTHO
W3BEJICH €NEKTPUYECKH CUTHAJ, a U3MepBaHe-
TO Ha IPOMEHUTE B MapaMeTpPUTE Ha Mapame-
TpUYHUSA peoOpa3yBaTel ce U3BbPIIIBA KOCBE-
HO, Ype3 MpoMsHaTa Ha TOKa WJIM Hampexe-
HUETO B PE3yATaT Ha 3aABDKUTEITHOTO MY
BKJIIOUBAaHE BbB BEpUTraTa ¢ BbHIIIEH U3TOUHUK
Ha 3aXpaHBaHe.

Crnopen pU3MYHOTO SIBIEHUE, KOETO JIEKH B
OCHOBaTa Ha paboTara, U BHJa Ha BXO/JHATa
¢bu3nyHa BelIMYMHA, TEHEPATOPHUTE U Mapa-
METPUYHUTE MIPeoOpa3yBaTesu ce pa3aeisT Ha
MHOXeCTBO paszHoBuHOCTH ¢ur. 1. [lo Buma
Ha MOJyJaIusATa U3MEepPBaTEITHUTE TIPeodpasy-
BaTeJH Ce pa3JIeNsIT Ha JIBE TOJIEMU Py — U3-
MepBaTenHu mpeodpa3yBaTelid ¢ aMIUTHTYIHA
MOJyJalus U U3MEpBaTeIHU IpeodpaszyBare-
JIY C YECTOTHA MOy IaITusl.
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NamepBaTenHu npeobpasysaTenu
Ha M3NKOMEXaHUYHU BEMUYUHM

leHepaTopHm MapameTpuyHu
po-
NHAYKLMOHHK ENeKTPUYHI Peanctophu | | [Kanauutusxm e
Tepmo- doTo- 7 ‘. 3
P ™ MoHunsa EnekTpo
enekTPUYHN €NeKTPUYHK LMOHHM XUMUYHM
TpaHcdop- MarxuTo-
MNHAYKTUBHK
= MaTopHu enacTUYHU
KOHTaKTHM PeocTaTHu Laaiisy ey ®oTo-
RS pPe3nCTOPHU Pe3nNCTOPHM PE3NCTOPHA

Due. 1. Knacugpuxayus na uzmepgamennume npeoopazysamenu Ha uU3UKOMeXaAHUYHY GeIUYUNHY

O06o001meHa cxeMa Ha eIMH TpeoOpa3yBaTes Ha Bxonma Ha mpeoOpa3syBaTenst MOCTHIIBA

€ mokazaHa Ha ¢ur. 2 BenMYMHaTa X, a Ha HM3X0Ja C€ IMOJydaBa
npeoOpazyBanara BenmuunHa Y. OcBeH

BXOJ[HATa BEJIMYMHA BBPXY MpeoOpazyBaTess

Z, Z, Z, Ly BB3JICHCTBAT BBHILIHU CMyLIaBaiiy (hakTopu

l l l l 21, L2, Z3,...,Zm KaTO TEMIIEPATYpPA, HAISITAHE,
3axXpaHBalll0 HaMpeXeHHe, BIAXHOCT U Ap.,
X WNamepsarteneH Y KOUTO TPEAW3BUKBAT CMYIIABalll CUTHAN —
| npeobpasysaten | IIyM BHEPXY M3XOJHMS CHTrHal. IIpomechT Ha
npeoOpa3syBaHe ce CBOPOBOXKAA M OT
I x T T BBTPEIIHU CMyIIaBay GaKkTopu Zn+i, Zm+2,
Zm+3,..., Zp. N3XomHaTa BelIWUMHA Ha
LoiLnalms  Z, npeoOpaszyBarens € QyHKIMS U Ha [BaTa BUAA
¢baxTopu:
Que. 2. Obobwena cxema Ha usmepeameneH Y=Ff ( X,21,25,Z3, ..., ) (1)
npeobpazysamern Zm Zm+1: Zm+2r Zm+3r Zn
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Ta3u ¢QyHKIMS ompenens BUAa Ha M3XO-
HUS CHTHAI U Bph3KaTa My KakToO ¢ BXOJHATa
BEJIMYMHA, TaKa U ChC CMYyIlIaBamuTe (akTo-
pu. 3aBucumoctTa y = f(X) MEeXKIY U3XOTHUS
Y BXOJHHS CUTHAIl € U3BECTHA KAaTO (PyHKIIHS
Ha IpeoOpaszyBaHe WM IMpeaaBaTeaHa Xapak-
tepuctuka [9] ¢ur. 3. Korato BxoaHaTa Benu-
YUHA € TOCTOSIHHA WJIM CTOMHOCTTA 1 Ha U3Me-
HEHUE BbB BPEMETO € MPEHEOPEeKUMO Mallka
3aBHCHMOCTTa ce Hapuya craTuuHa. Korarto
¥Ma U3MEHEHHe BB BPEMETO Ha BXOHATa Be-
auyrHa — auHaMuuHa y = f[x(t)]. B noBeue-
TO ciydau (pyHKIusATa Ha mpeoOpasyBaHe €
MaTeMaTH4eH MOJIeN, KOWTO OMHCBa IMOBEJe-
HUETO Ha CHCTEeMara.

h

i

Y = f(X)

3

X
Due. 3. [Ipedasamenna xapakxmepucmuxa

OcHOBHM MapaMeTpH Ha Npeodpa3yBaTe-
JuTe

OcHOBEH mapaMeTbp Ha H3MEpBaTEIHUS
npeoOpa3yBareil € HeroBaTa Yygcmeumei-
HOCM, KOSITO CE OIIPENENs Upe3 OTHOIIEHUE Ha
NU3MCHCHHUCTO HA N3X0JHAaTa BEJIMYNHA KbM HU3-
MEHEHHUETO Ha BXOJHATa BEeJIMYMHA!

_
K—dx 2)

Upes nedrHupane Ha PyHKIUATA 11O OTHO-
IIEHUE Ha BiausenuTe GakTopu Zi MOXKe Ja ce
OTIpeIeN YyBCTBUTEIIHOCTTA KbM ChOTBETHHS
Biusel hakTop:

dy

Kzi = az; (3)

Ilpae na wyecmeumennocm — Hal-roJIIMOTO
W3MEHEHHE Ha BXOJHATa BEIMYMHA, KOCTO HE
Mpelrn3BUKBAa U3MEHEHHE Ha W3XO0J/IHATa BEJH-
YHHA.
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Cmabunnocm — TOBa € CBOMCTBO Ha TIPe0o-
pa3yBaTels Jia 3ama3u MOCTOsSTHHA BB BPEMETO
¢dbyHknusaTa Ha Mpeodpazyrane [1].

Tounocm na npeobpa3zyeare — TOBa € CBOU-
CTBO MpeoOpasyBaTelss Ha OmpesesieHa CTOM-
HOCT Ha BXOJ[HATA BEJIMYMHA Ja ChOTBETCTBA
€HO3HAYHO Ha OmpeiesieHa CTOWHOCT Ha W3-
XOJIHAaTa BEJTMYMHA.

Xucmepeszuc — napameTsp, KOUTO ce U3pa-
3s1Ba B pa3yinyue Ha QyHKLUATA HAa TIpeoOpasy-
BaHE MpU yBeIMYaBaHE U IIPU HamallsiBaHE HA
BXOJIHATA BEIMYMHA

ObpamHo 6wv30elicmeue 6bpxy 6X00Hamda
6e1UYUHA — TaKOBA BB3JCICTBUE CE MOJIy4aBa
B CIyyauTe KOraTo €Heprusira Heooxoauma 3a
npeoOpasyBaHe ce Yepnu OT U3MEepBaHaTa Be-
JUYHHA.

Henunetinocm — U3n013Ba ce€ B CIydyauTe
Korato (QyHKIUATa Ha TmpeoOpa3yBaHe ce
anpoKcuMupa ¢ JIMHENHa 3aBucuMocT. Henu-
HEWHOCTTAa 3aBUCH OT CTOMHOCTTA Ha BXOJHATa
BEJIMYMHA U OT BUJa HA allPOKCUMAIIHSI.

I'enepaTropuu npeodpasyBarTeiu

[IpyHOUIIBT HA NEWCTBUE HA T€HEPATOPHHU-
Te npeoOpa3yBaTesid C€ OCHOBAaBA €IHO WU
Apyro (U3UYHO SIBIEHUE, OCUTYpSBAILO Ipe-
o0pa3yBaHe Ha U3MEPEHUTE BEJIIMYUHU B €JICK-
Tpuuecka eHeprus [2]. Haii-BaxxHuTe OT TE3U
(GU3NYHY SBJICHHS U3IOJI3BAaHU 3a MTOCTPOsIBa-
HE Ha TeHepaTOpHU peoOpa3yBaTenu ca Jaje-
HY B Tabymma 1.

Tab6mmma 1

Bxonna W3znons3Banu edextu N3xonna
BEJTMYMHA BEJINYMHA
Temneparypa | TepmoenekTpuucH HalpexxeHne

eeKT
Ilotox IupoenexrpuueH epekr | 3apsin
ONTUYHO BbHuen Tox
JbYCHUC (dhoToenekTprucH eheKT

Borpewen Hanpexenue

(dhoToenekTprueH eeKT
doroenexrpomarauten | Hampexenue

eeKT
Cua, [TnesoenexTpuueH 3apsn
HaJIAraHe, edexT
YCKOpPEHHUE
Ckopoct EnexrpomaraurHa Hanpexenue
HHTYKITHS
IIpemectBane | Edexr Ha xo1 HaIpeXeHHne
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ITapamMeTpuyHu npeodpasyBaTeu

B mapamerpuunuTe npeoOpasyBarenu Hsl-
KOU IMapaMeTpy Ha U3XOJIHUS UMIIeIaHC MOraT
J1a c€ MPOMEHSIT 1101 Bb3ACHCTBUETO HA U3MEP-
BaHaTa BenHuMHA. KOMIUIEKCHOTO CBHIIPOTH-
BJICHHE Ha MpeoOpaszyBareis OT €lHa CTpaHa
ce ompeenisi OT FeOMETpUITa U pa3MepUTe Ha
HETOBUTE €JIEMEHTH, a OT Jipyra CTpaHa Ha
CBOICTBaTa Ha MaTepUAIHTE: CIELIUPUIHO Ch-
MPOTHUBJICHHE, MATHUTHA TPOHUIIAEMOCT U JIH-
€JIEKTpUYHA KOHCTaHTa. VI3MeHeHusITa B KOM-
IJICKCHOTO CBHIIPOTUBJICHHE MOraT na Obaar
MPUYMHEHU OT BB3JCHCTBUETO HA U3MEpPBaHa-
Ta BEJTMYMHA BbPXY F€OMETPUSTA U pa3MEPUTE
Ha €JIEMEHTHUTE Ha MpeoOpaszyBarensi, BbPXY
EJIEKTPUYECKUTE U MAarHUTHUTE CBOICTBA Ha
HEroBUs MaTepuall WIH MO PAIKO U BbPXY JBe-
T€ €IHOBPEMEHHO. ' €OMETpUUHUTE pa3zMepHU
Ha rpeoOpas3yBaress U napameTpuTe Ha Hero-
BOTO KOMILJIEKCHO ChIIPOTUBJIEHUE MOTAT J1a CE
MIPOMEHSAT, aKo IMpeoOpa3yBaTeNsiT ChIbpiKa
JBUKEH WK eopMupaii ce enemMeHT. Besiko
MOJIOKEHNE HA MOJBUKHUS €JIEMEHT Ha Ipe-
oOpa3yBarelnisi ChOTBETCTBA Ha OIPEACTICHO
KOMIUJIEKCHO CBHIPOTHBIICHUE U U3MEPBAHETO
Ha HEroBHUTE IMapaMeTpH BU MO3BOJISBA Ja pa3-
OepeTe MoO3UIMATA Ha eleMeHTa. To3u MpuH-
IIUIT C€ W3IOI3Ba OT TOJIsIM Opoii m3MepBarTer-
HU TapaMeTpU4HU IpeolOpa3yBaTenu 3a H3-
MEpBaHE Ha IOJIOKEHUETO U MPEMECTBAHETO
Ha oOektu. Te morar ma OpJarT MOTEHIIMOME-
TPUYHU, UHAYKTUBHU, KallallUTUBHU U JIP.

[Ipu npeobpazyBaTenure, KOUTO ChAbPKAT
nedopMupall ce eleMeHT, nedopMmanusara e
pe3yJnTaT OT IeHCTBUETO HA CUJIa WM CBbp3a-
HaTa ¢ Hesl M3MepBaHa BEIMYMHA Hal-4ecTO
HaJIsiTaHe WM YCKOPEHUE, BbPXY YyBCTBUTEI-
HUS €TIEMEHT Ha mpeobOpasysarens. [IpomsiHa-
Ta B KOMIUIEKCHOTO CHIIPOTHUBIIEHHE Ha TPE00-
pasyBaTels, IPUINHEHA OT AedopMaIusiTa Ha
CEH30pHHUS €JIEMEHT, IPUYUHSABA MPOMSIHA B
CHOTBETHUS €JICKTPUUECKU CUTHAJI B CHIEIUAI-
Ha U3MEpBaTelIHAa CXEMa, B KOATO € BKJIIOYEH
TO3U TIpeodpasyBateln. Enekrpudyeckute cBOi-
CTBa Ha MaTepuajga U ChCTOSIHUETO Ha YYB-
CTBUTEIIHUS €TIEMEHT Ha mpeolOpa3yBaTens 3a-

BUCST OT TPOMEHJIMBH (PU3NYECCKH BEITUINHU:
TEeMIlepaTypa, HalsraHe, BIAXKHOCT, OCBETe-
HOCT H JIp. AKO caMo €/IHa OT BEJIMYMHHUTE CE
MIPOMEHH, a OCTaHATUTE C€ MOAbPKAT MOCTO-
SIHHU, TOTaBa € Bh3MOXKHO JIa C€ OICHH €/THO-
3HAYHO CHOTBETCTBHE MEKIY CTOMHOCTUTE HA
Ta3W BEJIMYMHA U KOMIUIEKCHOTO CHIIPOTHUBIIC-
HUE Ha rpeoOpaszyBarens. ToBa ChOTBETCTBHE
ce OMHUCBa C TpaayHpoBbYHa KpuBa. Ilo3Ha-
BallKi TpaJyHpOBbUHATA KPHUBA, CIOpPEI pe-
3yJITaTUTE OT U3MEPBAHETO Ha KOMIUIEKCHOTO
CHIIPOTHBIICHUE € BH3MOXKHO JIa CE€ OMPEIeIH
CHOTBETHATa CTOMHOCT Ha M3MEpeHaTa BEI-
yiHa. Tabnuia 2 moka3Ba peauna (QU3NIHH
eheKTH, CBbP3aHu ¢ Mpeodpa3yBaHeTo Ha (Hu-
3MKOMEXAaHUYHU BEJIMYMHH C IIOMOIITA HA Ta-
pamerpuuHu mpeoOpasyBarenu. Cpex TsIX
TpsiOBa Jja ObAAT CHEMATHO OTOEIISA3aHU PE3H-
CTUBHHTE ITpeoOpazyBaTey.

Tabnuma 2
Enexrpuuecka Bun Ha m3non3BaHUs
XapaKTePUCTHKA | MaTepHal
U3MEHsAIa  ce
MoJl JI€MCTBUETO
Ha W3MepBaHaTa
BEJIMYMHA
Temneparypa | CenporuBienue | Meranu — IulaTHHA,
HUKE, Mef,
T10JIyTIPOBOJHUIIU
CTBKII0, KEpaMHKa

W3mepBana
BEJIMUMHA

CepbxHucka | /luenexkrpuuna
TeMIIeparypa | NPOHHLIAEMOCT
ITotok Conportusnenue | IlomynpoBonuuuu
ONTUYHO
I'bYECHUE
Hedopmarus | CemporuBienue | HukenoBu — cruiaBw,
JICTUpaH CUJIMLUN
IIpemectBane | MaruuTtHa DepoMarHuTHU
MIPOHULIAEMOCT CIUIaBH
CornpotuBieHre | MarHUTOPE3UCTHBHHU
MaTepHaIn — OUCMYT,
AHTUMOH, WHJIHH
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Bnaxnoct Conporusnenue | Jlutues XJIOpHUL,
Juenexrpudna allyMHHUEB OKIHC,
MPOHHULIAEMOCT N0JMMEPH

Hugo Ha | JluenextpuuHa Teunu wm30MaLMOHHU

TEYHOCTH MIPOHHULIAEMOCT MaTepHalu
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MeTtoamu 3a HaMajisiBaHe Ha TIpelIKHTE
NPH U3MepBaTeJHUTe IpeodpasyBaTesn

[ToBuiIaBaHEeTO Ha TOYHOCTTA HA U3MEpPBa-
HETO € €/1Ha OT Hali-Ba)XKHWUTE U aKTyaJlHU 3a-
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Jla4y Ha U3MepBaTenHaTa TexHuka. Karo msuio
TS C€ pelllaBa Ype3 HaMallsiBaHEe HA IPEIIKUTE
BbB BCHUKH 3BE€HA Ha cucTeMaTa 00eKT Ha U3-
MEpBaHE — U3MEPBATEIHO YCTPOICTBO — OIle-
patop — BbHIIIHA cpena. Bwrrpeku ToBa, Hall-
3HauYMMaTa OOMKHOBEHO € TpeliKaTa Ha u3Mep-
BaTeHMs TmpeolOpa3yBaTesl U CIEIOBATEIHO
yBEJIMYaBaHETO Ha TOYHOCTTA HA U3MEpBaTE-
HUs TpeoOpas3yBare € 0T MbPBOCTENEHHO 3Ha-
yeHue [4]. ChIo Taka, HaMaJsIBAHETO Ha
rpeniKaTa yecTo npeaonpeaens nogoopsBaHe-
TO W Ha JAPYTH MapaMeTpu Ha U3MEPBATEIHUS
ypen. Hanmpumep pasmmpsiBaHeTo Ha AMaraso-
Ha Ha U3MEpBaHE KbM HM3MEpPBaHE HA MAaJKU
CTOMHOCTH Ha JlaJieHa BEJIMYMHA € CBBP3aHO C
HE0OXOMMOCTTa OT HaMaJsIBAaHE HA aTUTHUB-
HUTE IPEUIKH, a pa3IIMPSIBAHETO HA TUaNa30Ha
Ha U3MEpBaHE KbM T'OJIEMH CTOMHOCTHU — C TO-
noOpsiBaHE Ha IMHEITHOCTTA Ha MpeaBaTeHa-
Ta XapaKTEepHCTHKAa Ha MpeoOpasyBarens To-
€CT HaMaJsiBaHE Ha IpelIKkaTa Ha HeJTUHei-
HOCT.

W3BecTHH ca MHOTO METO/IM 332 HaMallIsiBaHe
Ha rpelrkaTta Ha U3MepBaTeITHUTE peodpasy-
BaTeIM, KOUTO MOTaT Jia ce pa3ieisiT B Clel-

HUTE IPyIU:
- TEXHOJIOTMYHM METOJIU 32 CTAOMIIM3UPAHE

Ha ImapaMCTpUu U XapaKTCPUCTUKU,
- KOHCTPYKTHBHH MCTOJHU 3a MaCMBHA WU aK-

THBHA 3alllUTa cpemy OBp30 U OaBHO
MIPOMEHSIIIH ce cMyIaBamu (akropu [S5];
- METOJAHM 3a KOPUTHUPAHE HA CUCTEMATHYHU
TPeIIKY;
- METOJM 3a CTaTUCTHYeCKa o0paboTka u
OCpe/HsIBaHe Ha pe3yATaTUTE OT U3MEpBa-
HUATA,

- METOJM 3a JIMHeapu3alysl Ha IpeiaBaTe-
HUTE XapaKTEPUCTHUKHU.
[loBumiaBaneTo Ha TOYHOCTTa JO0 TOJsIMa
CTEIEH € CBbP3aHO U C OBUIIIABaHE Ha I[eHaTa
Ha cpeJicTBaTa 3a u3MepBaHe [6].

3AKJIIOYEHHUE

B crarusra e HampaBeH CpaBHHUTEJICH aHa-
JIM3 MCXKAY pa3JIMYHUTEC BUJOBC U3MCEPBATCII-
HU TIpeoOpasyBaTenu, Ha 06a3aTa Ha KOWTO ca
pa3paboTeHn Kiacu(UKaIMd Ha W3MepBaTel-
HUTE MpeoOpa3yBaTenu Ha (GU3MKOMEXaHUIHH
BEJIMYMHHU CIIOPEN PA3INYHU KPUTEPUU.
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AHanM3upaHu ca METOAUTE 32 HaMaJlsIBaHE
Ha TPENIKUTE MPU M3MEpBATEITHUTE Mpeodpa-
3yBarenu, Ha 6a3aTa Ha KOETO ca MPeI0KEHH
MOJIEH, CXEMHU PEIIEHUsI U METOJAUKH 32 OT-
CTpaHsIBaHE.

MHNPU3SATEJHOCT

Tasu pabora e d¢Qunancupana mo IIpoekt
BG05M20P001-1.002—0023 Ileatsp 3a Komiie-
TEHTHOCT ,,JIHTEIUT€HTHH MEXaTpOHHM, €KO-U
EHEPTOCIIeCTBALIN CUCTEMU M TEXHOJOTHU™ (u-
Ha"cupan ot OnepaTuBHa nporpama ,,Hayka u 06-
paszoBaHHe 3a MHTEIUTeHTEH pactex' 2014-2020,
cbpunancupana ot EBponeiickus cpro3 upes
EBponelickust poHI 32 peTMOHATHO pa3BUTHE.
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KOMITAKTHHU OBEKTHUBHU 3A TEPMAJIHATA
NHPPAYEPBEHA OBJIACT OT CIIEKTDHPA

COMPACT LENSES FOR THE THERMAL INFRARED
RANGE OF THE SPECTRUM

Dimcho Pulov
Technical University — Gabrovo

Abstract

Dimitar Dichev
Technical University — Gabrovo

The possibility of creating compact lenses with spherical surfaces intended for operation in the thermal infrared range
of the spectrum has been explored. Spherical aberration of an objective can be reduced if the constituent lenses are
replaced by several separate lenses of lower optical power. The study used lenses with a best shape, which was determined

by the G-sums method.

Keywords: thermal infrared range region of the spectrum, IR objectives, lens design, thin lens with best shape.

BBBEJIEHUE

[Ipe3 mocnennuTe TrOAUHU ce HaOI0AaBa
3aCHUJIEHO HABJIM3aHE HAa TEPMOBU30PHU KaMe-
pu B pa3nuuHU chepu OT IPOMUILIEHOCTTA,
IUarHOCTHKAaTa U Hepa3pylllaBalius KOHTPOJI,
exoJsiorusita u oropanata. [IpuunnHure 3a ToBa
ca YHUKAJIHUTE Bb3MOYKHOCTH, KOUTO JaBa U3-
MOJI3BAHETO Ha Te3u ypeau. TepMOBU30PHUTE
BU3yaJIU3UpaT HEBUIUMOTO HH(]pauepBeHO
U3II'bYBAHE TOCPEICTBOM IMpeolOpa3yBaHe Ha
SPKOCTHUTE KOHTPACTH B HH(payepBeHara 00-
JIaCT OT CHEKThpa B APKOCTHU KOHTPACTU BHB
BUMMAaTa 00JIacCT.

JIBeTe OCHOBHHM M Hali-Ba)XHU (PYHKIIMOHAII-
HU 3B€Ha Ha TEPMOBHU30pa, OKa3Balll Hail-CHJI-
HO BJIMSIHHE BbPXY HETOBUTE XapaKTEPUCTUKU
U OIpPEIENsIN Bb3MOKHOCTUTE My Ca ONTHY-
HaTa cuctema U (ortonpueMHuka. ChIIacHO
[1,2,3,4] uenara Ha oNTUYHATA CUCTEMA U (O-
tonpueMHuka popmupar 10 90% (45%+45%)
oT obmara 1eHa Ha 1enus repMmoBusop. CHu-
’KaBaHETO Ha I[eHaTa Ha TEPMOBU30PHUS 00EK-
THUB € Bb3MOXHO J1a C€ OCBILECTBHU 10 JIBa Ha-
Y1Ha:

- [TepBu. [locpencTBoM pa3pabOTBaHETO
Ha HOBHU, BHCOKOKAaY€CTBEHU M 3HAYUTEIHO

www.eufunds.bg

MMO-CBTUHU OINITUYHU MAaTCpUajiv, NIpoO3pavHu B
tepmanHata MY obnact [2,5,6]. ToBa e TpyaHa
3aja4da oT (PyHJaMEHTAIHO HAY4YHO U HAay4YHO-
MIPUJIOKHO €CTECTBO, YHETO pellaBaHe B 000-
3puUMO OBJeIIE € 0CTa TPOOIEeMaTHUHO.

- Bropu. Upes xkoHcTpyupane Ha 00O€k-
TUBH, CbCTABCHU OT CPABHUTCIIHO ITO-MaJIbK
opoii nemu [7,8,9]. ToBa oT cBOsI cTpaHa mpe-
rojiara mpaBujIeH M300p HA MMbpBOHAYAIHATA
KOHCTPYKLIMSA M HeifHa mocieaBalia OnTUMH-
3a1usl.

[Topaau Te3u NpUYMHM aKTyaJleH BBIIPOC €
pa3zpaboTBaHETO Ha MajoKoMIoHeHTHH MY
obextuBu 3a LWIR crekTbpa, chcTaBeHU OT
MarbK Opoii JIeny 1 npeiHa3HaueH! 32 U3II0JI-
3BaHe B KOMIIAKTHU TEPMOKaMepH U MUpoMe-
TpH.

N3JI0OKEHUE

ITocTanoBKa Ha polJIeMa.

B [5,6,9] e pasrnenana Bb3MOXHOCTTA 3a
ch3/laBaHe Ha oOekTuBH, padortemm B LWIR
00JacT OT CHeKThpPa, ChCTaBeHM OT 1, 2 unu 3
nenti. OcoOEHOCT TpH TAX €, Y€ KOPEKIHsITa
Ha abeparMuTe U MOCTUTAaHETO Ha TO-BUCOKO
KadecTBO Ha 00pasa ce peaausupa upe3 U3IoJ-
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3BaHETO WK Ha achepuyHH MOBBPXHUHU, UIH
Ha TUGPAKIIUOHHU TOBBPXHUHY, WIIM HA TAXHA
koMOuHanwms. AchepudHuTe U TuOpaKIIMOHHHA
MOBBPXHUHHU Ca 3HAYUTEITHO IO-CIOKHU OT
TEXHOJIOTUYHA TJeHa TOYKa, U3HUCKBAT W3-
MOJI3BAaHETO Ha CIICIUAITHA MAIIUHU U 000pY -
BaHe U cienoBareiano rorosus MY o0exTus e
ObJIe ¢ BIUCOKA KpaiiHa IIeHa.

Ilenta Ha najeHus Matepual € u3ciae/BaHe
BB3MOXHOCTTA 32 pa3paboTBaHE HA MAIOKOM-
noHeHTHU WY obexTtusu 3a LWIR obnact ot
CIEKThpPa, ChCTABEHU CaMO OT MOJIOKUTEITHH
JIEIIX ¥ U3pab0TeHu OT €1H U ChII MaTepHal.

TeopeTnuHO OCHOBAaHHE 32 OCHIIIECTBSIBAHE
Ha W3CIIEABAHETO: MPU 3aMEHSHETO Ha eIHa
JIelIa ChC CPaBHUTEITHO TOJIsiMa ONITUYHA CHJIa
C HSKOJKO JICIU, IPUTEXKaBAIlK 10 OTAETHO
MaJika ONTHUYHA CHJIa, TO HA M3XOJa Ha BCSAKA
€Ha OT TSIX ce GOpMUPAT CXOIAIIN CHOIOBE
mpun. Te mocienoBaTeIHO Ce MPEdyIBarT OT
OTJEJIHUTE JICIIM U MOCTENEHHO JOCTUTaT 0
¢doxycHaTa paBHMHA, KbJIETO (hopMUpaT 0Opa-
3a. ThH KaTO BI'bJIBT HA IPEUYINBAHE HA BCSIKA
€/IHa OT JICIIUTE € CPABHUTEITHO MATBK (BCIIE-
CTBHE Ha MaJIKaTa ONTHYHA CHJA), TO U cde-
pudHarta abepamusi Ha T€3U JIeIIH, a CIeI0Ba-
TEJIHO W Ha I[eJINS 00EKTHUB, e OBIAT MO-MaJ-
KH.

B nanenusT matepuan ca M3Moja3BaHU Cle-
HUTE TPEBAPUTEITHH YCIIOBUSI:

e Bcuuku uscienBaHu 0O0CKTHBH ca ChC (o-
KycHO pascrostHue f = 100mm u ¢okycHO
gucino F/2.

e (OOeKTHBUTE ca CBHCTABCHH OT JICHIH CHC
chepuyHU TOBbPXHHUHHU.

e ‘brioBoro moie e TakoBa, 4e N1a MO3BOJHU
pabota ¢ MHKPOOOJOMETPUYHH MATPHUIIUA C
¢dopmar ot 120 X 120 no 160 X 160 nukce-
na. ToBa o3HauaBa, 4e (opmupanusi oopa3
TpsiOBa 12 ©Ma pa3mep okoso 8mm.

e OOGekTuBUTE TPsOBa Aa pabOTAT B TepMal-
nara (LWIR) o6nact ot cmekthpa -
(8—14)um

e ll3mon3Banu ce pa3IuyHU XapaKTepHU OII-
TUYHU MaTepHalid, MPO3payHu B JUANazoHa
(8 — 14)um - Ge, ZnS, ZnSe, AMTIR-1.
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e 1300pazsBaHnTE OOCKTH Ca PA3IOIOKEHH B
Oe3kpaifHOCTTa (S = —00).

ThHKa Jema ¢ onTuMaana ¢popma

KakTo e u3BecTHO, 3a BCsKa Jiemia (B 3aBH-
CUMOCT OT ONTHUYHMSIT MaTepual, OT KOWUTO €
n3paboTeHa) CHIIECTBYBA TOYHO OIpe/eieHa
dbopma, TIpu KOSITO HEHHUTE abepaluu ca MH-
HuManad. Ta3u opma ce Hapuya onmTUMaTHA
U IIpU Hes pa3MepbT Ha IETHOTO Ha pa3ceiiBa-
He € MUHUMAITHO. TBhH KaTo eJUHUYHATA JICIIa
“Ma MaTbK Opoii KOPEKIIMOHHU ITapaMeTpH, TO
Ha MUHUMH3UpAHE NMOIeKH chepuyHara abe-
parusi.

OnTuyHara cuiia Ha THHKA Jiela ce OIpe-
Jielis 1o u3pasa

p=r=m-D-¢)=0m-Dc (1)

KbJIETO:

- €1 ¥ C, Ca KPUBMHUTE HA OTACITHUTE MO-
BBPXHOCTH;

- € = ¢ — C, € o0maTa KpUBMHA Ha Jiemia-
Ta.

N3pas (1) mokasBa, 4e OoNTUYHATA CHJIA 3a-
BHUCH OT oOllara KpUBHHA Ha Jemara. Tosa
O3HaYaBa, Y€ KPUBUHATA HA €HATA MOBBPX-
HOCT MOJKE Jla C€ M3IO0J3Ba 3a ONTUMHU3UpPaHe
Ha ¢opmara Ha jemata (MUHUMHU3UpPaHE Ha
HeliHaTa cpepuuHaTa abepanys), a KpUBUHATA
Ha JIpyraTa MOBBPXHOCT — 3a MOJIbpPKaHE Ha
3aJ1a7ICHOTO (POKYCHO pa3CTOSIHUE.

dopmara Ha Jemiata ce XapakTepusupa
ype3 koeduimenta Ha Gpopmara. B paznuanu-
T€ U3TOYHMIM TOM ce o0o3HayaBa wiu ¢ K
win ¢ Q , U ce u3passiBa CbOTBETHO:

Cq c1+Cy
K = u Q = —
€1—C2 C1—C2

CBOTBETCTBHETO MEX/1y ABaTa KOCPHUIINEH-
Ta € IMoKa3aHo B Tadu.1.

Tabauua 1: Cvomeemcmesue meaicoy K u Q
K 22 | -1 10 1 2 3 4 5
Q S5 -3 | -1 1 3 5 7 9

B uscnenBanero ontumanHaTta ¢opma Ha
JIEUIUTE Ce OIpeelsl ¢ U3MOJI3BaHe Ha T. Hap.
G-cymu.
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Cdepuunara abepanusi Ha Jiella MOXKE Ja
ce MpeACTaBH C U3pasa:

4
SA3 = 5—(6103 — G,c%c; — Gyc?v +
'k

Gycc? + Gsceyv + Ggev?) (2)
KBJIETO:

D
-y = p/2 MOJIOBMHATA OT JMAMETbpa Ha

BXOJIHATA 3CHHUIIA;

-U ‘), BI'BJ B 00Pa3HOTO MPOCTPAHCTBO MEXTY
KpaifHHUS OCOB JIbY U ONTHYHATA OC;

-V € BeIM4YMHa 00paTHO MPOMOPIIMOHATHA HA
pa3CTOSIHHETO OT o0ekTra a0 Jemara (v =

1/5);

-G; ca 1. Hap. G-cyMH, KOUTO 3aBUCAT OT IOKa-
3aresis Ha IMpevyynBaHe Ha U3MOJI3BaHUS OITH-
yeH Marepuan. CbriiacHO [6] aHATUTHYHUST
BUJ Ha G -CyMHUTE €:

G, = 2(n 1) .G, _ @n+D(n— 1)’
2 2
G3 _ (3n+1)(n—1); G4 _ (n+2)(n-1)
2 2n
Gs _ 2(n+1)(n—1); Ge _ (3n+2)(n—-1)
n 2n
_ @n+1)(n-1) _ n(n-1)
G, =TI Gy = 10 3)

OntumanHara opma Ha jemniara ce ornpe-
JIeIIs KaTo pelIeHre Ha yPaBHEHUETO
dSA3 4
22 = X (—G,ye? + 2G,cc; + Gsev) =0 (4)
dcq u'k
Pemenuero Ha (4) ¢
Gzc—Gsv
26, (5)
CoBmectHOTO pemenue Ha (1), (3) u (5) Bo-
¥ 10 HAMHpaHE Ha KpPUBHUHATA Cq, 32 KOSATO
SA3 e MuHMMaIHA
n2n+1) 2(n+1)
v Kl vevers ARG

2(n+2)(n-1) (n+2)

1 =

KpuBrHata Ha BTOpara MOBBPXHOCT C, CE
HaMHpa MPU CbBMECTHOTO pemieHue Ha (1) u

(6)

e = o) ¢~ ey @)
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[Tpu ceBMecTHO pemaBane Ha (1), (2), 3) u
(6) ce mosyyaBa MUHHUMAaJIHATa CTOMHOCT Ha
chepuyHaTa abepaiys Ha KOHKpETHATA Jiema

o 3/3(P7l _ 2
SA3,in = S D2t D) (o) [(4n — D= +
4(n - 1)*(¢ —v)v] (®)

[Ipu pasmosarane Ha oOekTa B Oe3Kkpaii-
Hoctra Vv = 0.

NudpavepBenn aydjger u  TpPHILIeT,
CHCTABEHH CaMO OT MOJIOKUTETHH JIeIIH.

Cdepuunara abeparusi Ha eIUH OOEKTUB
MOXKe J1a ObJle HaMaJIeHa, aKO ChCTABSAIIUTE TO
nemu ObJaT 3aMEHEHU ¢ HIKOJIKO OTJEITHU Jie-
1M, UMAII CAaMOCTOSITEITHO MTO-MajKa, HO Cy-
MapHO chlllaTa ONTHUYHA cuiia [6,9].

3a U3XO0JICH BapHUaHT IIIe CE U3II0JI3BA MOITY-
YeHara Beve Jiemnia ¢ ontumanHa gopma. Ts e
ObJc 3aMEHEHA JIBE ¥ TPH OTACITHH JICIIH, Ta-
Ka 4e oOmara onTHYHA cuiia (PECTIEKTUBHO
(hOKyCHOTO pa3cTosiHME) Ha 00CKTHBA J1a OCTa-
He efHo u cwio. [Ipu Ta3u Tpanchopmanus e
Heo0XO0aNMO BCAKa €qHa OT T€3U 2-3 OTHEIIHA
Jely /1a ©¥Ma MUHUMaiiHa cdepuuHa abepa-
sl

Hexka c i ce orOenexu obuus Opoit Ha u3-
MOJI3BaHUTE Jieln (3a ny0rer [ = 2; 3a Tpw
mieT [ = 3), a ¢ j — TeKyIus HOMep Ha ChOT-
BETHATa U3MoJ3BaHa Jiema. Torasa, cien npu-
nara"e Ha metoja Ha G-cymuTte [6] ce momy-
YaBaT CJICHUTE CTOMHOCTH 3a KPUBHHHUTE Ha
IBPBUTE M BTOPUTE MOBBPXHOCTH HA BCUYKHU
JIeTy, Taka 4e chepruIHoTO MM abepanus 1a e
MUHHMAaJTHA

o [n(2n+1)+4(n2—1)(j—1) 2(n+1)
J1 = 2i(n+2)(n-1) (n+2) ®)
o [n(Zn—l)—4+(n2—1)(j—1)]
61(6_)_ 2(n+2)(n-1)
2(n+1) . m
(n+2) ((m—l))]v ©)

ToraBa, MUHUMAaIHaTa CTOMHOCT Ha cde-
pudHaTta abepaius Ha BCsSKa €IHa OT JIeIIUTe
1€ CE ONpPEECIIN 110 u3pasa
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y3ng _
8i2(n—-1)2(n+2)(p-v) {(47’1

De? + 4i%(n — 1)? [v(<p —v) —
e yziG- ) (10)

[Tpu monarane B u3pasu (8), (9) u (10)cj =
i = 1 ce mosiyyaBaT CTOMHOCTH Ha KPUBUHUTE
U Ha chepruyHara abeparysi Ha CHHIJIET, IPU-
TeXaBallla rojsiMa ONTUYHA CuJIa.

SA3in =

Pesyararu

Ha ocHoBara Ha omrcaHara ¢ CTaTHsITa Me-
TO/AMKA Ca CUHTE3HpPAaHU U U3CJEABaHU OOEK-
THUBH, CHCTAaBCHHU OT 1, 2 U 3 THHKH IIOJIOXKU-
TEJTHU JISITU ¢ oNTUMaTHa (hopma, U3padboTeHU
OT eHAKBB MaTepual. B Tabn.2 ca mokazanu
KOHCTPYKTHBHHUTE [TapaMeTpH Ha Te€3U OOCKTH-
BU U TAXHATa chepruHa abeparust npyu U3Io-
3BaHe Ha Hal-pa3npOCTpPaHEHUTE B TepMaliHa-
ta Y obnact ontuunu marepuanu Ge, ZnS,
ZnSe u AMTIR-1.

Ot 1abm.2 ce BHXKIa, Ue 3a BCHYKUA 00CKTH-
BH cheTaBeHu oT 1 sema (i=1) SA3<0. Toa
O3HauaBa, ue chepryuHaTa abeparus € HeJJOKO-
purupasa, Wi ¢ Apyrd AyMH KpallHUS OCOB
TpY TIpecrva ONTHYHATA OC PN apaKcHall-
HUS 00pa3.

3a 00ekTuBU cbcTaBeHU OT 2 nemu (i=2)
chepuyHaTta abeparusi Mo abCOJTIOTHA CTOM-
HOCT CWJIHO HaMaisiBa. B 3aBucmuMocT OT mo-

KaszaTels Ha MpeuynBaHe (PECHeKTUBHO BUAA
Ha ONTUYHHUSA MaTepuai) TS MOXE /1a OCTAaHE
oTpuiarenHa, aa 0wpae Onmska no 0, wim nma
CTaHE NOJIOKUTENHA. B mmocneqnus ciaydai T
OTHOBO 3aroyBa Jla yBelu4aBa CBOsiTa abco-
JIFOTHA CTOMHOCT.

3a BCUYKH 00EKTHUBU CHCTABEHU OT 3 JIEIIH
(i=3) SA3>0. ToBa o3HauaBa, 4e cepruuHaTa
abepalnus e NpeKopurupaHa, Win ¢ Ipyru cy-
MU KpaillHus OCOB JIbY MIPEcHyYa ONTHUYHATA OC
clien mapakCHaTHus 00pas.

Ot 1a051.2 cTaBa ICHO, U€ 3aMEHSHETO Ha |

Jela ¢ rojsiMa ONTHYHA CUjla C HAKOJIKO Jie-
M, TPUTEXKABAIIM [MO-MaJKa ONTHYHA CHIIA,
MO’K€ J1a JOBeJe A0 HaMajsiBaHE Ha METHOTO
Ha pasceiiBaHe. MUHUMYMBT 1O abCOJIIOTHA
CTOMHOCT Ha cepuuHara abeparusi 3aBUCH
KakTO OT TMOKa3aTeiass Ha IMpedylnBaHe Ha
MaTepuaia, OT KOWTO € u3paboTeHa Jjellara,
Taka ¥ OT Opos Ha WM3MOJI3BaHUTE Jemu. ToBa
03HA4aBa, ye MPEKajIeHOTO U MPOU3BOIIHO yBe-
nuyaBaHe Oposi Ha JiemuTe B 0OEKTHBA € He-
HY>KHO U MO3KE J1a JIOBEJIE /10 HaJTM4Ke Ha Ipe-
Kopurupana chepuyna abepanusi.
Ha ¢wur. 1 ca nmokazaHu ONTUYHUTE CXEMH Ha
Ha 1, 2 u 3 7emoBu 00EKTHBU U3PAOOTEHU OT
repMaHuil, YUUTO KOHCTPYKTHBHU MapaMeTpu
CHOTBETCTBAT HA Pe3yJTaTUTEe OT Tali. 2 3a
Ge.

Tabnuua 2: Koncmpyxmuenu napamempu u cgpepuyna abepayua Ha

1,2 u 3 newosu obexmueu, uspabomenu Om paziuyer Mamepua

1 2 3
Rl R2 Rl R2 Rl R2 SA3
= o 100 150 0217
2 | % 200 300 75 85714 10076
i=3 300 450 1125 128571 | 69231 | 75 10.13
S P 8484 | 289.65 20.554
= |2, 169.607 | 57931 | 74 107 20.0362
i=3 ’ 254545 | 868.965 | 110891 | 160509 | 70986 | 88421 | +0.0671
T P 628.57 | 1708.78 20,46
i |2 o [77on [asias [7a757 [ 101986 20,01
=3 ) 265517 | 721.875 | 112135 | 15298 | 71,077 | 85556 | +0.0743
1 9% 225 20.434
=2 ﬁi\ﬁg}}'l 180 450 75 100 0
=3 ) 270 675 1125 150 71053 | 84375 | +0.00
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GERMANIUM LENS BENT FOR MINIMUM UNITS: MM
FOCAL LENGTH = 100 NA = 0.2525 DES: Pulov

GERMANIUM LENS BENT FOR MINIMUM UNITS: MM
FOCAL LENGTH = 100 NA = 0.2563 DES: Pulov

GERMANIUM LENS BENT FOR MINIMUM UNITS: MM
FOCAL LEMGTH = 100 NA = 0,25 DES: Pulov

Due. 1. Onmuunu cxemu na 1, 2 u 3 newosu
obexmueu uspadbomenu om I epmanuil.

[IpencraBnsiBa MHTEpPEC ONPENENIHE CTOM-
HOCTHTE Ha TIOKa3aTells Ha MpeuymBaHe, 3a
Kouto cepuuyHata abepanusi € OTCTpaHECHA
HanbwiaHO, T.e. SA3 = 0. Ille ce uscneasar
00EKTHUBH, CbCTAaBEHH OT 2 U 3 JEMIH.

e (OO0eKTHB, CHCTaBEH OT 2 JIEIIH.

VYcnoBuero 3a OTCTpaHsiBaHe Ha cpepuyHa-
Ta abeparus e SA3, = 0.

B m3pa3 (10) cemomaraci=2uv=0mwu
ce moyxyvaBa

www.eufunds.bg

dn—1=4(n—-1)>2 (11)

Pemenuero Ha ypaBuenue (11) mokasBa, ue
chepuuHaTa abeparus Ha OOCKTHB OT 2 JIeHIH
e 0b/ie OTCTpaHEHa, KOraTo MoKa3aTeNsT Ha
MpedynBaHe Ha MaTepuania, OT KOMTO Te ca u3-
paborenu ¢ n = 2,5. O0aye ONTUIHUTE MaTe-
pUaId UMAT TUCKPETHH CTOMHOCTH HA CBOUTE
MoKazaTenu Ha mpedynBane. Haif-61m3ko pas-
MOJIOKEHH 10 n = 2,5 ca mokaszarenure Ha
npeuynBade Ha ATMIR (n = 2,498 3a nba-
kuHa Ha BeiaHaTalOum) u ZnSe (n = 2,406
3a IbJDKMHA Ha BhJHATalOum).

e (OO0eKTHB, CHCTaBEH OT 3 JIEIIH.

YcnoBueTo 3a OTCTpaHsiBaHe Ha chepudHa-
Ta abepamus ¢ SA3; = 0.

B u3pa3 (10) cemomaraci =3 uv=0mu
ce nojyvana

4n—1=2(n—1)>2 (12)

Pemenuero Ha ypaBHenue (12) nokassa, ue
chepuynaTa abeparusi Ha OOCKTHB CHhCTaBEH
ot 3 nemu 1ie 6bA€ OTCTpaHEHa, KOraTo IMoKa-
3aTesAT Ha IpevuylBaHe Ha MaTepuaa, OT Kou-
TO Te ca u3paborenu e n = 1,75. Haif-6mm3ko
pasmoyiokeH 10 n = 2,5 e mokasareisaT Ha
npeuynBaHe Ha Csl (n = 1,74 3a npmKrHA Ha
BbiaHaTalOum).

3AK/IFOYEHHUE

N3cnenBana e Bb3MOXKHOCTTA 3a pa3paboT-
BaHE Ha MaJOKOMIIOHEHTHH HH(pauepBeHH
00EKTHBH 3a TepMaTHaTa 00JIACT OT CIIEKTHPA,
CbCTABEHU CaMO OT IMOJIOKUTETHH JISHIH U U3-
paboTeHu OT equH U Chill MaTepuan. CHHTE3U-
paHU U U3CJIeIBaHU ca 00CKTUBHU, U3Pa0OTCHU
ot Ge, ZnS, ZnSe u AMTIR-1 u cbcTaBeHH OT
1, 2 u 3 nemwm ¢ ontuManHa GpopMa M MajKa
ONTUYHA CHUJIA. Y CTAHOBEHO, € Y€ MUHUMYMBT
1Mo a0COJIFOTHA CTOMHOCT Ha cdepuyuHara abde-
parus 3aBUCH KaKTO OT TOKa3aTess Ha Tpe-
YyyIBaHE Ha MaTepuasa, OT KOHUTO e n3pabore-
Ha Jienara, Taka U OT Oposi Ha U3IOJI3BAaHUTE
nemu. OnpeeneHu ca ONTUYHUTE MaTepHay,
IpU KOWUTO cdepuuHata abepauus OT TPETH
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pen Ha AyOJleT W TpUIIET € OJMr3Ka 0 HyJa.
OntuManHusaT Opoi Jeuy, OT KOUTO MOXKE Ja
Ce U3rpaj iy KOMIIAKTeH MaJIOKOMIIOHEHTEH UH-
(bpauepBeH 0OEKTHUB OTTOBAPSIII HA 33/1aJICHH-
T€ B U3JIO)KEHHETO YCJIOBHUS € 2 Wik 3 U ce
OIPCACIIA OT OIITUYHUA MATCPHUA U OT CyMap-
Hus OajaHc Ha abeparnuure.
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Abstract

The aim of this paper is to present basic hardware components of a flexible assembly system (FAS) and investigate
possible faults, classify the errors and implement real diagnosis. The mentioned FAS-200 system offers professional
training according to the industrial reality, simulating a real assembly process and including different technologies from
Industry 4.0. This system consists of an automated flexible assembly cell with five different stages: assembly, handling,
quality inspection, transfer and warehouse. The pneumatic system repeats the identical programmed sequence during it
operation. The data was collected when the pneumatic system worked perfectly and had some generated faults
including empty magazine, zero vacuum, inappropriate material, no pressure, closed manual pressure valve, missing
drilling stroke, poorly located material, not vacuuming the material and low air pressure. The faults are simulated
according to developed algorithms in this investigation. The analysis of the simulated faults is discussed and the
obtained results can be applied in the similar pneumatic systems in industry.

Keywords: Fault detection and diagnosis, 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]. Digital innovation and
sustainability are two inseparable principles
which are based on the concept of circular
economy. Digital innovation enables 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

www.eufunds.b,

assembly system (FAS) is a fully integrated
production system consisting of computer
numerically controlled assembly stations,
connected by an automated material handling
system, all under the control of a central
computer. 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 one of
the basic hardware components of a flexible
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assembly system FAS 200 and discuss it fault
diagnosis, classify the faults 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].

FAULT DETECTION AND DIAGNOSIS
IN FLEXIBLE AUTOMATION
SYSTEMS

The interest for the development of
diagnostic methods for pneumatic and
hydraulic systems has increased in the last
decade. Researchers concentrated on the
detection of the faults of the components. The
condition of the pneumatic and hydraulic
cylinders [4], and digitally controlled valves
[5] were the main focus of the studies. Some
of the other considered faults were leakage of
the seals [6], friction increase and other
malfunctions.

In the Flexible Integrated Assembling
System FAS-200, the most modules could
simulate 16 errors. These errors are generated
by switches. To aces to these switches, it is
necessary to open the cover of the system
TROUB200 using the corresponding key.
Each of these switches will cause an error in
one of the manipulator components of the
corresponding module. There is no limit in
the number of errors which can be
simultaneously activated

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

www.eufunds.b,

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.

The flexible system FAS-200, installed at
the Laboratory of Intelligent Automation
Manufacturing Systems includes six stations
Fig.1:

 FAS-203: Module for feeding and
transferring of bearings

This cell feeds the bearings and forwards it
to the position for measurement. The bearings
have two heights. Hence, can be used and
putted two types with different heights.

* FAS-204: Measuring module

It measures the bearings assured by the
previous cell and forwards them after to the
next cell.

* FAS-209: Lid classification station

This station feeds and inspects that, which
are to be added to the work-piece. In the
current case up to six different of lids with
varying height, color and material are possible
to classify.

* FAS-210: Lid rejecting and transferring
station

This station rejects incorrect lids or inserts
them onto the pallet in case they are of the
required type.

» FAS-215: Visual inspection and rejection
station

Before the last storage steps, the visual
inspection station is able to reject the items, if
it obtains the unsatisfactory result.

* FAS-216: Storage station

The product is removed from the production
line and stored using electric actuators.

In addition to transport processes between
all stations there is a linear conveyor with a
CCD Camera for final quality inspection.
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DESCRIPTION OF THE PNEUMATIC
MEASUREMENT MODULE FAS 204

It is measured in this module the height to
differentiate between the two sizes of
bearings, fig. 2. 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”.

When the pallet is positioned opposite the
module this operation begins. The pallet is
held in the location by a stopper and a
positioner-lifter on the linear transfer system.

www.eufunds.bg

Fig. 2. Measuring manipulator

When the PLC of the previous module
sends the signal “end cycle” to the PLC of
this measuring module. The task of placing
the bearing is performed on the pallet brought
by the belt conveyor and carrying the body
fed and assembled by the previous modules.
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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.
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e Bearing insertion:

The final operation is performed by a
manipulator (fig. 3) comprising 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.

This way the functions in the measuring
module are finished.

Fig. 3. Insertion manipulator

FAULT CLASSIFICATION

The fault classification aimed at fault
localization and/or fault description, both of
which can be helpful for targeted and faster
maintenance. Using known information from
the pneumatic circuit diagram (fig. 4), it can
be concluded which of the components
involved is out of order.
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Fig. 4. Pneumatic diagram of the measuring module.

The possible simulated faults could be
classified and simulated as follows:

1. The elevator-measurer cylinder (A) does
not go up to make the measurement of the
bearing. The expected wrong components are:
* Elevator-measurer cylinder (A).

* Solenoid valve of the elevator-measurer
cylinder (A+).

» Backward auto switch (a0) of the elevator -
measurer cylinder.

The faulty component is wiring of the
elevator-measurer cylinder's solenoid valve
(A+). The 24v from the PLC's O01 output are
not being received.

2.The rejector-measurer cylinder (B) does
not reject the bearing, even the size of the
bearing is wrong. The expected wrong
components are:

* Rejector-measurer cylinder (B).
*Solenoid valve (B+) of the rejector-measurer
cylinder.

The faulty component is wiring of the
rejector-measurer cylinder's solenoid valve
(B+). The 24v from the PLC's O03 output are
not being received.

3. The centering cylinder (C) of the
measuring manipulator does not go down to
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hold to the bearing. The expected wrong
components are:

* Centering cylinder (C).

* Solenoid valve (C+) of the centering
cylinder.

The faulty component is wiring of the
centering cylinder's solenoid valve (C+). The
24v from the PLC's O04 output are not being
received.

4. The vertical cylinder of insertion (D)
doesn't go down to pick up the bearing from
the measurement position. The expected
wrong components are:

* Centering cylinder (C).

* Solenoid valve (C+) of the centering
cylinder.

The faulty component is wiring of the
centering cylinder's solenoid valve (C+). The
24v from the PLC's O04 output are not being
received.

5. The rotary manipulator (E) does not go
forward until the pickup position of the
bearing. The expected wrong components are:

* Rotary actuator (E).

* Solenoid valve (E+) of the rotary actuator.

* Auto switches (e0, el) of the rotary
actuator.
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The faulty component is wiring of the
rotary actuator's solenoid valve (E+). The 24v
from the PLC's O06 output are not being
received.

6. The pneumatic gripper (F) cannot open to
pick up the bearing. The expected wrong
components are:

* Pneumatic gripper (F).

* Solenoid valve (F+) of the pneumatic
gripper.

The faulty component is wiring of the
pneumatic gripper's solenoid valve (F+). The
24v from the PLC's O07 output are not being
received.

7. The rotary actuator (E) doesn't go down
to pick up the bearing from the measurement
position. The expected wrong components
are:

* Solenoid valve (E) of the rotary actuator.

* Auto switches of the rotary actuator.

The faulty component is wiring of the auto
switch of the rotary actuator (el), Ov are
detected in the PLC's 109 input.

8. The rotary actuator (E) doesn't go up to
pick up the bearing from the measurement
position. The expected wrong components
are:

* Solenoid valve of the rotary actuator.

* Auto switches (e0, el) of the rotary
actuator.

* Solenoid valve (E+) of the wvertical
cylinder.

* Auto switches (d0, d1) of the vertical
cylinder.

The faulty component is wiring of the auto
switch of the vertical cylinder (d1), Ov are
detected in the PLC's 106 input.

9. The measurer cylinder (A) doesn't go up
to perform the measurement of the bearing.
The expected wrong components are:

 Analog potentiometer (anl).

» Measurer cylinder (A).

* Solenoid valve (A+) of the measurer
cylinder.

* Forward auto switch (al) of measurer
cylinder.

The faulty component is wiring of the
forward auto switch of the measurer cylinder
(al), continuously provides the PLC's 105
input with 24v.

10. The sequence of the system stops when
the insertion manipulator goes down to take a
bearing. The module keeps stopping. The
expected wrong components are:

. Manual/Automatic selector.

The faulty component is wiring of the
upward auto switch of insertion manipulator
(d0), continuously provides the PLC's 107
input with 24v.

MEASURING AND FAULT DETECTION
ALGORITHM

During operation with the flexible
assembling system they are used functional
PLCs software programs implemented like
structural function codes. The function code
diagram for the measuring module is evident
from fig. 5.

Fig. 5. Program function diagram for the
measuring module FAS204.
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Fig. 6. Algorithm for fault detection in the
pneumatic vertical cylinder D.

Two faults were selected from the fault
simulation system - fault No. 4 and fault No.
6 described above. Typically, the suspected
components and likely causes of these faults
include actuators, distributors, wiring, and
their connection to the input-output PLC.
Two algorithms have been developed that
uses visual signaling to notify of a fault in the
system and provide a tool for checking the
system and its components to identify the
causes of the fault.

The first algorithm is implemented when the
vertical cylinder D fails to actuate for lifting
the bearing (fig.6). When the conditions for
implementing step 5 (fig. 5) are met, but step
5 itself is not executed, meaning that cylinder
D remains inactive due to the lack of a signal
to D+, a visual signal is activated using a
lamp to notify the operator of a system error.
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Fig. 7. Block diagram of the algorithm for the
case in which gripper F does not actuate.

If cylinder D fails to actuate due to the
absence of a signal to D+, this activates a
visual signal to alert the operator of a system
error. Otherwise, the system continues its
cycle.

The second algorithm is implemented when
the pneumatic gripper (F) cannot open to pick
up the bearing. The developed fault detection
algorithm is evident from fig.7. The faulty
component is wiring of the pneumatic
gripper's solenoid valve (F+). The low level
of the air pressure is also a reason for an error
state. After fault detection and signalization,
the repair process has to be performed.

A program has been created in the Siemens
TIA Portal environment, activating light
signaling when one error occurs in the
selected FAS-204 module. A diagnostic
program has been created, hardware stops and
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feedback from the PLC when a hardware fault
occurs malfunction, such as no power, a
broken cable or something else.

The final results satisfied the process of
fault detection and diagnostic for preventing
of future unwanted effects.

CONCLUSION

The aim of this paper is to present one of the
basic hardware components of a flexible
assembly system FAS 200 and discuss it fault
diagnosis, classify the faults and describe
some real applications. The faults are
simulated according to developed algorithms
in this investigation. The analysis of the
simulated faults is discussed and the obtained
results can be applied in the similar pneumatic
systems in industry. The FAS-200 system is
the ideal answer to research and training in
industrial automation.
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BJIMAHUE HA TOKA HA TUTAHOBUTE TAPT'ETH BbPXY AJIXE3UATA
HA TBBPAU IIOKPUTHUSA CRTIALN, IIOJIYYEHH
YPE3 PASBAJTAHCUPAHO MATTHETPOHHO PA3ITPAIIIBAHE
B 3ATBOPEHO I10JIE

THE INFLUENCE OF TITANIUM TARGETS CURRENTS ON THE
ADHESION OF CRTIALN HARD COATINGS OBTAINED BY
UNBALANCED MAGNETRON SPUTTERING
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Abstract

Hard CrTiAIN coatings were prepared to research the influence of Ti-targets currents on the adhesion to HSS
substrate. The samples were processed in UDP 850 (Teer Coatings) by Closed Field Magnetron Sputtering at
temperatures below 200°C. The technological regimes differed in values of Ti-targets currents while the other
technological parameters were kept the same. The chemical composition of the coating showing optimal properties is:
Cr—484at. %, Ti— 7.8 at. %, Al— 6.9 at. %, N— 36.9 at. %. A progressive scratch test at loading from 0.5 N to 30 N
does not reveal features implying any failures in the adhesin and cohesion. The lowest coefficient of friction against the
Rockwell indenter — 0.117, was measured for this coating. Significant advantages of this coating compared to the others

in the series were found.

Keywords: unbalanced magnetron sputtering, hard coatings CrTiAIN, adhesion.

BBBEJIEHUE

Pa3paboTBaneTo Ha TBHPIU MOKPUTHS, Ha-
HacsHU upe3 (U3UYHO OTJaraHe OT ra3oBa
¢daza npu temneparypu noxn 250 °C e obekr
Ha HW3CIIEABAHMATA, CBHP3aHU C TAXHOTO MPH-
JIOKEHHE 32 TEMIIePaTypOUyBCTBUTEITHU MaTe-
puanu. Hanacsnero Ha 3alIUTHH TBBPAU TO-
KpUTHS 33 TO3W KJIaC Marepuaiu TpsOBa aa ce
OCBIIECTBSABA MIPU TEMIIEPATypH, MO-HUCKH OT
TE3W IPU KOUTO T€ ca TeMrepupanu. Ta3u usz-
clieZloBaTecKa 3ajada € cBbp3aHa ¢ u3dopa Ha
MOJXOAIIO O0OpYy/ABaHE 3a HAHACSHE Ha IIO-
KpUTHSTA, TOJ00pa Ha MpeABapUTEIHATa Me-
XaHWYHAa M XMMHUYHA 00paboOTKa, PEeXUM Ha
ria3mara B Kamepara ¥ Ha ONTUMallHa Tpuoo-
JIOTUYHA CHUCTEMa MOKpUTHE-NoIokKa [1].

UYerBopuute CrTiAIN TBBpAM TOKPUTHS C
npexoneHn cnoii CrN, HaHeceHu upe3 pazlda-
JJAHCUPAHO MAarHeTPOHHO pas3IpallBaHe, ce
W3MON3BAT 3a MONOOpsSBaHE Ha BPEMETO Ha
€KCIIJIOAaTalys Ha pa3JInyHu MHCTpYMeHTH. Te
ce XapakeTepu3upar ¢ TeMIlepaTypHa U OKCH-
JAIIMOHHA YCTOWYMBOCT, KOETO T'M MPaBU IEp-
CHEKTUBHU 32 MOKPUTHUS BbPXY PEXKEIIH HH-
ctpymeHTu [2]. M3ydaBaHeTo Ha aaxe3usiTa
Ha TBBPAUTE MOKPUTHUS € MPEIU3BUKATEIHA
3a/laya MOpaJy BIMSHUETO Ha HIMPOK HAOOP
oT ¢akropu. XapakTepHUTEe KPUTHYHU HATO-
BapBaHMs JAaBaT MHGOpMAIUs 3a U3APHKIHU-
BOCTTAa HAa MOKPUTHETO M 3a aAXe3UsiTa KbM
moaiokkara [3]. MexaHu3MuTEe Ha BKJIIOYBa-
He Ha enemeHTd Karo Ti m Al xem CrN 3a
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TO3U KJIaC MaTepuay ca OMpeIessiy 3a TaX-
HaTa yCTOWYMBOCT KbM 0Opa3yBaHe Ha MTyKHa-
THHU U 3a aJxe3uoHHara um cuia. [lo3nasa-
HETO UM TI03BOJIIBA MpEACKa3BaHe Ha TpUOO-
JIOTUYHUTE CBOMCTBA Ha Marepuanure [4].
CrpykTypara, OKCHJIAIIMOHHATA YCTOHYHUBOCT,
MEXaHUYHUTE U TPUOOJIOTMYHUTE CBOMCTBA
npu TBbpaAuTe CrTiAIN NOKpUTHS ¢ HUCKO
chlIbpkaHue Ha Al CHIIHO 3aBUCAT OT KOJIH-
gecTBOTO Ha enemenTa Ti. [5]. LlenTa Ha Ha-
cTosiiiara paboTa e u3cieBaHe Ha BIUSHUETO
Ha Toka Ha Ti-TapreTu BbpXy ajaxe3usra Ha
tBepau nokputuss CrTiAIN ¢ HHCKO ChIBp-
*aHue Ha Al, HaHeceHM upe3 pazbanaHcupa-
HO MarHeTpOHHO pa3MpaliBaHe MpHU TeMIepa-
Typu no-Hucku ot 200 °C.

N3JI0XEHUE

TexXHOJOTHYHUTE TPOLECH ca MPOBEACHU
gype3 pa3dallaHCUpPaHO MAarHETPOHHO pas-
MpaliBaHe B 3aTBOPEHO MAarHUTHO IOJIE BbHB
BakyymMHa yctanoBka UDP 850 (Teer
Coatings Ltd), oGopynBana ¢ 4eTUpH TJIOCKH
MIPaBOBI'BIHA MarHeTpoOHa IIpU TEMIIEpaTrypa
Ha Mojyiokkara B uatepnaia 175-195 °C. Jle-
TalTHO 00OPYIBaHETO, KAKTO U MPEIBAPUTEII-
HaTa IPOOOTOArOTOBKA Ca ONMHUCAaHH B [6].

B nponeca Ha ONTHMU3AlHWA Ha TCXHOJIO-
ruyaus pexuMm ca oriaokeHn CrTiAIN mo-
kputusi. C 1en momoOpsiBaHe Ha anxe3usta
KbM MOJUIOKKAaTa M HaMajsiBaHE HAa BbTpPELI-
HUTC HAMPCKCHUA Ca BKIIHOYCHHU AAXC3HMOHCH
(Cr) m mpexozaen (CrN) cioli nmpy aHaIOTUYHU
YCJI0BUA 3a BCHUYKH ITPOLICCH. FpaI[I/IeHTHI/I}IT
(CrTiAIN) 1 OCHOBHHSAT CIION ca OTJIOXKEHU
IIpU PEXKUMU, pa3IHYaBally CE€ 32 OTACIHUTE
MpoLIeCH €UHCTBEHO Mo IpuiioxkeHus Ha Ti-
Tapretd TOK. llapamerpure Ha OTJIarane Ha
MMOKPUTHATA ca NpeacTaBeHu B Tabmuma 1.

Taonuya 1 [lapamemp Ha mexHono2uHUMeE PeHcUMy

" Iat, | Imi, | Icr, | Imi, | No, p, D,
[A] | [A] [ [AT | [A] | [sccm] | [Pa] | [um]

MexaHUYHHUTE CBOMCTBA Ha MOKPUTHSATA U
TAXHATa Qaaxe3us ca W3CIeABAHH dYpe3
Compact Platform CPX (CSM Instruments).
Anxe3usiTa Ha MOKPUTHATA € U3CIIEABAHA Upe3
MIPOrPECUBEH TECT Ha HaJpacKBaHE MPU HOP-
MmasneH Hatuck Fn=0.5+30 N.

EneMeHTHUSAT chCTaB Ha MOKPUTHSATA € U3-
ClIeJIBaH C TIOMOIITA HA CKAaHUPAI E€JICKTPO-
HeH mukpockon (Hitachi SU 5000), o6opyn-
BaH ChC CHCTEMa 32 C€HEPTUUHO-IUCIEPCHO-
HeH ananu3 (EDS, Thermo Scientific).

HabnromaBanure HapylieHUs, MEXaHU3MBT
Ha TSIXHOTO Bb3HMKBAaHE U Pa3BUTHE, KAKTO U
HATOBapBAHETO, IIPU KOETO C€ MPOSIBSIBAT, 3a-
BUCAT OT XapaKTePUCTHKUTE Ha cucTeMara
MOJTOKKA-TIOKPUTHE (TParmaBoCT Ha MOJIOK-
KaTta, CTpyKTypa U JebeuHa Ha MOKPUTHETO,
KOMITJIEKCEH MOAYJI Ha €JIaCTUYHOCT U JIp.), OT
napaMeTpuTe Ha HM3MUTBaHE (paauyc Ha WH-
JICHTOpa, CKOPOCT Ha HAaTOBapBaHE U TPUI-
BIDKBAHE M JIp.) M OT YCJIOBHSTA Ha 3a00WKa-
nsmara cpefa (TemMmeparypa, BIaKHOCT U
ap.) [7]. OT cBost cTpaHa ChCTaBBT, CTPYKTY-
para ¥ CBOICTBara Ha MOMYyYEHUTE MOKPUTHS
ce OMpenensT OT YCJIOBHUATA Ha HaHACsSHE.
Mexly TEeXHOJOTHYHUTE MapamMeTpu Chlie-
CTBYBaT CJIO)KHHM 3aBUCHMOCTH, YE€CTO HEJH-
HEWHU U MPOMSHATA HA BCEKH MapaMeThp MO-
e J1a MIPOMEHU PaBHOBECHETO.

3a mpoMeHUTEe B aKTHBHATA TTOBLPXHOCT HA
TapreTuTe ce ChIU OT IpeicTaBeHuTe B Ta-
Omuia 2 enexTpuuecku napamerpu. EnHaksa-
Ta MOIIHOCT, C KOATO pabOTH XPOMHHUST Tap-
reT B OTJCIHUTE MPOLIECH IMOKa3Ba, Y€ ChC-
TOSITHUETO Ha Heromara pabOTHA MOBBPXHOCT
HE C€ TOBIHUSBA OT HACTHIMIUTE NMPOMEHU B
yCIIOBUSTA B KaMepara. 3a aTyMUHUEBUS Tap-
reT MOHMKaBaHETO Ha MOIIHOCTTA € CBhP3aHO
C MOHI)KaBaHE Ha HANpeKEHHUETO. YCTaHOBe-
HaTta paznuka oT 40V B HampeKeHUETO NpU
npouecu #03 u #04 Hal-BEpOSITHO C€ IBIIKU
Ha TPEXOJl OT YHCTa METATHA MOBBPXHOCT Ha
ayMUHUEBUSL TapreT KbM TakaBa, YaCTUYHO

HAYKA N OBPA30OBAHUE 3A
WHTEAUIEHTEH PACTEX

#01]6.0]6.0]60]60]| 220 020 | 3.2
#02]16.0]50]60]50] 220 020 | 2.8
#03 1604516045 ]| 220 [020| 2.8
#0416.0]40]60]40] 220 ]027] 1.6

WJIU U3LSII0 NTOKpUTa ¢ HUTpU.. [Ipu turano-
BHUTE TapreTy MOBUIIABAHETO HA CHIIPOTHUBIIE-
HUETO IMpeanoiara YacTU4Ho popMHUpaHe Ha
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TUTAHOB HUTPHUJ Ha MOBBPXHOCTTa My [8].
Paznukara B CTOMHOCTUTE Ha HAIPEKECHUETO
Ha JIBaTa TUTAHOBU TAapreTa NP €IWH U ChIIH
TOK C€ ABJDKM Ha pa3jvKara B IUIOIITa U B

W3cnenBanusi ¢ MHOrO(aKTOPEH aHaJH3
ILBI/I)KGHI/IGTO Ha UHACHTOPA Bb3HUKBAT IIOJIYy-
chepuyHu HapylieHus, pe3yiarar ot aedop-
Mamus Ha TMOKpuTHeTo mpen Hero. Ot

HAYKA N OBPA30OBAHUE 3A
WHTEAUIEHTEH PACTEX

npoduna Ha aKTHBHA MOBBPXHOCT, KOUTO C€
OMPENENAT OT €KCII0ATAlMOHHUS UM KUBOT.

Tabnuya 2 Enexmpuuecxku napamempu

4 Iai, | Uai, | Pai, Iri, | Un, | P, Icr, | Ucr, | Per, Iti, | Un, | P,
[A] | [V] [[kW] | [A] | [V] [[kW] | [A] | [V] |[[kW] | [A] | [V] | [kW]
#01 6.0 254 1.5 6.0 268 1.6 6.0 300 1.8 6.0 300 1.8
#02 6.0 247 1.5 5.0 270 1.4 6.0 295 1.8 5.0 293 1.5
#03 6.0 237 1.4 4.5 270 1.2 6.0 295 1.8 4.5 292 1.3
#04 6.0 197 1.2 4.0 288 1.2 6.0 295 1.8 4.0 296 1.2

MOCOYBAT MOIIHOCTTA KaTO OmMpeiensiy (ax-
TOp 3a AcOennHaTa U Ka4yeCTBOTO Ha IOJTyde-
Hute nokputus [9]. Ilpu wm3cnenBanero 3a
npouec #04 e oTyeTeHa Hali-BUCOKa MOITHOCT
Ha XpOMHHSI ¥ Hail-HHCKA - HAa aTyMUHUEBUS
TapreT COpsiMO CyMapHaTa MOIIHOCT Ha TUTa-
HOBUTE TapreTu, KOETO ChOTBETCTBA HA U3MeE-
HEHHUETO Ha CJIEMCHTHHSI ChCTaB Ha TIOKPH-
TusATa, npenacrased B Tadnuna 3. C HamansBa-
HE Ha MOITHOCTTa Ha TUTAHOBHUTE W Ha aly-
MUHHEBUS TapreT HaMajsiBa CKOPOCTTa Ha OT-
JlaraHe Ha MOKPHUTHETO.

[TonyyeHuTe npu ONMUCAHUTE YCIOBUS TO-
KpUTHS TIOKa3BaT M3BECTHU PA3JIUKU B MeXa-
HUYHUTE CBOMCTBA U aaxe3usaTa (dur. 1). 00-

Tabauua 3 Enemenmen cocmas

paseny #01 xpMm #03 Te3u HapylleHUs Hama-
JSBaT 3HAYUTENHO CBOSITA WHTEH3MBHOCT U
'bCTOTA. AHANIOTUYHA € TEHACHIMUATA 1O OT-
HOILIEHUE Ha IBIOBUIHUTE HAPYIICHUS, IIOPO-
JICHU OT OITbHOBM HAMPEXEHUS 3aJ] UHJCHTO-
pa. Te3u HapyIIeHHs ca HACOYEHH 0OpaTHO Ha
MOCOKaTa Ha JBI>KeHUe. TakuBa ca HaTUYHU
B ciienara Ha obpaser; #01; B Ta3u Ha oOpaszen
#02 u #03 ca enBa 3abenexumu, a npu #04 He
ce HaOJIroqaBar.

CrHekTspbT HA aKyCTUYHATA EMUCHS HA
obpazer #01 (dwur. 2) ce oTMyaBa ¢ HAKOIKO
CIVHUYHYU THKA C pa3jMyHa aMIUTUTyAa, Ha
KOMTO CHOTBETCTBAT JBE TOJIEMH HapyLICHUS
C KOXE3MOHHU IponykBaHs cieq Fn=22 N. B

4 Al(%[]at. Ti, [at. %] Cr(%[]at. N, [at. %] ®opmyna
#01 16.0 18.8 36.6 28.5 (Cro.s1Tio.27Alo.22) N
#02 19.4 13.7 38.6 28.3 (Cro.54Ti0.19Al0.27) N
#03 19.7 10.6 38.7 31.0 (Cro.s6Ti0.15Al0.29) N
#04 6.9 7.8 48.4 36.9 (Cro.77Ti0.12Alo.11) N

MexaHI/BMI/ITe HAa Bb3HUKBAHC U paBBI/ITI/Ie Ha
HapylIeusaTa U Bpb3KaTa UM C MHUKOBETE B aKy-
CTHYHATa €MHCHS ca pa3IjielaHu Ha 0a3ara Ha
aHamuza B [10]. AMminTynara Ha €IMHUYEH
IIMK B aKyCTI/I‘-IHaTa eMucusi € HpOHOpHI/IOHaJIHa
Ha TUTONITa Ha HAPYIIEHHUETO, KOETO TO TeHEPH-
pa. Hannunero Ha MHOKECTBO CBbP3aHU

www.eufunds.bg

MMKOBE MOKa3Ba OTKbPTBAHE Ha MOKPUTHUETO U
B TE€3U CIy4au ce HaOJ0AaBaT rojleMHu OTKPUTHU
wiony ot cyocrpara [10]. Jluncara Ha TakuBa
MIUKOBE, PErMCTPUPAHU B aKyCTHUHATa €MHUCHS
3a WU3CJIE/IBAHUTE MOKPUTHUS MOKa3Ba, Y€ Hapy-
HICHUSTA HE JOCTUTaT MOAJIOKKATa 3a HUTO ell-
HO OT OKPUTHSTA.
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[lpu Tecra Ha HaapackBaHE MO MMOCOKa Ha
cniekThpa Ha oopasen #02 cien Fn=10 N ce Ha-
OJromaBaT MHOXKECTBO ITMKOBE C HapacTBalla
amMIunTyfa. Te3u MHKOBE OTrOBapsIT Ha CepHst
BUJMMH YaCTHYHH TOJTYCHEPUIHH HAPYIICHUS
mpel HWHISHTOpa, TOPOACHH OT IMPEKOMEPHO
Or'bBaHE Ha MMOKPHUTUETO, BOJIEIIO JI0 IJIACTUYHA
nedopmarus. Crnex 23 N 10 Kpast Ha Tecta ce

MOSIBSIBAT KOXE3MOHHU HApyIICHUS MEXIy Ipe-
XOIHUSI U OCHOBHHS CJIOH Ha IMOKPUTHETO, U3-
JH3ald U3BBH paMKuTe Ha cienara. CHUMKaTa
Ha cinenara (Pur.l) mokas3sa, ye Te3u HapyIle-
HUSl HE NPEIM3BHKBAT OTIIIOCHBAHE HA TOKpU-
tuero. Ilpu obpazen #03 npu npuiIoKeHu HU-
CKHM CTOWHOCTH Ha HATOBAapBaHE JIUIICBAT MTUKO-
B€, TPEIU3BUKAHH OT YAaCTUYHU HaApPYIICHUS.

Due. 1. Tecm na Hadpackeare

30301.0 20 -4

30301.0 20 -4
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Due. 2 I paguxu kem mecm HA HAOPACKBAHE
Cren 20 N ce nabmronasar nonychepuuHu 3AKIIOYEHUE

HapylLIeHUsI, HA KOUTO ChOTBETCTBA CEPHS MU-
KOBE B CHEKThpa HA aKyCTUYHATA EMFHCHSL.
Crnen 23N ce HaOmromaBaT HSKOJIKO HapylIlle-
HUS, W3NU3alI U3BBH Clefara, HO C MHOTO
Mmo-cy1abo M3pa3eHW mponykBanus. B rpadu-
Kara 3a #04 He ce HabIIOmaBaT IMHUKOBE, KOETO
€ CBbP3aHO C JIMIICaTa Ha HApPYLIEHUS, BKIIO-
YUTENTHO, IBJDKAIIM ce Ha JNedeKTH Ha MOJ-
JIOXKKaTa

[TomydeHusiTe pe3yaTard OT U3CIEIABAHETO
Ha aJXe3MOHHO-KOXE3MOHHHUTE CBOIICTBa Ha
CrTiAIN nmokpuTHs, TOIXy4YeHH IPU pa3InIHU
TEXHOJIOTMYHU PEKUMHU TOKa3BaT, Ye YBEJH-
YaBaHETO Ha ChIbPKAHUETO Ha XPOM B ChC-
TaBa Ha MOKPUTHETO HaMalsiBa KpPEXKOCTTa
My. B pesynrar, mbpBUTE HapyIlIeHUS B Clie/ia-
Ta OT TecTa Ha HaJpacKBaHE HACTBIIBAT NPHU
MO-TOJISIMO HATOBapBaHE.

[IpaBu BmewarneHue, ye ObJIOOYMHATA HA
npoHukBane Pd e mo-manka mpu o6pasim #01
u #02, KOUTO ca C MO-BUCOKO ChIbPKAHUUE
Ha TUTaH U C TI0-MaJIKa €JTaCTHYHOCT.

Cunara Ha TpHeHe, CbTBETHO, KOC(PHUIUECH-
THT Ha TpUEHE, HamassBaT oT oOpazen #01
kbM #04. 3a obpazern; #04 n=0.117, xoeto e
MOYTH J[BA ITBTHU [O-MAJKO B CpaBHEHUE C 00-
pazen #01, 3a korito u=0.206. JIuncara Ha Ha-
PYLICHUS U HUCKHIT KOS(PUIIMEHT Ha TpUEHE
mpeJnosarar noJoOpeHa n3HOCOyCTOMYMBOCT
Ha oOpa3zer #04.

www.eufunds.bg

- Pa3paborenu ca cepust TBbpAU MOKPHU-
tusi CrTiAIN 4ype3 pasbanaHcupaHo Marse-
TPOHHO DAa3NpalllBaHE U € M3CJIE[BaHA 3aBU-
CUMOCTTA Ha aJIXe3usATa UM OT TOKa, OJAJcH
KBbM THUTAHOBUTE TapreTH.

- C HamassBaHe Ha TOKa HA TUTAHOBUTE
TapreTd HaMaisBa KOJMYECTBOTO HA pasIpa-
IICHUSI TUTaH U PECHEKTHUBHO KOJIUYECTBOTO
Ha TUTAHOBUS HUTPHUJ B ChCTaBa Ha MOKpU-
treTo. ToBa BOAM 10 yBEIMYaBaHE HA BEPOST-
HOCTTa 3a (popMHpaHe Ha HUTPUIM HA XpoMa
u anymuHusa. ChIIEBPEMEHHO, 4YacT OT IIO-
BbPXHOCTTa Ha aJlyMUHUEBUS Taprer ce HU-
TPUIU3UPA B PE3yJITaT HAPACTHAIOTO CHABP-
YKaHWEe Ha CBOOOJIEH a30T, KoeTo pedekTupa
B HaMaJIsIBaHE Ha CKOPOCTTA Ha pa3lpallBaHe
U PECHEKTHBHO Ha ChABPKAHUETO HA allyMHU-
HUEB HUTPUJ B ChCTaBa Ha MOKpHUTHETO. B pe-
3yJITaT Ha TOBA CE€ YBEIMYaBa ChABPKAHHETO
Ha xpoMm nox ¢opmara Ha CrxNy. YBennuana-
HETO Ha ChIbP)KAHUETO Ha XPOM 3a CMETKa
Ha TOBA Ha TUTaH U AJyMUHUH NpU 3ara3BaHe
Ha MOTOKa Ha a30Ta B KaMmepaTra, HamajsiBa
KPEXKOCTTa Ha MOKPUTUETO M IIbPBUTE Hapy-
IIEHUs1 HACTBHIIBAT MPHU MO-TOJISIMO HaTOBapBa-
HE.

- IIpu nmokputre (Cro.77Tio.12Alo.11) N He
ce HaOmoaBar HapylieHus. M3mepeH e Haii-
HUCBK KoeduimeHT Ha TpueHe u=0.117.
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EBPOTIEVICK/ CbIO3
EBPOMENCKWN CTPYKTYPHU U
WHBECTUUMOHHU ®OHAOBE

HAYKA N OBPA30OBAHUE 3A
WMHTEAUINEHTEH PACTEX

OuakBa ce MOKPUTHETO Ja JEMOHCTPHpA JI0-
Opa U3HOCOYCTOWYHBOCT.
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Tasu pabora e ¢unancupana mo Ilpoekr
BG05M20P001-1.002—0023 Ilentsp 3a KomIie-
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HaHcupaH oT OnepaTuBHa nporpama ,,Hayka u 00-
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	Abstract
	The article describes the experience gained in the extraction and processing of road traffic data from two traffic surveillance systems and building simulation models, based on different characteristics of the traffic flow.  It identifies the challeng...
	Keywords: road traffic simulation; road traffic measurement, data acquisition.
	INTRODUCTION
	In the near future, the big cities will need to cope with several problems emerging from the expansion of the population. One of the important issues is the traffic jams and traffic safety. This makes road traffic optimization an important research to...
	As the road traffic in the cities is complex, due to the presence of many junctions, traffic lights and interacting parties, mathematical and simulation modeling are the main tools for analysis. As the mathematical models are more often used for more ...
	Building a road traffic simulation model includes various components – road network, traffic flow data, selection of a simulation tool (traffic simulator), interaction model between agents, the models describing the time-space coordinates of the vehic...
	In the application of mathematical and simulation models, the main challenge is to adjust the parameters to reflect the real traffic in the road network under test. Many research activities are based on estimations or theoretical throughput of the roa...
	As the integration of smart vehicles is not near the final line, the road traffic parameters are measured using: road-side units; sensors, integrated in the road; junctions cameras; and even drones. These methods provide different levels of accuracy a...
	The accuracy of the measurements and the processing for too detailed data can be implemented with different sensor fusion techniques. It can be crucial for the quality of the final results [5]
	Presented paper will focus mainly on two of the measuring methods: virtual detectors from traffic cameras (which exist in the Municipality of Plovdiv), and specialized road-side units  (installed on an avenue in Plovdiv with the support of ongoing res...
	VIRTUAL DETECTORS DATA ACQUISITION
	This section describes the processing of traffic information from the information system of the municipality of Plovdiv in order to summarize the data from the measurements so that they can be used as input data for a simulation model of road traffic ...
	The part of the road network in the city of Plovdiv between Ruski Boulevard (to the east), Osvobozhdenie Boulevard (to the west), Gladstone Street and Princess Maria Louisa Boulevard (to the north) and Hristo Botev Boulevard and Saint Petersburg Boule...
	Figure 1: General map of investigated routes
	The data from the data surveillance system of Plovdiv Municipality was chosen due to the fact that there are measurement facilities (cameras) at most key intersections in the city.
	The data is used by the Municipality to determine the length of green, red and yellow traffic light times in real time, in addition the municipality's database accumulates historical data from the measurements.
	Figure 2 shows the position of the detectors at one of the investigated intersections.
	Figure 2: Detector positioning in intersection
	For the purpose of the experiment, data for six intersections were used. Each report contains data on the number of vehicles entering each of the lines of the intersection per hour in Excel format.
	Data for 8 intersections for the period from 15th January to 27th January 2021 have been processed. An extended dataset was formed, adding reports for the period 19 February to 19 March 2021 for 3 of the intersections to the main reports. Additional e...
	Figure 3 depicts the load on one of the examined junctions for the period from 15 January to 27 January 2021. The morning and afternoon peak hours are clearly visible, as well as the difference in loads in working days and weekends.
	Figure 3: Traffic load distribution for a junction
	Due to the cyclic nature of the data, it was divided into two datasets - working days and holidays. In each of the sets, the average values for each hour of the day for each lane at each of the studied intersections were found.
	An attempt was made to clean the data by applying an outlier detection algorithm, described in [7]. This alternative was rejected due to the impossibility of extracting data for longer periods due to limitations in the Plovdiv Municipality database in...
	DATA ACQUISITION FROM HETEROGENEOUS MEASURING DEVICES
	This section describes the processing of traffic information from the traffic surveillance system of the Technical University of Sofia, Plovdiv branch in order to use it as input data for the traffic simulation model. The advantage is that it contains...
	The information system of Technical University has the following subsystems:
	● 6 lines weight-in-motion subsystem with weight on axes detections for trucks;
	● subsystem for measuring overall dimensions;
	● Automatic Number Plate Recognition (ANPR) subsystem with cameras;
	● Variable Message Sign;
	● On road weather conditions measuring system, including temperature and thickness of the water film on the asphalt.
	Additionally, the systems count traversing vehicles using data from infrared sensors and ANPR cameras.
	The data from the information system of the technical university is accessible through a web interface, but also 24 hourly reports can be retrieved in excel format. For the purposes of the study, the data from the system for measuring weight in motion...
	IMPLEMENTATION OF TRAFFIC MODEL
	Two approaches have been used to create a generalized model based on the real data in the Municipality of Plovdiv. One is to create a fully mathematical model based on theories for queue management and the other is to use an off-the-shelf road traffic...
	The investigation which is currently in progress is the application of Network Calculus as a deterministic traffic modeling for Internet in road networks. Network Calculus proposes an alternative to a queuing theory, which works with worst case bounda...
	For the development of a simulation model, Eclipse SUMO (Simulation of Urban MObility) is used. It is important to find the best way to use the real measurement data as an input for the simulation [9]. The overall behavior of the traffic in the simula...
	CONCLUSION AND FUTURE WORKS
	The data from the information system of the Technical University could be used to adjust other parameters of the simulation model such as the average speed of the vehicles and dimensions. An interesting direction for future experiments is to build a m...
	Another important future direction of the research is to apply sensor fusion and/or big data algorithms to the raw data from sensors. It will help benchmarking the measurement tools and sensor and provide better data for further
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