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NPEANOCBLIKHU JUISI PA3BPABOTKHA HOBOI UHHOBAIIMOHHOM
TEXHOJIOTUU ®OPMUPOBAHUSA U YIIPOUHEHUS BUHTOBOI'O
APMATYPHOI'O CTEPXXHS C TPAJJMEHTHOM YJIbTPAMEJKO3EPHUCTOM
CTPYKTYPOH

PREREQUISITES FOR THE DEVELOPMENT OF A NEW INNOVATIVE TECHNOLOGY FOR THE
FORMATION AND STRENGTHENING OF A SCREW REINFORCEMENT ROD WITH A GRADIENT
ULTRAFINE-GRAINED STRUCTURE

Sergey Lezhnev?, Evgeniy Panin? Dmitry Kuis®, Andrey Tolkushkin®, Alexandr Arbuz®

1Rudny Industrial Institute, Rudny, Kazakhstan
2Karaganda Industrial University, Temirtau, Kazakhstan
3Belarusian State Technological University, Minsk, Belarus
“Ural Federal University, Yekaterinburg, Russia
®Nazarbayev University, Astana, Kazakhstan
sergey_legnev@mail.ru

Abstract: The work is devoted to the review of the issue of obtaining screw fittings and methods of its hardening. Based on the review
conducted in this paper, a new innovative technology for the formation and hardening of a screw reinforcement rod was proposed, which
consists in deforming a round cross-section workpiece on a radial shear rolling mill and subsequent twisting of the workpiece in a special
design molding matrix, which allows to obtain screw reinforcement with a gradient ultrafine-grained structure.

Keywords: SCREW REINFORCEMENT, ROD, ULTRAFINE-GRAINED STRUCTURE, GRADIENT STRUCTURE.

1. Beeoenue

CerofHss BO3BEJCHHE MAHENbHBIX 3MaHHH W JpPYyrux
KOHCTPYKIMI HEBO3MOXKHO 0€3 HCHONIB30BaHUS apMaTyphl, KOTOpas
3HAQUUTENFHO IIOBHINIAET MPOYHOCTH OeToHa. PacmpocTpaHeHue
TEXHOJIOTHH MOHOJUTHOTO OCTOHHUPOBAHWS IIPHUBEIO K TOMY, YTO
CEeroJHs 3TOT BUJ METaJIONPOKaTa IPUMEHSETCS BO BCEX KPYMHBIX
COOpPYXEHHUSX, TaKuX Kak 3JaHud pa3IMyHOIO Ha3HAuYCHUS,
IUTOTHHEI U 1aMObl. Taroke OH HEOOXOAUM W TIPH BO3BEICHHUH HE
TaKUX KPYIHBIX OOBEKTOB - ITOCTAMEHTOB, IAMATHHKOB, ILTHT
nepekpsIThs U Apyrux. CoearHEeHHe ero MPOYHOCTH M CXKAaTusl ¢
PacTSIHYTOCTBIO apMaTyphl MO3BOJIMIO CO3JaTh JKEIe300€TOH, B
HacToslee BpeMs SBIISIOIUICS OMHUM U3 CaMBIX HCIOJIb3YEMbIX B
CTPOMTENILCTBE MaTepHajoB. Bxonms B cocTaB jkene300eToHa,

apMaTypa He IOJBepraerca KOPpPO3UH, YTO TapaHTHPYeT
OTCYTCTBHE IIOCTEIIEHHOTO paspylleHus 3JaHud M APYrux
KoHCTpyKimii. CTponTenbHas apMmaTypa IIPeACTaBIsieT CcoOoi

TIPYThsI, KOTOPBIE MOTYT OBITh KaK aOCONIOTHO TIAAKAMHM, TaK U
UMEThb pHUQICHYI0 MOBEPXHOCTh C pPACHONOKECHHBIMH Ha HEH
BBICTYINIaMH, IapaJUICJIbHBIMU WU IEPEKPECTHBIMU APYT K APYTY.
BuHTOBOI apMaTypHBI IPOKAT OTINYAETCS OT OOBIYHOTO TEM,
4To pedpa ero MepuoAUYEcKoro mpouiIs CIyXaT HE TOJIBKO AN
YCUJICHHSI CLEIUIeHHsT ¢ OeToHOM, HO W Omaromapst ocoOomy
pAcroNoXKEHHI0  00pa3yloT  MOAM(HIMPOBAHHYIO  KPYIHYIO
BUHTOBYIO pe3b0y Ha BCeH [JIMHE CTepXKHEH, [enarouiyro
BO3MOJKHBIM HABHHYHMBAHHE PAa3HOTO PojJa Pe3bOOBBIX KPETEXHBIX
JJIEMEHTOB - TaeK, COEIUHUTENBHBIX My(T, AHKEPHBIX TaeK C
aHaJIOTHYHOM BHYTpeHHeW pe3bOoit. TakuM 00pazom, apMaTypHbBIi
CTEpXKEeHb 110 CYTH NpeBpaIaeTcs B pe3b00BYIO IIIMIIIBKY OOJIBIION
JuiuHbI (10 12 M U3 yClIOBHH TPaHCIIOPTHPOBAHMS), YTO OTKPHIBAET
Pa3HOOOpa3Hble BO3MOXKHOCTH 111 IPUMEHEHHS TaKOH apMaTypbl B
crpoutenbcTBe. Tak, Hanpumep, NPYTKM BUHTOBOM apMaTyphl B
KOMIIJICKTEC C rakamu MOryT B NOCTPOCUYHBIX YCIIOBUAX
HCTIONB30BAaThCS A KPEIUICHWS  IUTOB  OHATyOKH  IpH
OETOHMPOBAHMM MOHOJHUTHBIX OCTOHHBIX M JKeIe300eTOHHBIX
KOHCTPYKIMM, IIpA 53TOM apMaTypHble IPYTKUd BBIIONHAIOT
POJIb BUHTOBBIX CTSDKEK (3TH CTSXKKH MOTYT OBITh MHOTOKPATHOTO

UCTIONIB30BaHUS  (M3BJIEKAIOTCA ~ IOCNIE  pachmanyOKd) MU
ocratomumucs B OetoHe). Ocob0 aKTyaldbHBIM  SBIAETCS
UCIHOJIb30BAHWE ~ BHUHTOBOIl ~ apMaTtypsl B MOHOJMTHBIX
KOHCTPYKLMSIX, B KOTOPBIX CBapka HE paspelaercs Io
COOOpaKeHUSIM  IIOKapHOW  0e30macHOCTH, HampUMep, ITO

MOHOJIUTHBIE JKeJIe300€TOHHBIE JABIMOBBIC pr6I>I u TrpagupHU
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TETJIOBBIX M aTOMHBIX 3JIEKTPOCTAHINH, TJie apMaTypa COCIUHICTCS
[0 JUIMHE C WCHONb30BaHWEM CTHIKOB BHAXJIECTKy O3 cBapKu
AQHKEPHBIMH TaiiKaMH, COSANHUTEIbHBIMA My()TaMu 1 T.11.

Xoderca OTMETUTh, YTO B CTPOHUTENBCTBE INPHUMEHSETCS U
60JIBIIIOE YMCIIO THIOB ()yHIAMEHTHBIX OOJITOB, KOTOPBIE CIY)XaT B
OCHOBHOM [UIsl KpeIUICHHS K JKelle300€TOHHBIM (yHIaMeHTaM
TEXHOJIOTHYECKOTO0 000pYAOBaHHS M Pa3HOTO poja METAIUIMYECKUX
KOHCTPYKIMA: cTanbHbIX orop JIDII, craibHBIX CTPONWIBHBIX U
HOACTPONHIBHBIX (epM, Ganok u T.m. Kak m3BecTHO, damie BCEero
OOJITHI U3TOTABIHBAIOT, B OCHOBHOM, U3 CTalli Tpynimbl Mapok Crt.3,
UCXOMAS W3 TEMIEPaTypHBIX YCIOBHH WX OKCIUTyaTal[H, TakkKe
JKeJaTeIbHa TIOBBINIEHHAs CTOMKOCTh OONTOB K  JEHCTBHIO
JMHAMUYECKUX Harpy3ok. B cBsI3M ¢ 3TUM BO3MOXKHO NMpPUMEHEHHE
B Ka4yecTBe OOJITOB apMaTypbl BUHTOBOTO npoduis kiacca AS00C,
nzroroBngemMoit w3 cramu  Mapok Cr3nc wm  Cr3cn ¢
HCIIOJIb30BaHUEM TEPMOMEXaHHYECKOTo ynpouHeHus. Kpome Toro,
BHHTOBas apMaTypa B KadecTBe OONTOB HMEET CIEAyIoIne
MperMyINecTBa: UMEET KPYIMHYIO TPalelUeBHIHYI0 pe3b0y, MeHee
MOABEP)KEHHYI0 TOBPEXKACHHAM B MpOIECCe MOHTaXa II0
CPaBHEHHIO C METPUYECKOH pe3p0od, W 0O0JIalaeT XOpOIIUM
CICTUICHHEM ¢ OeToHOM (QyHIaMeHTOB. B cBs3u ¢ TeMm, YTO
BUHTOBAsl apMaTypa IO CYLIECTBY SIBJISETCS BUHTOBOW IIITMIBKON
00BIION JUIMHBI, OHa MOXET NMPUMEHATHCA B CTPOUTEIILCTBE IJIA
Pa3HBIX LieJIEN TaK)Ke B KAUECTBE TSKEH U CTSAXKEK, B YACTHOCTHU IS
PEeMOHTHBIX M  BOCCTAaHOBUTENBHBIX  pabOT,  KpeIuIeHHs
CAaHTEXHUUECKOTO 000pyJOBaHUS, TPYOONPOBOIOB M BPEMEHHBIX
JIECOB JUIS TIPOBEJCHUSI MOHTQ)KHBIX U OTJEJIOYHBIX CTPOUTEIBHBIX
pabdor. OrtnmemsHON chepoit  IeTecoo0pa3sHOr0  NMPUMEHEHHS
BHHTOBOM apMaTypbl SIBISIETCS €€ MHCIIOJIb30BaHHE B KauecTBE
AHKEPHBIX JJIEMEHTOB KpPCIUICHUS CTE€H B TIPYHTE, MHPOKO
NPUMEHAEMBIX B IIOA3E€EMHOM MOHOJIMTHOM CTPOUTEIILCTBE.

2. Ilocmanoexa npodemot

BunToByI0 apmarypy BIEpBBIE HaJald H3TOTOBIATH H
OpUMeHATh B ['epMaHnmu B KoHIE 60-X TOJOB IO WHHI[ATHBE
crpoutensHoi ¢upmer JUBUJADL (DIWIDAG), mpon3BoAcTBO
apMaTypel OBUIO OCBOGHO Ha METaJLTyprHdeckoM 3aBome Peine-
Salzqitter. ApmaTypa BBITYCKaeTCsi IBYX OCHOBHBIX BHIOB: IS
HEHanpsDKEHHOTo Jkene3oberoHa kiaacca BSt420RU (B HacTosiee
BpeMs BSt500S) nuamerpom 16-50 MM 1 BBICOKOTIpOYHAs (KJIacCOB
835/1030, 900/1100 u 1080/1230) muamerpom 15,0-36,0 mm. B
Snonnn  ¢upmoit  Cymmromo (SUMITOMO) mnpousBomutcss u
IpUMEHsETCd BHHTOBas apmarypa kiaccoB 5030,5035 u 5040


http://stroyanker.ru/produkciya-2/styazhnoj-vint-dlya-monolitnoj-opalubki/
http://stroyanker.ru/produkciya-2/styazhnoj-vint-dlya-monolitnoj-opalubki/
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nuameTpoM oT 19 no 57 mm. B Benrpun B Hauane 80-x ronoB Ha
O>7CKOM  METaJUTyprH4ecKOM 3aBOJIE OCBOGHO IPOU3BOACTBO
BUHTOBOW apmarypbl kinaccoB B81420/500 u B81835/1030. Ha
Metaryprudeckux npeanpuarusx OwsBirero CCCP ¢ xonma 70-x
TOMOB  TPENPHHUMAJIOCh  HECKOJBKO  ITONMBITOK  OCBOGHHMS
MIPOM3BOJICTBA BUHTOBOW apMaTyphl, HO B HACTOSIIEE BPEMS TOJIBKO
Heckolbko mnpegnpustuii crpan CHI' BbImyckaroT BUHTOBOH
apMatypHbIi npodmis, ato, Hanpumep, OAO «3anagHo-cnOnupCKui
Metatyprudeckuil komObuHat» (Poccus), OAO «UepemnoBernkuit
Metautypruueckuii komouHat», [TAO «ApceropMurran Kpusoit
Por» (Ykpauna). B Kazaxcrane BHHTOBOI apMaTypHBIH NpOoQHIb
Ha JaHHBI MOMEHT He Tpou3BOAUTHCS. IloaTomMy pasBuTHE
MpOU3BOJICTBA BHHTOBOTO apMaTypHOro mpokata B Ka3zaxcrane
MTO3BOJINT M30aBUTHCS OT 3aBHCHMOCTH OT €ro IIOCTaBKH H3-3a
pyOexa, YTO MOXKET OOeCIeUUTh CephE3HBI IKOHOMHIECKHH
3¢ deKT, 0COOEHHO B CTPOUTEIBCTBE TPAHCHIOPTHBIX U MOJ3EMHBIX
COOPYKEHHUH.

IIponiecc mpoumsBonacTBa mMO0OH apMaTypbl, B TOM 4HCIE
BHHTOBOTO TNPO(UIA, OTIHYAETCS TPYA0eMKOCThI0. OH MPOXOAHT
MOJi CTPOTHM KOHTPOJEM, a TPH H3TOTOBICHHM COOMIOAIOTCS
TpeOoBaHMs, yKa3aHHbBIE B TOCYJAPCTBEHHBIX CTaHAAPTaX KauecTBa.
Bbrnaronmapst sToMy wu3zienHe OTJIMYAaeTCs BBHICOKMM KadeCTBOM U
UMeeT  BBICOKHME  MPOYHOCTHBIE M OKCIDIyaTalMOHHBIE
XapaKTePUCTHKU.

TpaguIOHHO CTaNBHYIO apMaTypy IIONY4aloT U3 KPYTJIOro
MoJIKaTa TOpsAdeld NPOKATKOW ais oOpa3oBaHHS apMaTypHOTO
npoGmiIs M TMOCICAYIOMIEH 3aKalKkod HH3KOJICTHPOBAHHOHN cTalu
s obecnedeHHs TPeOyeMBbIX MEXaHWYEeCKHX M IUIACTHYECKUX
ceoiictB  [1]. HemocratkoM  Takux  CHOCOOOB  SIBIISICTCS
HCIIOJB30BaHUE YHEPrOeMKUX IPOILECCOB ropstded nedopmanuu u
TEePMHUYECKOIT 00pabOTKH.

CoBpeMEHHbIE K€  CHOCOOBI  COBMEIIAIOT  IIPOLECCHI
¢dbopMupOBaHUS ~ TOAKATa, €r0  TOPSYYI0  IUIACTHYECKYIO
negopManmio A 00pa3oBaHHS —apMaTypHoro npodwii U

TEPMHUYECKOTO YIPOUHEHUS (3aKAIIKH).

W3BecTeH, HanpuMep, crocod TepMOMEXaHMUECKOH 00paboTKu
mpokaTta [2], oTHOCAIIHICS K YepHONH METaJUTypTHH, B YaCTHOCTH K
W3TOTOBJICHHIO TEPMOYIPOYHEHHOI CTep)KHEBOW apMarypHOU
CTaJM B KPYNMHBIX TPOQUIISIX C HCIOJIB30BAaHUEM TeILIa IPOKATHOTO
HarpeBa W3 HENPEPhIBHO-IMTON HHU3KOJETMPOBAHHOM CTauM IpU
TEpPMHUYECKOM YNPOYHEHHH IIpOKaTa B IOTOKE CPEIHECOPTHBIX
craHoB. OmHaKko crmoco® TpeOyeT co3maHus CIeNUaTH3HPOBAHHON
MOTOYHOM JIMHUM C HAyKOEMKOH CHCTeMOM COrjlacoBaHUs
cKopocTeid  00pa0OTKM H  TMPEoyCMAaTPHUBACT  JHEPTOEMKYIO
OTIepanyio MIACTHIECKOTo (JOPpMUPOBAaHHS apMaTypHOTO TPOQHIIS.
K Tomy ke oOecreunTs TEIUIOBBIE YCIOBUS 0OpabOTKH
HETIPEPBIBHO-JIUTON 3aroTOBKM YAAeTCsl TOJIBKO JUIsl KPYIHBIX
npoduiei.

M3BecteH cnoco® TPOKAaTKM apMaTypbl IE€PUOANYECKOTO
BHHTOBOTO mpoduis u3 jerupoBaHHod cramu 2512C, 30XI2C,
35IC nmns kene300eTOHHBIX KOHCTPYKIHMU [3], BKIFOYAIOIINi
TOPSYYIO TIPOKATKy apMaTyphl U3 TPyOUuaTol 3arOTOBKH M HAKaTKY
rpebHelf Ha ee MOBEPXHOCTH B BUAE PHU(OB, NPH 3TOM TIpeOHM
HAaKaTBIBAIOT B TOPSYEM COCTOSHHM MOIEPEYHON HaKaTKOW o
MPaBOW MJIM JIEBOM OJHO3aXOTHON WJIM MHOT03aXOJHOW BHHTOBOMH
crimpany. CHoco® BKIIOYAeT TOpsAYyl0 TPOKAaTKy W HAKaTKy
BUHTOBOM CIMpalii, KOTOPBIC SABIIAIOTCSA BECbMa JSHEPTOCMKUMU
onepanusMyu U 3aMETHO MOBBIIIAIOT ce0eCTOMMOCTD IPOAYKIHUH.

Taxxe M3BeCTEH CIIOCO0 YIMPOYHEHHS apMaTypHOTO CTEPIKHS 13
MaTepuaa, o0J1aaromero IUIOLIAAKOMN TEKy4eCTH [4],
BKJTIOYAIOIINH CKPYYHUBAaHUE apMaTypHOTO CTEP)KHS BOKPYT CBOEH
MPOJONBHOM OCH ¢ TPEBBINIEHHEM TIpefiela TEeKydecTH Ha
pacTshKeHHe MaTepHalia Hapy)KHBIX BOJIOKOH apMaTYPHOTO CTEPIKHS
JA0 JHOCTHIXKEHHUS YPOBHA IIpe€acia IPOYHOCTH, HPU ITOM IIPU
CKPYYMBaHHWHU OJWH KOHEI apMaTypHOTO CTEPXKHS 3aKperuvieH, a
CKPYYMBaHUE apMaTYPHOTO CTEpPXKHS MPOU3BOMIAT C APYroro KOHIA
J0 00pa3oBaHMsl HEpaCKPyUHBAIOIIEHCsI BUHTOBOH (POPMEI 110 BCel
JuMHe cTepkHsa. HemoctaTtkoMm maHHOTO crioco0a SIBISIETCS TO, YTO
IIporece MOTy4YeHHUs apMaTyphl pa3ieleH Ha OTACNbHbIE Olepalny,
TaKWe Kak: pe3Ka 3arOTOBKH apMaTypHOTO CTEpPXKHS; 3aKpeIluIeHHe
OJHOTO KOHIA 3arOTOBKM apMaTypHOTO CTEpPXKHS; CKPy4YHBaHHE
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3aTOTOBKM  apMaTypHOTO  CTEPXKHS;  PacKpelUleHHe  KOHLA
apMaTypHOro cTepkHs. Takas IO0CIeN0BaTEIbHOCTh ONepauuil
mpoliecca IMOJMY4YEeHUs] apMaTypHBIX CTEp)KHEH TpebyeT OOmbIIHX

3aTpaT  BPEMEHHM M,  COOTBETCTBEHHO,  IIPE/CTaBIIACTCS
MaJIOIIPOU3BOANTENBHBIM HporieccoM. Kpome Toro, TaHHbIH criocod
He  ofecrieunBaeT = HEOOXOOMMBIX  OKCIUIyaTallMOHHBIX U
HPOYHOCTHBIX XapaKTEPUCTHUK.

3. Hosasn cxema HILJT

AJBTEpHATHBHBIM BapHaHTOM pereHus npo0IeMbl

YIPOYHEHHS AapMaTypHOro HpOQMIIL SABISETCS HCHOJIb30BAHU
HHTCHCHBHOHM Mactuueckoit nedopmanmu (UII) [S] mpu ero
MpOM3BOACTBE. B Hacrosmiee BpeMsl yxe pa3padOTaHO LETbId psAx
COBMEILEHHBIX  IpoueccoB  [6-14],  KOTOpble  IO3BOJIAIOT
oOpabaTeiBaTh  JUIMHHOMEpHBIE 3arOTOBKM C  JOCTaTOYHOU
CTENEHBIO IIPOPAOOTKU JIMTOH CTPYKTYpHI METailIa JUIsl MOJIydCHHUS
B HEM YJbTPaMEIKO3epHUCTOH CTPYKTYphL [Ipm 3TOM MHOTHE 13
JAHHBIX COBMEILIECHHBIX CIOCOOO0B /e(OPMHUPOBAHUS MO3BOJIIOT
MOTy4aTh B MPOIECCEe UX PEeaNn3aluy He TONBKO MOTy(habpHKaTsl,
HO W roToBble m3jenusa. OmHON M3 MOCIeTHUX TAaKUX pa3pabOTOK
SBISIETCSL TIPOLlecC, NpPEAJIOKEHHbI B pabore [15], xoTopwIit
COBMEIIAET PERyKUMOHHYIO IPOKATKy CTEPXKHS KpPYyIrJoro HWiIn
KBQJIPaTHOTO IONEPEYHOr0 CEYCHHsS B KBaJpPaTHOM KamuOpe co
CKpy4YMBaHHeM B (OPMOBOYHOW Marpuie (CKpy4YHBaroOLIeM
MexaHu3Me). JIaHHBIH COBMEIIEHHBIN COCO0 I03BOJISET MOIy4YaTh
YOPOUYHEHHBI  apMaTypHBIN npounb ¢ TPaaAUCHTHOU
YIIBTPAMEJIKO3ePHUCTOH  cTpykTypoir  [16]. HecmoTps Ha
JIOCTAaTOYHO MPOCTYI0 KOHCTPYKIHIO U 3PPEKTUBHYIO MPOpabOTKy
HCXO/HOH 3arOTOBKH (32 OJUH UK Ae()OPMUPOBAHHUS IPOHCXOTUT
paszButre nepopmannu oT 0,8 B HEHTPAIBHBIX CIOSX 3arOTOBKH JI0
1,4 B TOBEPXHOCTHBIX CJOSX), JaHHBIH CIHOCOO  HMeeT
CYIIECTBEHHBIH HEIOCTAaTOK, CBSI3aHHBIA C €r0 TEXHOJIOTMYHOCTHIO.
Ilpn mnepeBose NPOM3BOACTBA HAa COPTAMEHT JAPYToro pasmepa
MOHAJ00UTCS HE TOJIBKO HOBasi MaTPHIA, HO M HOBAs Mapa BaJIKOB C
KanOpOM 3a/IaHHBIX pa3MepOB.

Puc. 1. Cosmewennviii cnocob noayuenus apmamypnozo npogpuns: 1 —
npokamuwie 8anku, 2 — 3a2omoska, 3 — mampuya

C 1enbio TOBBILEHU TEXHOJIOTHYHOCTH NPOLECCa MOMydeHUs
YIIPOYHEHHOTO apMaTypHOTrO Hpoduisd, HaMu Oblla IpelIoKeHa
HOBas cxeMa ero ()OpMHpOBaHU, BKIIOYaromas aehopMUpOBaHUE
3arOTOBKM KPYIJIOTO IIONEPEYHOr0 CEYEHMS Ha CTaHe paJualbHO-
capuroBoit mpokatku (PCII) m mocnenyromee ckpyunBaHHe
3aroToBKM B (pOPMOBOYHOH MaTpHIle CIELHATbHOH KOHCTPYKLIUH
(puc. 1) (amanmormuHoi mpexncTtaBieHHOH B pabote [15]). Ilpm
peanM3alliM  IPEUIOKEHHOM TEXHOJIOTMM Ha IIPaKTHKE HeE
noTpedyeTcs 3aMeHa apbl BAIKOB ¢ KATMOPOM 33a1aHHBIX Pa3zMepoB
Ha HOBYI0 NHapy IpH HepeHalaJKe IPOM3BOJCTBA HA HOBBIH
THIIOpa3Mep apMaTypHOTro MpoQuis, a moTpedyeTcst TONBKO 3aMeHa
MaTpHlbl Ha HOBYIO MAaTpully C HYXHBIMH T'€OMETPHUYECKMMHM
pasmMepamMu. OJTO CBA3aHO C TeM, 4TO NpH AeGOopMHpPOBAHUH
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3ar0TOBOK Pa3JIMYHOTO AMAMETPa Ha CTAaHE PaJMalbHO-CABUIOBOI
HPOKATKH DEryJUpyeTcss MPOCThIM CBEJCHHEM WJIM pa3Be/lCHUE
BaJIKOB. IIOMHMO BCEro MpOHYEro HCIOJb30BAaHHE BMECTO
HPOJIOIBHON NPOKATKH HUMEHHO DPaJAHaIbHO-CIBUTOBOM MPOKATKH
obecrieunT OoJee MHTEHCHBHYIO IIPOPAabOTKY HCXOTHON CTPYKTYPHI
MeTalla | obecrieanT (dbopmupoBanne rpaJueHTHOH
YIBTPaMEIKO3epHUCTOH CTPYKTYpHI, 3a CYET TOrO 4YTO, B od4are
nedopManMu IpU  pagMaTbHO-CIBHTOBON IIPOKATKE peau3yeTcs
cXeMa HAaIpsHKEHHOTO COCTOSHUS OnM3Kas K BCECTOPOHHEMY
cokatuio ¢ OompiuMu gedopmarmsimu casura [16-20]. MmenHo
Takas cxema JAeGOpPMHPOBAHHS SBIACTCS ONTHMAIBHOHW UL

(dopMMpOBaHMS B pasiIMuYHBIX ~ Marepuaigax — TpaJHeHTHOH
YIBTPaMEIKO3epHUCTON CTPYKTYpBI npu MHHHMMAaJIbHOM
KOJIMYECTBE TIPOXOJIOB.

Mannoe uccnedosanue Qunancuposanoce Komumemom
nayku Munucmepcmea Hnayku u  evicuiezo  00pazoeanus
Pecnyonuxu Kazaxcman (Ipanm Ne AP14869135).
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STUDY OF THE INTERNAL DEFECTS CLOSURE DURING DEFORMATION IN STEP-WEDGE STRIKERS
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Abstract: In this paper, the influence of the technological process of forging workpieces in step-wedge strikers on the closure of internal
defects is studied. The studies were carried out using model ingots with natural cast metal defects corresponding to a real object. A non-
destructive testing method was used as a method of investigating the closure and healing of internal defects. The analysis of the data
obtained during the experiments showed that the use of the proposed technology for forging blanks in step-wedge-shaped strikers has an
advantage over forging according to the current technology in flat strikers, since according to the proposed technology, not only the closure
of internal defects occurs when forging 1,2, but also the brewing of part of the defects, which is not observed when forging according to the

current technology.

Keywords: FORGING, STEP-WEDGE STRIKERS, MODEL INGOT, INTERNAL DEFECTS, CLOSING AND HEALING OF DEFECTS,

NON-DESTRUCTIVE TESTING METHOD.

1. Beéeoenue

IIpn mpowm3BOICTBE CIUTKOB PA3INYHBIMU METOJAMH JIUTHS
(uenpepbiBHOE, CH(OHHOE, B U3JIOXKHHUIYY) B HHX HEH30SKHO
o0pa3syrorcsi edeKThl JIUThs, CHIDKAIONIME KayecTBO MeTalla U
COOTBETCTBEHHO €ro  MEXaHHYECKME W  IKCIUIyaTalluOHHbBIC
XapakTepucTUku. Jnsg ycTpaHeHHs Je(EKTOB JIMTbS CIUTKU
ToIBEpraroTcs 00paboTKe JaBICHHEM, U B TOM YHUCIIE KOBKE.

CymiecTByIoIe B HACTOSIIEE BpPEeMsS TEXHOJIOTHH KOBKH
OCHOBaHBl Ha HCIIONb30BAaHUHM TPAAUIHMOHHOTO  Ky3HEYHOTO
MHCTPYMEHTa U PEKUMOB 1e(OPMUPOBAHUS, XaPAKTEPHU3YIOLINXCS
HEBBICOKAM YPOBHEM MEXaHHYECKUX CBOWCTB M HEPaBHOMEPHBIM
pacmpezieileHHeM ~ HMX 10 CEYEHHI0  MeTajula  HOKOBOK.
Vcnonp30BaHHE K€  HOBOTO  KY3HEUHOTO  MHCTPYMEHTA,
pEaTH3YIOIIEero CABHIOBbIC WIIM 3HAKOIEPEMEHHbIE Ae(hopMaluH,
MO3BOJISIET TOBBICHTH KayeCTBO MeETalla IOKOBOK 3a CYET
H3MEJIBYCHHSI MCXOTHONW MHKPOCTPYKTYPBI 1O MEJIKO3EPHHCTOTO
cocrosaus [1].

B Hactosimee BpeMsi pa3paboTaHO MHOMKECTBO Ky3HEUHBIX

UHCTPYMEHTOB, MO3BOJIAIOUIMX pealnu30BbIBATE B  Ipoliecce
nehopMHpOBaHMsl ~ CABUTOBBIE WJIM )K€  3HAKOIEpPEMEHHBIE
nedopmaruu.  Pe3ympTaTel  aHanM3a  BIMSAHHUS — Pa3IHIHBIX

KOHCTPYKIMH Ky3HEYHBIX MHCTPYMEHTOB Ha ITOBBIIICHHE KauyecTBa

MOJNy4aeMbIX ~ TOKOBOK M 3arOTOBOK  INPEACTABICHO B
MHOTOYHCIIEHHBIX paboTax [2-9].
OmHUM M3  HMHCTPYMEHTOB Ui KOBKM  (IPOTSKKH),

obecrieurBaOIIM 3HAKOMEPEMEHHYIO cXeMy JedopMUpOBaHMS,
SIBJIIFOTCS CTYMEeHYaTo-KiInHOBHAHBIe Goiiku [10] (puc. 1). JlaHHbie
00MKH UMEIOT CICAYIONIYI0 KOHPUTYpaIlHIO: HAKIIOHHBINH Y4aCTOK 1
MEHbIIass CTYNEHb BEpXHEro OoWKa B TOMEPEYHOM CEYCHUH
BBITIOJTHEHHI B BUJIC KIIMHA, a HIDKHETO OOWKa B BHJIE aHAJTOTHYHOMN
KITMHOBHIHON BIAJWHBI, TPUYEM JUIMHA MEHbBIIEH CTYIEHH C
KIMHOBHIHON BHAJAWHOM HIDKHEro OoOWKa chejaHa UIMHHEE
BEpXHET0 BO H30ekaHne 00pa3oBaHus 3a)KUMOB Ha 3arOTOBKE.

Llenplo maHHOW pabOTHI SBIAETCS HCCIENOBAHUE BIIHSHUS
npolecca KOBKH 3ar0TOBOK B CTYIIEHYATO-KIIMHOBUIHBIX OOlKax Ha
3aKpbITHE BHYTPEHHUX J1e(EKTOB.

Kax n3BectHo, a1 aHanu3a 3G QeKkTHBHOCTH paboOThl TOTO WITH
WHOTO KYy3HEYHOTO HHCTPYMEHTa B TOM YHCIE NPUMEHSIOT U
METOABI OIEHKH 3aKpBITHS WCKyCCTBeHHBIX nedekroB. Ho
HEJIOCTaTKAMU  3TUX  METOJOB  SIBISETCS TO, 4YTO  HpH
MOJICITUPOBAaHUN JiepeKTa HAPYIIACTCs €CTECTBEHHOCTh UCXOHOTO
CTPOSHHMsI MeTalla, a OJTal M[OATOTOBKH  00pasmoB  [uist
SKCHEPHUMEHTAIBHBIX ~ HCCICAOBAaHUN IONydaeTrcss IOCTaTOYHO
TpynoemkumM. ITostomy aBropamu pabots! [11] mpu uccrenoBanuu
BIMSAHUS TIpollecca KOBKM 3arOTOBOK B PAa3IMYHBIX KY3HEUHBIX
WHCTPYMECHTaX Ha 3aKpbITHE BHYTPEHHHX JE(PEKTOB OBUIO
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HPEUIOKEHO HCIIOIb30BaTh MOJIENH C €CTECTBEHHBIMHU JAe(eKTaMu
JUTOTO  MeTajlla,  COOTBETCTBYIOIIUMH  ACHCTBHTEIHLHOMY
peansHOMy OOBEKTY, a TaKXKe IMPUMEHSTh HPH 3TOM METOAUKY
UCCIICZIOBAHUS 3aJIeUNBaHUS BHYTPEHHHUX nedexToB
Hepa3pyMaIIMd MeTogaMu KOHTpoist [12]. Y umeHHO naHHas
METO/IMKa ObliIa IPUMEHEHA VISt JOCTHXKEHHS TTOCTABICHHOM LENH.

Puc. 1. CtyneHuaro-kIMHOBUAHBIE O0Ku: 1 — BepxHUii Ooek; 2 —
HIDKHUI 00€K; 3 — MeHbIIast CTyNeHb C KIMHOM BepXHero 0oiika, 4
— HaKJIOHHBIH y4acTOK ¢ KJIMHOM BepXHero 0olika; 5 — Gombiiast
IJIOCKast CTYIEHb BEPXHEro 00iika; 6 — MEHBbIIIAs CTYINEHb C
KJIMHOBHITHOH BIIAJIMHON HUKHETO 00lKa; 7 — HAKIIOHHBIH y4acTOK
¢ KJIMHOBUIHOM BIIaJIWHOW HIDKHETO 00¥Ka; 8 — OO0JIbIIast miocKas
CTYIIEHb HIKHETO O0olKa

2. Memoouka Ikcnepumenma

Jns HPOBEACHUS 3aIJIaHUPOBaHHBIX J1a00PATOPHBIX
UCCIICZIOBAaHUI B YCIIOBHSAX KUCIOPOAHO-KOHBEpTepHOro mnexa AO
«ApcenopMurran TemupTay» ObUIH MONY4EHBI MOJECIBHBIE CIIUTKU
3 cramu 08 k. MopenbHble CIUTKA OTIMBAIM B CIIEIHAIBHO
MOATOTOBJICHHBIE  KOHYCHBIE  M3JIOKHHIBI  HPSIMOYTOJIBHOTO
MONEPEYHOr0 CEYEHHs, HMEIOIINe BHYTPEHHHE pa3sMephl Teia
W3JIOKHUIBI y HIDKHETo ocHoBaHMA (35%65) MM, BBICOTa Tena
n310kHUIB 220 MM, TodmMHAa creHkH 10 MM, yroa HakjIoHa
CTEHOK TeJa W3JI0KHULBI 7°. I mpenoTBpalieHns NpuBapHBaHuUs
JKUAKOTO METa/lla K CTEHKaM M3JIOKHHILBI TIepe]] KaKI0H 3aIMBKOI
BHYTPEHHSISI TIOBEPXHOCTb M3JIOKHHIBI HU3BECTKOBAJIACh PACTBOPOM
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raiieHoW M3BECTH € MOCIEAYIOUIEW NMPOCYLIKON 10 TeMIepaTypbl
150°C. [Ins ymeHbIIeHHS 00€3yTrJIepO’KUBAHUSA IMOBEPXHOCTHBIX
CJIOEB 3aJIMBAEMOI0 B M3JIOKHMILy METajlla, HA U3BECTKOBBIM CII0M
HAaHOCHJIACh ~ CMECh  IpadUTOBOTO  MOPOIIKA C  SKUAKOH
KOHCHCTEHTHOH cMa3koil Tuma Herpodi. Ilocie HaHeceHus rpaduta
M3JI0KHUIBI TAKXKE NIPOKAIUBAIUCH pu Temmepatype 280 + 300°C.
Meran mepen 3aqMBKOM B H3JIOKHHUIYY PACKHCIUIA ITOPOIIKOM
amoMuHus. Kpucrammmsaus U ocThIBaHUE MOJTYYSHHBIX Mofeieit
cIUTKOB 710 Temmepatypsl 900°C ocyIiecTBIsAIACh B €CTECTBEHHBIX
ycaoBusX. [ ymydIleHus YCIOBHH yIbTpa3BYKOBOTO KOHTPOJIS
MOJIETbHBIE  HM3JIOXKHHULEI C  MOJAEMSIMH  CIUTKAa  IIOCHe
KPUCTAUTM3ALUH 3aJJUTOr0 MeTaa U ocThiBaHus 10 900°C pesko
OXJIXKJANMHU TOJ MPOTOYHOW CTpPye BOABI, NOOMBAsSCH 3aKAIKU U
(uKCcupoBaHUS MEITKO3EePHHUCTOH (eppUTHO-TICPIUTHOMH
CTPYKTYpBI. DTO 00ecieynBaeT Majioe paccessHue yipTpasByka [13].

Paznersie Mozenu CIMTKOB TNpOQpe3epoBad € BEPXHETO M
HIDKHETO TOPIIOB, a 3aT€M BJOJb OOKOBBIX CTOPOH 10 ITapaMerpa
nrepoxoBaroctu nopsiika Ry (20+60). Ha pucynke 2 npencrasieHa
G0KOBas IOBEPXHOCTb OT(HPE3EPOBAHHOIO CIUTKA M BBIIICIINE HA
Hee 1e(eKTHl B BUJIE Ta30BbIX ITy3bIPEH.

s .

Puc. 2. ®parMeHThI TOBEPXHOCTH MOJCIH CIUTKA C Fa30BBIMU
ITy3BIPSIMHI

Janee Ha ¢pezepoBaHHYI0O OOKOBYIO MOBEPXHOCTH MOJENH
K)XIOTO CIMTKA HAHECIH OPTOrOHAIBHYIO Pa3METOYHYIO CETKY C
nraroM 10 MM U TpoBeNu YNbTPa3BYKOBOM KOHTPOIb B KaKIOH
syelike Ha  TPEeJMeT BBIIBICHHS Je(pEKTOB, MX pPa3MepoB M
ryOMHBl  3ajeraHus. KOHTpONb  MOJNY4YEHHBIX  PpE3YNIbTaTOB
OCYIIECTBIBIICS 9XOMETOJJOM ¢ TIoMoIIbi0 edekrockona Y/I-13VP
B1II1 mo T'OCT 24507 — 80. TapupoBka  gedekxTockoma
OCYIIECTBIBIIIOCh ¢ MOMOIIBIO KOHTPOJBHBIX 00pasmoB Nel KbIS.
170. 004 = 3P LI08. 899. 248. IIpozByumBaHume 0Opa3LoOB
OCYIIECTBISUIOCH  pPa3/leibHO—COBMEIIEHHBIMH  TPSMBIM U
HaKJIOHHBIM TpeoOpasoBarensmu. [lpuyeM Jyd HaKJIOHHOTO
npeoOpaszoBaTesisi INPH KOHTPOJE CHayana HalpaBlsld  CleBa
HaIpaBo, a 3aTeM CIIpaBa HaJEBO IS IOBBIMICHUS BEPOSTHOCTEH
oOHapyXeHHsl Pa3IMYHO OPHEHTUPOBAHHBIX Je(eKTOB. YToi BBOJIA
JMy4a HaKJIOHHOTO TpeoOpasoBaTelst BHIOpaH paBHBIM 45°. D10
CHeNMaHO ISl YNPOLIEHUS MPOLEAYPHl ONpENeNIeHHsT KOOpIAWHAT
MECTOHAaXOXAeHHs: nedexkrta ©  (QUKCHpOBaHUS  OE(EKTOB,
HaXOMAIMINXCS Ha BEPTHKAIN MOJ IEPeCcedeHUsIMH OPTOTOHAIBHON
KOOPJIMHATHOM CETKH, HAaHECEHHOH Ha OOKOBYIO IOBEPXHOCTh
MOJIEIIBHOTO CIIUTKA.

AHanu3 pes3ysibTaToOB [OaHHBIX HCCIENOBAaHMM IOKa3al, YTo
MMEIOIIHECs B MOJICBHBIX CIUTKAX Ae(PEKTh UMEIOT CHepruiecKyro
(opMy U IPOU3BOIBHYIO OPHEHTAIMIO B NpocTpaHcTBe. [Ipu sToM
pasmep nedektoB oT 1,2 MM 1m0 5 MM, T.e. OBUIM MOJyYEHBI
JneeKTHl Ta30BBIH My3BIPh Pa3IHIHBIX Pa3MepoB. OTO ITO3BOJIUT
Npu  JaTbHEHIINX HCCIIENAO0BAHUAX, BHIOMPATh Ta30BBIH ITy3BIPb
HEOoOXOIMMOTO pa3Mepa ¥ MECTONOJOXKEHHS W o0ecredynBaeT
COOJIOJICHNE  YCIIOBHUS MacitTabHOro " ¢usmyeckoro
MOJICITUPOBAHNSI.

Cam 51a0OpaTOpHBIN  IKCIEPUMEHT IO Ae(OPMHPOBAHUIO
MOJIETBHBIX ~ CIMTKOB B  CTYIEHUYATO-KIMHOBHIHBIX  OoOiKax
NMPOBOAWJIM ~ HA  TUAPABIMYECKOM  IIpecceé B YCIOBHSX
Kaparangunckoro  MHAycTpuaabHOrO  yHHBepcutera.  Jlms
MIPOBENEHHs] PKCIEPUMEHTAa OBUIM MOATOTOBICHBI B CTYIEHYATO-
KJIMHOBUIHbIE OOWKU ¢ yrinoMm HakiaoHa 30° U ¢ yriioM KJIMHa
BepXHero 0oiiKa U KIIMHOBUAHOM BIAJUHBI HIKHETO OOMKa paBHBIM
160°.
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Jlnst paBHOMEPHOro pacrpesefieHus aeopManiy Ky3HEUHbIH
HHCTPYMEHT Obul Harper mo TemmepaTypbl 250°C, a cranbHbIE
MoJenbHble 00pa3mbl - 10 KoBouHOW Temmeparypel 1050°C.
JledopmMupoBaHHe 3aroTOBOK OCYIIECTBISIN CIEIYIOLIUM 00pa3oM:
HarpeThle 3ar0TOBKY IO/IaBaJIM B CTYIIEHYATO-KIMHOBHIHBIE OOMKH
Ha TEepBYIO CTYIIEHb C KIMHOM Ha BepXHeM 0O¥Ke W KIMHOBHIHON
BHagWHON Ha HIkHeM Ooiike. Ilocme oOaTHs 3aroToBKH Ha
MEePBOIl CTYNCHN OCYIIECTBILUIN MOAYy 3arOTOBKM Ha HAaKJIOHHBIN
Y4YacTOK M Tak e mpousBoaunu obkarue. Ilocie dero 3aroToBky
yKe TOoJaBald Ha BTOPYIO IUIOCKYIO CTyNeHb, Ha KOTOPOH
MPOM3BOIMIN BBIIPSAMIICHHE NaHHOW 3arotoBku (puc. 3). Takum
00pa3oM 3aroTOBKY IOJABEprajii OOXAaTHIO MO BCel AIHMHE. YKOB
npu 3ToM cocTtaBuil 1,1. BTopylo mapTuio MOIENBHBIX 3arOTOBOK
MOABEPIIM JABYM IIpoXojaM JedopMHupoBaHHS 0e3 KaHTOBKH IO
cxeMe Ae(OpMHPOBaHUS TIPEICTaBICHHON BHIMIE. YKOB IOCie 2-X
MPOXOJIOB COCTaBMI - 1,2.

. - e -

Puc. 3. Cxema neopMHUpOBaHYs 3arOTOBOK B CTYIIEHYATO-
KJIMHOBHUIHBIX 0OMKax

Tpersst m deTBepTas NapTHS MOJIENBHBIX 3arOTOBOK OBLIH
npoaeOopMUpOBaHa IO ACHCTBYIOIICH TEXHOJNOTHH B IUIOCKHX
Ooiikax, Takke ¢ ykoBamu 1,1 u 1,2.

3. Pe3ynomamal u oocyscoeHue

CreneHp  3akpbITHst  Ae(EeKTOB Iocie IeOopMHPOBAHHS
MOJZENBHBIX 3arOTOBOK (DPMKCHPOBANM IO BBIIIE MPEICTABICHHON
MetoauKke. [Ipy 3TOM NPOBOAMIN  yIBTPAa3BYKOBOIl KOHTPOJIb B
KOXIOH sUeiike Ha IpeAMeT BBIIBICHHSA Je()eKTOB, HX pa3MepoB
Y TITyOWHBI 3aJIeTaHusl.

ITo pe3ynbTataM HpPOBEACHHOTO HCCIECJOBAHUS BBISBIIIN, UTO
MIpY KOBKE 3arOTOBOK B IUTOCKUX 0oiikax ¢ ykoBoM 1,1 medekTsl B
OCeBOI 30HE MPHHIIM CIUTIONEHHYIO (OpMy, HO 3aKpBITHE
nedexToB He HaOIIONANOCh, B MEpUPEPHHHOI M ITPOMEKYTOUHOM
YacTAX 3aroTOBKHM JAe(eKThl NMPUHSIIM MPOCTO OBAIBHYIO (OpMY.
IMToBenenue neeKTOB B 3aroTOBKAX, OTKOBAHHBIX B CTYIEHYATO-
KJIMHOBHJHBIX OOWMKaxXx C aHAJIOTHMYHBIM YKOBOM, HOCHT APYrou
XapakTep: AeeKTH ¢ MaJBIMU Pa3MepaMH II0 BCEMY MONEPETHOMY
CEUCHHIO Ha4alll 3aKphIBaThcs, a AE(PEKTH pa3MepamMu 4-5 MM
CHJIBHO CIUTIONIMJINCH HE TOJNBKO B TONEPEYHOM, HO U B
NpOJONBHOM  HampaBieHWH. Takoe moBexeHWe  JedexToB
00OCHOBBIBAaCTCSI TEM, UYTO H3-32 PEalU3alUM JOMOJHUTEIbHBIX
3HAKOMEepPEeMeHHbIX JedopManuii HpH KOBKE 3aroTOBOK IO
npeiaraeMoil TEXHOJIOTHH B CTYNEHYaTO-KIMHOBUIHBIX OolKax
NPOUCXOAUT ONAronpusTHOE TEeYeHHE MeTajlia, BIWsIoNniee Ha
3aKpBITHE U 3aBapHBaHNE BHYTPEHHUX HECIUIOIIHOCTEH.

Kak wm3BecTHO, NpW 3aKpbITHH AE(PEKTOB, M B YACTHOCTH
Ta30BBIX ITy3BIpeH, IIOBEPXHOCTh 3aKPHITOrO jAedeKra emie
¢uKcupyeTcss Hepa3pyIIalomMM KOHTPOJEM, TaK KakK SBISETCS
rpaHMIeil pas3jena cpea MeTalll — OKHCHas IUleHka. [locre
3aBapUBaHMs IOBEPXHOCTh JedekTa Mcye3aeT, TaK KaK OKHCHas
IUICHKa pa3pyllaeTcs, U OHA He OTPakaeT KOHTPOJIBHOM BOJHBI, TO
€CTh CTAHOBHTCS HEeBUANMOH [14].

Ipu  ykoBe 1,2 B 3aroroBkax, MpoaeOPMHPOBAHHBIX B
IUIOCKUX OOMKax aedexThl MalbIX pa3MepoB B 30HE KOBOYHOTO
KpecTa 3aKpBUIHCH, a 1e()eKThl OOJBIINX Pa3MepoB (4+5 MM) B 30HE
KOBOYHOTO KpecTa M TIPaKTHYECKH Bce Je(eKTH (Mamsle W
GoubIlIE€) B OCTANBHBIX 30HAX 3arOTOBKHM M3-3a PacCTATHBAIOMINX
HaNPsDKEHUH TPHHSIIM IIPOCTO CIUTIOLIEHHYIO GOpMYy.

AHaJM3 pe3yJbTaToB MPO3BYYMBaHUSA Ne(EKTOB B MOJEIBHBIX
3arOTOBKaX, OTKOBAaHHbIX C YyKOBOM 1,2 B  CTymeHuYaTo-
KIMHOBHJHEIX OOHKax, IIOKa3aJ, 9YTO BOJHBI B OOJIBIIMHCTBE
CllydaeB TIIepecTali OTPaXaTbCsi B MECTaX, TA€ HaXOIWIHNCh
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nedextel  pasmepamu  1,5+2 MM, UYTO CBHICTEIBCTBYET O
3aBapUBaHUM S3THX Je(PEKTOB NPAKTHYECKH II0 BceMy 00beMy
nedopMHUpyeMBIX 3aroToBoK. Takske MPOM30LLIO U 3aKPHITHE BCEX
nedekToB pasmMepaMu 0oJblIe 2 MM IPAKTHYECKH [0 BCEMY 00BeMy
nedhopmMupyeMoifl  3arOTOBKM, HO  yJBTpa3ByKOBas — BOJIHA
TpoJIoJDKaIa oTpakaThes. FIMEHHO 3aKphITHE 3THX Ie(eKTOB, a He
3aBapHBaHHE, MOXET OBITh OOBSCHEHO TeM, UTO IIPH PA3IUBKE B
o0beMe CIHMTKa MOTJIH HaXOAWUTHCS HEMETaUTMYEeCKHe BKIIOYEHHUS,
KOTOpple B XoA€  JehOpMHUPOBAHHS  MELIAIOT  MOJHOMY
HCYE3HOBEHUIO IE(DEKTOB.

BriBoasl
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Abstract: The work is devoted to experimental studies of the influence of radial shear rolling on the microstructure evolution of the VT-1
titanium alloy and its gradient distribution over the cross section, as well as changes in mechanical properties. In the course of the
conducted studies, two different types of microstructure were obtained. At the periphery of the bar near the surface, a relatively equiaxed
ultrafine-grained structure with a grain size of 300-600 nm was obtained, while in the axial zone of the bar, an oriented striped texture was
obtained. The resulting structure difference of the peripheral and central zones indicates the gradient nature of the structure distribution.
This type of distribution is confirmed by the results of the microhardness study over the cross section of a bar rolled to a diameter of 15 mm.
The ultimate strength after deformation increased by 58%, while the elongation decreased by 15%.

Keywords: RADIAL SHEAR ROLLING, GRADIENT MICROSTRUCTURE, TECHNICAL TITANIUM, MECHANICAL PROPERTIES.

1. Introduction

The achievements of modern medicine in the field of implanta-
tion are impossible without the productive joint work of scientists,
doctors themselves and technical specialists of various specialties,
including materials scientists. It was their joint work that made it
possible to achieve a long stay in the human body of various im-
plantation materials and structures made of them: rods and plates
for connecting damaged bone structures; dentures; endoprostheses
and others. But, despite the existing achievements in this direction,
there are still problems and questions in the field of development
and application of modern materials for implantation. Therefore, the
development of both new biocompatible implantation materials and
technology for the formation of enhanced, and sometimes unique,
properties already in known biocompatible materials is still an ur-
gent direction. At the same time, special attention should be paid to
the development of technology for producing long-length products
from biocompatible materials with an increased level of mechanical
properties.

One of the main and most commonly used methods for increas-
ing the mechanical properties of both ferrous and non-ferrous met-
als and alloys for more than a decade is the grinding of the structure
of these materials to an ultra-fine-grained, and preferably to a nano-
structured state [1]. However, for most materials, the growth of
strength properties in ultrafine-grained materials is accompanied by
an inevitable decrease in its plastic properties, and as a result, such a
material becomes brittle and is subject to destruction during stret-
ching. The solution of this problem prompted scientists to develop a
new direction in the field of obtaining new materials — the creation
of (functional) gradient materials [2]. One of the main features of
such materials is the anisotropy of their properties in a given direc-
tion, and this is achieved most often by the formation of appropriate
structures. The authors of [3-6] have proved that the production of
metallic materials with a gradient structure (the coarse-grained state
of the metal in the central part of the workpiece, smoothly growing
to an ultra-fine-grained state on the surface) is an effective way to
increase the plasticity, not of the metal itself, but of metal products
as a whole.

It has long been proved that one of the promising and less ex-
pensive methods of obtaining ultrafine-grained materials is severe
plastic deformation (SPD) [7-8], which can be implemented in met-
al in various ways [9-13], including the so-called radial shear roll-
ing [14], which just has prospects for obtaining precisely gradient
ultrafine-grained materials. This is due to the fact that in the defor-
mation focus during radial shear rolling, a stress-strain state scheme
is implemented, which is very close to the all-round compression
scheme with large shear deformations. Radial shear rolling also has
its own features:

- nonmonotonicity and turbulence of deformation;
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- different plastic flow of metal due to the trajectory-velocity
features of the process and, as a consequence, different elaboration
of the structure of different zones of the workpiece.

2. Experimental part

Due to the peculiarities of the metal flow during radial shear
rolling, intense shear deformations are localized in the annular
cross-sectional area characteristic of the three-roll scheme. At the
same time, in the outer layer of the deformable workpiece, each
small trajectory-oriented element undergoes compression deforma-
tion along its radius and in the direction of outflow (along the heli-
cal trajectory), and stretching deformation across the helical trajec-
tory [15]. It should also be noted that during radial-shear rolling, a
constant gradient of velocities and directions of flow along the ra-
dius is observed, which also adds additional shear elements to the
overall complex picture of the stress-strain state. During such
processing, the elements of the structural structure of the metal
subjected to an expanding flow with a two-sided sediment (along
the trajectory and along the radius) take the form of isotropic iso-
lated particles of high dispersion [15].

As it is known, titanium has biocompatible properties, therefore,
the purpose of this work is to study the effect of radial shear rolling
on the possibility of forming a gradient structure in it and an in-
creased level of mechanical properties.

The experiment was carried out on the SVP-08 radial shear roll-
ing mill, which is designed for hot deformation of bars of solid
circular cross-section made of various metal (ferrous and non-
ferrous metals and alloys) and composite materials. VT-1 titanium
rods (0.08% C; up to 0.25% Fe; up to 0.07% C; up to 0.1% Si; up to
0.04% N; up to 0.2% O, 99.24-99.7% Ti) with an initial diameter of
30 mm were used as initial blanks. The choice of this grade of tita-
nium is due to the fact that it has mechanical properties commensu-
rate with the mechanical properties of non-rusting steels, and tita-
nium alloying and heat treatment of alloys based on it can achieve
the strength level of high-strength steels. Based on the recommen-
dations of works [16-17], titanium rods were rolled on a radial shear
rolling mill at a temperature equal to 500 ° C. At the same time,
rolling was carried out to the final diameter of 15 mm in stages, i.e.
in 5 passes, with compression of 3 mm in each pass. After the 5th
pass, the bars were subjected to intensive cooling with water. The
bars were also subjected to intensive cooling with water after each
pass, which were intended not for further deformation, but for stud-
ying the evolution of the microstructure and changes in mechanical
properties.

3. Results and discussion

After rolling and cooling, cylinders with a length of 30 mm
were cut out of rods of various diameters (from 27 to 15 mm), as
well as the original rod. After that, samples for mechanical tests,
microhardness measurements and microstructure studies on a
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transmission electron microscope were cut into strips of 0.3x3x30
mm in size along these cylinders on a high-precision AccuTom-5
cutting machine. Subsequently, samples for microstructure research
on a transmission electron microscope JEM-2100 (JEOL, Japan) at
an accelerating voltage of 200 kV were subjected to electrolytic
thinning on a TenuPol-5 installation to obtain a thin foil from the
peripheral and axial zones of the rod along the rolling direction. The
most characteristic view of the microstructure of both parts of the
rod is shown in Figure 1.

b)
Fig. 1. Titanium structure after radial shear rolling up to a diameter of 15
mm and cooling in water: a - peripheral part of the bar; central part of the
bar

Metallographic analysis showed that technical titanium of the
VT-1 brand in its initial state has a coarse-grained structure with an
average grain size of 70-80 microns. As expected, the microstruc-
ture of the peripheral and axial zones after radial shear rolling up to
a diameter of 15 mm was not the same. Thus, in the peripheral re-
gion of the rod, the microstructure is represented to a greater extent
by equiaxed ultrafine grains of 300-600 nm in size, which have high
misorientation angles, which is established by the diffraction pat-
tern. The microstructure of the axial zone of the rods after deforma-
tion on the radial shear rolling mill is represented by long and nar-
row grains elongated in the direction of rolling, that is, it is a fibrous
texture. The diffraction pattern also confirms the small angles of
grain misorientation. That is, as a result, in the peripheral part of the
rod, where shear deformation with high turbulence of the metal
flow prevailed, we have an equiaxial ultrafine-grained structure, and
in the axial zone, where the metal flow had a laminar character
along the rolling axis, we have an elongated, oriented structure,
resembling the texture of rolling.
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Tensile tests carried out on the Instron-1195 testing machine
(ITW Inc., USA) showed that the tensile strength after radial shear
rolling increased from 704 MPa to 1215 MPa, which is 58%, and
the elongation after the fifth pass decreased from the initial 26% to
11%. The values of the tensile strength and relative elongation
averaged after each pass (according to the results of 3 experiments
with each degree of compression) are shown in Figure 2.
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Fig. 2. Change in the tensile strength and elongation of titanium grade VT-1
after radial shear rolling by passes
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Fig. 3. Change in microhardness of titanium grade VT-1 along the cross
section of the bar after radial shear rolling up to a diameter of 15 mm

Taking into account the heterogeneity of the resulting
microstructure, microhardness was measured by the cross section of
a titanium rod rolled to a diameter of 15 mm on the HVS-1000B
microhardness meter (Winex Instrument, UK), which allowed us to
construct the microhardness profile shown in Figure 3.
Microhardness measurement was carried out by Vickers with a
force of 9.87 N at a shutter speed of 15 seconds. The
microhardness profile was constructed based on the results of
measurements at 15 consecutive points located 1 mm apart.

After radial-shear rolling of a titanium bar to a diameter of 15
mm, the initial microhardness level rose from a value of 163 RM to
238-271 RM, i.e. on average by 60%. At the same time, due to the
structural heterogeneity in the cross-section of the bar after rolling,
the expected gradual decrease in the microhardness level in the
central part by 12.4% relative to the periphery of the part of the bar
is observed.

Conclusion

In the course of the conducted research on the deformation of
rods made of technical titanium of the VT-1 brand on a radial shear
rolling mill, a microstructure of two different types was obtained in
them. Thus, a relatively equiaxed ultrafine-grained structure with a
grain size of 300-600 nm was obtained at the periphery of the rod,
while an oriented, striped texture was obtained in the central zone of
the rod. The discrepancy in the structure of the peripheral and cen-
tral zones of titanium alloy rods formed on the SVP-08 radial shear
rolling mill indicates the gradient nature of the structure formed in
the resulting rods. This was also confirmed by the results of measur-
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ing and constructing a micro-hardness profile along the cross sec-
tion of a bar rolled up to a diameter of 15 mm. A significant change
in the initial microstructure of the titanium rod led to a significant
increase in the tensile strength of this rod (by 58% after drawing
equal to 4) and a decrease in the plastic characteristic (elongation)
with this drawing from 26% to 11%. At the same time, there was a
systematic increase in strength characteristics and a decrease in
plastic characteristics after each deformation cycle.

This research was funded by the Science Committee of the Minis-
try of Science and Higher Education of the Republic of Ka-
zakhstan (Grant no. AP14869128).
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Cordon counting in the territory of the city of bitola
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Abstract: The collection and analysis of transport data is of great importance for traffic engineers, who use that data to perceive existing
problems and offer solutions. Depending on the type of data and the meaning available, there are different methods and equipment. Data
collection can be done on sections, intersections, entire cities, hourly, daily, weekly, monthly and annually. For the city of Bitola, data
collection was carried out for cars, buses and heavy goods vehicles in the peak hour according to the directions of movement, i.e. cordon
counting, by setting up checkpoints with personnel on those roads that intersect with the cordon line. In this case, the vehicles in transit are
important to us and we grouped them into two groups, cargo transit and individual traffic.

Keywords: PRIVATE TRANSPORT, PUBLIC TRANSPORT, CORDON, COUNTING, TRANSITIVE

» The cordon line is placed so that it intersects all roads that
enter the pre-defined area of interest. This intersection in the
In order to obtain information about the basic parameters of the middle of blocks, between intersections, is done in order to
traffic flow, the behavior of the participants in the traffic, etc. data
collection is required. In the first, preparatory phase, the recording
forms are prepared, the students are prepared for the data collection
process for the defined area of coverage.

1. Introduction

avoid the problem of vehicles turning due to which it becomes
unclear whether they enter the defined areaspace or not.It is
convenient to choose the cordon line in such a way as to

_ o ) minimize the number of thoroughfares to be counted.?
Traffic counting is performed manually, according to the type
of vehicle (passengers, trucks, buses), counting is performed ) ) o o
according to approaches/directions of movement. Each student was > The accumulation of vehicles inside the cordon line is

placed on a suitable approach and enters the data into a previously determined by summing up the total number of vehicles that
prepared form of a counting sheet. enter and leave the given space in a certain period of time. The

The time period of data collection is 1 hour (peak hour).In this cordon counts should start when the street network inside the
paper will be published the cordon counting of the city of Bitola, space that is the subject of the study is practically empty.If this
carried out at 3 counting points in the peak hour, from 14:00-15:00. is not possible, then counts are made of parked vehicles and

vehicles on the streets to estimate the initial number of vehicles

in the given space, when the cordon counting began. The
Every day we encounter a large amount of data. That data accumulation of wvehicles is calculated according to the

reaches the end users in a final and processed form. That data can formula:@

be related to transportation, educatlgn, work, industry, etc. When it A=A+ Vi— I, , where,

comes to transportation, the following data are presented to users:

number of traffic accidents, number of transported passengers,

cargo, harmful emissions, etc.

2. Collection and analysis of transport data

[EIER)

A; - number of vehicles in the period ’i’”,

The collection and analysis of relevant data on the traffic Aj—y - number of vehicles in the previous period “i-17,

system or its parts is of great importance for the performance of V; - number of vehicles entering period "i",
scientific research, studies, projects, expertise. These data allowes a ) o N
clear understanding of the existing conditions and problems and 1;- number of vehicles leaving in period "i",

represent a basis for solving the problems. The data collection phase . . .
implies going out into the field and serious preparations, with 3. Cordon counting for the city of Bitola

clearly defined objectives, wmethods, trained personnel and On May 20, 2022 (Friday) from 14:00-15:00, a cordon counting
equipment for data collection. of vehicles was carried out together with a group of students from

i i _Bi [
Depending on what kind of data we need, we choose the the traffic department at the Technical Faculty-Bitola.

collection method, define the place and time of the collection, The subject of research is to give an estimate of the
determine the necessary personnel and equipment, control the accumulation of vehicles.
counters, arrive at the place on time, wear a fluorescent vest for

greater security etc. Collecting can be manual, i.e. manual with a The aim of the research is to give an estimate of the number and
counting sheet and automatic with video cameras,control, cordon structure of vehicles that transit through the territory of the city of
counting, etc.?! Bitola.

The cordon supports an imaginary border line around the city of
Bitola, and the counting of vehicles was carried out on all roads that
> A cordon is an imaginary boundary line around the space thatis  cross the cordon line, namely: ©!

the subject of research. Usually it is a central city area or other
center of activity, where it is important to determine the
accumulation of vehicles in the given space. Vehicle counts in
this case are carried out on all roads that cross the cordon line, 3. Road with approach to — from Greece.

classifying vehicles by direction and by time period from 15 These checkpoints are placed in such a way that they cross all

minutes to one hour. Th's enables the estimation of the number the roads entering the city of Bitola, in order to avoid the problem
of vehicles in the given area at a certain time. Sometimes  of vehicles turning, which makes it unclear whether they enter the
cordon counts are done together with counts of a smaller defined space or not. That is,

intersection of roads, with this it is also possible to estimate the .
i 2] Zone 100-Prilep
number of parking spaces.

2.1. Cordon counting of vehicles

1. Road with approach to - from Prilep.

2. Road with access to - from Ohrid.
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Zone 101 Ohrid
Zone 102 Greece

Figure 1 shows the cordon line of the city of Bitola and the
counting points.t

Go-ge Xepnea ruseecnc € o

Fig.1: Shows the cordon line and the counting points (Source:
Google maps and the Paint tool)

Figure 2 shows the cordon count form by vehicle structure
where the location, date, count period, mobile phone, student, cars,
buses, heavy goods vehicles are entered.™

o ot Form
St isds
St indes
Lozstion ime: 101200

a I 1 |

z|z|2 (s |s[z|z|alz|e

|

2]

Fig.1: Shows the form for cordon counting by vehicle
structure(Source: Created in an Excel document)

3.1 Results of counts by direction of movement

The results of the counts between 14:00 and 15:00 are shown in
the following table by structure of vehicles and by direction of
movement.

Table 1: Results of counts by directions of movement

Greece | Bitola- | Ohrid- | Bitola- | Prilep- | Bitola-

-Bitola | Greece | Bitola | Ohrid | Bitola Prilep
Car 534 491 141 143 613 586
Bus 47 13 1 1 16 27
\I—/iG 31 23 49 22 36 69

From the obtained results we can conclude that the most
intensive flows are on the direction from and to Prilep - Bitola,
where about 660 vehicles are registered and in the opposite
direction about 680 vehicles, while the second place in terms of
intensity is the road direction from and to Greece - Bitola. There is a
greater deviation on the road from and to Ohrid - Bitola, where we
have registered about 190 vehicles. The largest flow of heavy goods
vehicles appears on the road direction Bitola-Prilep, while the
lowest flow of heavy goods vehicles occurs on the road direction
Bitola-Ohrid, together with the direction Bitola-Greece.

3.2 Results of cordon counting

The accumulation of vehicles inside the cordon line is
determined by summing up the total number of vehicles entering
and leaving the given area in a certain period of time, with the
results given in the following table.

Table 2: Results of cordon counting

Greece | Greece | Ohrid- | Ohrid- | Prilep- | Prilep-

-Prilep | -Ohrid | Prilep | Greece | Ohrid | Greece
Car 41 9 4 14 6 38
Bus 12 0 0 0 0 2
HG 6 2 4 2 0 3
Vv

3.3 Results for transit freight and individual traffic

Table 3: Shows the results for transit freight traffic

External zone 100 101 102
100 0 0 3
101 4 0 2
102 6 2 0

Table 4: Shows the results for transit individual traffic

Transitindividual traffic

External 100 101 102
zone

100
101
02

3.4 Graphical display of output results

Graphic display of the number of cars by direction of movement

Car

B Greece-Prilep  ® Greece- Ohrid

® Ohrid-Prilep B Ohrid — Greece

® Prilep-Ohrid = Prilep - Greece

AV _.,

12% \4%

Chart 1: The number of cars by direction of movement

Graphic display of the number of buses by route
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Bus

B Greece-Prilep ™ Greece- Ohrid
H Ohrid-Prilep  ® Ohrid — Greece
M Prilep-Ohrid M Prilep - Greece

14%

<

86%

0% 0%
0%

0%

Chart 2: The number of buses by route

Graphic display of the number of heavy goods vehicles by
direction of movement.

Heavy goods vehicles
Prilep -
Greece
18% Greece-
Prilep- Prilep
Ohrid __ '/ 35%
0%/>
Ohrid - ‘ ‘\
Greece Ohrid- Greece-
12% Prilep Ohrid
23% 12%

Chart 3: The number of heavy goods vehicles by direction of
movement

Graphic display of the number of vehicles and the structure of
vehicles by direction of movement.

700 A
600 -
500 ~
400 -
300 ~
200 A
100 ~

W Car

M Bus

Heavy goods
vehicles

Chart 4: The number of vehicles and the structure of vehicles by
direction of movement
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4, Conclusion

The direction of movement, the composition of the traffic flow,
the speed, the travel time, the following distance, the number of
vehicles, the number of traffic accidents are only part of the data
that are collected for various purposes, research. The cordon line is
placed so that it intersects all roads that enter the pre-defined area of
interest. The accumulation of vehicles inside the cordon line is
determined by summing up the total number of vehicles that enter
and leave the given space in a certain period of time. On the
territory of the city of Bitola, 3 points were defined, that is, places
where we have entry-exit flows to other cities, the collected data
were analyzed and those vehicles that appear at the other point are
taken as transit flows. From the obtained results we can conclude
that the most intensive flows are on the direction from and to Prilep
- Bitola, where about 660 vehicles are registered and in the opposite
direction about 680 vehicles, while the second place in terms of
intensity is the road direction from and to Greece - Bitola. There is a
major deviation on the road from and to Ohrid - Bitola, where we
have registered about 190 vehicles. The largest flow of heavy goods
vehicles appears on the road direction Bitola-Prilep, while the
lowest flow of heavy goods vehicles occurs on the road direction
Bitola-Ohrid, together with the direction Bitola-Greece. In addition
to tabular, a graphic presentation of the collected and processed data
was also presented.
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Biausinue Ha Bu/ia TAalIHIEPCKA OCHOBA BbBPXY [[e(l)OpMalII/lOHHOTO IHOBCJICHHUC HA
ceaajIKaTa HAa TAMUIHPAHUTE Meben.

Influence type of upholstery base on the deformation behavior of the seat of upholstered furniture.

Rostislav Bozhkov
University of Forestry, Bulgaria
10 bulevard Sv. Kliment Ohridski, Sofia, Bulgaria
rostislav.bojkov@gmail.com

Abstract:

The upholstery base is one of the main structural elements used in the construction of the seats of upholstered furniture.

According to their type, upholstery foundations are hard, semi-elastic and elastic. The type and materials used in their construction have an
impact on the deformation behavior and softness of upholstered furniture.

The study looked at the deformation behaviour of upholstery seat structure built of two types of polyurethane foam placed on three
upholstery based variants - hard, semi-elastic and elastic. The criteria used to assess the material are a softness coefficient and parameters
for general deformation of the upholstery, in the specifics of the elements of the seat.

Based on the results obtained, conclusions and recommendations have been made for their application in the upholstery

structure of upholstered furniture.

Keywords: Upholstery base, Polyurethane foam, upholstery, hard, semi-elastic, elastic, structure, deformation.

1. Bweeoenue

JlenbT Ha MPOM3BOACTBO Ha TAllMLMPaHW MeOenu Bb3JM3a Ha
35% ot obumms AsUT Ha TpOU3BEICHUTE MeOenu B €BPONEHCKH U
cBeroBeH Mamad. C Bcska M3MHHANa TOAWHA, TOW OENeXH pPBCT
HOpaau HENpeKbCHATOTO OTKpHBAaHE Ha HOBH MaTepuaad 3a
M3TpaKJAHETO Ha TAIMIepCcKaTa CTPYKTypa, KaKTO M BHEIPSBAHETO
Ha MOJIEJU C HOBH ()OPMHU U KOHCTPYKIIUH.

ITpu u3rpaxcaaHe CTpyKTypaTa Ha TallMIMpaHata MeOen SICHO ce
OYepTaBaT HSAKOJIKO OCHOBHH €JIEMEHTa, KOMTO 3a1aBaT OCHOBHHTE
XapaKTePUCTUKH Ha KOHCTPYKIHSTA, bopmara u
¢ynkunoHanHocTTa M. OCHOBHUTE KOHCTPYKTHBHHM €JIEMEHTH B
CTpyKTypaTa Ha TallULEpHATa ca HOCeIla OCHOBA (CKEJIET), OCHOBA
Ha TanuiepusaTa (TalmMIepcka OCHOBA), MNPYXXKHUHMpAIla dYacT H
obymnoBbuHa yact.(¢wur. 1), mokazanu Ha ¢urypa 1. Beexu exun ot
TE3W OCHOBHH €JeMEHTH (KOpIyC, Tamulepcka OCHOBA,
MPYKHHUPAILA YacT ¥ OOJIMIOBBYHA YacT) € U3TPaJIeH OT Pa3IuYHU
IO TIPOM3XO/I U 10 (PU3HKO-MEXaHHUYHH MOKA3aTEeNIH KOHCTPYKTUBHU
eneMeHTa. OCHOBEH HPHMHLUI NPH M3rPaXKAAHE Ha TamMIEpcKaTa
CTPYKTypa €, 4Ye MaTepHaliiTe Ce pa3NojiaraT KaTo B OCHOBATa 1a
OB/IaT TE3H C I0-BUCOKA IUITBTHOCT U MAJIKa €JIACTUYHOCT, KaTO KbM
HNOBBPXHOCTTa IUTBTHOCTTa Ha HaManusiBa ¥
€JIACTUYHOCTTA UM CE yBEIIM4aBa.

MaTepUAIIUTE

Que.l. Cmpyxmypa na manuyupana meben: 1-nocewa ocrnosa (cxerem); 2-
0CHOBG Ha manuyepusma (Manuyepcka ocHosa); 3-npysrcunupawa vacm;
4-061uyo6vuna wacm.
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CormacHo BIIC 7669-89. ,, Me6en. Tamuuepus. TexHUuecKd
W3WCKBaHUs.”, TaIUIIEpCKaTa OCHOBA ce Kiacu(UIMPAaT KaTo:

- TBbpaa ocHOBa.

- IMomyemactuuHa ocHOBA.

- Enactuuna ocHosa.

, KaTo MaTepuajuTe W3IOJI3BAaHU
TanuIepckara OCHOBa TPsIOBa J1a ca:

- 3a TBBp/AA OCHOBA- MACHBHA HJIM CIIOECTa AbPBECUHA,
IUIOYH OT JBPBECHH YACTHUIM, IUIOYH OT TBBPAU IBbPBECHH BIIaKHA
WUTH HITepInIaT.

- 3amojyesacTHYHA OCHOBA- HETHKAH TEKCTHII,
CTOMaHeHa JIeHTa, CTOMaHeHa TeJ, TalUIePCKH
JICHEHU,KOHOTIEH! M CMECEHH, CHHTETUYHH H Jp.

- 3aejgacTHYHA 0CHOBA- KayuyyKOBH JICHTH, IPY>KHHH 3UT-
3ar, CHUPAIHU-IWIMHIPUYHM  TNPYKHHH,  IJIOCKO-CIHPAIHH
NpYXXMHH, JACTHIHA TallUIepCKa JEeHTa H JIp.

[MomuyperaHoBuTe THEHOMAaTepHANH Ca CHHTETHYHH, JEKH, C
paBHOMEpHA KJIEThYHA CTPYKTypa. PazgensT ce Ha CleJHATE OCHOB-
HU TPYIN: MEKH, TTOIYTBBPAN, TBBPIU U HHTETPATHH.

B mocnenHuTe roauHM Ha mHasapa ce HamaraT BCE IOBeYe
TPYJHOTOPHMHTE MEKH IIEHOIOJUYpPETaHH, KOUTO OTroBapsAT Ha
eBPOICHCKUTE M aMEPUKAHCKH CTaHIAPTH 3a Ola3BaHe 31PaBeTo Ha
Xopara ¥ ca 33JbJDKUTENIHH IIPU MPOU3BOJCTBOTO Ha TAaITUIMPAHU
Mebenu 3a 0OLIECTBEHH CTPa/id, TPAACKU TPAHCHIOPT U 1IP.

OCHOBHHTE KpHUTEpUH 3a H300pa Ha IIEHOMOJIHYpPETAHUTE ca
IUTBTHOCT, TBBPJAOCT, EIACTHYHOCT W OCTaThbuHA AedopMarus.
Bcwuky Te3m XapaKTEepUCTHKY ca TACHO CBBP3aHH C KPUTEPHUTE 32
yI100CTBO ¥ KOM(OPT, ABATOTPAHHOCT ¥ N3HOCOYCTOHYUBOCT.

TebpaocTTa € enHa OT Hall-Ba)XHUTE XapaKTEPUCTUKU 3a
MOBEJCHHETO Ha MOJUYPETaHOBHTE IE€HH, OCOOCHO 3a MAJIKH
HatoBapBanus [4,5,10].

Ilpn mpoBeneHW w3cieABaHWS HA TPH BHAA TalHIEPCKH
CTPYKTYPH U3TPafieHH OT NEHOMOJIIYPETaHOBA NIPY>KHHUPAIIA JacT
BBPXy TBBpJa MINEpPIIATOBA OCHOBA, IIEHOIOJIYpPETaHOBA
NpYKUHHUpAIAa 4YacT BBPXY €NAcCTHYHM JIGHTH 3a Talulepus U
MEHONIONNYPETaHOBa TPY)KHHUpAIa dYacT BBPXYy OCHOBa Ha
IpY)XUHEH TaHea Oe Ompe/erieHo CTENeHTa Ha BIMSHHE Ha BUIA
Tanuiepcka OCHOBAa BBPXY MEKOCTTa M CTENEeHTa Ha yJ00CTBO H
KOM(OPT NpH H3rPAKAAHETO Ha TaNMIEpPHsATa Ha celajlKkara Ha
TanMLUpPaHUTE MEOEIH.

Pesynrature OT HampaBeHHTE W3CIEIBAHUS IIOKa3BaT, 4e IIO
OTHOIICHWE MEKOCTTa M CTeleHTa yaobcTtBo U KoM(popT
MOJIyeNacCTUIHUTE M €IaCTUYHHTE OCHOBM Ha TalMIEPHUATa HMaT
MO-BHCOKH IIOKa3aTelH, OTKOJKOTO TBBPAATa OCHOBA, KOSTO Ce
MPEnopbyBa 3a U3MOI3BaHe (EKCILUIOATAIHSA) 32 TIEPUO HE TO-IbIbT
ot 4 yaca. [12].

OpU  U3TPAKAAHETO Ha

JICHTU:




MACHINES. TECHNOLOGIES. MATERIALS. vol 2, 2023

B boarapus ca HampaBeHH 3aIbJIOOYEHH, MOIPOOHH U
AQHAIUTUYHH TPOYYBAHUS Ha MaTepuald, W3MONI3BAaHU B PA3IMIHU
BupoBe Tanuuepust [3].M3cnensanu ca BAMSHHUETO HA IIMPOK KPBT
OT OCHOBH BBPXy MEKOCTTa Ha TamuiepusTa. Ha msciensane ca
MOJVIOXKEHH - TBBpJA OcHOBa oT mnepdopupana [1/IB,rexcrumau
JICHTH, eJIAaCTHYHH JICHTH, TBOMHOKPHCTOCAHM €JNACTUYHM JICHTH,
IUTOCKOCIIMPAIHY TIPY)KUHH, LWIMHAPHYHN TPYXKUHA Ha OITBH,
MIPYXHUHH 3UT-3ar” ¥ KOMOHMHANUS OT IWIMHAPUYHH IPYKUHU 3a
OIBH M TPYXUHH ,,3Ur-3ar”’. 3a NpYXUHUPAIIA YacT Ha MPOOHUTE
Tela ca U3MO0I3BaHN KOMOVHAIS OT IIEHOMNOINYPETaH! U BaTH.

Makap W IpuUeTH OT HayKaTa M IpakTUKaTa Te3u
n3cleiBaHUs TPsOBa a ce B3eMe o] BHUMaHHE (akTa, 4ye Te ca
npaBeHn mpe3 mnepuoma 1980r. — 1989 r. Toect te ca Owmmm
aKTyaJHU B ITOCOYEHHSAT IEPHOJ C M3IOI3BAaHHTE B TO3W MOMEHT
MaTepuaId ¢ TexXHUTe cremuduuHu  Qu3MKo-MeXaHUIHH
XapaKTePUCTHKH, KAKTO W IPHIOKEHUTE METOIM 3a H3CIIE/BaHE B
Tesn roauHH. C  pa3BHTHETO ¥  OCHBBPIICHCTBAHETO Ha
TEXHOJIOTUUTE M TEXHOJIOTHYHUAT Mapk oT 1988 r. no neH aHemeH
B INIPOM3BOJCTBOTO HA TAaNMHULIUPAHU MEOEIH ca BHEAPEHH MHOTO
HOBU MAaTepHald, CypOBHHH WU TEXHOJOTHH, KaKTO M B HAyJHUTE
Cpelu ca BbBEICHN MHOTO IO-aKTyaldHH, OBpP3U U TOYHH METOAU U
METOJIOJIOTHH 33 M3NUTBaHe. KbM IHelIHa j1ata He ca H3CleIBaHN
craunaptaute TpynHoropumu (CME) Meku IeHONMOINypeTaHOBU
IEeHW, KOWUTO HAaBIM3aT BCE I10-MAacOBO B M3IPaKAAaHETO Ha
CTPYKTyparTa Ha TalHIEpHsITa U He € NPAaBEH CPaBHHUTENICH aHAIU3
Ha Ae(OPMALMOHHOTO UM IOBEJCHHE CIPSIMO KOHBEHIIMOHAIHUTE
nonuypeTanoBu neHu (N).

Ilenta ©Ha TOBa W3CIeOBaHE €  ONPEAEIIHETO  Ha
JIehOpMaIMOHHOTO MOBEJCHUE MPU HAaTOBAapBaHE HA TAIMICPHHU C
Npy)KHHMpaIla 4YacT, H3rpajeHa oT KoHBeHIWoHamHH u CME
MEHOIONNYPETaH! TIOCTaBeHH BBbPXY TPU BapHaHTa Ha TalHIepcKa
OCHOBA - TBBP/Ia, IIOIyeNaCTHYHA U eJIaCTHYHA.

2. Mamepuanu u memoo

Ha w3cnenBane ca mMOUIOKEHH TPH OCHOBHHM THIA
tarmuiepun (pur.2 u ¢ur.3): A, B u C- ¢ npyxKuHHpala 9acr,
H3rpajiecHa  OT KOHBGHIMOHANHA  IOJHYpEeTaHOBa  IIsiHA
KOVAFOAM N 3030 u TtpymHOroprMa MOJHypETaHOBA IISTHA
KOVAFOAM CME 3530, npon3BeaieH! 1O HEMIPEKBCHAT METOM OT
Tapanen Cesmuero OO/. [IpyxuHupamure 4acTu Ha TAIHIEPUHITE
MOCTAaBeHH ca IIOCTAaBEHH BBPXY TPU BHIA TaNHUIEPCKH OCHOBU
MoKa3aHu Ha durypa 2.:

- Tewvpoa ochosa — IPOU3BETCHA KaTO PAMKOBA KOHCTPYKIIHS
oT (pH30BE OT WIVIONUCTHA IbpBecHHa chC cedeHue 40x60 mm.
(mpomsBeneH cwrimacHo EN 14080-2013, DIN 4074.), exHocTpaHHO
00JIHIIOBaHA C TUCTOOOPA3eH AbpBEceH MaTepuai- mmepriaT bpesa
¢ nebemmua 12 mwm. (mpomsBexeH cvriacHo EN 13986:2004; EN
636-3S).

- [lonyenacmuuna ocnosa — Ipou3BeeHa KaTO paMKOBa
KOHCTPYKUHS OT (pHU30BE OT WMIJIONUCTHA ABPBECHHA CHC CEUCHUE
40x60 mm. (npoussenen cwriacio EN 14080-2013, DIN 4074.),
KBbM ()pH30BETE HA PAMKOBAaTa KOHCTPYKIIHS TIOCPEACTBOM JAbPIKAUN
U KJIaMepH ca 3aKperneHn KPBCTOCAHO TEKCTWIIHH KOJIAHH B
HalpevHa 1 Ha/UThKHA TI0COKa.

- Enacmuuna ocnoeéa — mpousBeieHa KaTo paMKOBa
KOHCTPYKUHS OT (pHU30BE OT WMIJIONUCTHA ABPBECHHA CHC CEUCHUE
40x60 mm. (npoussenen cwriacio EN 14080-2013, DIN 4074.),
KbM (hpHU30BETE Ha PAMKOBATa KOHCTPYKIMS OCPEACTBOM IbPKAUU
U KJIaMEpHU Ca 3aKPEeIeHn 3Ur-3ar NpyXKHUHU (IPOU3BENCH ChITIACHO
EN 1957-2000; EN 10270-1).

[Ipyxunure ,3ur-3ar ca NPOU3BENEHH OT CTOMAaHEHa
MPYXUHHA TN ¢ AUaMeTsp 3,8 MM. ¢ KJlac Ha SIKOCT Ha onbH 1550-
1800 MPa, crpnka MeXAy OTAENHUTE eneMeHTd 47 mm., u
LIMPOYMHA Ha JIeHTaTta - 47 mm.
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@Que.2. Tanuyepcku ocnosu: 1 —mewvpoa ocmosa: 1-2 —nonyenacmuuna
ocHoga: 1-3 —enacmuuna ocrosa.

Bcuuky octaHany MaTepHaid, M3MOI3BaHH HPH U3TPaXKIAHETO
Ha TamuiepcKara CTPYKTypa ca WACHTHYHH [0 BHA U AeOenrHa U C
enHaKBM  (DU3MKO-MEXaHMYHH  XapakTePUCTHKH. ToBa ¢
HE0OX0MMO, 3a Ja ObJe JOCTOBEPHO HANPABEHOTO CPABHEHHE HA
ne(hOpPMAIIMOHHOTO TIOBE/ICHHUE Ha U3CIICIBAHUTE MAaTCPHAIIH.

TecTpT ce U3BBPLIBA MO CTAHAAPTEH METOA CBIJIACHO
BAC 8962:1990 [1]. TectBanu ca oOpasuu ¢ pasmepu 600x600
MM., KOETO OT CBOSI CTpaHa BOIH JI0 CPABHHUMOCT Ha PE3yITaTHTE
OT TecTa ¢ Te3H Ha TalmuIepHus ¢ mogo0Hu pa3mepu. lebennHara Ha
M3CJIC/IBAHUTE KOHBCHIMOHAHATA monuypeTanosa mstHa N 3030 u
Ha TpyaHoropumara mnonuyperanoBa msHa KOVAFOAM CME
3530 e 140 mm. OOmara nebenuHa Ha BCHYKH H3CIEABAHU
TaNULEPCKH CTPYKTYpH € 250 mm. (¢dwur.2).

609

RPNWEOIO

@Duz.3. Cxemu Ha usepadcoawe na cmpykmypama na manuyepusma: | —
mevpoa ocHoéa Ha manuyepuama: 1-2 —nonyeracmuuna ocnoéa Ha

manuyepusma: 1-3 —enacmuuna ocnosa na manuyepusma: 2-
mpyonoeopuma nomuypemanosa nsna - KOVAFOAM CME 3530; 3 -
Tanuyepcka  6nodcka;, 4-  KOHBEHYUOHATHA — NONUYPEMAHOBA  NAAHA

KOVAFOAM N 3030 5- IHoauecmepna éama; 6 - Mebenen niam.

Ipemn w3nuTBaHeTO, O0Opa3UMTE C€ KOHIUIMOHHMPAT B
npoabJKeHue Ha 24 yaca B cpena or 23+2 ° C u OTHOCHUTENIHA
BIaxHOCT 50+5 % .

M3nuTBannTe 00pa3ly ca 3aKperneHd 3a XOPHU30HTANHA,
TBBpIA, TJIajKka OCHOBa ¢ oTBopH ¢ 35 MM., MO3BOJSIBAUKH
M3THYaHETO Ha BB3AYX OTAONy Ha oOpasema. [Ipobure
MpEeIBApUTENIHO Ce 3apeXkJaT ¢ IOCIEIBAII0 pPa3TOBApBaHEe, CIIEH
KoeTo ca octaBeHd 30 min 3a KOHIUIHOHMpaHe. [IbpBOHAaYaTHATA
nebennHa (BHCOYMHA) Ha OOpasIMTe ¢ 3alucaHa MpH TOBap OT 3
daN. Crnen mocTemneHHO YBeJIMYaBaHE Ha CUiATa, CIICBAIINTE
nebenruu Ha oOpasuTe ca OT4eTeHr Ha uHTepBanu ot 5 daN ( 1o
20 daN) u Ha unTepBanu ot 10 daN (ot 20 daN o 100 daN).

W3mom3BaHUAT HATOBapBall [HUCK 3a WU3CIEIBAHETO €
IUIOCHK C Kpbriia popma, ¢ muameTsp 250 mm.

I/ISCJ’IBI[BS.HI/ITC II0Ka3aTcJiv ca:

- Koedwunuent Ha nauanxa mexoct (M,,),
KOITO ce u3umcisgBa no Gpopmynara:

1) My = % , mm/daN. ,kbaero:

Hs e BucounHara Ha oOpa3sera Ipu HaTOBapBaHE
cbe cita ot 5 daN,mm.

His - BucounHaTa Ha oOpaseLa Ipu HATOBapBaHE
cee cuita ot 15 daN,mm.
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- O6ma nedopmanus Ha cenankata (Lo.c.), H3uucasiBaiku
ce 1o opmynara:
(2) ﬂu.cﬁ :HO_H75| mm.
KBJETO:
Ho e HayanmHaTa BUCOYMHATa Ha oOpasera.

Hys - BucounHaTa Ha oOpasena pyu HaTOBapBaHE
cwe cuita ot 75 daN,mm.

- Koedunuent Ha MekocT Ha cenankara (K, .) ¥ ce
HM3YHCIISIBAT 110 (popMyIHTE:

A3) Kyc = % , mm/daN.

KBJIETO:

Hys - BucounHaTa Ha oOpasela pyu HaTOBapBaHE
cwe cuita ot 75 daN,mm.

Hgs - BCOunHaTa Ha oOpasela mpyu HaTOBapBaHE
cbe cuna ot 85 daN,mm.

Cwraacuo BJIC 7669-89. ,, Me6en. Tamunepus. TexHUUeCKH
usnckBanus.” [2], mMekara meben ce kacuUIUpa B 3aBUCUMOCT OT
CTETeHTa Ha MEKOCT, ONpe/eIsiia ce OT CTOHHOCTUTE Ha
nedopmManuaTa 1 Koe(UIMEHT Ha MEKOCT Ha:

- TlomytBbpaa - TakaBa TaMUIEPHs OTTOBAPSIIA HA:
M, <35 mm.
K, — HE € HOpMHpaH.

- HonyMeKa - TaKkaBa TalTULICpHs OTroBapsila Ha:
M, - oT 35 mm. mo 75 mm.
K, - or 1,4 mm/daN. mo 2,4 mm/daN.

- Meka - TakaBa TalMIEepHs OTroBapsIa Ha:
I, >75 mm.
K, > 2,4 mm/daN.

3. Pesynmamu u ananu3

PesynTatute Ha MoKa3aTesMTe 32 MEKOCTTA HA U3CIIEIBAHUTE
pa3IMYHM CXEMH Ha TalMIEepPCKH CTPYKTYpH ca IPEJCTaBEHH B
tabima 1. Te ce XxapakTepuszupar CbC CTOWHOCTH, MOKpPHUBAIIU
nsuckBanuaTa Ha BJIC 7669-89. ,,Me6en. Tanunepus. TexHUUeCKH
M3MCKBaHMA 33 TIOJlyMeKa 1 MeKa tanuiepus [2].

Or tabmmma 1 w ¢urypa 4 e BHOHO, Ye TamHIEpcKaTa
CTpyKTYpa THIO A TpOXb/DKaBaT cBOsiTa Jedopmaius 0
naroapBare ¢ 80 daN, rtamumepckara crpykrypa tum B mo 90
daN, mokaro tamuiepckara crpykrypa tan C go 60 daN . Tosa ce
ABJDKU Ha PA3JIMYHUTE TUIIOBE TAIIMUEPCKHA OCHOBHU U3NOJI3BAHU
NPH U3CIISIBAHETO HAa TPUTE TAITULEPCKU CTPYKTYPH.

Tabn. 1. Iloxazamenu 3a Mmekocm Ha uscneosanume
manuyepcKu Cmpykmypu.
Tum: Mu JHo.c. Kwm.c.
* | (mm/daN) (mm) (mm/daN)
A 0,9 120 2,4
B 15 131 2,7
C 1,8 148 2,9
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Que. 4. [lepopmayus npu Hamosapeane Ha Manuyepcka CmpyKmypa ¢
NPYACUHUPAWA HACT U3SPAOEHA OM KOHBEHYUOHATHA NONUYPEMAHO8A NAHA
— KOVAFOAM N 3030 u mpyonocopuma noauypemanosa nsma
KOVAFOAM CME 3530 nocmasenu evpxy manuyepcku ocrhogu mun: A-
mewvpoa , B-nonyeracmuuna u C-enacmuuna.

Ot tabmnua 1 u ¢urypa 4 v HampaBeH aHaNW3 € BHIHO, Y€
U3CJIC/IBAHUTE Tamuuepcku crpykrypu tan A,B u C mnokpusar
n3uckBanunTa Ha BJIC 7669-89. , Me6Gen. Tamuuepust. TexHuuecKn
m3uckBanms” [2] u kpurepuute 3a M3TpaXkgaHe Ha TANHLEPCKATa
CTPYKTypa (cemayikara - MeKa Tanuiepus, obyeraikara - MeKa WiIH
MOJyMeKa TalmuLepus ¥ NOAIAKBTHHLUTE - TBBPJAA TalULIEpus),
KaKkTo ¥ B TOJSIMA CTeNeH Kputepuure 3a Y noocteo u Komdopt Ha
TaluIupaHuTe Medenu.

IMokazarenure Ha 00ma aepopmarus Ha cenankara (/,.) mpu
tanuuepuss Tin A, B um C mokpuBarT KpUTEpHHTE 3a MeKa
TaNuIepus.

W3uucnenure KoeUIUEHTH HAa MeKOCcT Ha cepankara (K,.)
IpU TalHLepus TUI A ca Ha TpaHMIATa MEXIy KpPHUTEpHUTE 3a
MOJyMeKa W MeKa Talulepus, JoKaro mpu Tamuuepus tirn B n C
HAITBJIHO TIOKPUBAT KPUTEPUUTE 332 MeKa Taluiepus. ToBa Imokas3sa
HPUTOJHOCTTA 32 U3MOJI3BAaHE HA TAITMLEPCKUTE CTPYKTYPH TUI B 1
C rmaBHO 3a m3paboTBaHe HA CeJaNKaTa, M B MO-MajKa CTEHEH 3a
n3paboTBaHE Ha oOOJeraikaTta Ha TalHOUpaHHTe MeOenH,
OCHUTYpSIBAiKM TIOCTUTAHETO Ha KpHUTepUUTe 3a YHO0OCTBO U
Komdopr Ha rtanumupanure medenn. Tesn (akTé TH TpaBAT
NPUTOJIHYU 3a MOCTHTraHe Ha (OPMHU HA CeAaNKaTa, OTJIMYaBalll ce
ChC ChbBPEMEHEH JN3aifH 1 100pa eproHOMUYHOCT.

CroliHOCTTa Ha MOKa3aTeauTe II0Ka3BaT, 4e TalUIEepPCKUTe
crpykrypu i B (¢ nonmyenactiuna ocHoBa) u tui C (¢ enactuvHa
OCHOBA) MMaT 00pH MOKa3aTeNu 3a u3paboTBaHe Ha celajkaTa Ha
TaNUIUpaHuTe MeOEITH, OCUTYPSBAKN MOCTUTAHETO KPUTEPUUTE 3a
Yno6crBo u Kombpopr Ha Tamuiupanute mebenu. Tamumnepckara
CTpyKTypa THI A ce XapakTepusupa CbC CTOWHOCTH Ha
MOKa3aTeNIMTe CH 3a MEKOCT, IOKPHBAallWl W3HWCKBAHUATA 32
MOJyMeKa Taluiepusi B TOPHUTE UM IrpaHuIy. ToBa 06CTOATENCTBO
s TpeBpblla B He OCOOCGHO NOAXOMAIAa NpH HU3pabOTBaHE Ha
cemajikara Ha Tamuuupanute Mebenu. IlpemoppuBa  ce
U3IOJI3BAHETO Ha AONBJIHUTEIIHU MaTe€puad B CTPYKTypaTa U 3a
MOCTUTAaHE Ha CTOMHOCTH, OTTOBAapsIIM Ha M3WCKBAHHATA 32 MEKa
TaNuIepus 1 3a MOCTUTaHETO B TOJISIMA CTEIIEH Ha Ae(OPMAHOHHO
MOBEJICHHe, KOETO Ja IOKpMBAa KpUTEpUHTE 3a YI00CTBO M
Komdopr Ha Tanumupanute MeOeIm.

4. 3aknrouenue
BB3 ocHOBa Ha HalpaBeHHUTE M3CIEABAHMS HA TAlUIEPCKUTE
CTpyKTypu THN A (Cc TBBbpAa Tamuiepcka OCHOBa), THI B (c
MoJlyenacTiyHa Tamuiepcka ocHoBa) u Tun C (c enactuyHa
TaIMLEpCKa OCHOBA) MOTaT Jla c€ HAaIpaBAT CIEAHUTE U3BOIU:

1. BuabT Ha uU3NON3BaHATa TalMIEpCKaTa OCHOBA B
CTPYKTypaTa Ha TalWIEpUsATa OKa3Ba BIUSHHE BBPXY
neopMaIOHHOTO MTOBE/ICHNE HA TAIUIEPUITA;

2. Tammmepckure crpyktypu Ttun B (¢ momyemactuuna
TanuLepcKka OCHOBA) u C (c emacTuyHa TamuIiepcKa
OCHOBA) CE XapakKTepHU3HpaT C MOBEACHHE MOMIOKCHH Ha
HAIpPEeXEHNE Ha HATUCK KOETO [0 ToJisiMa CTEIEH MOKPUBAT
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kpurepuure 3a YnobcrBo u Komdopr Ha Tanuuumpanure
MeOenu, JOKaTo TaluiepcKaTa CTpyKTypa Tul A (¢ TBbpAa
OCHOBA) C€ XapaKTepHU3UpaT C IOBEICHUE IOIIOKEHH Ha
HAaNpe)XEHWE Ha HATHCK  KOETO B TO3M BapUaHT Ha
TanuIepcka CTpyKTypa Ha ca HOAXO/AIIH 33 H3pab0TBaHETO
Ha CeNAVIKUTE Ha TallMIMpaHHTe MeOenu, NpernopbuBa ce
M3IOJI3BAHETO U IPU HPOU3BOACTBOTO Ha OOJErankuTe Ha
TalUIHUpaHUTEe MeOEH.

3. U3scneiBaHWTE TANHMIEPCKH CTPYKTYPH OTCOBAapsT Ha
n3uckBanusatTa Ha BJIC 7669-89. ,Meben. Tanurepus.
TexXHUYECKH U3MCKBAHUSA" 3a TIOJyMEKa M MEKa TAIUIICPHS.

4. H3cnenBaHWTEe TaNUIEPCKH CTPYKTypH Morar jaa Obaar
W3MO0JI3BAaHA YCHENIHO 3a NPOM3BOJICTBOTO HA CENAIKHTE H
o0JreragKuTe Ha CHbBPEMEHHH TaIUIPaHT MEOCTIH.
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Abstract: In modern automotive engineering, a particular car is composed of various parts that are manufactured using a wide variety of
materials and technologies and that meet the high demands of modern customers and environmental norms. In the production process of a
specific article for assembling cars, a problem with springs of a certain type is found. During the planned production, assembled products
began to show the same defect. The mounted springs fall spontaneously. An analysis of the possible causes was made. A visual examination
was made which showed a lack of plasticity, a change in geometry and raised doubts about the thermal surface treatment. Based on the
results of the performed measurements and analysis, the possible causes of the problems during production were recognized. Several

conditions could have caused this:

- Two different tools were available at the manufacturer, respectively two different technologies for the production of the springs;
- The manufacturer used two different sub-suppliers for surface treatment;

- insufficient corrosion protection;

The results of the measurements show that despite the geometric deviations of the dimensions, the springs lose their function due to lack or

improper surface treatment.

Keywords: surface treatment, automotive industry, springs elements, different technologies

1. Introduction

Surface treatment is an important aspect of spring part design
and manufacturing in the automotive industry, as it can significantly
affect the performance and longevity of these components. Heat
treatment of the surface and the improvement of its quality are the
leading and profitable technologies today to improve the efficient
use of materials to achieve the required properties of materials used
in the automotive industry. Continuous improvements and
refinement of surface treatments are widely used in the daily
production of parts for the automotive industry [1]. The modern
automotive industry places increasingly high demands on specific
loads (thermal, mechanical, etc.), weight reduction, friction between
them, longer life of mounting elements and improved corrosion
resistance [2]. In the production process of a specific article for
assembling cars, a problem with springs of a certain type is found.

This report discusses the production process of assembling
automotive parts in a company operating in the territory of Rousse.
The company carries out production activities and supplies to all car
manufacturers worldwide. The company is certified to all standards
of the automotive industry, which obliges it to supply products with
0-defects.

In this study, microscopic and hardness examinations of springs
with changes in internal diameter after the installation were made.
The analyzes and measurements made, as well as the results
obtained, are very important in predicting the behavior of the
springs installed in the specific products. They served as the basis
for improving the design of the springs. Further analysis will
include methods/measurements to determine elasticity and stiffness
in an undamaged and damaged spring.

2. Materials and methods

During the planned production, assembled products began to
show the same defect. The mounted springs fall spontaneously.
Investigation of the installation process, machines and equipment,
the delivery chain of the springs supplier was immediately
launched. Following the analysis, the springs were suspected of a
compromised assembly process. The material used for
manufacturing the springs is unalloyed 1.1231 (DIN EN 10132,
SEA 1070, JIS S7T0CM) steel with the composition listed in Table 1.

supply and surface processing. The springs manufacturer did not
want to provide detailed information as it is technological know-
how.

The analysis of the springs included Vickers hardness
(DESKTOP DIGITAL COMBINED BRINELL, ROCKWELL
AND VICKERS HARDNESS TESTER model ZBRV-D)
measurements as shown in Figure 1, microscopic (Zeiss AxioCam
MRc CCD Microscope Camera) observations and Caliper tests.
Measuring with a go-not-go gauge was applied
Analysis was made on fallen spring by using two different
approaches:

= Observations of the spring element by comparing the color
with that of the OK springs. The fallen spring element fell on
the containment plan from the whole product.

= Measurement method - direct attempt to use the imprint of the
instrument - without resin embedding.

Fig. 1. Measurement of Vickers hardness of the springs

3. Results and Discussions

The results of the hardness measurements are listed in Table 2.

Table 2: Values of the Vickers hardness tests of three springs

Sample 1 Measur;ment N 3 Aver. Evaluation
1 178.6 184.8 183.2 1828.2 NOK
2 1815 189.8 188.1 186.5 NOK
3 337.6 347.7 328.5 337.9 NOK

Table 1: Chemical composition of the steel used for
manufacturing the examined springs
Element C Si Mn P S Cr Al Fe

% 0.67 | 022 | 0.75 | <0.01 | <0.01 | 0.23 | 0.03 | Bal.

It became clear that the Provider used two different tools for the
production of springs. The Provider also used two different sub-

Since the requirements of the hardness values are within the
limits of 450 — 490 HV, the measured hardness is not sufficient
because it is out of tolerance. It follows that the Provider used
different production methods.

Comparison of Tool A and Tool B
Single parts which haven’t been assembled are shown in Figure
2. A significant difference in behavior between both parts Tool A
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and Tool B is observed. Tool A spring is stopping on the first pair
of teeth, while tool B is stopping at its top teeth. Also, Tool B is
bent in a bad position.

Tool A before assembling Tool B before assembling

’
a)
Fig. 2. Images of tool A (a) and tool B (b) before assembling.

The microscopic analysis of mounted springs in an article is
shown in Figure 3. The accumulated deformation of the spring from
tool B is clearly visible from the photographs taken under the
microscope.

a)
Fig. 3. Micrographs of tool A (a) and tool B (b)

b)

This spring has no elasticity and no longer fulfills its role as a
spring. Springs with this type of deformation fall spontaneously
after being installed in the product.

Random inspection of delivery show springs below the lower
limit. Table 3 shows the measurement report of NOK springs. Such
springs were never taken and mounted from the box.

Table 3: Dimension limits and measurement results of a NOK

spring
Dimension Measured results Evalua-
limits 1 2 3 4 5 tion
@99 | 9743 | 9.757 | 9.785 | 9.780 | 9.872 | NOK
+0.4/-0.1 ' ' ’ ' ’

To be able to prove that springs arrive from the manufacturer in
a condition that does not meet the specification, a 100% inspection
is carried out on delivery. However, visual inspection of the parts is
not a proper method for sorting due to the unavailability to catch the
NOK dimensions by eye.

Investigation of springs from Tool B
After the spot check, there were found 4 out of 10 NOK springs
from one problematic delivery batch. Then there were checked
more than 500 springs from the same batch.
The following results were found:
1 spring - ¥9.50 to ¥9.60 mm
3 springs - ¥9.60 to &¥9.70 mm
18 springs - ©9.70 to ¥9.80 mm
350 springs - &9.80 to ¥9.90 mm
118 springs - © 9.90 to @ 10.00 mm

500 springs were selected from a random box. The
measurement shows that there is a big deviation in the dimensions

Assay tests were performed with the springs that are below the
lower limit (< 9.8). Overall 34 springs that were below the lower
tolerance were tested on machine run test and were then checked on
a containment plan. The test results indicated that 3 out of 34 tested
NOK springs have fallen out after assembly. It follows that the
slight deviation from geometric dimensions (which in 5-10% of
cases go beyond the lower limits of the tolerance field), did not
significantly affect the reason for the springs falling from the
finished products.

91

Figure 4 illustrates OK and NOK spring tests with the go-not-go
gauge. It is seen how NOK spring is attached inside the caliber.
Tool B spring is out of specification (lower borderline) and the
process of supplier is moved to lower tolerance of the spring

Fig. 4. OK and NOK spring test with the go-not-go gauge

Therefore, the design of the spring is secured, even if the
springs are far below the lower tolerance, they still hold in the
turning element. It follows that the essential role was played by the
correct surface treatment. Some of the springs from the box were
highly rusted on site as shown in Figure 5, while other parts had
passed no surface treatment

Fig. 5. Appearance of some tested springs.
4. Conclusions

Were made on unmounted Tool B springs. Springs were
separated by dimensional differences. It was found that the springs
are manufactured on the border and below the lower limits. the
drawing specifications. However, even if the springs are far below
the lower tolerance, their design is secured and they still hold in the
turning element. Without surface treatment, the springs do not have
the necessary plasticity, do not fulfill their function as a spring,
which causes a lack of functionality of the entire assembled
product. The consequences for the serial production used by these
springs are:

= 100% control of each product ongoing.

= Costs will exceed 300k Euro soon

= Spring elements are still falling from the assembled
product

= The supplier is denying any costs, sorting and claims
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Abstract: Many industries nowadays with the development of technology require joints between different types of steel due to its various
benefits such as production of lightweight machine parts, production of less expensive components with acceptable properties, high strength,
acceptable corrosion resistance. One of the dissimilar welding challenges is the joint between martensitic steel P91 and austenitic steel
304H due to the dissimilarities in their chemical, physical and metallurgical properties. In this paper is going to be analysed the best way of
joining the two different types of steel, the proper welding technique, the choice of filler material which according to carbon content can
match only to one of the steels. At the end is discussed if the welding performance can meet the requirements of high-quality weld.

Keywords: P91, 304H, DISSIMILAR METAL WELD, WELDING TECHNOLOGY

1. Introduction

The coal-fired power plant systems today are striving to work in
supercritical steam parameters and assure higher efficiency. The
need for higher efficiency is met with higher steam parameters,
increase of steam pressure and steam temperature. Another
parameter that coal-fired power plants need to incorporate is the
method for clean energy, the use of coal needs to satisfy the
environmental requirements and take care about the air pollutants
[1]. When it is discussed about higher efficiency in power plants
and satisfying the environmental requirements for clean energy in
coal-fired power plants it means a saving in fuel and less emission
of carbon dioxide which reduces the rate at which damage is done
to the global environment.

The need for higher efficiency in power plants today relates to
the development of new materials with great properties on high
temperatures. The possibility for higher steam parameters and
working of the plant on super-critical temperatures is met with the
development of new enhanced materials.

The new materials resistant to high operating temperatures, also
called heat resistant steels, are used for manufacture of ultra-super
critical parts of boiler plants such as steam lines, tubes for super
heaters, collectors. Regarding construction of power units based on
steam with ultra-supercritical parameters the operation of pressure
elements in the high range of thermal and mechanical loads require
the use of creep resisting construction materials with increased
creep strength and advanced welding technologies for joining these
materials. All the demands for high efficiency in power plants lead
to development of enhanced materials like martensite steels,
austenitic steels, Ni-alloys, alloys that work in high temperature
applications.

2. Heat resistant steels in power industry

Steels which are used at temperatures up to the recrystallisation
temperature are called heat resistant steels. They are characterized
with good creep strength at high temperature. The materials that
meet the above criteria are the ferritic (martensitic, bainitic) steels
and austenitic steels. In table 1 is given the classification of creep
resistant steels. The ferritic and martensitic steels have body-
centered cubic crystal structure and in the iron is added chromium
as one of the methods for improvement in high-temperature creep
resistance and creep strength of steels used in power industry. Also
adding alloy elements such as molybdenum, vanadium, niobium
and nitrogen to improve their heat resistance [2].

Martensitic steels with chromium addition up to 12% are used
for elements in construction that can withstand higher pressure and
higher service temperature for application up to 650°C. Over 650°C
are used austenitic steels that have nickel added to the iron-
chromium composition and the alloy changes his body-centered
cubic crystal structure to face-centered cubic crystal structure. In
comparison, austenitic steels have highly strength and ductility,
greater creep-rupture strength than martensitic steels. However, the

austenitic steels are much expensive than martensitic steels for their
high contents of alloy element additions.

Chromium is added for oxidation resistance, high temperature
strength and carburization resistance. Nickel is added to increase
ductility, high temperature strength and resistance to carburization
and nitriding. With adding element nickel the atomic structure
becomes austenitic.

Table 1: Classification of creep resistant steels

Heat-resistant steels and special materials

Bcc structure (body-centered cubic) Fcc

structure
(face-centered
cubic)

Up to Up to 500°C | 500 to 600°C 600 to 650°C Above 700°C

400°C

Unalloyed Alloyed High-alloyed

Ferritic- Mo- alloy Bainitic Martensitic 9 to Austenitic

pearlitic steels (martensitic) 12% chromium steels, Ni and

steels, ferritic steels steels Co-materials

fine-grain

structural

steels

P235GH 16Mo3 13CrMo4-5 X10CrMoVNhb9- | X8CrNiNb16-

1 13

P355NH 18MnMo4-5 | 10CrMo9-10 X22CrMoV12-1 | X8NiCr32-20

No extra Tr-increase Carbide/nitride | Precipitation Fcc structure

proven through formation + hardening + with high

methods; molybdenum | tempering spec. heat crystal

higher alloying treatment recovery

purity; temperature

fine grain
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In this paper the emphasis is on martensitic steel type P91 and
austenitic steel type 304H. For example, for boiler components
materials, the austenitic steel 304H is used for boiler super heater
tubes, elements that are experiencing 630°C and for steam headers
and piping is used martensitic steel P91. The heater tubes need to be
welded with the steam headers, that is why the need for dissimilar
welds become necessary.

A dissimilar metal weld (DMW) is when grades with different
chemical compositions are welded together. In fossil-fired power
plants dissimilar metal welds are very common in the present.
Austenitic stainless steel attachments welded onto ferritic steel
tubes and pipes, stainless steel thermowells or steam sampling lines
in ferritic steel pipes. On figure 1 is shown the possible combination
of materials used and the fabrication techniques and welding
processes involved in the fabrication of a steam boiler component

[3].
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Forming
Press forming of headers and piping
Bending of tubing
Swaging of tube ends

Machining
Weld grooves of header and pipe longitudinal and
circumferential seams
Socketweld grooves for tube-to-header joints

. Weld gl for tube circ seams

Wealding

. Submaerged arc welding (SAW)for header and pipe
longitudinal and circumferential seam
Gas tungsten arc welding (GTAW) for tube-to-tube joints
Shielded metal arc (SMAW) and gas tungsten arc
(GTAW) for tube-to-header socket joints
Dissimilar welds

Fig. 1: Combination of materials, fabrication techniques and welding
processes in fabrication of steam boiler [3]

3. Welding of heat resistant steels

Heat resistant steels with its strength at high temperatures needs
to have sufficient resistance to creep processes. Creep usually
occurs at high temperatures, where plastic deformation of materials
takes place well below its yield strength under prolong stresses.

The dissimilar welded joints, used in piping systems, always
represent a critical place in the system, in terms of possible
occurrences of defects. The creep takes significant role in failure of
these weld joints since it is the main cause of failure at elevated
temperatures [4]. The dissimilar welded joints between martensitic
and austenitic steel are often used in energy and process industry for
new and refurbishment of existing plants. For creation of this type
of joints and creation of weld with acceptable structural
characteristics all recommendations and parameters of the welding
process and heat treatment needs to be followed.

Matching filler metals for the new heat resistant steels and their
great properties at elevated temperatures have been developed and
qualified for all commonly used welding processes.

According to the different chemical composition of the
materials for creation of dissimilar joint, one of the materials will
encounter the carbon diffusion due to the difference in Cr content.
Carbon moves from the material with low Cr content to material
with high Cr content. The decarburization zone can be avoided with
the use of nickel-base filler metal (fig.2), since carbon does not
diffuse into the nickel-base material, using welding parameters such
as preheating, and post weld heat treatment (PWHT) suitable to P91

(2.

Weld metal: Ni-base

Po1 304H

Fig. 2 Dissimilar weld between martensitic and austenitic steels

After 1970s, in research carried out by Electric Power Research
Institute (EPRI) and other organizations, an increasing number of
dissimilar metal welds in superheater and reheater tubes were
fabricated as fusion welds using nickel-based filler metals, such as
INCO 82, INCO 182 etc. The technical purpose for the switch to the
nickel-based filler metals was the improved compatibility in
thermal-physical properties with the lower alloyed materials [5].

Heat-resistant steels can be welded with use of various arc
welding processes. In most cases, manual metal arc welding and
tungsten inert gas welding are used. With tungsten inert gas welding
of chromium-alloyed materials special attention must be dedicated
to shielding the weld root, for this argon is suitable as a shielding
gas.

To maintain and assure quality welds special attention should be
dedicated to temperature time cycle of steel P91 as shown in figure
3 [6]. All heat treatment operations are a key factor when welding
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P91 steel for obtaining the required toughness and creep resistance.
An extremely well controlled preheat, interpass temperature and
PWHT are mandatory to ensure that the required creep rupture
properties and toughness are obtained in the weldment.

The time at temperature for PWHT depends on the thickness of
the part. The PWHT temperature should also be controlled so that
the formation of austenite, which would result in the formation of
untempered martensite, is avoided.

750-760°C

= 12Cr

cooling rate
s 9Cr

hesting rate
100-50°Ch

‘temperature T, ('C)

under 400°C
cooling at air

250-350°C

L/

180-250°C
300°C

prebicating welding  interoperating
interpass  temperature

temperature

time 1, (s)

Fig 3: Temperature time cycle during welding of martensitic 9 or 12%
chromium steels [6]

On fig. 4 [7] is shown a reduction in dimensions of structural
components used in power plant for work at elevated temperatures.
The use of P91 results in lower costs by reducing the mass of the
structure and the labor. The design parameters are: design pressure
280 bar and design temperature 550°C.

2.4°/61 mm l
5.2°/132 mm

3

ik
&3
|
3
E|

Fig.4: Wall-thickness of pipes used for same design parameters [7]

When it comes about welding P91 certain welding procedures
and specification needs to be managed. Creep strength martensitic
steels are highly hardenable, and upon cooling after welding, they
undergo phase transformation that results in a fully martensitic
structure. To obtain the desired properties the welds must undergo
PWHT and an interpass temperature must be maintained. All the
welding procedures and recommendation needs to be fulfilled to
obtain quality welds and avoiding failures in the fossil fired power
plants [8].

P91 is used for heavy sections such as pipes and headers in the
advanced fossil fired power plants and austenitic stainless steel
304H is candidate steel for superheaters and reheater pendants,
where the temperature is high. The best way of joining and
producing quality welds is TIG process [9]. Current dissimilar metal
welds involve buttering one end of the base metal with a suitable
filler metal, PWHT and joining to the other base metal. The
buttering is used to deposit surfacing metal on the base metal
surface to provide compatible weld metal for the subsequent
completion of the weld (fig. 5) [10].

Nibase Girth

Ni-base Butter —Weld

—Grinding/Machining
/

Fig. 5: Buttering of P91 steel [10]

In the EPRI publication (11) several weld metal composition
and choice of welding process is considered. The composition
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ranges differ for several elements but significant are nickel and
manganese which influence on critical temperatures such as Acl,
Ms and Mf. The base metal specification allows maximum of 1%
(Ni + Mn) whereas it is possible to have much higher levels in filler
metal. When Ni+Mn reaches 1.4% the Acl decreases to 780°C, The
Ms decreases below 350°C and Ms decreases below the required
preheat temperature of 200°C. Cooling the weldment to room
temperature prior to the PWHT is one way to avoid the formation of
fresh martensite after PWHT. For good toughness in the weld seam,
it is desirable to aim towards high nickel contents.

The filler material is mainly nickel based alloys which provide
transition in coefficients of thermal expansion as well as proven to
be beneficial for stopping the carbon diffusion from ferritic to
austenitic side compared with conventional austenitic base filler
[12].

4, Defects in Dissimilar Metal Welds

The dissimilar welded joints between martensitic and austenitic
stainless steel always represent a critical place in the system, in
terms of possible occurrences of defects. The chemical composition
gradients (tab. 2) present unique issues relative to their design,
behavior and life management especially operating at elevated
temperatures.

Tab.2: Chemical composition of base metals and filler material (in wt.%)

BM P91 BM 304H FM Thermanit
Nicro 82

C 0,08 +0.12 0,04 +0.08 0.02
Mn | 0.30+0.60 max. 2.00 3.0
Si 0.20 +0.50 max. 1.00 0.1
P max. 0.015 max. 0.035
S max. 0.010 max. 0.015
Cr 8.00 + 9.50 17.00 + 19.00 20.0
Ni max. 0.40 8.00 +11.00 >67.0
Mo | 0.85+1.05
\ 0.18 + 0.25
Al Max. 0.04
Nb | 0.06+0.10 25
N 0.03 +0.07 max. 0.11
Fe Bal. Bal. <2

Failure mechanisms were noticed in thicker section between
dissimilar weld with austenitic steel. For joining these two different
materials, nickel base alloy filler material is used applying all the
recommended welding parameters, preheat, interpass and PWHT
for P91 steel. In EPRI report [13] where documented service
experience of thick section of grade 91 in dissimilar welds. The
most common failure has been cracking along the weld fusion line
between grade 91 and the nickel base weld metal presented on fig. 6
[13].

2

' ".‘\

L

_ Vi

Fig. 6: Failure in grade 91 in DMW with nickel base weld metal [13]

94

The premature failures are creep related, occurring in short
service life duration of the weld and typically along the grade 91 to
nickel-base weld metal fusion line. There is a need for research
work between dissimilar welds of P91 steel and 304H stainless steel
because of increased demand for this type of joints in ultra-super
critical power plants because of their better performance [14]. For
accurate prediction of weld joints, its accuracy in service life is
essential. Therefore, special attention needs to be paid to creep
phenomenon which occurs at elevated temperatures, applying
PWHT in acceptable range of annealing temperature which
contribute to accelerate damage during service and results in type
IV cracking. The degraded microstructure of the dissimilar welded
joints is seen occurring within HAZ on the P91 steel side [15].

5. Conclusion

When joining metals with different chemical compositions and
metallurgical properties of importance is the welding technology
with particular attention paid to filler metal chemistry and PWHT.
Tungsten inert gas (TIG) welding is the most preferred method for
joining these two metals, it gives a strong weld with the required
parameters.

As coal fired power plants will remain major source of energy it
is necessary to research in improvement in plant efficiency and
reduction of carbon footprint. New materials with better high
temperature creep properties are developed and special attention
should be paid on the selection of a suitable welding process and the
performance of a suitable welding technology. Because of the good
great properties at elevated temperatures and their applications in
ultra-super critical power plants needs to predict creep failure
controlling mechanism for better performance of the power plant
fulfilling the requirement for higher efficiency and clean energy.
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Abstract: Sustainability is topic of great concern since the last decade and still today does not lose of its popularity. Reason for that is that
the contemporary way of living is causing great damages to the environment. Designers have been talking about changing the ways in which
the products are designed in order to have sustainable product. But, for achieving sustainability many aspects need to be addressed, such as:
cultural, social, economical and technological. Nowadays, we believe that these aspects are on higher level and we can talk about

sustainable design.

Every product development process starts with the design phase and this is why we believe that it is most important for making improvements
of the products. In this paper we have the premise that good and appropriate design can have positive influence on the sustainability. In
order to check the validity of the premise we are reviewing paper dealing with sustainability, eco design, and engineering materials.
Keywords: DESIGN PROCESS, SUSTAINABILITY, CIRCULAR ECONOMY

1. Introduction

Since the of the time homo sapience’s humans depended on the
nature, and therefore cared for it and nurture it. However, with the
industrialization and globalization humans have been obsessed with
satisfying their needs. Satisfying those needs meant cutting down
forest, endangering lives of hundreds if not millions species
(animals, birds, fish, and plants), causing climate change and what
not. Human activity has even been connected to a global “sixth
mass extinction” of animal species and “massive anthropogenic
erosion of biodiversity and of the ecosystem services essential to
civilization” [1].

Over the years many different terms have been in circulation.
Earliest are green design and then eco design, referring to
ecofriendly design of products, meaning that in the design phase the
designer takes care of minimizing the negative effects on the nature
throughout the whole lifecycle of the product.

In the later years terms such as sustainable design have emerge,
taking into account the whole process including the sociological and
economic factors. So it can be said that the sustainability stands for
much broader aspects, having the UN’S sustainable goals as
reference. The concept of sustainable development stands for
harmonizing development processes with respect for the
environment, in the interest of future generations. Going by an
analogy between the processes of natural transformation and those
of industry, sustainability concepts take inspiration from nature's
teachings in an attempt to optimize the flows of resources that
characterize the entire industrial system and the life cycle of
products [2].

“Sustainable development is development that meets the needs
of the present without compromising the ability of future
generations to meet their own needs” [3]. With this definition of
sustainable development, in 1987 the World Commission on
Environment and Development (WCED) outlined what is now
widely recognized as the guiding objective of the current process of
economic and technological development - to ensure that the use of
environmental resources to satisfy present demands are managed in
such a way that they are not left so damaged or impoverished that
they cannot be used by future generations. After more than 30 years
since the publication, it now seems that a complete vision of the
problem has finally matured, where sustainable development is
considered a process that includes all three key factors: economic,
sociocultural and environmental [4]. It is important to stress that
the science and the technology are in direct connection to every one
of the key factors and are expected to provide data and tools for
achieving balance [5] which is the necessary for sustainable
development.

In order produce eco products or products that are ecofriendly
the industry has to adapt as well. This is the beginning of industrial
ecology (IE) which has to provide better understanding and
application of the system necessary for achieving sustainability [6].
According to scholars [7; 8; 9] working in this discipline in order to
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obtain sustainability the industrial ecosystem must be closed cycle
same as the biological ecosystems. In the recent years the term
circular design has been in use, the term which clearly stands for
achieving a closed loop of the product’s life cycle. Throughout the
years the IE slowly transitioned into circular economy (CE). The
field of IE provided the foundations for the idea of a CE [10; 11;
12]. Building on original IE thinking [13; 14; 15] the CE has
recently been (re-)popularized as both a public policy and business
concept [16; 17]. Developed countries [18; 19; 20] are trying to
adopt CE principles as guidelines for the envisioned redesign of
their economies [12], which requires changes on the macro-level
(cities, provinces, regions, and nations), meso-level (networks, eco-
industrial  parks), and micro-level (individual companies,
consumers) [11].

We believe that the design has crucial role in achieving
sustainable development or CE. In this paper, we are reviewing
different sources on eco design, sustainability and circular economy
in order to comprehend the influence that the design process has in
each of these disciplines.

2. State of the art

Eco design can be considered as a part of the sustainable
product design. It is a well-known discipline that provides designers
with design methodologies, eco design strategies, methods and
principles helping them and guiding them into the design process of
or creating products that do not have large negative implication on
the environment throughout the whole life cycle [21; 22; 23; 24;
25]. But the countries and so the companies are slowly shifting
towards the circular economy (CE), which requires different
approach when designing. Designers are lacking methodologies and
strategies to guide them through circular product design when
designing for the circular economy [26]. den Hollander and
colleagues [27] in their research focus on creating methodology for
circular product design, focusing of product integrity, which they
believe is the key to no waste policy of the CE. The authors’
propose a typology of three stages for product integrity: long use,
extended use and recovery. Design approaches for long use are
method of resisting the obsolescence, which encompasses: design
for physical durability and design for emotional durability [28].
Design approaches for extended use are in fact postponing
obsolescence and those are design for maintenance and design for
upgrading. Design approaches for recovery are: design for
decontextualizing, design for repair, design for refurbishment, and
design for remanufacture, aimed at reversing the obsolescence [27].

Emotional durability researched by Page [28] is something that
is rarely being discussed and researched. But that is not because it is
not important but because is complex area requiring large subject
sample in order to make objective conclusion. She conducts a
literature review from which can be concluded that emotional
durability and product attachment are influenced by different
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factors. These factors can be used by the designer in order to design
products that are more desirable and harder to toss away.

CE is slowly becoming something that the societies are striving
upon, and the main goal of the CE is zero waste. This is why many
researchers work on proposing different strategies and methodology
that provide no waste.

The CE may be defined as “a regenerative system in which
resource input and waste, emission, and energy leakage are
minimized by slowing, closing, and narrowing material and energy
loops. This can be achieved through long-lasting design,
maintenance, and repair, reuse, remanufacturing, refurbishing, and
recycling” [29].

In this age of extensive consumeristic human behavior, massive
amount of waste are produced every day. One area of high number
of waste is the garment industry, since the production is high and at
the same time the styles are changing very fast. Achieving zero
waste in the industry requires major changes in the production
processes which is long and expensive task. No waste would mean
that there should be 100% resource use in the production. Along
with the changes in the production process, also there should be
changes in the aesthetic/fit of the contemporary designs [30]. As
their contribution to the CE, Kéiridinen and Niiniméki [31] conduct
material research in order to create sustainable textile materials. The
empirical basis of this study consists of five material research and
development projects. They investigate the projects to understand
not only the approaches to producing sustainable textile materials,
but also to map the differences in the scientific dialogues.

On the other hand numerous authors critique the waste
hierarchy. Behrens and colleagues [32] critique it for having a
positive impact on dematerialization and decoupling, given that it
focuses only on waste and does not address material inputs directly,
nor consider economic output. Van Ewijk and Stegemann [33],
provides a critique relating to the hierarchy’s priority orders. First,
they argue, inclusion of an option in a priority order legitimizes its
existence (i.e., disposal). Second, the common understanding is that
one needs to move up the hierarchy rather than necessarily achieve
the highest outcome. It is about the direction of change rather than
the end goal, which illustrates the relative nature of the waste
hierarchy. McDonough and Braungart [34] refer to the waste
hierarchy as the logic of death and argued that solution should be
made to design for abundance. Their argument is that growth isn’t
in and of itself wrong, only the way we do it and that the things
society and industry tends to want to grow like product sales and
dividends — unless also tethered to the finite environmental (and
social) limits of our planet — are the very things that can make
abundance for all impossible to achieve.

3. Discussion

Authors of the review paper have different proposals for
achieving sustainability and CE. The difference is that in the
sustainable development the goal is to prevent occurrence of waste
or to minimize it, where as in the CE there should not be waste.
This main difference is the reason for different approaches and
proposed methodologies. In the prevention of waste we must think
in the design process on how to design products that do not use
abundance of natural resources that do not require long and
complex production processes, localised manufacturing, optimised
transport, fast assembly and possibility for reuse, remanufacture od
recycle. In the CE there should not be waste this is why there are
just two approaches:

Design for extending the useful life of a product and
Design for recycling.

In Design for extending the useful life of a product are
approaches for long use (design for durability and design for
emotional durability), approaches for extended use (design for
maintenance, design for upgrading) and approaches for recovery
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(design for decontextualizing, design for repair,
refurbishment, design for remanufacture) [27].

Extended life cycle — ref
The ultimate goal of design for product integrity is to minimize and
ideally eliminate environmental costs by preserving or restoring the
product’s added economic value over time. Extended product
lifetimes, however, do not always result in a net reduction of
environmental load. Over time, newer versions of products may be
developed that incorporate more efficient technologies. From that
moment on, the environmental impacts that arise from the
prolonged use of a product may become larger than the embedded
impacts of a more efficient replacement product [35]. Because the
Inertia Principle does not account for this, product designers need to
understand the ecological consequences of their design
interventions.

Design for recycling consists approaches and strategies for
waste management and transform it into resources. In order to
ensure that, in the design process the appropriate type and amount
of material should be selected. The selected material need to be
recyclable, but also there should be market demand for it and the
recycling process needs to be efficient and economical.

design for

4, Conclusion

Sustainability and CE are important topics for the contemporary
society and it is a positive thing that they attract so many
researchers.

In this paper we analyzed different research papers with
different approaches in the sustainability and CE. But every one of
the implied that design phase is the crucial for achieving the goal,
whether it is extended life, recyclability or zero waste. This only
affirms the premise from the beginning of the paper that the
designer is the one that needs to design product that can have
extended life or be recycled.

For further research the number of researched paper has to be
extended and their categorization according to the specific area of
interest should be made.
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Sustainability and application of life cycle assessment in welded structures
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Abstract: As global environmental impacts have increased, modern societies have expressed a strong interest in implementing sustainable
solutions to reduce emissions and use operational energy and natural resources. The construction industry is a leading promoter of
significant environmental impacts because it consumes a significant amount of water, energy, and materials. Steel and welding are critical in
all three major sectors of the industry: construction, infrastructure, and industry. This paper discusses the significance of meeting
sustainable development goals in welded structures and identifies ways that this industry can help to reduce environmental impact and
improve employment conditions while achieving economic growth, saving time, and maintaining structural quality. The paper discusses how
to optimize various aspects ranging from raw material extraction to construction waste disposal using the life cycle assessment (LCA)
methodology. It provides a starting point and demonstrates how these tools can contribute to more sustainable welded structures.

Keywords: LIFE CYCLE, SUSTAINABILITY, STEEL STRUCTURES, MATERIALS, WELDING

1. Introduction

Over the last few years, national and global interests have
shifted towards sustainable, efficient, and environmentally friendly
production. It’s understandable given that high levels of air
pollution, greenhouse gas emissions, dangerous substances, and
waste pose a serious threat to the environment and humanity, as
well as widespread concern about energy consumption and limited
resources. The construction industry has a significant environmental
impact. According to recent data, buildings account for
approximately 40% of CO, emissions [1-2]. Buildings account for
up to 40% of total energy consumption and 30% of greenhouse gas
emissions, according to data from the United Nations Environment
Programme (UNEP), and in some countries, these percentages can
reach nearly 70% [5]. To address the significant impact of the
construction and building industries on planetary and human health,
The World Green Building Council (WorldGBC) has established
the ultimate goal of reducing emissions to zero by the end of 2050,
and many countries, including Canada and the United States, have
developed new standards to meet these targets [1-4]. According to
the most recent data on the construction industry's environmental
impact, construction is responsible for 23% of air pollution, 50% of
climate change, 40% of drinking water pollution, 50% of landfill
waste, and 40% of global energy usage [5].

A construction is considered environmentally acceptable
if it meets the prescribed green standards throughout its lifetime.
These so-called eco-friendly or green buildings combine techniques,
materials, and technologies to improve environmental and social
performance. Certain practices, materials, and processes are
expected to significantly reduce environmental impacts and
efficient resource consumption throughout the lifecycle of a
building [6]. LEED (Leadership in Energy and Environmental
Design) is the most commonly used rating system (standard) for
eco-buildings when designing for sustainability. Despite progress in
implementation, there are still some challenges that remain. LEED
is a good starting point but there are other paths to sustainable
design that go beyond LEED by implementing alternative
sustainable design methods and standards. Beyond eco-standards,
sustainability refers to the environmental, social, and economic
impact. It considers the planet, people, and profit and it promises
long-term growth and increased competitiveness.

In production, steel is considered an excellent sustainable
building material because of its durability, adaptability, and
recycling capabilities, all of which are important principles for
sustainable development [7-8]. It is widely used for fabricating steel
structures such as ships, bridges, buildings, and pipelines. However,
according to Kleiwerks' most recent research, building materials
such as concrete, aluminum, and steel are directly responsible for
large amounts of carbon dioxide (CO,) emissions [5]. When these
materials were compared, the steel industry produced the most
harmful emissions and pollution, which is significant because steel
is widely used in construction and is expected to grow significantly
in the future [5]. However, this is not the only factor to consider
when evaluating the sustainability of welded structures; the joining
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process should also be considered. Welding is a common joining
process that has a direct impact on the overall value of the structure.
On-site welding techniques can be used in construction or
manufacturing. Depending on the technology and process
parameters, the time of joining and the use of energy and resources
can vary; some require a large amount of energy and resources,
which is critical from an environmental standpoint. Socially,
welding entails working in a hazardous environment, which has a
negative impact on workers' health.

It is clear that many factors contribute to the overall
assessment of the sustainability of welded structures, and a suitable
assessment tool should be used to obtain relevant results. The life
cycle assessment (LCA) tool is a well-known methodology that can
account for a variety of environmental impacts such as ozone layer
depletion, global warming, eutrophication, and pollution, among
others. LCA considers all or some of the following product or
process phases: extraction, production, application, disposal, and
recycling. If steel structures are made of raw material, LCA can be
used to examine the environmental impact in terms of resources and
energy that are required to extract the raw material from the ground.
The impact of steel production will be followed by the impact of
steel application (maintenance, etc.), and finally, the impact of steel
rejection and recycling will be considered. If the steel is transported
to a landfill, the amount of land used, the potential for
environmental leakage, and other factors can be taken. Then there
are the joining processes, which also have an impact on the
environment and must be evaluated in terms of energy and water
consumption, waste, emissions, ease, economy, and time of
production. All of these factors should be considered, and a decision
on the best joining technique should be made accordingly.

This paper aims to improve understanding of welded
structure sustainability while also evaluating and proposing
potential solutions to the remaining challenges. It introduces LCA
methodology and examines the sustainability of welded structures,
as well as provides a basic framework. Furthermore, critically
reviewing the progress made in the sustainability of welded
structures to date will help current and future engineers understand
the problems that need to be solved.

2. Sustainability and sustainable welded structures

Sustainability and sustainable development focus on three major
areas: the environment, the economy, and society. The Bruntland
definition of sustainable development from 1987 does not explicitly
mention the environment, suggesting that it can entail more than
just reducing negative environmental effects [7]. The connection
between sustainable development and construction is evident, given
that the construction industry is Europe's largest industrial employer
and thus has significant environmental and social impacts [9].
Sustainable structures, in general, seek to achieve optimal operating
conditions with minimal environmental impact, reduce material
consumption, improve people's lives, provide more efficient and
cost-effective work, and protect natural resources for future
generations while maintaining high productivity and quality to
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satisfy customers without increasing costs. The term “ green
building” is referring to a structure that meets the environmental
standards through its life cycle [8], but that doesn’t make the
structure sustainable because sustainability cannot be achieved by
focusing solely on environmental issues, these must be balanced
against economic and social concerns [9]. The life cycle of a
structure includes its construction, use, and deconstruction, as well
as the underlying activities and material and energy flows that have
an unavoidable positive and negative impact on the environment
[10]. In this paper, the term "sustainability of structures" refers to
the major health and environmental aspects associated with the life
cycles of welded steel structures. Social issues are not the primary
focus and are not addressed in depth.

In welded structures, steel is the most commonly used
material. It is an excellent choice for structural applications due to
its high strength-to-weight ratio, low cost, and ease of design and
construction [7, 11]. One of the most appealing characteristics is
that it can be fully recycled multiple times without losing quality.
There are two billion tons of steel waiting to be recycled, and the
recovery rate of structural steel products is currently around 95%
and rising, which may be the most compelling sustainability
argument for using steel in construction[10]. The high rate of
recyclability and prefabrications is directly linked to benefits like
less waste generation, the off-site production of steel means small
construction sites, the structures are light with high strength and the
time for production is short making it flexible and applicable for
possible extensions of existing buildings [7,10,11]. Steel structures
have an increased lifecycle, long design life, and high-quality
remains over time. Also, there are flexible solutions for low
maintenance and effective anti-corrosion measures that can be
undertaken. There are many other possibilities that steel offers like
use for the construction of modular buildings on temporary
locations, buildings with long spans that provide open spaces that
can be adapted for all sorts of use, and large, prefabricated units
from modular buildings that can be reused in other structures. The
high rate of recyclability and prefabrication is directly related to
benefits such as reduced waste generation, small construction sites,
light structures with excellent strength, and a short production time,
which makes it flexible and applicable for possible extensions of
existing buildings [7,10,11]. Steel structures have a long design life
and lifecycle while maintaining their high quality over time. There
are also adaptable solutions available for low-maintenance and
effective anti-corrosion measures. Steel can also be used to build
modular buildings on temporary sites, buildings with long spans
that provide open spaces that can be adapted for a variety of uses,
and large prefabricated units from modular buildings that can be
reused in other structures. Furthermore, steel is an excellent
material for high-rise buildings. All these characteristics show that
steel is a desirable construction material for reasons other than its
low cost and ease of design and construction. There are, however,
other aspects to consider that correspond to critical concerns in the
field of sustainability. The production of steel generates more CO,
than other materials and the energy required to produce makes us
question if this material meets the overall sustainability goals.
According to World Steel Association data, the steel industry in the
United States consumes about 2% of all domestic energy each year
[7]. Sustainable structural components have low energy costs, high
durability, low maintenance requirements, and contain high
proportions of recycled materials. The extraction, processing,
transport, construction, operation, disposal, reuse, recycling, and
off-gassing and volatile organic compounds associated with the
material should all be considered. In Fig. 1, the sustainability and
potential benefits of steel structure construction can be investigated
in different phases [10].
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Fig. 1 Considerations on the sustainability of a steel structure in different
phases [10]
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In steel structures, welding is a very important joining
technology in modern manufacturing, it accounts for a major part of
the cost and directly affects the value of the structure and the
product. Structures such as ships, bridges, buildings, and coastal
foundations are made of structural steel. Depending on the
material’s dimensions welding can be performed in one or several
passes and layers depending on the technology and process
parameters. In order to reduce the time of the process, it is
recommended to use high-energy processes, which require a large
amount of energy and resources, which is critical from an
environmental perspective. From a social point of view, welding
involves working in a dangerous environment, and has a harmful
effect on the health of workers, resulting from welding gases,
radiation, sound, etc. This aspect has been neglected in the selection
of the welding process, due to the predominant focus on economics
combined with a lack of adequate methods to assess these hazards.
The majority of welding research and studies are aimed at
developing new processes and technologies. There are few research
papers on sustainability that cover all three critical aspects of
welded products or structure development.

In construction, submerged metal arc welding (SMAW) is
used for welding large profiles and beams, flux cored arc welding
(FCAW) is more convenient for the fabrication of steel structures as
well as heavy machinery repair, gas tungsten welding (GTAW) is
used for joining various metals such as stainless steel, aluminum,
bronze, and copper, and gas metal arc welding (GMAW) is used for
structural and non-structural purposes. Compared to a separate
analysis, these technologies are all different and have different
effects on the environment, with some being more hazardous or
economical. Fusion welding techniques and their environmental
impacts are becoming more important for larger components and
thicknesses as production time, material, and energy needs increase.
According to a recent study on the environmental impact of manual
metal arc welding (MMAW), when compared to laser arc-hybrid
welding (LAHW) and gas metal arc welding (GMAW), MMAW
has the greatest environmental impact in terms of global warming,
acidification, eutrophication, and photochemical ozone creation
[12]. MMAW s widely used in construction and uses coated
electrodes; however, its productivity is low, and reducing energy
consumption in the process is one of the most important ways to
improve the environmental performance of the process. [13]. Also,
the use of titanium dioxide for electrode coating in MMAW plays
an important role in contributing to the overall burden of
acidification and eutrophication [13].

The manufacturing or construction phase is one chain in
the overall assessment of the welded structure's sustainability. There
are separate research papers on each phase's sustainability, but the
results are limited to the defined framework conditions. The most
significant constraints stem from the exclusive focus on each phase
of construction. There are numerous factors to consider when
selecting environmentally friendly processes. The very first step in
assessing sustainability is to establish a clear goal and understand
the steel structure that is under consideration. This is also important
for the next step, which involves selecting and evaluating indicators
and gathering primary data for the assessment. Fig.2 depicts the
general steps for sustainability assessments that can be adapted to a
particular case. It also, shows the criteria for selecting indicators for
collecting primary data [13].
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Fig. 2 Sustainability assessment steps and evaluation of indicators [13]
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3. LCA methodology

An LCA methodology is a standardized approach for assessing
the environmental impacts of a product, process, or even an entire
industry. It examines the entire life cycle of a product or process,
from raw material extraction and energy production to application,
and takes into account numerous environmental impacts at each
stage [12]. It is one of the tools developed by the European
Commission to improve policy development strategy in 2015 [1]. It
evaluates energy and raw material consumption, emissions, and
other wastes associated with a product's or system's entire life cycle
[1]. Among the effects that can be studied are climate change,
resource depletion, and ecotoxicity. It can be used to assess the
environmental impacts of building materials throughout their entire
life cycle, from extraction to manufacturing, transportation,
operation, maintenance, and disposal [1]. Allows stakeholders to
compare different material options during the design phase. Many
LCA software tools, such as GaBi, Athena, Building for
Environmental and Economic Sustainability (BEES), and SimaPro,
are used to calculate CO, emissions [1]. The obtainable programs
contain environmental data on the most common materials used and
can save a significant amount of time by presenting it in a simple
and user-friendly format. Tools and databases have evolved in
response to geographical location and application. In Fig. 3 a basic
LCA framework is presented [14]. The objective and scope entail
determining the system's purpose and limits, whereas the life cycle
inventory (LCI) entails collecting data for each segment in relation
to all its inputs and outputs [14]. LCA applications in construction
are classified into four types: construction material selection,
system evaluation and construction processes, construction industry
tools and databases, and construction industry methodological
developments [1]. An LCA can be useful because environmental
impacts can be linked to specific decisions and can aid in making
environmentally sound decisions about where to obtain steel, what
joining technique to use, and maintenance coating, among other
things, to minimize environmental impacts.
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Fig. 3 Basic LCA framework is presented [14]

4. Conclusions

Sustainability decisions and making the right choices in the
construction of economically and socially acceptable welded
structures are difficult and complex. There are various stages that
must be addressed, from design to end-of-life, and it has been
demonstrated that the LCA methodology tool for sustainability
assessment is applicable to each of them and offers acceptable
solutions. When analyzing steel structures in the construction
industry, the question of what kind of design, material, or
manufacturing process can make a steel structure more sustainable
arises. When compared to other building materials, steel has been
identified as a sustainable building material. Furthermore, because
there are various joining techniques that can be used for assembling
structures with varying environmental impacts, choosing the right
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welding technology can play an important role in the overall
structure's sustainability. Besides that, recent studies [13] show that
the greatest environmental loads generated throughout the life of a
specific structure occur during the operation and maintenance
phase. This is primarily due to high energy consumption and
significant atmospheric emissions. There are also social and
economic indicators that should be considered throughout the entire
process of implementing sustainability in steel structures. At the end
of this study, it can be concluded that there is a strong need to push
the boundaries of traditional structural analysis and provide new
design and manufacturing knowledge to achieve sustainability of
steel structures. The environmental and social impact of modern
structural design should be considered, and each decision should be
followed by a separate analysis at each stage of manufacturing and
construction.
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Abstract: The paper presents the developing of a technology and the designing of fixture for assembling of left and right tubes for grapple
buckets. The presented clamshell grapple buckets are designed for bulk materials and they are part of the grapple construction. Grapples
are installed on cranes, excavators and other specialized machines. The whole process related to the production of the two types of tubes is
considered - from the 3D model to the real product. A technology and a fixture for assembling the tubes have been developed. The welding
process is considered. Control cards to control the dimensions at each stage of the production of the tubes were made. Repair technology for
the tubes has been developed. The 3D models are designed using the CAD system SolidWorks. Complete design documentation is created for
the fixture and the process is automated by using SolidWorks template files.
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1. Bweeoenue. OcHoBeH mpobneM mpu u3paboTBaHe Ha rpaiidepHute Kodu e
B nmoxmama e mpencraBeH CHBMECTHO pa3pabOTeH IPOEKT, cloKHaTa (opMa M KOHCTPYKUHs, KosTo umar. HeoOxomumo e
CBBP3aH ¢ KOHCTPYMPAHETO M BHEAPSBAHETO B IIPOU3BOACTBOTO Ha MOCTUTAHETO HA TOYHOTO PA3MOJIOKEHHE Ha [eTainuTe, 3a Ja ce
CHelMa3ipaHa HECTaHIAPTHA TEXHOJOTMYHA CKHIUPOBKA 3a IOJIy4aT 3aJa/ICHUTe B KOHCTPYKTOPCKATa JOKYMEHTALMs popma 1
n3paboTBaHETO Ha JIEBH WM JECHH TpBOM 3a rpaiidepHu Kodwu. pasMepy Ha KouTe.
PaspaGoTkata ¢ Ha eKMm OT PYCGHCKM YHMBEpCHTET ,,AHren ChIIIaCHO HM3HMCKBAHUSTA B YCPTEKUTE CE MPABH MEXAHHIHO
KbHues® n ¢upma ,,CJI Mumscrpuc® EOOJI, rpag Pyce [19]. obpaboTBane Ha (YHKIMOHAJIHHTE IOBBPXHHHH Ha HAKOH OT
®upmara e NpOM3BOMTEN HA PA3IMYHU 3aBapbUHH KOHCTPYKIH JeTaiuTe, Clie]i KOETO Te Ce CrI00sBaT B OMPEICICHH BB3JIH OT
(mwacura, cTrabWUIM3aToOpW, MPEIHH W 3aJHH MOCTOBE, KOJIOHH H KOHCTPYKLMATA Ha rpaiidepnara koda.
CTpeNTd 3a KPaHOBE), MAIIMHHO OOpabOTCHU JCTalid U W3ZCIHS, Tosa Hanara 3a U3pa0OTBaHETO Ha JEBUTE M ACCHUTE TPBOU Jia
KOMIIOHGHTH M CICLMaIM3HpaHa eKANHPOBKA 3a KpAaHOBe, Ce W3MO0J3BAa CHEHHAIN3UPAHO MPHUCIOCOONEHHE WIM  T.H.

MOTOKapH, TOBapayH, Biekayu, 6arepu u aApyru Mamuau. upmara HCCTaHAapTHA TEXHOJIOI'MYHA CKUIIHPOBKA.

MPOU3BEXA EKUIIMPOBKA 3a pasiMYHU Mojenu rpaiidhepu —

rpaiipepHu KoQH, IEHTPATHH TeJa, POTaTOPH, HOCA4YH U JPYTH.
I'paiipepure ce M3MOM3BAT 3a TOBAPHO-PA3TOBAPHHU ACHHOCTH npobnema.

2. Ilpeonocmasku u cpedcmea 3a peuiagane Ha

Ha pa3MyHKM MaTepuatu. MOHTHpAT ce Ha KPaHOBE, ABTOKPAHOBE, 2.1. Obwu ceeoenusn 3a zpaiiheprume Kogpu.
TOHJIONH 3a CKpal, JIEKOTOBAapHH aBTOMOOWIHM, Oarepn M IpYyrH Paznmunnte Momenm rpaiipepHn kodu ce paszamyaBaT 1O
CIELMAT3UPAHH MAIINHU. npeTHa3HauYeHUEeTO CH, TabapUTHUTE CU pa3MepHu, KOHCTPYKIHATA U

I'paiipepute npencraBiasBaT KOHCTPYKLMS, CBCTOSIIA C€ OT HATOBapBaHETO, KOeTo Morar jaa monecar. Ha ¢ur. 2 e mokasan
rpaiipepan kodu (JIgBa M JICHA), LEHTPATHO TSIO, POTATOp M obmuaT BUA Ha TpaiidepHara xoda, KosATO Hie ObJe pasrieaaHa.
Hocau. Upes kodure, rpaiidepa 3arpedBa cboTBeTHU MaTepuan. Ha W3nennero e yacT OT MPOM3BOCTBEHATA POrpamMa Ha pupmara.
LEHTPAITHOTO TSAJIO C€ YCTaHOBSBAaT JisiBaTa W JiICHaTa Koda.
Poraropa, ocurypsiBa 3aBbpTaHeToO Ha Ko(HTe 10 BpeMe Ha padoTra
Ha 360°. Hocaga e Ts10, KOETO CIYy)KH 32 YCTaHOBSBaHE Ha
rpaiidepa KbM ChOTBETHATA MAIlIMHA.

Ha ¢ur. 1 e nokasan rpaiipep Ha ¢upma KINSHOFER c
yepynkoBu rpaiidepan kodu [20]. Tpunoxenuero Ha rpaiidepa e
OCHOBHO 33 HaCHITHU MaTepHUaIH.

®ur. 2. O6m Buz Ha rpaiidepHa kodpa 1000 mm.

I'paiipepaure Kopu OT TO3M MOAEN ca TPU BUAA, KOUTO Ce
pasnuuaBaT caMo 1o mupouyrHa — 640 mm, 800 mm u 1000 mm.

3a BCEeKM eIMH KOMIUIEKT rpaiidepHa koda (11Ba M AsCHA)
TpaOBa 1a ce M3pabOTH KOMIUIEKT OT JisiBa M JsicHa TpuOa. Toect
TpBOUTE, KOUTO TPsiOBa Ja ce M3pabOTAT 32 BCHUKUA KOPH OT TO3U
Mozien ca o0Io nrect Buza. Besika eiHa OT TSX ce ChCTOM OT TphOa
C ompefieneHa Ib/DKHHA, JIBE CTPAHUYHM YIIM M €IHO LEHTPATHO
yxo0. LleHTpamHOTO yX0 € pa3iIH4HO 3a JIsiBa U ASCHA TPHOa.

Ha ¢wur. 3 ca nokazanu TprOute Ha rpaiidepna koda 1000 mm.

@ur. 1. I'paiidep 3a ToBapHO-pa3TOBAPHU ACHHOCTH . 3 C ) ‘
¢ romsiM obem Ha kodure, pupma KINSHOFER. - TN -
L | b
l -
B noxmana e pasrienan npoueca Ha u3paboTBaHe HA OCHOBHHUTE \ \
BB3JIM Ha Tpaiidepuure Kou, TOBa ca JIeBUTE U AeCHUTE TPHOH. Te 2) 6)

ce MOHTHpAT ChOTBETHO Ha JIsIBaTa M JICHaTa rpaidepHu Kopu. @ur. 3. Tpb6u Ha rpaiidpepua koda 1000 mm

a) TppOa 11Ba, 6) TpHOa AsAcHA
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CoeriaacHo paspaboTeHaTa TEXHOJOTHs 3a Crio0sBaHe Ha
TPBOHTE, CHC CHCHHATM3HPAHO MPUCIOCOOJICHHE Ce H3pabOTBAT
nsBaTa W JAscHata Tpbba. Crex mnpuxBallaHe Ha Jeraitnure,
3aBapsiBaHE W KOHTPOJ Ha pa3Mepure, TPBHOHTE C APYro
CHCIUATU3UPAHO TPHUCIOCOOICHHE Ce  CriIo0sBar BCUYKHU
OCTaHAJI! JIeTalK Ha rpaiidepHaTa koda.

Twit kaTto TpuTa Mojena Kohu ce pa3nryaBaT KOHCTPYKTHBHO
caMo TO MIMPOYHMHA, CHOTBETHO TPHOUTE UM CE€ Pa3IM4BaT CaMo IO
JBDKHMHA, KaTO Pa3CTOSHUATA MEXKIY YIIUTE Ca eIHU U CHIIH, TO 32
n3paboTBaHETO Ha JICBUTE M JIGCHUTE TPHOM MOXKE []a Ce U3IO0J3Ba
€/IHO ¥ CBhINo mpucmocobienue. [To-Mankus Opoil mPUCIIOCOOTCHUS
3HAYUTEINHO Il HaMaJld BPEMETO 3a pa3paboTBaHe U KOHCTpyHpaHe
Ha HeoOXoJuMara TEXHOJOTHYHA SKUIHPOBKA, KAKTO M Pa3XOJIHTe,
CBBP3aHH C IPOU3BOJICTBOTO M.

C

2.2. Texnonozuuna noo0zomoexa Ha u30eauemo.

CpriaacHO JOKyMEHTALMATa Ha H3/AENUETO, € Heo0X0IuMo
MPEBAPUTEITHO Ja C€ MOATOTBAT TEXHOJIOTMYHO JETAMINTE |
BB3JIATE MY, 3a J1a ObJaT H3paboTEeHH B yCIOBUATA HA pupMara.

ETanure 0T TeXHOJIOrMYHATA MOArOTOBKA HA M3JEJHETO ca
CJIeIHUTE:

- Ch3/aBaHE HA TPUMEPHH MOJENH Ha AETailiinTe, BBH3IUTE H
H3JIEINETO;

- pa3paboTBaHE Ha TEXHOJIOTHS 3a M3pab0OTBaHE Ha JeTailuTe,
BB3NIUTE M M3neaueto [18];

- Ch3/1aBaHE HAa HOBH BB3JIU B H3/EIHETO;
Ch3/IaBaHEe Ha YEPTEKU Ha JCTAMINTE, BB3IUTE U U3ICINETO;
pa3paboTBaHe Ha TEXHOJIOTHS 3a CTIIO0SBaHE HA U3/ICIHETO;
pa3paboTBaHe Ha TEXHOJOTHYHA CKHITUPOBKA 3a CTIIO0SBaHE;
paspaboTBaHe Ha TEXHOJOTHS 3a 3aBapsiBaHE Ha M3IEIIHETO;
pa3paboTBaHe HA TEXHOJIOTHYHA EKUIIMPOBKA 3a 3aBapsiBaHE;
pa3paboTBaHe Ha TEXHOJIOTHS 32 MEXaHHMYHO 00pabOTBaHE Ha
H3JIETHETO;

- pa3paboTBaHE Ha TCXHOJIOTHYHA CKUIHUPOBKA 32 MEXaHHIHO
o0OpaboTBane;

- pa3paboTBaHe Ha METOAMKA 33 KOHTPOJI HA U3/IEIHETO;

- pa3paboTBaHE Ha PEMOHTHA TEXHOJIOTHSI HA U3ICITHETO.

Cb3aBaHeTO Ha TPUMEPHH MOJIENH € BayKHA CTBIIKA OT Iporieca
Ha pa3paboTBaHEe Ha JAJCHO H3AeNHe. TPUMEpHHTE MOJEINH MOraT
Ja Ce W3M0JI3BaT 3a Ch3/laBaHE Ha HOBA KOHCTPYKTOPCKA
JOKYMEHTAIMS 32 HY)XAUTE Ha GupmaTa. B TpuMepHHUTE MOfeH ce
3aj1aBa HeoOXxoauMara HHGOpMaIHs Ype3 aTpUbyTH, KOATO MOXKE Jia
Ce W3IMO0J3Ba 3a yNpaBIeHHE Ha JOKyMEHTAlHWsTa MPH HaIWYHA
PDM cucrema, Kakto W OT IPYrHTe OTHAENW BBB (uUpMara Ipu
namnyaa ERP cucrema [4, 5, 13, 14].

Ha 6a3a wmopgemutre ce pa3paboTBa W TEXHOJOTHATA 3a
m3paboTBaHe Ha JeTaiimure — A00aBSHE WM TIpeMaxBaHE Ha
OTBOpH, MpHOABKH 3a MEXaHWYHO 00paboTBaHe, MpEaBapUTEITHA
oOpaboTka Ha oOmpedeneHH IOBBPXHUHM W JpyrH. ToBa Haiara
Ch3/IaBaHETO HA HOBA KOHCTPYKTOPCKA TOKYMEHTALIHS, KOSTO Jia Ce
U3M0JI3Ba B MPOM3BOACTBOTO. Clie[l YTOYHSIBaHE Ha BCHUKH
0COOCHOCTH, TPUMEPHUTE MOJECNIH MOraT Ja Ce H3IO0J3BaT 3a
ch3maBaHe Ha (aiioBeTe 3a pa3Kpoil Ha HeTailiuTe, KOUTO ca OT
JIMCTOB MaTtepuail.

MHOro 4ecTo ce Mpuiiara METo/a Ha pasJielsiHe Ha U3/eIHEeTO
Ha BB3JIM, KOMTO MPEIBAPUTEIHO J1a ¢ U3PabOTAIT, Clie]] KOETO Jia ce
M3I0JI3Ba TPHUCIIOCOONICHHE 3a CriIo0sSBaHETO MM B KpaiHOTO
U3JIeIne.

IMocnenen eram ¢ Ch3JaBaHETO Ha HEOOXOAMMATA EKHITHPOBKA
3a crio0sBaHe, 3a 3aBapsiBAHE M 33 MEXaHMYHO 00paboTBaHe Ha
U3/IeNHETO.

B ciydas 3a rpaiidhepaure kodu ca pa3paboTeHH TPUMEPHUTE
MOZIENM Ha JeTailinTe, HANpaBeHH Ca TEXHOJOTHYHH IPOMEHHU
CBBP3aHH C MPOHM3BOJCTBOTO MM M Ca Ch3/aJCHH HOBH BB3JIH OT
W3/ICITUETO.

Tpumepaute wmozenu ca paspaborern ¢ CAD cucremara
SolidWorks [1, 2, 3, 6, 7, 21].

[Heraiinute Ha jnsBa U JsicHa Tpbba ce M3pabOTBAT CHITIACHO
pabOTHHUTE YSPTEKH.
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TppOute ce oOTpsA3BaT Ha CHOTBETHATa [IBJDKMHA Ha
JEHTOOTpe3Ha MaiiuHa. CTpaHMYHUTE M LIEHTPAJIHUTE YIIU Ce
U3ps3BaT OT JIMCTOB MaTepHall ChC ChOTBETHATa NeOeNMHa, Clel
KoeTo Ha oOpabotBam neHThp ¢ LITY ce 06paboTBaT BcHUKHUTE UM
OTBOpH. 3a YCTAHOBSBAHETO Ha YIIWTE HAa MalllHHATa ChHIIO CE
U3MI0JI3Ba  CHELHMATM3UPAHO  OBP30CMEHHO  IIPHCIOCOOICHHE.
CrienBa KOMIUICKTAMSTA HA JCTAlIUTe 3a JsiBa M [sICHAa TphOa H
CrII00sIBaHETO MM Upe3 pa3paboTEeHOTO IPUCIIOCOOIICHHE.

3. Pewienue na pazenexcoanus npoonem.
3.1. Ilpucnocobnenue 3a cenobseane na neeu u

O0ecHu mpvou.

Crnen xato € yTOYHEHa TEXHOJOTHATa 3a H3paboTBaHETO Ha
[eTaiinuTe, ce pa3paboTBa TEXHOJNOTHATa 3a Crio0sBaHe Ha
TppOUTE W HEoOXomUMaTa CKUIHPOBKA 3a peaju3upaHe Ha Ta3H
TEXHOJIOTHSI.

TIpucnocobiennero e paspadoreno upes CAD cucremara
SolidWorks u nHa ¢ur. 4 e mokazaH oOmmar my Buum. Upes
HPHUCIOCOOJICHHETO Ce WM3BBPILIBA OPHCHTHpaHe W 0Oa3upaHe Ha
JeTaiinTe Ha TPHOUTE B OMPEAEIICHO MOJ0KEHHUE.

®ur. 4. O611 BU Ha IPUCTIOCOOICHUETO 32 CTII00sIBaHe
Ha JIEBH U IeCHU TPHOU 3a rpaiidhepuu kodu.
Ha mpucniocoGeHreTo ce M3BBPIIBAa MEXaHUYHO 00paboTBaHe
Ha TIOKa3aHWTE C 4YepBeH [BAT NOBbpXHWHH (dur. 5). C
MEXaHHYHOTO 00paboTBaHe ce OCTUTa TOYHOCT Ha pa3MEpHTe U Ha
B3aHMHOTO PAa3IOJOKeHHE Ha (DYHKI[MOHAITHUTE MOBBPXHHWHH Ha
MIPUCTIOCOOJICHUETO.

@ur. 5. TIprcrocobIeHHeTo ¢ MeXaHH4IHO 00paboTeHuTe
My (YHKIMOHAIHH MTOBbPXHUHH.

O6paboTsat ce otBOp P70 MM, npe3 koiito Murasa JopHuk 11
(¢ur. 6) u nBa otBOpa Y44 mMm, mpe3 kouro MuHaBat JopHurm 12
u 13 (¢dwur. 6), kakro U mpuiIexamuTe UM vena. Karo 6aza B ocoBo
HaIlpaBJICHUE CE U3II0JI3Ba [IEHTHPa Ha IIPUCTIOCOOICHHUETO.

Ha ¢ur. 6 e mokazaHo NpHUCIOCOGICHUETO C BCHUKHTE MY
ChCTaBHU eJIeMEHTH. TO OcHI'ypsiBa I10J1y4aBaHETO Ha JICBU U JICCHU
TpBOU 3a rpaiidpepHuTe KOdu C BrIOBO OPUCHTUPAHH B ONPEILICHO

TOJIO’KEHHUE YIIN M ¢ TOUHO OIPEEeNIeHH Pa3CTOSHUSA MEXIY TAX [8,
9, 10, 11, 12, 15, 16, 17].
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@ur. 6. CpcTaBHH €IEMEHTH Ha MPUCIOCOOICHHETO.
1 — OcHoBa, 2 — ITnanka 6a3upama I, 3 — ITnanka 6aszupama II,
4 — laii6a 1, 5 — Iaii6a 11, 6 — IIpusma, 7 — Pe6po 1, 8 — Pebpo 11,
9 — Omopa, 10 — ®ukcatop, 11 — Hopuuk I, 12 — Jopuuk I,
13 - Jlopnux 111, 14 — Kimun, 15 — 1l1ait6a ¢ mmpoka nepudepus M16,
16 — Bont M16x30

TIpucnoco6yieHHEeTO, 3a¢HO ¢ BCHYKH YCTAHOBCHHU JIETANIN Ha
JsiBa W JsicHa TphOa 3a rpaiidepHa koda 1000 mm e mokazaHo Ha
¢wur. 7.

624051465

@ur. 7. [lpucnocobIeHreTo ¢ yCTAaHOBEHH JIETaIN Ha TPHOUTE
3a rpaiiepra kopa 1000 mm.

a) TpwOa J1siBa, 6) TpHOA AsicHA

17 — Tprba, 18 — Yxo0 cTpanmdHO,

19 — Vxo nenrpanHo |, 20 — Yxo nenrpaiso Il
TexHoI0rusITa HA CIJIO0SIBaAHE HA TPHLOUTE € clleHATA
TexHomorusiTa Ha crio0sBaHe Ha JsABata TphOa BKIIOYBA

TIpeBAPUTENIEH MOHTaX Ha JeTailnn YXo ctpaHudHo 18 (2 Opos) u
Yxo mentpanHo 19 xeM Tpwba 17. TpnbaTa 3aemHO ¢ ymuTe ce
0azupa B mpucnocobnennero Ha [lpusmmure 6. IlomokeHneTo Ha
Tpwbara 17 B 0cOBO HampaBleHHE CE ONpeneis 4pe3 M3MepBaHe,
cien koeto Ti1 ce ¢ukcupa ¢ Puxcatopu 10. Crpannunure yum 18
ce LIEHTPOBaT KbM CTPAaHUYHUTE ONOPH Ha MpHcnocodiaeHnero (2 u
4) ¢ nopuuk 11 u ce pukcupar ¢ Knunose 14. Cneznpa 1ieHTpoBane
Ha YXx0 meHTpamHO 19 KBM IHEHTpalHUTE ONOpH Ha
npucnioco6serneTo (3 u 5) ¢ gopHUK 12.

TexHomorusita Ha criio0sBaHe Ha MOsjACHaTa TphOa BKIFOYBA
TIpeABapHUTENICH MOHTAX Ha JeTaitm Yxo crpanndHo 18 (2 Gpost) u
Vxo uentpaino 20 keMm Tpwvba 17. Tpnbara 3aemHO ¢ ymute ce
6azupa B mpucnocobiennero Ha [Ipuamure 6. IlonmoxeHuero Ha
Tpwbara 17 B 0cOBO HampaBleHHE CE ONpeneNs 4pe3 M3MepBaHe,
cien koeto Ts ce ¢uxcupa ¢ duxcaropu 10. Ctpannunure ymm 18
ce LIEHTPOBaT KbM CTPAaHUYHUTE ONOPH Ha MpHcrocodiaeHuero (2 u
4) ¢ nopuuk 11 u ce puxcupar ¢ Kimmaose 14. Ciensa meHTpoBaHe
Ha Yxo meHrpamHo 20 KBM IEHTpPaIHUTE ONOpH Ha
npucrniocobnenuero (3 u 5) ¢ gopaunu 12 u 13.

Upe3 wu3noi3BaHe Ha MPHUCIHOCOOIEHHETO Cce TrapaHTHpa
YCIIOPEIHOCT Ha OCHTE Ha OTBOPHTE Ha YLIUTE C OCTa Ha TpbOara,
BIJIOBOTO PA3IOI0KEHUE HA OTBOPUTE HA ACTAWIM YXO CTPAaHUYHO
1 YXO LEHTPANHO, KaKTO U MEPNEeHIUKYISIPHOCT HAa KOHTAKTHUTE
YeJTHU MOBBPXHUHH HAa CTPAHUYHUTE YIIIH C OCTa Ha OTBOPUTE.
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IprcrnocobIeHHETO OCHTYPsiBA BUCOKA MPOM3BOIUTEIHOCT, HE
€ CJIO)KHO 33 MAaHHUITYJIAINS, C e JIa Ce M30ErHaT BCSKAKBH TPEIIKH
0T CyOCKTHUBEH XapakKTep.

Ha crnemBammre ¢urypu € MOKa3aHO  H3pabOTEHOTO
MPUCHOCOOICHHE U TPHUCIIOCOOICHUETO C YCTAHOBEHHM JCTAiin Ha
JsicHa TphOa 3a rpaiidepna koda 1000 mm.

WY s

@ur. 8. [Ipucniocobnenue 3a criodsBaHe Ha JIEBU M IECHU TpHOU 3a
rpaiideprn kodu.

@ur. 9. [TpucrocobiieHneTo ¢ yCTaHOBEHH JETalIM Ha JACHA TPHOa 3a
rpaiidepna kopa 1000 mm.
Benuku neraiinm Ha TpBOUTE Ce 3aKpelnBaT B CHOTBETHOTO UM
MOJIO’KEHNE Ype3 IIPUXBaIlaHe.
Ha ¢wur. 10 ca noka3anu TppOu 3a rpaiidepna koda 1000 mm,
CTII00€HH ¢ IPUCIIOCOOIEHUETO.

@ur. 10. JleBu u necuu TpubOU 3a rpaiidepra koda 1000 mm,
CTIIOOEHHU € MPHUCTIOCOOICHHUETO.
Cren u3BaxgaHe Ha TPBHOUTE OT MPHCIOCOOJIICHUETO CleBa
ISUIOCTHOTO MM 3aBapsiBaHE CBIVIACHO M3HUCKBaHUATA HA
3aBapbUHUS YEPTEK.
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3.2. 3asapneane na neeu u OecHu mpovou.

Crnen karo € YTOYHEHa TEXHOJIOTWATa 3a CIrIOOsBaHe, ce
pa3paboTBa TEXHOJIOTHITA 3a 3aBapsiBaHe Ha TPHOUTE.

3aBapsiBAHETO Ha TPBOUTE € CIOXKEH MPOLEC M CE M3IBIIHABA
CBIVIACHO pa3pabOTeHHs 3a BCAKa eIHa Tpbba 3aBapbyeH IUIaH.
3aBapsiBaHETO MOXKe Aa ObJe pBhYHO WM poboTusupano. UYpes
poboTu3MpaHo 3aBapsiBaHE CE MOCTHTa BUCOKA MPOU3BOAUTENHOCT U
MHOTO BHCOKO Ka4eCTBO Ha 3aBapbUHHTE IIEBOBE.

3aBapbuHMAT amapar TpsOsa nma e 3a MUI-MAI 3aBapsiBane.
3oHNTE Ha 3aBapsBaHe TpAOBa Ja OBJAT IPEIBAPUTEIHO

TTOYHCTEHH.

Ha cnenamata ¢urypa e IOKa3aHO YCTaBsSBSBaHETO Ha
KOMIUTEKT JIsiBa M JAscHa TpbOa 3a rpaiidepHa xopa 1000 mm Ha
3aBapb4eH poOoT.

@ur. 11. Kommuekt Tpb6u 3a rpaiidepra kopa 1000 mm,
YCTaHOBEHH Ha 3aBapbyueH pOOOT.
Ha ¢ur. 12 e nokasana ascHa Tpws0a 3a rpaiidepna xoda 1000
mm cJies1 3aBapsiBaHe Ha poborTa.

NSO e N N

@ur. 12. [Isicua tpwba 3a rpaiidhepna koda 1000 mm ciex 3aBapsiBane.

Cnen 3aBapsiBaHe, BCSKa €HAa TPHOa Ce IMOYMCTBA OT MPBCKU.
VI3BbpIBa ce KOHTPOJI Ha (DYHKI[MOHATIHHUTE M pa3Mepu U KOHTPOJI
Ha pa3MOJIOKEHHETO Ha JeTainure H. AKO HMa HSIKAKBH
OTKJIOHEHHUSI B pa3MepHUTe U B PA3MOJOKEHHETO HA JETailiuTe, ce
U3BBPILBAT KOPEKIIUH 38 OTCTPAHSIBAHETO HM.

M3BbpIIBa Ce KOHTPOJ Ha KAYeCTBOTO Ha H3MBJIHEHHE HA
3aBapBUHATE ILIEBOBE, KATO CE MpOBepsiBa 3a HAIMYHETO Ha
lleq)eKTI/I OT THIIAa Ha l'IyKHaTI/IHI/I H IIyIIA. AKO nMa HIKaKBHU
OTKJIOHEHHUS U Ae(EKTH Te Ce OTCTPAHSBaT.

Crieny KaTo KOMIUIGKT JIsiBa M AsCHA TphOa ca 3aBapeHH, MOXKe
Ja ce MPHCTBIIM KbM CJIEABALIMS €Tal OT TEXHOJIOTHATAa 3a
m3paboTBaHe Ha rpaiipepHHUTe KOPH, 2 UMEHHO CTIIOOSBAaHETO Ha
rpaiipepHa koda OT ChOTBETHHUS MOjea. 3a Crio0siBaHE Ha BCEKH
Momen TpaiidepHa Koda CHIIO Ce H3MOJ3Ba CIEHUATH3UPAHO
IpucrnocobeHue.

3.3. Konmpon na neeu u dechu mpvou.

C.]'ICZ[ KaTo0 € YTOYHCHA TEXHOJIOTUATA 3a crio0siBaHe M
TEXHOJIOTHATA 3a 3aBapsBaHe, ce pa3paboTBa METOAMKA 32 KOHTPOI
Ha TpBOUTE.

Crien 3aBapsiBaHe Ha TPBOUTE ce M3BBPILIBA ISUIOCTEH KOHTPOI
ChbIJIaCHO NJOKYMEHTAIATa Ha U3ACJIUETO.
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KoHTpona ce wu3BBpHIBA OT KOHTPOJBOP MO Ka4yeCTBOTO
(OTKK), kato 3a menra ce MOIbJIBa KOHTPOJIHA KapTa 3a BCAKA eIHa
TpBOAa.

KoHTposHaTa kapTa € HalpaBeHa Taka, 4e pa3sMepuTe, KOHTO
TpsaOBa Ja ce M3NBJIHAT CHITACHO YepTeka ce KOHTPOJIMpAT Ha
BCHYKH €TaIlll OT IPOHM3BOJACTBOTO Ha M3JeiHeTo. ToBa ca — erar
criio0siBaHe, cllell NMpUXBallaHe Ha AeTalyuTe, el 3aBapsBaHe U
OKOHYATeNeH KOHTPOJL.

Ilpy KOHCTaTMpaHe Ha OTKJIOHCHHS Ha KOHTPOJIUPAHUTE
pasMepu U3BBH JOIYCKa, CE€ W3BBPIIBAT KOPUTHPAILM JCHCTBH,
CBIVIACHO pa3paboTeHaTa PeMOHTHA TEXHOJIOTHS.

3aIbIDKUTENCH TIPU TIPOU3BOACTBOTO HA TPBHOUTE € KOHTPOIBT
Ha Ka4yeCTBOTO Ha M3IBJIHCHHE Ha 3aBapbYHUTE IICBOBE.
IIpoBepsBa ce 3a Bp3HUKHAIH Ae(EKTH KaTO MyKHATHHU U IIYIUIH B
30HHTE Ha 3aBapsBaHe. [Ipu KOHCTaTHpaHe Ha BE3HUKHAIN JieeKTH
B 3aBapbyHUS IIEB, C€ M3BBPIIBAT KOPHUTHpAINY JCHCTBHS 3a

OTCTPAHSABAHETO UM, ChI'JIaCHO pa3p360TeHaTa PEMOHTHA
TEXHOJIOTHs.
3.4. Ocobenocmu  npu  mooerupanemo  Ha
mpumepnume modenu 6 CAD  cucmemama
SolidWorks.

3a pa3pabOTEHOTO MPHCHOCOONCHHWE € HalmpaBeHa IThJIHA
KOHCTPYKTHBHa JoKyMmeHTanus. Ilpomeca Ha ch3maBaHeTO M €
aBTOMATH3UpaH, Ype3 H3MOJ3BaHe Ha INAONOHHM (aiioBe Ha
JIOKyMEHTHTE, KouTo n3nosizBa CAD cucremara SolidWorks.

IIpu cp3maBaHeTO Ha TPUMEPHUTE MOJEIM Ha JICTAHINTE W Ha
CriI00CHUTE SIVHUIM ca M3IOJI3BaHy Ma0IoHHN (aiinose 3a Part n
Assembly nmokymeHTuTe. 3a BCEKM €IWH TPUMEPEH MOJIEI Ha
netain wiam criaobeHa enuHumna, ot MeHio File Properties, B
mpo3opena Summary Information, B cekuusra Custom ce u3dupar
HEOOXOMMUTE aTpulyTH. [pu pa3paboTBaHETO Ha
KOHCTPYKTHBHATa JOKYMEHTAIlMs ca W3MOJI3BAaHH IIAGJIOHHN
¢aiimoBe 3a Drawing IOKyMEHTHTE, KOHWTO HpEICTaBIIsIBAT
CTaHJAPTHUTE YepTOKHU PopmaTt — A4, A3, A2, Al u A0 [4, 5, 6,
7,13, 14].

B mrabmona Ha BCEKHM €IWH TPHMEPEH MOJEN Ha JeTailll Miu
crinobeHa equHWIA ce 3aJaBa HeoOxoammara WH(opManus dpes
aTpuOyTH — TMOTpeOUTeNcKH U ciyxeOHH. Tasm wmHpopMmanus e
Hy)XHa TIpH pa3pabOTBaHETO HAa KOHCTPYKTHBHATa IOKYMEHTAIIHS,
ThH KaTo M37M3a aBTOMATHYHO B TaONUIMTE Ha YEPTEXKUTE H
crerbukanynute. MHpopMamusTa oT arpuOyTuTe MOXe Jaa ce
M3I0J3Ba 3a YIpaBJIeHUE Ha JOKyMEHTauusATa npu HaauyHa PDM
cHCTeMa, KakTo U OT JIPyrHTe OTIEiH BBB (UpMara NpH HaINYHA
ERP cucrema [4, 5, 13, 14].

4. 3akniouenue.

Bb3 OcHOBa Ha HampaBeHOTO MO IIPEACTaBeHaTa pa3paboTka,
MOJKE J1a CE HAIpPaBsT CIEIHUTE U3BOAN:

1. Pa3paboTeHa € TEXHOJNOTHS U TMPHCHOCOONICHHE 3a
crino0siBaHe Ha JIBH W JECHH TpbOM 3a rpaiidepHn kodu.
TIpucniocoOneHneTo  OCHrypsiBa TOYHO — MO3MIMOHHMpaHe Ha
JeTailiiTe Ha TphOHTE, HE € CJIOXKHO 38 MaHMITYJIAIMs, C Lel Ja ce
U30erHaT BCAKAKBY TPELIKH OT CyOEKTHBEH XapakTep.

2. Tlpucnoco6iaeHnero 3a CriaodsBaHe MOXKeE Jia ce U3I0JI3Ba 32
U3pabOTBaHEe Ha BCUYKH BHJOBE TPHOM 3a pasinuHMTE TpaiiepHu
KO(H OT NPEJCTaBEHHUS MOJEII.

3. HampaBeHa ¢ mbiHa KOHCTPYKTHBHA JOKYMEHTAllHs Ha
pa3paboteHOTO mpHcnocobieHne. IIpolechT Ha Ch3JaBaHe Ha

KOHCTPYKTHBHAarta JIOKyMEHTAlUs € aBTOMAaTH3MpaH  d4pe3
M3I0JI3BaHeTO Ha m1abnoHHN (aitnose 3a Part, Assembly u Drawing
JIOKyMEHTHTE.

4. Taka cp3pazneHara 6a3a JaHHH MOXeE Ja c€ M3II0N3Ba IpU
pelaBaHe Ha CXOJHHU MPOOIEMHU MIPH MOJAOO0HH M3JENHsL.
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Abstract: The visualisation capabilities of the main software systems for computer-aided mathematics are reviewed. The advantages of the
software system Matlab are described. The system is appropriate when visualization and analysis of engineering data are required. The
author sets out to highlight the three-dimensional graphics and optimization synthesis of gear drives.
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1. Overview of the visualization capabilities of the
leading systems for computer-aided mathematics

The contemporary growth of software systems provides
powerful new opportunities in all areas of engineering and science.
For example, in [14] is presented a study about applications of
leading software systems for piezoelectric beams investigations.
The development of extremely low power electronics and wireless
systems has led to a strong interest in the fields of energy harvesting
and development of miniature generators. Typically, these devices
are used to power sensors and wireless communication systems,
enabling standalone wireless sensors that are cheap to deploy. In the
area of the mechanical structure vibrations investigations and the
multiphysics simulations, four software systems have the lead
positions. These are: ABAQUS, COMSOL, SolidWorks, and
MATLAB. The software systtm MATLAB is a system for
“computer aided mathematics” and “matrix laboratory”, but in fact
this software system is often used from scientist and engineers to
solve mathematical models that describes problems in the area of
the mechanical structure vibrations and the multiphysics
simulations.

In [11, 12, 18] are presented selected investigations of structure
vibrations conducted with the help of contemporary mechanical
engineering software systems. Also, in [1, 11, 13, 14] are described
investigations on gear transmissions performed with the finite
element method in the integrated working environment of the
system ABAQUS.

In addition to studies described above, in this work the
author set out to highlights the visualization capabilities of the
leading systems for computer-aided mathematics: MATLAB,
Wolfram Mathematics, and Maple.

1.1. Wolfram Mathematics

Wolfram Language provides powerful functions that automate
the process of creating cognitively and aesthetically compelling
representations of structured and unstructured data. This is valid not
only for points, lines, and surfaces, but also for graphs and
networks. This is available due to many original algorithms
developed at Wolfram Research.

On Fig. 1 and Fig. 2 are shown some examples for the
visualization capabilities of Wolfram Mathematics [5, 6].

5 20 25

10

Fig. 1. Boundaries and solutions of partial differential equations
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Fig. 2. Spherical 3D graph and plot of a function with singularities

1.2. MATLAB

The name “MATLAB” comers from MATrix LABoratory and
has been chosen because of the powerful capabilities of this
software system for working with matrices. Using this, the system
MATLAB solves the problem of visualization of three-dimensional
data in one. The data is plotted on a three-dimensional mesh with
point size showing value of it. Edge color changes via z axis to
distinguish coordinate of points easier. One can compare sets of
data, track changes in data over time, or show data distribution.
Also, the plots can be created programmatically using graphics
functions or interactively using the Plots tab at the top of the
MATLAB desktop.

Software system MATLAB incudes a tool with graphical user
interface (GUI) for data interpolation — Fig. 3. This together with
the discussed in the next paragraph optimization capabilities gives
richest abilities to build automatized software for optimization and
design of gear transmissions [2, 3, 19, 20].

Fig. 3 An example picture from MATLAB interpolation GUI

MATLAB Optimization Toolbox provides functions for finding
parameters that minimize or maximize objectives while satisfying
constraints [4, 7]. The toolbox includes solvers for linear
programming (LP), mixed-integer linear programming (MILP),
quadratic programming (QP), second-order cone programming
(SOCP), nonlinear programming (NLP), constrained linear least
squares, nonlinear least squares, and nonlinear equations.

Optimization problems can be defined with functions and
matrices or by specifying variable expressions that reflect the
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underlying mathematics. One can use automatic differentiation of
objective and constraint functions for faster and more accurate
solutions.

The toolbox solvers can be used to find optimal solutions to
continuous and discrete problems, perform tradeoff analyses, and
incorporate optimization methods into algorithms and applications.
Also, MATLAB Optimization Toolbox gives abilities to perform
design optimization tasks, including parameter estimation,
component selection, and parameter tuning.

1.3. Maple

Maple is a software tool that combines a powerful mathematics
engine with an interface that makes it easy to manage calculations.
It provides an environment that can maximize the value of
calculation efforts. With Maple, one can easily validate, document,
retain, reuse, and modify your calculations, reducing risk while
saving time and effort in both current and future projects.

As MATLAB provides simulation environment named

SimScape, Maple has a tool named MapleSim. It gives ability to
simulate the dynamics of diverse physical systems, including
mechanical systems. This is illustrated on Fig. 4 as an indicator for
the visualization capacities of Maple.

|
Fig. 4. Virtual commissioning with MapleSim and B&R Automation Studio

MapleSim has libraries with mechanical elements, for example
bodies and joints. But these elements are idealized — the bodies are
right and non-deformable, and the joints are without energy loses or
with linear energy loses model. So, this is suitable for engineering
tasks, but is insufficient for scientific investigations. In these cases,
the systems ABAQUS or ANSYS are usually used [11, 15, 16, 18].

1.4. Conclusions

It can be concluded that, the software systems MATLAB,
Wolfram Mathematics, and Maple have approximately equal three-
dimensional plotting capabilities. The difference is that the system
Wolfram Mathematics can be labeled as more mathematic
scientists orientated, than the MATLAB, which is more suitable for
machine engineers and scientists. Also, while other programing
languages usually work with numbers one at a time, MATLAB
operates on whole matrices and arrays. Along with that MATLAB is
one of the best choices when optimization needs to be done [1].

For the reasons described above, the MATLAB was chosen
for the purposes of this investigation.

2. Description of the developed software

To interpolate and visualize the calculated in [8, 9] data, a
software in the integrated working environment of the system
MATLARB is developed. This gives two new abilities, as follows:

= An ability to directly signify the relations between three
parameters (or even between four parameters, if the color
in set as independent indicator);

An ability to render relations in uninterrupted three-
dimensional space (or even in four-dimensional space, if
the color in set as independent indicator).
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A generalized flow-chart of the developed software is presented
on Fig. 5. It follows a description of each step of the flow-chart.

Step 1
Loading the data from DB:i, m, 1, T,

A

Step 2

Plotting the data points

v
Step 3
Interpolating the data points
to obtain a 3D surface

v
Step 4

Plotting the 3D surface over the already
plotted in step 2 data points

L

Step 5
Plotting a plane colormap graph

Fig. 5. A flow-chart of the the developed software

Step 1: Loading the input data. The input data is structured as
a table with colons for: gears module m, transmission ratio i,
coefficient of the efficiency 7, and output torque T,. The data can
be loaded from plain text files, binary MATLAB files (*.mat) or
from Excel datasheets.

Step 2: Plotting the data points. On this step, the software
visualizes 3D coordinate system, label the axis with corresponding
notations, set the axis limits and increment, and visualize
appropriate grid. Then, the data points are plotted as solid red points
— Fig. 6.
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Fig. 6. A 3D plot of the data points loaded

Step 3: Interpolate the data points. The function interp3 of
the system MATLAB is used. The function syntactic is:

Vq =interp3(X, Y, Z,V, Xq, Yq, Zq),

where: Vq contains the interpolated values of a function of three
variables at specific query points using linear interpolation. The
results always pass through the original sampling of the function;

X, 'Y, and Z contains the coordinates of the sample points;

V contains the corresponding function values at each
sample point;

Xq, Yq, and Zq contains the coordinates of the query points.
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Step 4: Plotting the 3D surface. On this step, the surface
obtained is superimposed on the data points plotted in Step 2. Also,
a legend is visualized - Fig. 7.

Center distance a = 50 mm, Rotation speed n, = 1000 min't
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Fig. 7. Efficiency coefficient in relation from ratio and module

Step 5: Plotting a plane colormap graph. On this step, a new
figure is plotted — Fig. 8. It is a plane graph — the efficiency
coefficient values are indicated with a color map starting from dark
blue and ending with dark red color.

Center distance a = 50 mm, Rotation speed n, = 1000 min’t
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Fig. 8. Color map representation

In combination with computer-aided design software, the
software developed gives an ability the investigation to be
continued with development of an automatized optimization and
design system. This can be done in the integrated working
environment of the software systems MATLAB and SolidWorks.

MATLAB also provides some frequently used minor
capabilities, for example: saving the graphs created to image files,
save the numerical results in plain text format or binary format files,
export the results to MS Excel software, etc.

3. Results

The graphical visualizations obtained with the software created
are presented and analyzed completely in [17]. In this paper,
selected results are presented on the following figs. On Fig. 9 is
shown a surface with a data point lower than other points in the
plane interpolated surface. That is in the top left corner, i.e., in the
area with higher values of the efficiency coefficient. From Fig. 9, it
can be observed that the efficiency coefficient increases with the
increase of the module and the decrease of the ratio.

The software system MATLAB gives the ability multiple three-
dimensional surfaces to be superimposed. On Fig. 10b are presented
two three-dimensional relations together for center distance a = 63
mm and rotation speed n, = 1500 min™t. With this approach, one
plot can represent the dependence of the efficiency coefficient from

the ratio and module, and at the same time from the ratio and output
torque. From Fig. 10, it can be observed that efficiency coefficient
grows with decreasing the output torque and the ratio.
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Fig. 9. Efficiency coefficient in relation from ratio and module for center
distance a = 100 mm and rotation speed n; = 1500 min™.
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Fig. 10. Efficiency coefficient for center distance a = 63 mm and
rotation speed n, = 1500 min™: a — efficiency coefficient in function of
ratio and torque; b — with superimposed surface of efficiency coefficient
in function of ratio and module.

4. Conclusions

The capabilities of the main software systems for computer-
aided mathematics are reviewed. In this work the author set out to
highlights the visualization capabilities of the leading systems for
computer-aided mathematics: MATLAB, Wolfram Mathematics,
and Maple.

It can be concluded that, the software systems MATLAB,
Wolfram Mathematics, and Maple have approximately equal three-
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dimensional plating capabilities. The difference is that the system
Wolfram Mathematics can be labeled as more mathematic
scientists orientated, than the MATLAB, which is more suitable for
machine engineers and scientists. MATLAB is a programming and
numeric computing platform used by millions of engineers and
scientists to analyze data, develop algorithms, and create models. It
combines a desktop environment tuned for iterative analysis and
design processes with a programming language that expresses
matrix and array mathematics directly. Also, MATLAB includes the
Live Editor for creating scripts that combine code, output, and
formatted text in an executable notebook. In this work the author set
out to highlights the visualization capabilities, so it is important that
the MATLAB provides built-in libraries for visualizations. The
built-in plots can be used to visualize engineering data, gain
insights, and identify underlying patterns and trends. One can
choose from the relevant plots presented, based on the selected data.
This lets the optimal visualization to be done.

For the reasons described above, the MATLAB was chosen for
the purposes of this study. Then, software for data interpolation and
three-dimensional visualization are developed. The software is
oriented to gear drives. Therefore, this investigation is continued in
[17], were visualization and analysis of worm gear drives efficiency
and load capacity are performed. This includes 3D graphical
representation of the efficiency coefficient and maximal torque
values for several combinations of modules, ratios, center distances,
etc. Also, in [17] important conclusions are made, for example that
the efficiency coefficient increases with the increase of the module
and the decrease of the ratio.
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Abstract: This study treats a study oriented to the basic synthesis of the conic convolute helicoid. On the base of the elaborated mathematical
model, the written equations show a theoretical possibility, depending on the basic geometrical characteristics of the designed conic
convolute worm, to generate the active flanks of the helical teeth as parts of these conical convolute helicoids. Analytical dependences of the
cross-section and the axial section of the conic convolute surfaces are obtained. These relations, as well as the performed studies of the
graphic images of these sections, precede the process of constructing the algorithms for computer synthesis and design of these conic helical
surfaces. The realized studies of the graphic images of these sections are the basis of the algorithms for computer synthesis and design of
these conical helical surfaces. The appearance of singular points on these surfaces is examined, which is of particular importance for their
technological synthesis. Based on the developed algorithm, a computer program for the synthesis and visualization of conic helical surfaces

is realized and illustrated.

Keywords: SPATIAL RACK DRIVES, CONIC LINEAR HELICOIDS, GEOMETRIC CHARACTERISTICS

1. Introduction

In the group of gear mechanisms, a certain significance for the
technique has spatial rack mechanisms, transforming motions of
type (R <> T) [1]. The reason for this is that, as a mechanical
system, this type of gear drives does not have an alternative for
cases of motions’ transformation with high power, as there are an
alternative for small power and displacements, which are electrical
drives with electronic control. Hydraulic transmissions represent a
definite alternative, but high-tech and expensive servo systems are
used to achieve high positioning accuracy.

The successful implementation of the spatial rack drives with
new kinematic and strength characteristics into the techniques is
retained by the insufficient studying of the general principles of this
transformation, due to the lack of offered specific approaches to
mathematical modeling, oriented to their synthesis.

The global structure of every mathematical model of the above-

considered type is determined by [1-3]:

e The designation of the three-link mechanism under the
preliminary defined law of motions transformation;

o the placement of the characteristic axes of the movable links and
the nature of the conjugation of the elements of high kinematic
joints (with a point or linear tangential contact);

o the technological devices, connected with the choice of the
geometry of the generating (instrumental) surfaces and the chosen
principle for generation by T. Olivier.

Further below, two ways of generation of the active tooth
surfaces X, of the gear rack (link I=2) of the studied
mechanism are marked [1 - 3]:

. 22 is generated by enveloping in accordance with the second
principle of T. Olivier; 22 is cut with an instrument J , which
generating (enveloping) surfaces % ; are geometrically identical
with the tooth surfaces Zl of the rotating link i=1, ie
2, =X, ; the cutting instrument J occupies the same relative

placement towards the blanks of the link i=2; the relative
motion of the instrument J towards the blank of the link | =2
is the same as it is of 21 towards 22 when there are work

mating. Hence, the generated surfaces 22 have a line contact

with 2.
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o 22 is a cylindrical surface, for which it is easy to determine the

analytical type of its normal section, which is the normal profile
of the tooth of the gear rack. When the orientation of the
longitudinal line of the tooth and the geometry of its normal

profile are known, then 22 can be generated by copying. In this

case also X, and X, contact ina line.

In the current study, the first approach to the synthesis of these
motions’ transformers is applied. This determines the importance of
the written here theory, which is referred to the synthesis of the

surfaces 2 ; =2, of the conic linear helicoids.

To realize a complete study of the conic convolute helical
surfaces are written analytical descriptions of their cross-sections
and axial sections. Other important characteristics of the
technological synthesis of the spatial rack drives are the conditions
for the appearance of singular points on the conic linear helical
surfaces. In the study, this topic is briefly explained.

2. Synthesis of Conic Linear Helical Surfaces

Generation of Conic Convolute Mechanisms. The helicoids
and especially the linear helicoids are widely applied as active tooth
surfaces of spatial transmissions with crossed axes, both in work
meshing and instrumental meshing conditions. Such choice of the
active tooth surfaces for these gears is determined by technological
manufacturing, especially when their synthesis is realized under the
second Oliver’s principle [1, 4 - 7]. In many cases (like the
manufacture of the cylindrical worm gear and Spiroid* and Helicon
gear-set), these surfaces are the only alternative.

On Fig. 1 is illustrated the generation of right-handed conic

convolute helicoids " (j=1, 2) determined by different
geometrical characteristics of the helical teeth (treads) of the
particular gear mechanism [8 - 10]. The process of helical surfaces’
generation is considered in a fixed coordinate system

() (oW ()
SR (OIS e

p

(6)]

b , Zéj)) and it is as follows. The generatrix

() which coincides with the

of Z(J) doesn’t cross the axis O'()j)Zp

geometric axis of the gear. Z(j) and O;j)zéj) conclude an angle

0,57 < f(j) < 7r. The line L9 belongs to a plane T, which

! Spiroid and Helicon are trademarks registered by the
Illinois Tool Works, Chicago, .
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is tangential to the directed circle cylinder C(J). The generation of

the conic convolute helicoid Zgj) by the line L(j) is realized by
two generatrix motions [2, 8, 11]: axial helical motion along the

) = const. :

longitudinal axis Oéj)zf)j) with parameter g

crossed helical motion in the plane Z(j) , perpendicular to the axis
O,()J)Zf)') with parameter pt“) = CONst. Here, it will be noted

that 251) is conic convolute helical surface, which is oriented to
D and Zgz) is the

the positive direction of the axis Of)l)zp ,
(2)5(2)
0,7z,

helicoid, turned along the negative direction of the

The vector equation of the conic convolute helical surface
Zgl), in accordance with Fig. 1, has the form [1, 2, 11]:

—) =) 6]
=r t +

=)
P 0 u

—~()
+S + ) (1)

where ;ij) is a radius-vector of a point N{j) that belongs to the
conic convolute helicoid Zgj) ; F(()j) - radius-vector of the directed
cylinder C(j); 9Dy coordinates of the helical surface
PR
t() — pt(j)lg(j)

s = pI 90 axial motion of the generatrix LY ;
- crossed displacement (tangential to the

directed cylinder C(j)) of the generatrix line L(j) .

)
4

o s
“()

Fig. 1 Conic convolute helicoids generation

When (1) is written in a coordinate system S éj) it is obtained:
x = rPcos 3 + Asin 3V,

y = rDsin 9P F Acos 9,

ZEJD — pgj)19(j) + u(j)COSé‘(j),

A= (u“)sinf“) _ pt(i)lg(J'))’

O]
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For equation systems (2) the upper signs and j =1 refer to the

251) ,and the lower and | = 2 refer to the 252)_

Substituting in (2)

(1) q(h
RO _ i _ P
and ?3)
it is obtained
XE)j) — ro(j)coslg(i) + Réi)sin g(j)sin 19(])’

() — n(DHagh) (i (0

z,)=p 73" £RcosS;
Equation (4) represents the conic convolute helical surface
Zg” as a cylindrical one with helical parameter p(” = const.

and coordinates g and Réj). (The point K(j) is the

accounting origin of coordinate Réj). CD and plane T are

contacting in this generatrix L17). The point K is considered
as a point from the directed helical line p” = p{”(9") on

the CD).

For the synthesis of the conic linear helicoids (conic convolute,
conic involute, and conic Archimedean) are written three computer
programs [1] with analogical (typified) structure and organization of
the calculated process. Here and further, it is illustrated the
application of these programs, when is realized computer synthesis
and visualization of the three types of conic linear helicoids (see
Fig. 2, Fig. 3, Fig. 4).

1
) 5
_ R ~ I
— 1
y Y 5 x

a) b)

Fig. 2 Spatial conic convolute gear: a) conic convolute right-
handed W =0 =95 " =0,90 mm;

u® €[0,10], 9 €[0,57]; b) TP = £® =125,
r? =119 mm; u® €[0,10], 3* €[0,57]

Conic involute helical surfaces generation. It is known [1, 2,
11] that each developable surface is a cylindrical one, conic one, or
a locus of the tangent lines to an arbitrary curve and vice versa -
each cylindrical, conic or a surface representing the locus of tangent
lines to a curve is a developable surface.

worm

The specific for each developable surface is, that the parameter
of distribution is equal to zero, i.e.

h) = p 4 reote =0,

or 5)
_ ()
cote® =P
r()
0
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After observing condition (5), equation (4) describes the conic
involute helicoid (Fig. 3), which is given in the form:

(5 _ (J) (J) (1) (1)
z)) =p VgV FRsingY,
) ) (J)Lg(j)
where Ré” =u(J) Mt _ p(l) _ p(J) F p(J)tanﬂéJ)

cosA
and ﬂéj) = f(j) —7[/2 is a spiral angle [1, 11] for the directed

helical line on the cylinder CY In this case, the cylinder c
is called a basic cylinder.

b)

Fig. 3 Spatial conic involute mechanism: a) conic involute right-
handed 251) = f(l) =095", ro(z) =18,40 mm;

u® e[-5,15], 9® €[0,57]; b) TP = £@ =125,
2 =2,84 mm; u® €[-5,15], 9 €[0,57]

Conic Archimedean helical surfaces generation. The conic

worm

Archimedean helicoid is obtained when the generatrix L(” (see

() e when ro“) =0.

Fig. 4) crosses the axis O'()j) Z,

Then from (2), it is obtained:

() — () g) (6] 6]
z,” =p;"F’ turcosS.
Z(I) l z(li ]
zZ —— zZ
CP-‘ D
[ 1
y % a) ¥ % b)
Fig. 4 Spatial conic Archimedean mechanism: a) conic
Archimedean  right-handed  worm XV = &M =05
1) 1 . (2) (2) _ °
u” €[6,10], 9 €[0,57]; b X7 = & =125,

u® e[6,10], 9® €[0,57]

The curvilinear coordinate 9 in (7) represents the angle on
which rotates the normal vector ro“) to the axial plane (determined
by L 0z{).
9 =90 1+ 7/2 the angle, that the plane ( L(j),Oéj)Zéj))

concludes with the plane (Oéj)xéj)zf)j)), then the equation
systems (7) turn into:

the and If it is noted with

112

x{" = F[Blcos 9?,

y$) = F[B]sin &,

20 = (9 — 7/2) +uPcosE,
uPsing® — p(9D — 7/2),

3. Basic Geometric Characteristics of the Conic
Convolute Surface

®)

B=

Parameter of Distribution. It is known [6, 11, 12] that the main
characteristic of surfaces with rectilinear generatrices is their
parameter of the distribution. When surfaces of such type are
generated, the rectilinear generatrix passes from its initial position
to an infinitely closed vicinal position, rotating at an angle and
displacing at some distance. These two quantities are infinitely
small, but their ratio has its limits, which is titled a parameter of the
distribution.

Following Fig. 5 the transition of the rectilinear generatrix
L(j), (which is characterized by the parameter 4), in a position
L', characterized by infinitely closed value 3+ A&, then it
rotates to an angle A@ and deviates from its initial position to a

distance AA=MM . As has been already mentioned, these
values are infinitely small, and their ratio tends to a certain limit,
which is called a parameter of distribution [12]:

h= lim 24

A9—0 A¢ ®)

I

g0 —
9

il
p+AP

P©)
0

Fig. 5 Transition of the generatrix L into an infinitely close position L

To determine the distribution parameter Z(J) of the conic

convolute helical surface Zgj) , the vector equation (1) is presented
of the type [2]:

) = g gDy 4 R,

where p01>_p(1)(9(1)){ YO0

(10)

} is an equation of a

directed helical line on the directed cylinder C(J);
Z{”,){é”,;{é” - projection of the vector pO(J) in the

coordinate system S, SO {|1(J), |2(J), |§J)} - directed unit vector

of the generatrix line £V 1150 18D - projections of R

in the coordinate system Sé] ) .

For the case illustrated in Fig. 1, it is written:
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2 = rlgos 9D, ) — (Wsin gh,
() — ) g

ZS - p 19 ’

11V = +singWsin g,

15 = tcos&?,

. o G
19V =FsingWeos 3V,

Then, applying (9), as it is shown in [6, 12], for the studied
conic convolute helical surface it can be written:

le(j) |l(i) d|1(j)
dzél) |§l) dléj)

d){éj) |§i) d|3(j)

ht) = : . (12)
(A7) + (dI)” + (ISP
For Z(j) from (12) it is obtained the following:

Cross section of the conic convolute helicoid
The equation of the illustrated in Fig. 1 conic convolute helical
surfaces with the plane Of.,”x(p”yé”, i.e. when Zf)’) =0, has
the following parametric form:
JZ

In Cartesian coordinates, the cross-section of the convolute
helicoids E{”, when z{)’ =C{V =const. , is described with
P
the following system of equations:
(1)

p(J')lg(J')

_— 14

o= [ |

_ i i . .’ 5
c®

— (H| 2 N |z ph

C =[tang®”| ——p{" ¥ pl”]

Equations (15) are written in the form:

Xéj) — I’O(j)COSS(j) +bW9Wsin 19(j),
o . (16)

(N
where b =tang( _19?;'3 - s(’) F pt“).

The essence of the cross-section of the conic convolute helicoid
can be clarified by introducing circular vector functions [4, 6]

|_(j) =|_(j)(19(j)) and g“) =g(j’(9(j)), for which the
condition is fulfilled:

|_(J') — i_éj)COSB(j) + L()j)Sin 19(1'),

i () () T(i - a7

g
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Since dl_(j)/d19(j) = gD (I then the direction of the
vector g‘” (9“)) is determined by the counterclockwise rotation

viewed from the positive direction of the axis O(pj)Zf)” and it is
tangent to the directed circle (determined by the directed cylinder

C(j)). By using I’p(j) =x§)")i_é” +yf)")]f)”, for the cross-

section of the conic convolute surface Zgj) (following equations
(16)) it can be written:

I:p(j) — rO(J')|_(J')(3(]))_b(i)8(1)g(i) (9(1’))_ (18)

Let the cross-section of Zgj) in the coordinate plane
Oé”x(p”y'g” is illustrated, i.e. for the case C§j) =0, when
P
) (6]
po—— P2 o
cot&"

The above condition and the vector equality (18), determine the
type of the cross-section of the studied conic convolute helicoids

Zgj) , shown correspondingly in Fig. 6 [11].

trace of C
trace of C"”

Fig. 6 Cross-section of the conic convolute helicoids Zgj) of | type:

CS () line of the cross-section of the Zgj)

Axial section and axial angle of Z§j). The equation of the

axial section is obtained after the substitution of yéj) =0 in():

()
() —_To
P ()
cos 4
() — _ () () (i)
2, =—pconv($", k"),

(19)

_ (D) _
k= -2 cot? >0,
p )]

The analytical type (19) of the axial section of the helicoid
described by system (2) corresponds to its special geometry of a
conic convolute helical surface, which is generated according to
Fig. 1.

where
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(i) s al) (i (0 2 q(i) Considering (20), the condition (26) is satisfied, if
W singD G2y g kP -cost9 cos* 9P (1—kD +sin>9D) =0, ie. wh
d9 ° cos?g?’ dgW? cos®9» — e when
dzW (D 2 (i) . ) - : T
LI p(') K COS(_)‘g (20) 9 = +arcsinV k) —1 | gD #22 ] e
i i i j
dx;, I sin g
d?z{) P cos®9P(1-kD +sin29D) If the condition 9V =+7/2 is fulfilled, the inflection
dx(j)2 - (r(J))Z sin 39(j) ) points of the curves of the axial section go into & 00 . If condition
p 0 (27) is satisfied, these points will exist for
. . . () - . .
Since the axial section of 21 , in the most common case, is 1<k® <2 (28)

. . . (1)
asymmetric, the study is carried out for 6[0,72'/2) and The form of the curves of the axial section of the conic

2 .
19( ) € (— 72'/2,0]- convolute helicoid Zg') is analyzed both for the case defined by
. . - . condition (28).
when 99 =0, Xé” = ro“’ and Zf)') =0, this point _
Case k) = 72'/2. According to (27) and (28), in this case,
i (0 there will be inflection points on the curves of the axial section that
. + ; ) )
varies from 0 to +7/2, X, grows from Iy to +00, and corresponds to 9 = +arcsin /77[/2_1 (i=1, 2). 1t

Zéj) changes to & 00. Therefore, the graphics of the curves of the  follows from equality (25) that through the vertices of the curves

corresponds to the peak of the "axial section” curve. When 9w

axial section (19) have asymptotes of the form: delineating the axial section of Z(lj ) , their asymptotes go through.
; N (i ; This case of an axial section is illustrated in Fig. 7 [11].
200 = ADX() 1 B, 9.7 [11]

(D (D) 0) Ji
Z (X : 1
AY = lim (7 _ +cotEW, (21) Pl (R ]Y =2
XD e x) Y=arcsin
P 2
)]
BD = fim [z(” A(J)X(J)] +p % p S
X oo 2 2p® !
Then the equations of the asymptotes of the curves, constituting | 1(,2)— U 9( 7)
the axial section of Zgj) are of the form - OU) —
Tt r \ x9
g (1)
2p(2)
0
7
and for J =1 the upper signs are valid, and for j =2 - the x(])_ 7
lowers ones. L cost

9—-arcsm(7 '])

Fig 7 Curves of the axial section of conic convolute helicoids

20’ =FtansWx{) + pV. z/2. (23) =V (j=1, 2) when kY =7/2

When the angle &) = f(j) — /2 is introduced (see Fig. 7
and Fig. 8), then the equation (22) takes the form:

The points of intersection of the asymptotes with the coordinate case 1<k < 7[/ 2 . Applying the above reasoning, it can

axis O(pj)zfjj) are determined from (23). Their applicate (z-axes)  €asily be seen that the curves of the axial section have the form

illustrated in Fig. 8.
are:

Each of the theoretical curves of the axial section of the conical

() — 6)) ; :
Zp =xp -”/2’ (24) convolute helicoid Zg’) , considered for the entire interval of 9t

The points of intersection of the asymptotes with the axis (i.e.  when 19“) 6[0,72'/2) and 19(j) e(— 7[/2,0],

(14 (1) ; " P . N
Op Xp have abscissas defined by equality: (j =1, 2)) is symmetrical to the axis O(’J’)Xg) and has a
(N 6] ; ;
() — p 3 — 7 (25) nodal point, at 9 = 191(1),which has the following coordinates:
p S IV U .
tano 9o
The inflecti i f th f th ial i b =
e inflection points of the curves of the axial section are P L) (i)’
obtained from the condition k sin ‘9 (30)
(N —
d2z0 z,” =0.
P =0. (26)
dx®
p
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4. Singular Contact Points on Conic Linear

() =2
z {
T (2)
o . 5
|
I
() I
+0 1 '
T I ()
(1) xp
2p2 ! o
) 2)
nr® b
2K J=d
(1) I,-(/)
T 0
”41)

Fig 8. Curves of the axial section of conic convolute helicoids Egj) when
1<kD <7/2

In the considered case, the asymptotes of the axial section
Zg') , defined by equations (22) and (23), cross the axis O(pJ)Xf)’)
at points defined by the expression (25).

From the comparison of (25) and (30), it follows that the
abscissas of the points of intersection of the curves of the axial

section of the conic convolute helicoid Zgj) (j=1, 2)withthe

axes O(pj)xgj) are smaller than those of the points of intersection

with the asymptotes with the same axis, due to the fact known from
mathematics that

W 19(j) E[-?Z'/Z,O) and
9D (0,7/2].

(1)

The axial angle O

in an arbitrary point of the axial section

of the studied conic helicoid is obtained from the equations system
(20):

_ dz(j)| () ) —COSZS(D|
Gy _|Yp | _ | P
tana, ™ = x| o GV
p 0 —Ccos° 9
- ) . o
J X i
p
Then
DB G )
_ p Werp cotg
oV = arctan P ’ 2

(2 _ ()2
s

After substitution of XE)D = ré” into (32), it is obtained the

axial angle of ZEJ) in a point in an arbitrary conic surface, coaxial

with the outer surface of the conic gear equipped with convolute
helical teeth of the studied type.

115

Helicoids

It is known [13, 14] that for the cases prevailing in
technological practice when generating cylindrical worms and
cylindrical worm cutters, whose tooth surfaces are linear helicoids,
knives are used as cutting tools, the cutting edges of which are
arranged in a certain way relative to the geometric axis (axis of
rotation) of the generated product.

The cutting edges of the knives represent the generatrix lines

) (j=1, 2) (Fig. 1) that generate the linear surfaces. This
technological approach is also applicable in the practical
implementation of conical linear helicoids [2].

Conic convolute helicoid. To prevent the phenomenon of
"undercutting” of the active tooth surfaces of gear transmissions and
instruments, representing parts of conic linear helicoids, during their
generation, it is necessary to define conditions for the appearance of
the ordinary points (points of undercutting) on them. As already

illustrated, the conic linear helicoids Zgj) (j=1, 2) (and in
particular the conic convolute helical surface) have the form:

=) _ =) () ql)
ol =p (U, F).
Then the normal vector ﬁl(j) at Zgj) (j=1, 2)inan

arbitrary point N is defined by

=) =)
A = op y op
au(l) 63(”
oo oo )
where apij) and agl(j) are vectors in point Nl(” from the
u

conic helical surface ZEJ), tangent to the coordinate lines

u” =constant and 3" = constant .

It is known [12], that point N () from Zgj) is singular (node),

if in it a normal vector ﬁl(j) cannot be defined, i.e. the following

condition is fulfilled:
n” =0. (34)

Then from (2), for the projections of the normal vector ﬁl(j) in the
coordinate system Sr()j) can be written:
ni} =Fh"singcos 9" — Deosg Vsin 97,
n{y"y)p =FhWsin£Wsin 99 + DeoséWcos 97,

(N = Peijn £
n;, =Dsing™".
D= (u“)sing“) _ p(i)g(i))

t

From (35) it can be seen, that condition (34) is never satisfied

(35)

for the conic convolute helicoid, since h 0 . This means that
the conic convolute helicoid consists of only non-singular points.

5. Conclusion
Basic analytical and geometrical synthesis of conic convolute

helicoids is realized. The obtained equations show a theoretical
possibility, depending on the basic geometrical characteristics of the
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designed conic convolute worm, to generate the active surfaces of
its helical teeth as parts of the intended pairs of conic convolute
helicoids. In this study are shown the analytical dependences of the
cross-section and the axial section, which are important for the
synthesis of the conic helical surfaces. On the base of the realized
studies, is created a computer program, for illustrations of these
helicoids. The illustrated, in this work, equations of conic helicoids,
as well as the analytical descriptions of their cross-sections and
axial sections, are important geometric characteristics of the active
tooth surfaces of conic worms or conic hobs. They are related to the
technological synthesis of gear mechanisms with the application of
these new types of helical surfaces operating in the condition of
working and/or instrumental meshing. The notes made about the
appearance of undercutting cutting points on these surfaces, with
the chosen generation approach, are also particularly essential for
their technological synthesis.
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Abstract: The goal of the present study is to evaluate the elastic properties (Young's modulus) of erythrocytes from healthy donors and
patients with type 2 diabetes mellitus (T2DM), by using an atomic force microscope (AFM). Morphological and mechanical characteristics
of red blood cells are studied in parallel by PeakForce QNM (Quantitative NanoMechanical Mapping) mode of AFM Dimensional ICON
Bruker NanoScope V9 Instrument. Young's modulus is calculated based on the mathematical model of Johnson-Kendall-Roberts by the
application of the "two-point method". AFM images of the erythrocytes from the healthy donors show that erythrocytes with a normal
biconcave shape predominate. In patients with T2DM, the so-called erythrocyte polymorphism is studied. The Young's modulus of
erythrocytes, in patients with T2DM, significantly statistically increases by 27% (p<0,001), compared to the data of healthy donors. The
studied Young's modulus by AFM can be used in clinical practice as a precise biomarker for the state of the red blood cells in T2DM.

Keywords: YOUNG'S MODULUS, JOHNSON-KENDALL-ROBERTS MATHEMATICAL MODEL, ATOMIC FORCE MICROSCOPE,
TYPE 2 DIABETES MELLITUS, ERYTHOCYTES (RED BLOOD CELLS, RBCs)

1. Introduction

An elastic modulus (Young’s modulus) is the stress divided by
the corresponding strain, with greater values indicating the
decreased deformability of a solid body [1, 2]. Young's modulus is a
mechanical constant that characterizes the elastic properties of the
material from which the solid body is made. It does not depend on
the dimensions of the body and is associated with "hardness” — the
rigidity of the solid body. The elastic properties of heterogeneous
objects, such as cells, can be evaluated by Young's modulus [1, 2].
Larger values of Young's modulus mean an increase in rigidity,
correspondingly a decrease in the elasticity (deformability) of the
cells [3, 4].

Atomic force microscopy (AFM) can be used to evaluate and
visualize the surface structure of cells [3, 4, 5]. One of its
applications is to measure changes in the red blood cells (RBCs,
erythrocytes), related to their deformability (Young's modulus), in
type 2 diabetes mellitus (T2DM) [6, 7]. The incensement of glucose
concentration in patients with T2DM results in a decrease of RBC
deformability, which can be associated with changes in the shape of
the erythrocytes [8]. The changes of morphological characteristics
(shape, cell sizes, surface roughness, etc.) and mechanical
parameters (Young's modulus, adhesion force, etc.) of erythrocytes
can result in microvascular complications (diabetic retino-, nephro-,
neuropathies, cardiovascular, neurovascular- and peripheral
vascular diseases) in T2DM [6, 7, 8, 9].

The main approach to study the mechanical properties of
objects by using AFM is a technique called (nano)indentation, i.e.
deformation of the sample (the cell), as a result of the action of
force with which the probe (top of the cantilever) of the atomic
force microscope presses the cell [10, 11]. The main source of
quantitative information about the mechanical characteristics of the
sample (cell) is obtained from the so-called force curves, which
show the dependence of the interaction force between the probe and
the sample, and the distance between them [10, 11]. The analysis of
these force curves allows the quantification of mechanical
parameters such as deformation, stiffness, Young's modulus, etc.
[10, 11, 12].

One of the main problems (tasks) in the accurate determination
of Young's modulus of cells using AFM is the choice of a
mathematical model for calculating the elastic modulus that will
describe well the contact between the soft cell and the hard probe of
AFM [10, 11, 12]. The most commonly used mathematical models
for calculating the elastic modulus of various materials [14, 15] are
the Hertz model, the Sneddon model, the Deryagin-Muller-Toporov
model (DMT), and the Johnson-Kendall-Roberts model (JKR).
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- In the Hertz and Sneddon models, the interactions between
perfectly elastic homogeneous bodies, that are axisymmetric and
smooth, are described. The adhesion forces between the probe tip
(with the spherical shape in Hertz's model; or the shape of a
cylinder, cone, or pyramid in Sneddon's model) and the sample (the
cell) are not taken into consideration in these models. The
mathematical models of Hertz and Sneddon are unsuitable for
calculating Young's modulus of cells, which are soft and delicate
objects — with a heterogeneous surface. Additionally, there are
significant adhesion forces between the cell and the probe tip [16,
17].

- In the DMT model is accepted that adhesion forces act outside
the contact area between the sample and the probe tip. This model is
suitable for studies on the contact of solid materials with weak
adhesion [10, 18].

- In the JKR model is accepted that adhesion forces act only in
the contact area; it gives more accurate results when sticky and soft
materials (such as blood cells), come into contact [19]. Therefore,
we accepted that the most correct mathematical model for
calculating Young's modulus of blood cells is the JKR model.

Determination of Young's modulus by the mathematical
model of Johnson-Kendall-Roberts using the “two-points method”

Using the JKR model, it is assumed that the tip of the AFM
probe and the sample (cell) are two elastic bodies. The AFM tip is
represented as a sphere, and the spring represents the cantilever of
the AFM (Fig. 1). When the AFM tip approaches a soft sample
(cell), the adhesive interaction can draw the tip into the sample, and
when the AFM tip retracts from a soft sample, the tip can pull and
deform the sample by adhesive interaction [20].

The deformation of the sample 4 is obtained from the distance
between the points where the external load P =0 and where the
external load P=F.q, (Fig. 1).

- The deformation of the sample 4 defines the amount of
deformation of the sample when it is pulled under the adhesive
interaction between the tip and the sample.

- Z is the retraction distance of the AFM’s piezoelectric
actuator, and D,q, is the deflection displacement of the AFM
cantilever during this procedure.

- The total retraction distance Z,q, of the AFM piezoelectric
actuator consists of the deflection displacement D.q, of the AFM
cantilever and the deformation of the sample 4 [20].
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Fig. 1. The AFM tip and sample are considered two elastic bodies. The
AFM tip is represented as a sphere, and the spring represents the AFM
cantilever. A) The sample is deformed by adhesion when the external load
P=0. (B) The sample is deformed by adhesion when the external load
PzFadh [20]

A typical force curve obtained by using AFM is presented in
Fig. 2 A. In a "contact point" of the force curve, the interaction
becomes attractive when the tip contacts the sample surface. Once
the tip touches the surface, the tip is pulled into the sample by the
adhesive interaction between the tip and the sample. This is shown
as the sharp decrease of the force on the AFM cantilever in the
extension part of the force curve in Fig. 2 A [19, 20].
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Fig. 2. AFM force plot: (A) A typical AFM force curve for the case of an
AFM tip interacting with a soft sample under adhesive interaction; (B) The
corresponding force vs. indentation plot. The forces on the AFM tip as it
approaches the surface are indicated by the dashed lines while the forces
upon retraction are shown by the solid lines. Point “0” is where the AFM
tip has zero external force, “1” is where the tip has a maximum external
force, “2” is where the tip has zero indentation in the sample, and “3” is
where the tip ruptures from the sample [20].

The force curve is converted to the corresponding force-
indentation plot in Fig. 2 B. There are some distinct points on the
force-indentation plot that correspond to the moments of interaction
between the tip and the sample surface. At point "0" (Fig. 2 B),
where the AFM tip is drawn in the sample surface due to adhesive
interaction, the stored elastic and surface energy are balanced and
zero external force acts on the AFM cantilever. The indentation
between the point where the tip begins to contact the sample surface
and point "0" is defined as adhesion-induced indentation. Point "1"
is the place where a maximum external force acts on the tip; point
"2" is the place where the tip has zero indentation in the sample; and
point "3" is where the tip ruptures from the sample (Fig. 2 B).
Points “0”, “1” and ‘“2” can be obtained directly from the force
curves, and point “3” can be predicted by the JKR model [19, 20].

From the relationships between indentation () - contact radius
(a), and between external force (P) - contact radius (a), Young's
modulus of samples can be determined by combining any two of the
points in the retraction part of the force curve, and this method is
called the "two-points method" [19, 20]. The indentation (J) and the
external force (P) are both functions of the contact radius (a),
interfacial energy (y12), and the sample elasticity (E), i.e.
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6=06(,7,5,E) and P=P(a, V12, E) - For every two points on
the force curve, there are four equations and four variables a;, a,,
y1pand E, where a; and a,, are the contact radii at two points on the
force curve. The indentation (5) and the external force (P) at each
point can be obtained directly from the force curve in Fig. 2 B [20].

According to the JKR model [16, 21], the contact radius (a) of
the contact area is obtained from the following equations:

R
a’ =E[P+37ZR712 +\/67ZRP712 +(3Ry,)* |
2
aé;:% @
St _z(aoj% ©)
R 3l a

where (P) is the external force, is the interfacial energy, a, is the
contact radius under zero external force, (J) is the sample

deformation, R=R/R,/(R, +R,) is the combined radius of the
two spheres with radii of R; and R,, K =4/37(k, +k,) is the

combined elastic coefficient, k; and k, are the elastic constants of
each sphere, as:

_ 2
K, = 1-v; @
=
1-v?
k, = 2 5
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where v, is the Poisson's ratio of the sample, v, is the Poisson's
ratio of the tip of the probe, E, is Young's modulus of the sample
(cell), and E, is Young's modulus of the material from which the
tip is made (E, >> E,) [20, 22].

For negative force, the spherical tip of the probe adheres to the
sample. The contact radius @, at the rupture point is obtained by:

8

34
The point “3” in Fig. 2 B for the JKR model then can be located
by using equation (6).

a, 0,634, (6)

Combining points “0” and “3”, it is obtained the following:

2
o = Ea 162P3 (7
3V K?R
And
° 3VK®R
By combining equations (7) and (8), it is written:
12
K = 1+16°8 P, 9)
3 R(50 _53)3

For the case when the modulus of elasticity of the tip
significantly exceeds that of the sample (E,>>E;), the modulus of
elasticity E of the sample (cell) is obtained from the equation:
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where v is the Poisson's ratio of the sample and K is the combined
elastic coefficient — equation (9) [20, 22].

E (10)

By combining points “0” and ‘2”, it can be obtained

analogically:
1
3 )2
53R

By combining points “0” and “1”, E can be obtained by solving
equations (1-3). First, a; and a; can be solved from (3), since
because a; and a; are known from the force curves; second, one
combines equations (1) and (2) and obtains:

JZ

|

The goal of the present study is to evaluate the elastic
properties (Young's modulus) of erythrocytes from healthy donors
and patients with type 2 diabetes mellitus, with the mathematical
model of the Johnson-Kendall-Roberts by the “two-points
method”, using an atomic force microscope.
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from which K can be written [20, 22].

2. Materials and Methods

Preparation of blood samples from healthy controls and
T2DM patients. Human blood samples are collected from
volunteers following the ethical principles of medical research —
Declaration of Helsinki, and all of them gave written informed
consent. Healthy donors (control group) are selected if they did not
have any chronic diseases, as non-smokers, females, who didn’t
take any hormone replacements or contraception, etc. Patients with
T2DM are diagnosed, according to the guidelines of the American
Diabetes Association (ADA) [23].

The in vitro experiments are realized with blood samples from
15 healthy individuals (average age 53 + 9,3 years) and 15 T2DM
patients (average age 61,8 £+ 7,7 years). Venous blood samples are
drawn by venipuncture and collected in 6 ml tubes with K,EDTA as
an anticoagulant.

Sample preparation for AFM. Erythrocytes are separated from
each blood sample from the healthy subjects and the diabetic
patients by a centrifugation method. The concentrated erythrocyte
suspension is washed twice with saline, as the hematocrit is
adjusted to 40%. From the obtained erythrocyte suspension, 3,5 ul
are taken and fixed with 700 pl 0,5% glutaraldehyde (GA) for 30
min, at room temperature. Fixed erythrocytes are washed twice with
saline and twice with distilled water, then plated on mica. The
samples are dried for about 1 day, and after that, they are examined
with AFM [24].

AFM imaging and measurements. The fixed erythrocytes are
examined by using the AFM Dimensional ICON Bruker NanoScope
V9 Instrument (AFM Bruker), which works in a PeakForce QNM
(Quantitative Nano-Mechanical Mapping) imaging mode. This is
one of the newest AFM modes of work, combining the advantages
of static (contact) and dynamic (periodic) modes of operation [15,
25]. This method is similar to the standard tapping mode of
scanning probe microscopy, where the probe and the sample are
brought together intermittently. It operates by controlling the
maximum force applied by the probe to the sample and allows a
rapid force—distance curve to be generated at every pixel [26]. The
force curves could be analyzed quantitatively to obtain a series of
specific characteristics on the map of each sample. High-quality
images of the relief (topography) and quantitative (nano)mechanical
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maps of the studied samples can be obtained in parallel, through
high-speed scanning, using the PeakForce QNM maode [27].

The cantilever’s deflection sensitivity, spring constant, and tip
radius are calibrated in advance. Morphological and mechanical
properties of red blood cells are studied simultaneously in
PeakForce QNM mode using silicon cantilever RFESP (a tip radius
of 8 nm, a resonance frequency of 75 kHz, and a spring constant of
3 N/m), at room temperature. The obtained images are analyzed
with the program NanoScope Analysis 1.9 (Bruker).

From every blood sample, three arbitrarily selected erythrocytes
are examined. The total number of erythrocytes studied in healthy
individuals is n'=45 cells, and the total number of studied
erythrocytes in T2DM patients is n'=45 cells. For every erythrocyte
from healthy individuals and diabetic ones, the following AFM
images are found: a 2D topography, a 3D topography, a cross-
sectional profile of the cell, and a map of Young's modulus.

Evaluation of the topography of erythrocytes is made by
determining the cell diameter d (horizontal distance
corresponding to the diameter of the cell is measured), and
roughness of the cell (based on three arbitrarily selected cross-
sectional profiles from the surface of each erythrocyte), by the
specific parameters [24, 28]:

- maximum height — R (difference in height between the
highest and lowest points on the cross-sectional profile relative to
the center line (not the roughness curve), over the length of the
profile);

- average roughness in ten points — R, (average difference in
height between the five highest peaks and five lowest valleys
relative to the center line over the length of the profile; in cases
where five pairs of peaks and valleys don’t exist, this is based on
fewer points.);

- average roughness — R, (average value of the roughness curve
relative to the center line).

The maps of the elastic modulus of red blood cells are compiled
according to the values of Young's modulus determined in each
nanoindentation point by calculation according to the Johnson-
Kendall-Roberts mathematical model by the “two-point method".
The Young's modulus of erythrocytes is presented as average values
obtained from the force curves — up to 2000 for each cell, of all
nanoindentation points entering an arbitrarily selected section of the
peripheral parts of each cell.

Statistical analysis. Data analysis is performed based on the
software packages Sigma Plot 11.0. All data are presented as
average = SD (standard deviation). The significance of differences
is evaluated using the t-test and the Mann-Whitney Rank Sum Test.
Differences are accepted as significant at p<0,05.

3. Results

AFM images of fixed erythrocytes from healthy donors show
that the red blood cells with a biconcave shape, so-called discocytes
or normocytes, are predominated in the samples (Fig. 3 A, B).

&)

Fig. 3. AFM Bruker images of erythrocytes with normal biconcave shape
(discocytes or normocytes), from a healthy donor: A) 2D topography; B) 3D
topography.

B)
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AFM images of fixed red blood cells from patients with T2DM
illustrate a change in the size (anisocytosis) and shape
(poikilocytosis):  the so-called erythrocyte  polymorphism.
Erythrocytes with pathological changes in the shape, so-called
poikilocytes, are observed as follows:

- spherocyte — erythrocyte, which has lost its double concave
shape and turned into a spherical cell (Fig. 4 A, B);

- echinocyte — erythrocyte with many small, evenly spaced
needle-like outgrowths throughout the membrane (Fig. 4 C, D);

- knizocyte — an erythrocyte that is a triple concave (Fig. 4 E, F);

- elliptocyte (ovalocyte) — erythrocyte, which has acquired an
elliptical shape (with varying degrees of expression), etc.

A ©)

© ()

(E) F)

(G) H)

Fig. 4. AFM Bruker images of erythrocytes from T2DM patients:
A, C, E, G) 2D topography; B, D, F, H) 3D topography. A, B) spherocytes;
C, D) echinocyte; E, F) knizocyte; G, H) atypical form of an erythrocyte.

The diameter (d, um) of fixed erythrocytes from healthy
individuals is between 5,6 um and 6,7 wm. In T2DM patients it is
elevated and varies between 6,5 um and 7,5 um (Table 1; Fig. 5 A).
In the diabetic patients, the diameter of erythrocytes increases
statistically significantly by 14% (p<0,001) in comparison to the
data from healthy donors.

Table 1: Averages values and standard deviations of morphological
parameters and mechanical parameters of erythrocytes from control group
healthy individuals (n=15) and patients with T2DM (n=15). Note: d —
diameter; Rnax — maximum height; R, — average roughness in ten points; R, — average
roughness; E — Young's modulus; n — total number of examined persons from each

group; n* — total number of examined cells from each group; t-test: *** p<0,0035.
Control group Patients with T2DM
Parameter
n=15, n"=45 cells n=15, n"=45 cells
D, um 6,16+0,56 7,03£0,51%**
Rmax, um 1,42+0,21 1,74+0,24***
R, um 1,1+0,19 1,19+0,31
Raum 0,31+0,09 0,36+0,08
E, MPa 98,6+11,67 124,89+9 41 ***

The evaluation of the roughness (R, um) of each erythrocyte
(Fig. 6 A, C), is made by the profiles of three arbitrarily selected
cross-sectional lines from the topography image of each RBC. From
the cross-sectional profiles of the surface of erythrocytes in healthy
individuals, it is found that they have a typical morphology — a
double concave shape (Fig. 6 A, B), while in patients with diabetes,
the RBC surface has an abnormal shape (Fig. 6 C, D).
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Fig. 5. Average values and standard deviations of the morphological and
mechanical parameters of erythrocytes from control group healthy
individuals (n=15), and patients with T2DM (n=15): A) diameter — d;
B) Young's modulus — E; C) roughness, evaluated by the parameters:
maximum height — Rpa; average roughness in ten points — R,; average
roughness — R,

In patients with T2DM, the erythrocyte maximum height (Riax,
wum) statistically significantly increases by 23% (p<0,001), the
average roughness at ten points (R, um) increases by 8%, and the
average roughness (R, wum) increases by 16%, compared to the
control group of healthy individuals (Table 1; Fig. 5 C). Therefore,
the erythrocytes from diabetic patients are higher and their relief of
the surface, evaluated quantitatively by morphological parameters
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for roughness (Rmax, Rz Ra) is changed, in comparison with the
topography of erythrocytes in the control group of healthy objects.

B)

© (D)
Fig. 6. AFM Bruker images of: A) erythrocyte (discocyte) from a healthy
donor; C) erythrocyte (elliptocyte) from a T2DM patient.

A, C) 3D topography with three cross-sectional lines from the cell surface;
B, D) profiles of three cross-sectional lines from the cell topography.

For each of the RBCs studied (Fig. 7 A, D), corresponding

Young's modulus distribution maps (Fig. 7 B, D), have been
evaluated.
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Fig. 7. AFM Bruker images of: A, B) erythrocyte (discocyte) from a healthy
donor; D, E) erythrocyte (elliptocyte) from a T2DM patient. A, D) 2D
topography; B, E) Young's modulus distribution map of erythrocyte; C, F)
force curves of all nanoindentation points entering the arbitrarily peripheral
section of the erythrocyte membrane, which are used for calculation of the
average value of Young's modulus of erythrocyte.
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The values of the elastic modulus for every point of
nanoindentation from Young's modulus distribution map are
calculated according to the mathematical model of Johnson-
Kendall-Roberts, by the "two-point method". The average value of
Young's modulus of each RBC is determined for an arbitrary
peripheral section (with a rectangular shape), from the membrane of
the erythrocyte (Fig. 7 B, E). The force curves (Fig.7 C, F), of all
nanoindentation points (up to 2000 for each cell) entering the
arbitrary peripheral section of the erythrocyte membrane are used
for the calculation of the average values of Young's modulus of the
erythrocyte.

In patients with T2DM, the average value of Young's modulus
(E, MPa) of erythrocytes increases statistically significantly by 27%
(p=<0,001), in comparison with healthy individuals (Table 1, Fig. 5
B). These changes indicate the reduced deformability (increased
rigidity) of erythrocytes in T2DM patients, compared to RBC
deformability in healthy individuals.

The linear correlation analysis between the mechanical
parameter — Young's modulus (E, MPa), and morphological
parameter — maximum height (Rnay, um) of the erythrocytes in the
control group, doesn’t prove a correlation between them (Fig. 8 A).

R, 0 pum

®  Control group, n=15

p<0,001

60 80 100 120 160 180

E, MPa

(A)

140 200

30

2,04

R, um

5
02 ®  Patients with T2DM, n=15

—— p=0.05;r=0.455

0,0

120
E.MPa
(B)

Fig. 8. Linear correlation between Young's modulus (E, MPa), and
maximum height (Rmax, um) of erythrocytes, from: A) control group of
healthy individuals; B) patients with T2DM.
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A positive correlation between E and R of erythrocytes
(p=0,05; r=0,455) is demonstrated in patients with T2DM (Fig. 8
B). Therefore, in diabetic patients, the modulus of elasticity is
increased (the deformability of RBCs is decreased), in parallel with
the changes in the relief of the cells (the R Was increased).

4. Discussions

AFM can be considered as an informative technique that is used
for structural studies of erythrocytes, and to measure Young's
modulus indicating the elasticity (deformability) of cells. By
application of the AFM, the morphological and mechanical
characteristics of erythrocytes in healthy individuals and patients
with T2DM can be studied simultaneously. Significant differences
are found in the diameter, height, roughness, and Young's modulus
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of erythrocytes in T2DM patients, compared with the results in
healthy individuals.

In other studies [7, 24, 29, 30, 31, 32], conducted with atomic
force microscopes and simultaneous application of experimental
methods and mathematical models, different values of Young's
modulus for erythrocytes in healthy donors and diabetic patients
also were obtained.

The most commonly applied mathematical model for
calculating Young's modulus using AFM is the Hertz model [29, 31,
32, 33, 34]. Through this model in a study [29], the elastic modulus
of erythrocytes in diabetic patients (E=0,0143+0,0014 MPa) is
found to be higher, than E of healthy donors (E=0,0044+0,0006
MPa). According to Hertz's mathematical model, Young's modulus
of RBCs is calculated also in the study [30], in healthy donors
E=74,47+4,97 MPa, and in patients with T2DM E=102,75+4,78
MPa, and in research [31] - in healthy donors E=0,0083+0,0012
MPa, and in patients with T2DM, E =0,0153+0,0039 MPa. In the
publication [32], for the modulus of elasticity of erythrocytes
calculated by the Hertz model is found that £=85,8+11,9 MPa, for
the control group, and E=122+5,7 MPa — for diabetic patients.
According to Sneddon's mathematical model, in a study [34], it was
found that Young's modulus in healthy donors is E=0,0018+0,0002
MPa, and in diabetic patients, it is £=0,0025+0,0006 MPa.

From the maps of the elastic modulus of erythrocytes from
healthy donors and patients with T2DM (Fig. 7 B, E), was
established that the surface of the cells is heterogeneous — the
peripheral parts of the RBCs have lower Young's modulus, than
central parts. As a result of this, if Young's modulus is obtained
from Hertz's or Sneddon's mathematical models (which can only be
used for perfectly homogeneous bodies), then it will be incorrect.

In a study [7], it is established for the modulus of elasticity,
calculated according to the mathematical model of DMT, that for
the control group, it is E=46710+39210 MPa, and for the patients
with T2DM E=56483+64418 MPa. Erythrocytes are soft, “delicate”
objects, and the adhesion force between them and the tip of the
cantilever could be significant and cannot be neglected. Therefore,
Young's modulus values, which are obtained by the DMT model [7]
can be assumed also that are inaccurate because in this model the
adhesion forces act outside the contact area between the tip and
solid sample.

Until now, in the scientific literature, cannot be found studies in
which Young's modulus of erythrocytes is evaluated according to
the mathematical model of JKR. In our study, the results obtained
for the elastic modulus of the RBCs in healthy donors
E=98,6+11,67 MPa, and patients with T2DM E=124,89+9,41 MPa,
are calculated by the mathematical model of JKR by the "two-point
method".

For erythrocytes in healthy individuals or patients with T2DM,
the elastic modulus values were calculated by different
mathematical models [7, 24, 29, 30, 31, 32, 34] and differ greatly
from each other. To be able to compare Young's modulus values
evaluated in different studies, this modulus must be calculated by
one specific mathematical model, which could reflect most
precisely the experimental cell model. The mathematical model of
JKR describes more accurately the interaction between the cell and
the tip of the cantilever. Thus, it is more appropriate to determine
Young's modulus by this model. Therefore, we suppose that the
values of the elastic modulus of erythrocytes in healthy donors and
patients with T2DM obtained in our study are accurate.

The results obtained in our research (Table 1; Fig. 5 B), show
that elastic modulus of RBCs in diabetic patients statistically
significantly increases, when it is compared to the control group of
healthy individuals. The deformability of erythrocytes plays an
important role in their movement in blood vessels, oxygen transfer,
etc. A decrease in erythrocyte deformability leads to a reduction in
capillary blood flow and subsequent microvascular complications,
which are often observed in T2DM patients [9, 35, 36]. Changes in
erythrocyte deformability (decreased), increased diameter and their
increased ability to aggregate - associated with increased blood
viscosity, are closely connected with increased blood coagulation,
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causing the development of thrombosis in patients with T2DM [8,
24, 37].

Increased glycation of hemoglobin, altered cholesterol levels,
and oxidative stress in T2DM patients can lead to changes in RBC
morphology, and a formation of echinocytes and spherocytes with
impaired deformability [38, 39]. Changes in erythrocyte shape can
be used as an early biomarker of diabetic complications, allowing
better monitoring and treatment of diabetic patients [24, 40].

The simultaneous study of changes in cell morphology and
mechanical characteristics of RBCs is important to elucidate the
pathogenesis of vascular complications and especially of
thromboses in diabetic patients [24, 40]. The established positive
correlation between the elastic modulus and the roughness of
erythrocytes, found in this study (Fig. 8), can be used as biomarkers
in the clinical management of T2DM [6, 9, 24].

5. Conclusion

The morphological (diameter, height, roughness) and elastic
(Young's modulus) characteristics of erythrocytes have been studied
in parallel by AFM. The mathematical model of Johnson-Kendall-
Roberts was applied, as more suitable for calculating Young's
modulus of the cells. The values of the elastic modulus of
erythrocytes from healthy objects and patients with T2DM,
obtained using a model of JKR by the "two-point method", are the
most accurate. Significant differences are found in the diameter,
height, roughness, and Young's modulus of erythrocytes in T2DM
patients, compared with the results of healthy individuals. The
studied AFM morphological and mechanical characteristics of
erythrocytes can be considered as precise biomarkers for the state of
patients with T2DM. This is important for the diagnosis, prevention
and successful monitoring of treatment of the T2DM in the clinical
practice.
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Influence of the window profile on the final quality of the product
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Abstract The current product on the market offers a wide range of diverse profiles for producing windows that are made of different
materials, width and order of grills depending on the profile. Within the framework of this research the windows with same dimensions shall
be elaborated, those which are made of the same production capacity and use the same fittings but different types of PVC profiles. The aim is
to prove what kind of influence the used profile has over the final quality of the product. For this research, two groups and six subgroups
will be tested. In each subgroup, one tests five windows made of the same profile. The groups are divided according to the used fittings. The
testing of the quality shall be conducted in accordance with the European norms EN 1026:2016 (Windows and doors - Air permeability -
Test method), EN 1027:2016 (Windows and doors - Water tightness - Test method), EN 12211:2016 (Windows and doors - Resistance to
wind load - Test method).

Keywords: CONSTRUCTION CARPENTRY, WINDOW, AIR PERMEABILITY, WIND RESISTANCE, PVC PROFILES

The non-polyvinyl chloride as a material offers

possibilities for creating different window profiles in terms of the

The quality of one product is a characteristic worth being  dimensions and the order of the grills. This paper has the aim of
considered when it is proven that the same satisfies the needs for  researching how much the diversification of the profiles influences
which it is produced. Having in mind that the purpose of one  the final quality of the window. The quality will be elaborating on
window is to provide light and desirable ventilation of a room, and, the water tightness, air permeability as well as resistance to
at the same time, to protect the object from external influences such deformity on wind load.
as air permeability, water tightness and resistance to wind, we state
that the window is of a higher quality as much as it can guarantee 2. Materials and research metod
all these conditions. The window as a product is of complex content
from diverse materials and parts. As different parts of the window
we enlist the following below: Frame — the frame is a construction
of the jamb and the construction of the side jamb.

1. Introduction

The samples which are subject of the research are divided into
two groups. In each group there are six subgroups, each consisting
of five windows. All the samples’ dimensions are 800mm width and
1400 mm height. All the samples in the subgroup are made of the

Glass — the content of the construction that can be made of glass same production capacity and the same type of fittings and profile is
and glass packet. used for their making (Table 1). For all the samples in the

Hinge — design, window handle, window lockers which offer subgroups a different type of profile is used..
the sliding of the window, meaning, the possibility for its opening

. Table 1: Groups of the test samples
and closing.

Throughout the production of window parts, different types of
materials are used:

Frame — wood profiles from different types of wood, PVC
profiles, aluminum profiles, as well as a combination of these

Picture of the sample Profile of the sample

Subgroup

materials. Group 1
Glass — one glass (4mm, 6mm), glass packet out of two, three or Windows with dimensions 800/1400mm
four glasses with different combinations of glasses layered with Fitting AGB

different protective paints. REHAU GENEO
Fittings — metal, plastic, rubber. 5

(2]

Un-plasticized Poly Vinyl Chloride is relatively new to
the building industry as a material for windows and doors. UPVC is
based on poly vinyl chloride(PVC), one of the most versatile
polymers found. UPVC is prepared with a special formulation in
which different stabilizers and modifiers are added to poly vinyl
chloride to make rigid and suitable for use as window frames.
UPVC contains  poly vinyl chloride(PVC), calcium

Subgroup 1

ALPHACAN 70R

carbonate(CaCo3) and titanium dioxide (TiO2). PVC forms the
major constituent of blend composition. Unlike other polymer PVC
is heat sensitive and requires additives during processing. Hence the
properties of PVC can be increased through additives like light and
UV stabilizer, fillers, pigments and lubricants can be added during
the blending process. Titanium dioxide is an expensive pigment
used for imparting natural white color to the UPVC profile and
provide necessary UV stability for the product. Calcium carbonate
are fillers which are inorganic minerals as fine particles

(3]

Subgroup 2

homogenized in PVC blend. Usage of filler has effect on
mechanical property like tensile strength, elongation, impact
strength, shrinkage and cost. Production of UPVC involves a
complex extrusion process. Extrusion is a manufacturing process
where material is drawn through a die of required cross section. The
main advantage of extrusion process is that it can create very
complex sections and also can be used for brittle objects.
Additionally this process provide excellent surface finishes. UPVC
extrusion process can be recycled. UPVC has excellent insulation
properties resulting in high energy efficiency.(1)

(3]

Subgroup 3
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3.2. Results — water tightness

Class according to the EN 1027:2016 “Windows and doors -
- . s Water tightness - Test method” standard. [11]

Table.2: Subgroup 1 — water tightness

) = ot N Al 0 0 oK

ot A2 50 50 | 05:00 | 00:00 00:00 | OK

= - A3 100 100 | 05:00 | 00:00 00:00 | OK

. Ad 150 150 | 05:00 | 00:00 00:00 | OK

~ A5 200 201 | 05:00 | 00:00 00:00 | OK

. : e A6 250 250 | 05:00 | 00:00 00:00 | OK

A7 300 301 | 05:00 [ 00:00 00:00 | OK

Fig.8 Air permeability measures for subgroup 8 A8 450 449 05:00 00:00 00:00 OK
A9 600 601 | 05:00 | 00:00 00:44 | NOT OK
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Table.9: Subgroup 8 — water tightness

Table.3: Subgroup 2 — water tightness

class Pressure in Pa Time Water strance Observation || class Pressure in Pa Time Water strance Observation
Normal | Actual Dripping | Flowing Normal | Actual Dripping | Flowing
Al 0 0 15:00 00:00 00:00 OK Al 0 0 15:00 00:00 00:00 OK
A2 50 50 05:00 00:00 00:00 OK A2 50 50 05:00 00:00 00:00 OK
A3 100 100 05:00 00:00 00:00 OK A3 100 100 05:00 00:00 00:00 OK
Ad 150 149 05:00 00:00 00:00 OK Ad 150 151 05:00 00:00 00:00 OK
A5 200 201 05:00 00:00 00:00 OK A5 200 200 05:00 00:00 00:00 OK
A6 250 251 05:00 00:00 00:00 OK A6 250 250 05:00 00:00 00:00 OK
A7 300 300 05:00 00:00 01:25 NOT OK A7 300 300 05:00 00:00 00:00 OK
Table.4: Subgroup 3 — water tightness A8 450 450 05:00 00:00 00:00 OK
class Pressure in Pa Time Water strance Observation || A9 600 602 05:00 00:00 00:00 OK
Normal | Actual Dripping | Flowing
Al 0 0 15:00 00:00 00:00 OK Table.10: Subgroup 9 — water tightness
A2 50 50 05:00 00:00 00:00 OK class Pressure in Pa Time Water strance Observation
A3 100 100 | 05:00 | 00:00 00:00 | OK Normal | Actual Dripping | Flowing
Ad 150 148 | 05:00 00:00 00:00 | OK Al 0 0 15:00 00:00 00:00 | OK
A5 200 201 [ 05:00 | 00:00 00:00 | OK A2 50 50 05:00 | 00:00 00:00 | OK
A6 250 251 | 05:00 | 00:00 00:00 | OK A3 100 100 | 05:00 | 00:00 00:00 | OK
A7 300 300 | 05:00 00:00 00:14 | NOT OK Ad 150 152 | 05:00 00:00 00:00 | OK
A5 200 200 05:00 00:00 00:00 OK
Table.5: Subgroup 4 — water tightness A6 250 250 05:00 00:00 00:00 OK
class Pressure in Pa Time Water strance Observation A7 300 302 05:00 00:00 00:00 OK
Normal | Actual Dripping | Flowing A8 450 452 05:00 00:00 04:28 NOT OK
Al 0 0 15:00 00:00 00:00 OK
A2 50 50 05:00 00:00 00:00 OK Table.11: Subgroup 10 — water tightness
A3 100 100 05:00 00:00 00:00 OK class Pressure in Pa Time Water strance Observation
Ad 150 149 | 05:00 | 00:00 00:00 | OK Normal | Actual Dripping | Flowing
A5 200 199 05:00 00:00 00:00 OK Al 0 0 15:00 00:00 00:00 OK
A6 250 249 | 05:00 | 00:00 00:00 | OK A2 50 50 05:00 | 00:00 00:00 | OK
A7 300 301 | 05:00 00:00 03:13 | NOT OK A3 100 100 | 05:00 00:00 00:00 | OK
A4 150 150 05:00 00:00 00:00 OK
Table.6: Subgroup 5 — water tightness A5 200 200 05:00 00:00 00:00 OK
class Pressure in Pa Time Water strance Observation A6 250 250 05:00 00:00 00:00 OK
Normal | Actual Dripping | Flowing A7 300 299 05:00 00:00 00:00 | OK
Al 0 -9 15:00 00:00 00:00 OK A8 450 450 05:00 00:00 00:00 OK
A2 50 50 05:00 00:00 00:00 OK A9 600 603 05:00 00:00 00:00 OK
A3 100 100 05:00 00:00 00:00 OK
A4 150 150 05:00 00:00 00:00 OK Table.12: Subgroup 11 — water tightness
A5 200 200 05:00 00:00 00:00 OK class Pressure in Pa Time Water strance Observation
A6 250 251 | 05:00 | 00:00 00:11 | NOT OK Normal | Actual Dripping | Flowing
Al 0 0 15:00 00:00 00:00 OK
Table.7: Subgroup 6 — water tightness A2 50 50 05:00 00:00 00:00 OK
class Pressure in Pa Time Water strance Observation A3 100 100 05:00 00:00 00:00 OK
Normal | Actual Dripping | Flowing A4 150 150 05:00 00:00 00:00 | OK
Al 0 0 15:00 00:00 00:00 OK A5 200 200 05:00 00:00 00:00 OK
A2 50 50 05:00 00:00 00:00 OK A6 250 250 05:00 00:00 00:00 OK
A3 100 100 05:00 00:00 00:00 OK A7 300 302 05:00 00:00 00:00 OK
Ad 150 150 05:00 00:00 00:00 OK A8 450 453 05:00 00:00 04:01 NOT OK
A5 200 200 05:00 00:00 00:00 OK
A6 250 251 05:00 00:00 00:00 OK Table.13: Subgroup 12 — water tightness
A7 300 300 05:00 00:00 00:00 oK class Pressure in Pa Time Water strance Observation
A8 450 451 | 05:00 | 00:00 00:00 | OK Normal | Actual Dripping | Flowing
A9 600 600 05:00 00:00 00:00 OK Al 0 0 15:00 00:00 00:00 OK
A2 50 50 05:00 00:00 00:00 OK
Table.8: Subgroup 7 — water tightness A3 100 100 05:00 00:00 00:00 OK
class Pressure in Pa Time Water strance Observation || A4 150 152 05:00 00:00 00:00 OK
Normal | Actual Dripping | Flowing A5 200 200 05:00 00:00 00:00 | OK
Al 0 0 15:00 00:00 00:00 OK A6 250 250 05:00 00:00 00:00 OK
A2 50 50 05:00 00:00 00:00 OK A7 300 301 05:00 00:00 00:00 OK
A3 100 100 05:00 00:00 00:00 OK A8 450 449 05:00 00:00 00:00 OK
Ad 150 150 05:00 00:00 00:00 OK A9 600 602 05:00 00:00 00:00 OK
A5 200 201 05:00 00:00 00:00 OK
A6 250 250 05:00 00:00 00:00 OK
A7 300 300 05:00 00:00 00:00 OK
A8 450 451 05:00 00:00 00:17 NOT OK
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3.3. Results — resistance to wind load

Class according to the EN 12211:2016 "Windows and doors -
Resistance to wind load - Test method" standard. [12]

Table.14: Maximum deflection to the classification at the base width

Class f (mm)

(a-c) 1250 mm
(a-c)/150 8.33
B | (ac)200 6.25
| (a-c)/300 4.67

Table.15: Results of the frontal deflection in mm section/pressure

— Subgroup 1
Pa 1(a) 2(b) 3(c) f (mm)
2000 Pa 0.64 3.11 0.37 2,60
0Pa 0.00 0.00 0.00 0.0
-2001 Pa 0.79 2.09 0.50 1.45
0Pa 0.03 0.02 0.00 0.01
Table.16: Results of the frontal deflection in mm section/pressure
— Subgroup 2
Pa 1(a) 2(b) 3(c) f (mm)
2001 Pa 0.46 5.41 0.95 4.71
0 Pa 0.01 0.04 0.01 0.03
-2003 Pa 0.29 5.31 0.76 4.79
0Pa 0.00 0.01 0.00 0.01

Table.17: Results of the frontal deflection in mm section/pressure

— Subgroup 3
Pa 1(a) 2(b) 3(c) f (mm)
1999 Pa 0.50 5.44 0.85 4,77
0Pa 0.01 0.04 0.01 0.03
-2001 Pa 0.27 5.38 0.72 4,89
0Pa 0.00 0.01 0.00 0.01
Table.18: Results of the frontal deflection in mm section/pressure
— Subgroup 4
Pa 1(a) 2(b) 3(c) f(mm)
2003 Pa 0.59 6.02 0.36 5,54
0 Pa 0.05 0.04 0.04 0.01
-2001 Pa 0.41 6.82 0.49
0Pa 0.02 0.00 0.00 \
Table.19: Results of the frontal deflection in mm section/pressure
— Subgroup 5
Pa 1(a) 2(b) 3(c) f (mm)
2003 Pa 0.54 0.85 0.36 0.40
0 Pa 0.10 0.07 0.05 0.01
-2000 Pa 0.53 0.85 0.50 0.34
0 Pa 0.00 0.00 0.00 0.00

Table.20: Results of the frontal deflection in mm section/pressure

— Subgroup 6
Pa 1(a) 2(b) 3(c) f (mm)
2007 Pa 0.58 5.17 0.68 4.54
0Pa 0.00 0.00 0.00 0.00
-2003 Pa 0.83 5.23 0.93 4.35
0Pa 0.00 0.00 0.00 0.00

Table.21: Results of the frontal deflection in mm section/pressure

— Subgroup 7
Pa 1(a) 2(b) 3(c) f(mm)
2005 Pa 0.51 6.06 0.42 5.60
0Pa 0.00 0.00 0.00 0.00
-2006 Pa 0.22 4.56 0.21 4.35
0Pa 0.00 0.00 0.00 0.00
Table.22: Results of the frontal deflection in mm section/pressure
— Subgroup 8
Pa 1(a) 2(b) 3(c) f (mm)
2001 Pa 2.54 2.89 0.60 1.29
0 Pa 0.00 0.00 0.00 0.00
-2004 Pa 1.21 1.45 0.37 0.66
0 Pa 0.00 0.00 0.00 0.00
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Table.23: Results of the frontal deflection in mm section/pressure

— Subgroup 9
Pa 1(a) 2(b) 3(c) f(mm)
2008 Pa 0.34 1.08 0.85 0.49
0Pa 0.00 0.00 0.00 0.00
-2005 Pa 0.16 0.72 0.45 0.42
0Pa 0.00 0.00 0.00 0.00

Table.24: Results of the frontal deflection in mm section/pressure
Subgroup 10

Pa 1(a) 2(b) 3(c) f (mm)
2010 Pa 0.68 1.60 0.58 0.97
0 Pa 0.00 0.00 0.00 0.00
-2012 Pa 0.38 0.79 041 0.40
0 Pa 0.00 0.00 0.00 0.00

Table.25: Results of the frontal deflection in mm section/pressure
Subgroup 11

Pa 1(a) 2(b) 3(c) f(mm)
2010 Pa 0.56 5.90 0.66 5.29
0Pa 0.05 0.06 0.04 0.02
-2012 Pa 1.00 4.57 0.96 3.59
0Pa 0.01 0.00 0.00 0.01
Table.26: Results of the frontal deflection in mm section/pressure
— Subgroup 12
Pa 1(a) 2(b) 3(c) f (mm)
2007 Pa 0.23 1.44 0.38 1,14
0Pa 0.00 0.00 0.00 0.00
-2008 Pa 0.14 0.85 0.35 0.61
0Pa 0.00 0.00 0.00 0.00
4. Conclusion

From the analyzed results and their comparison of the
individual samples, the following can be confirmed:

- The profile used for producing windows has a minimum
influence on the air permeability. The examined samples which
were made in the same production capacity, were divided into two
groups and six subgroups. Each subgroup had six samples. All the
samples of one group had the same fittings, but different type of
PVC profile. The samples of the subgroups are of same profile,
fittings and dimensions. The results given from the windows
slightly differed and they circulated in one class of sustainability of
the air permeability. The authors, in the form: initials of the first
names followed by last name (only the first letter capitalized with
full stops after the initials),

. - The profile used for producing windows has significant
influence over the water tightness. The examined samples which
were made in the same production capacity, were divided into two
groups and six subgroups. Each subgroup had six samples. All the
samples of one group had the same fittings, but different type of
PVC profile. From the analysed samples a greater water tightness is
shown at the windows made of the profile with greater dimensions
and bigger sagging of the jamb and side jamb.

- The profile used for production of windows has significant
influence over the deformities of the window itself. The examined
samples which were made in the same production capacity, were
divided into two groups and six subgroups. Each subgroup had six
samples. All the samples of one group had the same fittings, but
different type of PVC profile.The analysis of the results brought
conclusion that the windows are made of profile which is
strengthened with more steel making it more resistant to deformities
when hit by wind load.
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Robust Control With Fuzzy Based Neural Network For Robot Manipulators

Askin Mutlu
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Abstract: The utilization of robotic systems is prevalent in various industries, such as defence and automotive, and is commonly utilized in
industrial settings. The movements of these systems can be controlled through software programming, allowing for the manipulation of
objects and modification of trajectory as desired. However, it is important to exercise caution during these operations as improper
manipulation may result in undesired outcomes. As a result, the control of robotic systems has become a crucial aspect in modern industry.
The parameters of robotic systems are subject to change based on the loads they carry. Robust control is a method that adapts the control
system to accommodate these changes in parameters, thereby maintaining stability and performance. This control method allows for the
desired level of control to be maintained even in the presence of changing system parameters. In contrast to traditional robust control
methods, robust control utilizes variable parameters with a constant upper limit for parameter uncertainty. Control parameters are updated
over time using cosine and sine functions, however, determining appropriate values for these parameters can be challenging. To address this
issue, a neural network model utilizing fuzzy logic compensator is employed to continuously calculate the appropriate control parameter
values. The effectiveness of this proposed control method is demonstrated through graphical representation.

Keywords: Robot manipulators, neural network control, robust control, fuzzy logic, adaptive control.

1. Introduction were determined through the utilization of a neural network
trained using a fuzzy logic-based algorithm.
Previous research on the adaptive control for robot
manipulators has resulted in the development of parameter 2. Control Strategy

Building on these works, Spong [3] proposed a robust  gpsence of friction or other disturbance effects, can be
control law. However, this robust control law [3] is  represented mathematically as [3].

susceptible to chattering and large tracking error when there M(0)d + C(6,6)0 + G(0) =

is uncertainty in the system's parameters. To overcome this, (2.1)
it is essential to determine an appropriate upper uncertainty Y(6,6,0) =1
bound limit. T

Burkan and Askin [4] aimed to improve upon the The dynamic model of the n-joint manipulator in the

previously proposed robust control method by designing an  ahsence of friction or other disturbance effects can be
uncertainty estimation algorithm for the robust controller [3] represented by a constant p-dimensional vector of robot
algorlthm based on the '—Yap“”OV theory, thereby ensuring parameters (1), generalized coordinates (6), an n-dimensional
the stability of the uncertain system. The control parameters (0. of applied torques or forces (), an nxn symmetric

were then estimated using trigonometric funﬁtions such as  positive definite inertia matrix (M), an n-dimensional vector
Cosine and Sine. However, determining the appropriate ot~ contrineral and coriolis terms C(6,6)d, and an n-

values for these fixed control parameters is challenging. To ) ) .
overcome this, a fuzzy logic control based compensator was dimensional vector of gravitational terms (G(0)). The control
parameters are defined as

designed and the effects on the robot's tracking errors were
investigated. ~ . . ~ . L ~
’ 0=60-6,,60,=60,—N0;0=0-0.=0+A0 (2.2)
Fuzzy logic control has been studied extensively by

various researchers. Its advantages include the ability to The control law, based on the control parameters defined
handle uncertainty, time-varying and complex systems, and ~ in equation (2.2), is presented in reference [4].
the ability to incorporate the expertise of system control T :TO+Y(9,9',9'r,ér)(ul+u2) 23)
experts. Furthermore, it can be applied to non-linear and CN(0,6.6,,8) (7, +U, +u,)-Ko :

unknown mathematical model systems. Following the work PO A0 LT 2
of Zadeh [5] and Mamdani [6], many research groups have  \yhere u, and u, are supplementary control inputs that are
undertaken studies in this area. Fuzzy sets have found  jyplemented to enhance the robustness of the system against
application examples in a wide range of areas, from control  parametric uncertainty, allowing for improved stability and

systems to various estimation methods [7]. A fuzzy logic  performance of the control system in the face of changes in
controller can be implemented directly on a system [8] as e system's parameters.

well as to control its various parameters, with the goal of

enhancing the overall performance of the controller [9]. M(6)6 +C(8,0)c + Ko

Neural networks have been widely studied and applied in =Y(0,0,6,,6,)(m, —7) +u, +U,) + Ko ”
various fields, including control systems. They are =Y(6,6,0,,6)(% +u, +u,) +Ko (24)
particularly useful in applications where the dynamics of the ) _
system are complex or unknown, and traditional control The function (4% /a) cos(jaYTadt)sin(IaYTadt) is

methods may not be effective. Neural network controllers
(NNC) are designed to approximate the unknown dynamics
of the system and provide accurate control actions [10]. In
the present study, the coefficients of the robust control
system were treated as variables and their optimal values

employed as a parameter estimation law. In order to derive
the control law, a Lyapunov function candidate is defined as
follows
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V:EUTM(9)0+%§TBH~+%7F®2&; vso (25

where BeR™" is a positive diagonal matrix of size nxn, @ is
chosen as a pxp dimensional diagonal matrix that varies over
time.

The time derivative of V along the system (2.5) is

V:GTM(6)6+0T%|\'/I(9)U+67TB§ (2.6)
+7T 07 + 7T OD 7

As a result, the time derivative of the Lyapunov function is

written as.

V=-0"KG-0"ATKAD + Y (U, +u,)

2.7)
+o'Yri+o' YR
Control parameters are defined in Equation (2.6)
V=-0"KO-0"ATKAG+oTYu(t), +o Y7 (28)

The rest of the proof is given in [3].

The fuzzy logic controller implemented in this study has two
inputs (e;, e,) and two outputs (a,B). The inputs to the
controller are the orbital tracking error values for the first and
second manipulator (e;, e,), whereas the outputs are the
torque values to be applied to the joints. These torque values
are used to calculate the values of the controller's parameters,
a ([0.5;1.5]) and B ([1;15]) These parameters are then used to
adjust the system's dynamics and achieve the desired control
performance.

L L L
06 0.4 02 0
e

Figure 2.1 Membership function for tracking error of
first manipulator (Input value e; : [-0.8 ; 0.5])

1
023

04

Figure 2.2 Membership function for tracking error of second
manipulator (Input values e, : [-0.3 ; 0.7])
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Figure 2.4 Membership function of

Table 1: Rule table for fuzzy logic
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eld

eld
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ele

al
Bs
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Bs
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B2

al
Bs
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Bs

al

B5

a2

pa

al

pa

a3

B3

a3

ps

al

pa

a3

pa

a3

B3

al

p1

al

pa

al

Bs

a3

B3

a3

p1

Using (If ...
created.

and ... Then ...) structure of the rule table is

In this study, a defuzzification method known as Centroid
was employed to convert the fuzzy output of the fuzzy logic
controller into a crisp value. The values of the controller's
parameters, a and B, were then obtained and added to the
system to improve its control performance and reduce the
error found by the fuzzy logic controller.

Figure 2.5 Fuzzy Surface Model a(ey,e,)
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Figure 2.6 Fuzzy Surface Model S(e1,€,)

3. Neural Network Control

The efficacy of traditional control methodologies is
dependent upon the veracity of the dynamic model of the
system. However, the attainment of a precise mathematical
model for complex systems with multiple variables, such as
robotic manipulators, is often a challenging task. As a result,
model-based control approaches may be inadequate in
achieving the desired control performance and precision. To
address this issue, a model-free intelligent controller based
on fuzzy set theory, specifically fuzzy logic control, is
proposed as a solution. The fuzzy logic controller employs
appropriate linguistic fuzzy rules, derived from an operator's
control experience and a database, for decision-making
processes. These rules simulate human cognition through the
application of fuzzy logic and fuzzy set operations.

Despite the advantages of fuzzy logic control, it presents
inherent difficulties in implementation. Specifically, the
definition of membership functions for linguistic variables
exhibits a high degree of autonomy, and determining
appropriate functions through trial and error can be
laborious. Additionally, finding appropriate fuzzy logic
control rules can also prove difficult. As an alternative, a
neural network control strategy is proposed, as it possesses
the ability to learn and adapt to the system's characteristics.

This study utilizes a multilayer feedforward neural
network as the primary architecture due to its widespread use
and versatility in various applications. The backpropagation
learning algorithm is employed to adjust the weighting of the
network, allowing it to learn and adapt in a manner similar to
the neural networks of the human brain. The multilayer
feedforward neural network consists of multiple processing
elements connected through weighted data connections. The
strength of these connections is determined by the weighting
values. The activation value of each processing element is
calculated by summing the input signals, each multiplied by
their corresponding weighting values as described in
reference [10].

k _ k k-1
netj = Y W 0,

k _ k

0 = f(net)

where net/ is net input function, W is the weighting,
01 is the output, and f(*) activation function.

The training of the neural network utilizes the
backpropagation algorithm, which adjusts the weight values
in the network based on the discrepancy between the actual
output and the desired output. The performance of the
network is measured by an objective function, defined as the

(3.1)
(3.2)
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error between the actual output and the desired output. The
objective of the training process is to minimize this error
through adjustments of the weight values, thereby enabling
the network to adapt to and learn the characteristics of the
system. The object function defined as

1 2
E=-%,(64 —0)

The utilization of the steepest descent optimization
method for the modification of the weighting values in the
neural network, with the aim of minimizing the objective
function, allows for the determination of the correction value
for the weighting. It can be obtained

(3.3)

AW = psltok! 3.4)
JE
é}k - anet ¥ (35)

J

where p is learning rate parameter, so
k _ k k+lnk+l
8 = f(ney; )251 Toy”
l

The activation functions used for the neural network are a
linear function, f(x) = x, for the output layer and a sigmoid
function for the hidden layer. The linear function is chosen
for the output layer as it allows for direct computation of the
output, while the sigmoid function is used for the hidden
layer as it allows for non-linearity and differentiability,
which are important properties in neural networks.
1
fO) = 55

— @

A

(3.6)

Inverse Robust Control Robot Model

Kinematics

ap

Neural
Network
Control

j ry,ain,n._,

=

Fuzzy
Logic

Figure 3.1 Block diagram of the proposed neural network
based on fuzzy-robust controller.

In this study, as shown in Figure 3.1, alpha and beta
parameters of the robust controller were determined by a
neural network controller trained with fuzzy logic.
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Figure 3.2 Changing o. parameter with time
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The simulation was performed under the same conditions
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Figure 3.3 Changing B parameter with time

4. Simulation Results

To evaluate the effectiveness of the proposed control law,
it was applied to a two-linked manipulator system. The
performance of the controller was analyzed by monitoring
the system's response to various inputs and evaluating the

control performance metrics.
Figure 4.1 Two-Link Robot Arm [3,4].

Robot parameters are given as follows.

_ 2 2
m=ml S +ml+ 1

Ty = mzlcz2 +1,
my=mll, (“4.1)
my=mly
7w =m,l,
Ty =myl;,
M(6) = 7T, + 7, + 27,C08(6,) 7, + 7,C08(6,) (4.2)
7T, + 71,€08(6,) 7,
c(o, 0) _| % S_in(‘gz)éz 73 Sin(az)(él + 92) (4.3)
7, 8in(6,)6, 0
o [0+ ) cos(B) +9m,c056,+0)] (44
07,005(0,+0,)

To simulate the proposed control law, a specific trajectory
was chosen for each joint of the two-linked manipulator
system. The trajectory used in the simulation was 0.5cos
(0.5mt)-0.5.
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and using the same trajectory for both the proposed control
law and a comparison method. The results of the simulation
are presented in Figures 4.2-4.3, which compare the
performance of the proposed control law with the
comparison method.

25 3 5 5 25 3
Time(sec) Time(sec)

Figure 4.2 Tracking error for robust controller [3]

joint 1 42 10° joint 2

25 3 as 5 s s 5 2 25
Time(sec) Time(sec)

Figure 4.3 Tracking errors for robust control with
fuzzy based neural network

As depicted in Figure 4.3, the proposed control law
utilizing a neural network controller, was able to effectively
reduce the tracking error of the two-linked manipulator
system. The neural network controller, through the use of o
and B, adapts the system's dynamics in real-time by updating
the values of o and B as the simulation progresses. This
results in the selection of the most appropriate values of o
and P, leading to a reduction in the tracking error of the
system.

As a result of the proposed control law, a very small
tracking error was obtained for the two-linked manipulator
system. The performance of the proposed controller was
compared with a known robust controller, and the results are
presented in Figure 4.4. As can be seen from the figure, the
proposed controller provides superior performance when
compared to the known robust controller. The results show
that the proposed controller is able to achieve a much smaller
tracking error compared to the known robust controller.

joint joint 2

8 001

Figure 4.4 Comparison of orbital tracking errors

-0.005]

5
Time(sec)
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4, Conclusion

Computer simulations were conducted using the same
model and trajectory. The effect of control parameters, a and
B, on control performance were evaluated by keeping the
values of K and constant while varying o and 8. The results,
depicted in figures 4.2 and 4.3, indicate that the tracking
error of the robust control is substantial. In contrast, the
proposed adaptive control algorithm effectively reduces the
tracking error. It was observed that o and B values have a
significant impact on tracking error, however, these values
are fixed, making it difficult to select optimal values.
Furthermore, the tracking error may not always be improved
with these fixed values of o and . Therefore, the proposed
control algorithm was developed to enhance the control law.
As depicted in the figures, the tracking error is significantly
reduced through the implementation of the neural network
controller.
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Comparison of Energy Savings Measures in Plant Fruit Storage Facility

Giorgio Mustafaraj® Irida Markja, Klodian Dhoska
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Abstract: This research will analyse the utilization of photovoltaic plant in a fruit storage facility to produce electricity for running the
refrigerators to keep cool the fruit preservation in the Storage Facility. The building has two sets of refrigerators with a power of 18.2 kW
each. Firstly, the work analysis deals with the convenience of installing a Photovoltaic Plant to produce electricity for supplying the
refrigerators. Secondly, implementing energy efficiency measures such as adding a new layer of insulation to the walls has been analysed.
Result analysis shows that the return of investment by the installation of Photovoltaic plant is less convenient compared to that of a thermal
insulation layer on the interior sites. In conclusion, it has been decided to implement only thermal insulation as energy efficiency measures
to this facility where the saving is about 15% of electricity consumption per year. Given that the saving in one year is 3069kWh and the cost
of electricity is 0.09 EUR/kWHh, the savings in monetary value is 276 EUR /year.

Keywords: PHOTOVOLTAIC PLANT, ENERGY SAVINGS MEASURES, REFRIGERATOR, THERMAL INSULATION

1. Introduction

In Albania, final energy consumption in building sector is equal
to 30% percent of national consumption and the sector was
responsible for the use of 60% of electricity, as part of final energy
consumption. The service quality of electricity equipment is much
lower than the European Union average [1].

From the analysis made on the building, its architecture is composed
with sheet metal cladding and a layer of thermal insulation in the
middle. The building uses only electricity for running the cooling
system and other electrical equipment such as lighting. Figure 2.2
presents the cooling system, and this plant is composed by two
refrigerators with a power of 18.2kW each.

Albania is a part of the Energy Community Treaty, so it is
obliged to adopt EU legislation on energy efficiency. In April 2015,
the country transposed Directive 2006/32 / EC on Energy Efficiency
in End Users and Energy Services and Directive (ESD) 2010/30 /
EU on Energy Product Labels (Former Directive 92/75 / EEC). In
line with ESD, in 2018, the country should achieve energy saving
targets of up to 9% of the total amount of energy sold, compared to
2010. According to the ESD, Albania should save 1.5% of the
amount of energy each year sold compared to the period of the last
three years, using the mandatory scheme for enterprises, or other
alternative routes. Achieving these goals requires more ambitious
policy and investment efforts than ever before for energy efficiency
[2-4].

The main objective of this research work is the comparison of
energy savings measures in plant fruit storage facility in the city of
Korca (Albania). The project deals with the analysis of different
energy efficient measurements and ends with the selection of most 6000
suitable one such as the implementation of thermal insulation.

5000
2. General Description of Fruit Storage Building and a0
Electricity Consumption Analysis ‘
ISP DS

Figure 2.2 Cooling Plant
2.1 Electricity Consumption

The graphs in Figure 2.3 presents historical data on electricity
consumption for each month for the years 2018 and 2019.
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2.1 Architecture and Cooling Plant 2000

The Fruit Storage building is located in the city of Korca (see Fig. 1000
2.1). The building has the total area of A = 150 m% Building is 0

o
W

P

o Lo

composed only with one floor with the height of about 6 meter. The & o F

facility is mainly used for conserving apples.

Months Consumptions (kWh

- Oct-18 6497

3 Nov-18 6013

Dec-18 5057

Jan-19 3185

Feb-19 1090

Mar-19 190

Apr-19 113

May-19 10

Jun-19 43

Jul-19 55

& Aug-19 52
. Sep-19 289

Figure 2.1 Fruit Storage Building in Korce Oct-19 5057
MNov-19 6013

Figure 2.3 Electricity Consumption [kWh /month]
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3. Implementation of Energy Efficiency Measures

3.1 Implementation of Photovoltaic Panels for
Electricity Generation

The area that could be installed the photovoltaic panel is 300mZ.
From the technical sheet is given an average electricity production
of 3kW per 30m? panel surface. As a result for an area of 300m? it
can be generated 30kW of electricity.

= consumption kWh
= Pannels Production kWh

Figure 3.1 Electricity produced versus that consumed on monthly based

Figure 3.1 presents the electricity produced by the photovoltaic
plant versus that consumed monthly for one year. From Fig 3.1 it
can be shown that the photovoltaic panels can satisfy the electricity
required by the facility from March to September. Throughout the
remaining months, electricity produced by photovoltaic plants is
about only 5% of the required energy consumed.

3.2 Calculation of Thermal Transmission Coefficient
and Total Refrigeration Load

3.2.1 Existing Building

To analyze the thermal conductivities of the walls a software has
been utilized called Design Builder [5]. Figure 3.2 presents external
wall structure of the existing building. The wall is composed by
three layers such as: sheet metal with 100mm layer, thermal
insulation with 40mm thickness and 13mm aluminum layer. It has
been calculated that, the value of the equivalent is transmission
coefficient K = 0.760 [W/m? -K], while the total refrigeration load is
Et = 52.39 kW. It has to be noted by the result analysis shows that
the effect of the roof and floor on heat transfer is negligible
compared to that of the roof and the floor.

Outer surface

Inner surface

Figure 3.2 Exterior wall structure layers [5]

3.2.2 Improved Building

To further reduce the heat losses from the walls another insulation
layer has been added such as improve the properties of the
building in thermal with a thickness of 40mm. Figure 3.3 shows the
improved wall composed by four layers. Results analysis from the
software gives an equivalent heat transfer coefficient of 0.232
[kW/m? - K], which is smaller to that compared to the existing
building. Finally, total cooling load is Etm = 48 kW.
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Outer surface

Inner surface

Figure 3.3 Exterior wall structure - Improved building [5]

3.2.3 Summary Results

Figure 3.4 presents a comparison between implementation of
electricity generated by photovoltaic plant versus that by adding an
insulation layer. Result analysis shows that implementation of
Photovoltaic plant is less convenient compared to that by adding an
insulation layer. Electricity savings is about 15% from 141.36
[KWh/m? year] to 12258 [kWh/m? year]. Finally, the total
electricity consumed: E = 18100 kWh/year. The saving in one year
is 3069kWh/year. Given that the cost of electricity is 0.09
EUR/KWHh, the savings in monetary value is: 3069kWh/year *
0.09EUR/KWh = 276EUR/year.

o = &

= Consumption kWh
= Pannel Production kWh

Consumption after
implementation of
energy efficiency
measures kWh

Figure 3.4 Summary results

4. Conclusions

In this work research the facility is analyzed to identify what is the
most suitable energy efficiency measures to applied. The aim of
this work research is the comparison of energy savings measures in
plant fruit storage facility in the city of Korca (Albania).

The existing building has an electricity consumption of 141.36
[kWh / m? year]. Energy efficiency measures includes addition of a
thermal insulation layer and photovoltaic plants. Results analysis is
conducted by utilizing an energy software [5]. Results analysis
shows that adding thermal insulation layer is much more suitable
compared to that of photovoltaic plant. In conclusion, after
implementing thermal insulation layer the saving of about 15% of
electricity consumption per year. On yearly basis the saving
3069kWh and taking into account the cost of electricity 0.09 EUR/
kWh, the savings in monetary value is 276 EUR / year.

Finally, the methodology used in this research work can be used to
analyze energy saving opportunities to other types of buildings.
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Analysis of Different Energy Efficiency Technologies Based on Cost and Return of
Investment
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Abstract: Application of different retrofitting technologies can play a significant role in reducing energy consumption of existing buildings.
This research work analyses a building in Cork (Ireland) where underfloor heating system, and natural ventilation are used to maintain
comfort conditions. Underfloor heating system is the main electricity consumer of this building. Different energy efficient technologies were
implemented and analyzed in terms of reducing electricity consumption through an energy software. These technologies include replacing
illumination with high efficiency light; replacement of electric motos with high efficiency; introducing underfloor heating time scheduling
turning on and off based on predicted weather condition; installation of presence sensors to switch ON/OFF lighting. Finally, it was decided
to implement underfloor heating time scheduling as energy efficient technology to be analyzed because of limited budget available and high
return on investments provided by applying this method. Result analysis shows that electricity saving on bills was about 20% on monthly
basis compared to previous consumption.

Keywords: ENERGY EFFICIENCY, BUILDING RETROFITTING, UNDERFLOOR HEATING SYSTEM

1. Introduction

To reduce the pollution, in recent years were developed
advanced technologies to cut down energy consumption. In
European Union (EU) building consume for around 38% of overall
electricity. The EU built the Energy Efficiency Directive (EED) in
year 2012 which then was further improved throughout the coming
years. The aim of EED is to encourage the EU countries to reduce
energy consumption of buildings by developing new advanced
technologies [1].

The main objective of energy retrofit is to enhance energy efficiency
of building by improving for example building properties such as
envelope and/or heating ventilation and air conditioning (HVAC)
systems. Retrofitting existing building is necessary because HVAC
plants and other properties deteriorate with time, and an
improvement of these properties reduces energy consumption. Fig. 1 General overview of building model [6,7]

Griffith et. al. [2] analysed different retrofitting technologies for

energy savings opportunities. They consider both cost of investment Figure 2 gives the Heating Ventilation and Air Conditioning
of applying different retrofit technologies and the obtained energy (HVAC) plant that is present in the building. The majorities of the
savings. Results analysis showed around 40% energy savings. areas in the building (around 80% of the entire building areas) are
Chidiaca et al [3] used different retrofit methods on nine different ~ supplied by natural ventilation and underfloor heating. The
office buildings. They analysed the result related to energy savings remaining zones of the building that includes toilets, stores and
and return on investment for different weather condition. Mills et. clean rooms are supplied by five Air Handling Units (AHUs). Water
al. [4], demonstrated that by retrofitting different buildings produced to water heat pump system is used to heat up the water up to 350C,
an reduction of energy consumption by 16%. Aste and Pero [5] while a further increment of the temperature up to 380C is obtained
performed a research analysis in developing a retrofit approach. The by the heat exchanger that on the other side is flowing water coming
procedure is based on an iterative process that allows selecting the from the boiler. The water is then passed through underfloor heating
most suitable energy retrofit technology for a particular building. system. Finally, for more detail information about the architectural

Result analysis, shown a reduction of energy consumption by 40%. and system plants refer to Mustafaraj et. al. [6].

The aim of this research work is: firstly, analyzing different energy = s s ‘ A

retrofit technologies through an energy software called Design s 177 Lg ™
i :

Builder [7], and secondly selecting the most appropriate such as
underfloor heating time scheduling in terms of limited available
budget.

Finally, the outline of this research work includes: Section Il
presents an overview of the building architecture and heating
ventilation and air conditioning (HVAC) plants, Section Il
describes results analysis on different energy retrofit technologies,
and Section IV provides conclusions.

2. Overview of the Building Architecture and HVAC
Plants

The building under examination is part of University College of
Cork in Ireland. Is a three floor that contains offices and labs with a
tota}l area of 4500 n_12 . The floors are reinforced concret_e structure Fig. 2 Overview of HVAC plant [6]
which presents a high thermal mass. A general overview of the

building is presented in Figure 1.

Dan
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3. Analysis of Results

Past researchers such as Mustafaraj et al. [6] completed model
calibration. Present research work implemented a certain number of
energy retrofit technologies. The energy retrofit technologies
includes replacement with high efficiency lighting & occupancy
sensors, substituting old motors with high efficiency motors,
installation of variable speed drivers on water pump and high
efficiency air conditioning systems. Three energy retrofit
technologies were identified. The total cost savings were calculated
based on the average cost electricity in Ireland that was fixed at 0.18
€/kWhr.

Table 1 summarizes the energy retrofit recommendation obtained.
Replacement of lighting and motors with more efficient alternatives,
could provide potential cost savings of €3881 but would include an
implementation cost of €2736.

Table 4 Energy Retrofit Technologies: Summary of Savings and Costs.

L. . Implement )
Description of Energy| Potential ation Simple Energy | Demand
Retrofit Technologies | Savings Cost (€) Payback | Savings ]Reduction
(e/yn Period | whr/yn|  (w)
(yrs)
Process
Improvements
1. Time schedule
Heat Pump 290 0 Immediate| 5050 (1]
Modification
2. Replacement with
High Efficiency 1858 1146 0.6 10327 0.241
Lighting
3. Replacement with
High Efficiency 2023 1590 0.6 11240 1.757
Motors

Result analysis from Table 1 shows by applying “’Time schedule
heat pump modification”’ the initial cost of investments is almost
negligible, and the payback period is immediate. Because of limited
budget available, this energy retrofit technology was chosen to be
analyzed in more detail compared to the others through the present
research. Before the heat pump was turned “ON” and “OFF”
manually by a technician. Based on its experience and on weather
forecast the time that the heat pump was kept “ON” varied between
6 and 12 hours. Present research work discovered that is required
less time that varied between 4 to 8 hours to keep “ON” the heat
pump. This was done automatically based on the real thermal
behavior of the building. Figure 3 present a comparison between
model simulation and manual real measurements for monthly
electricity usage. Result analysis shows that electricity consumption
was reduced between 20% and 27% monthly.

6000

5000

m Simulation

4000

3000

2000 -

1000

Heat pump electricity consumption
[KWh)

Data (Month-year)

Fig. 3 Monthly comparison of electricity consumption between
manual (Measurement) and automatic control (Simulation by the
software [7]) of the heat pump

Finally, total electricity savings were calculated to be 5050
kWh/year (i.e. corresponding to a total savings of 290€/year). The
payback period is immediate because there is no cost on investment
for implementing this energy retrofit technology.

4. Conclusions

In this research work, three different types of energy retrofit
technologies were investigated. Firstly, the time schedule of the heat
pump was modified based on real thermal behavior of the building
where the potential energy saving was calculated to be 5050
kWhr/yr with a potential cost savings of €290. Secondly, the
proposed replacement of standard lighting with high efficiency
lighting incorporating luminosity sensors would deliver a potential
of €1858 which includes a simple payback period of 6 months. In
this scenario, the cost of implementation was calculated to be
€1146. Thirdly, the replace of standard motors with high efficiency
motors was estimated to result in potential cost savings of €2023. In
present work <>Time schedule heat pump modification’” was chosen
to be analyzed in more detail and implemented practically because
limited badged and immediate payback. Finally, result analysis
shows that electricity consumption by implementing “’Time
scheduling heat pump’> was reduced between 20% and 27%
monthly.
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Abstract: This paper presents the simulation and verification of programs created for the CNC Hitachi Seiki Seicos LIII lathe machine tool.
The main purpose of program simulation and verification is to ensure the quality and accuracy of the cutting process, which can
significantly improve production efficiency. In addition to defining the toolpath, simulation can perform linear and circular interpolation
according to specific programs based on G - codes. Therefore, all the motions of the moving parts of the real lathe machine tool can be
clearly visualized. The use of simulation is a good solution not only to precise the toolpath, but also verify the program and detect any
possible collision between cutting tools and mobile components, before loading the program into the lathe machine tool and starting cutting

processes.
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1. Introduction

Constant monitoring and control over the dimensions,
dimensional tolerances, and surface finish of the designed parts
during the manufacturing process provides increased process
efficiency and product durability.

Therefore, Computer Numerical Controlled (CNC) machine
tools have been widely implemented in the manufacturing industry
in the last few years for the reason that their reliability is greater
than that of conventional manufacturing machine tools. In order to
machine the part in a drawing by using CNC machine tools, it is
necessary to generate a series of instructions for activating those
CNC machine tools. This task is called CNC programming [1].

CNC programming is a term that refers to the methods for
generating the instructions that drive the CNC machine tool [2]. A
series of instructions to be performed by the CNC machine tool
compose a program of instructions. It consists of G — codes, also
known as geometric codes, that control the motion of the machine
tool. The standard format for a G — code command begins with "G"
and is followed by a two — digit number. These common G — code
instructions provide the geometric position of the moving parts of
the machine tool, which is generally determined by a coordinate
system, as an instrument for identifying the location of the moving
parts, moving them in a particular direction, and indicating their
precise position in 3D space. This programming language also
includes M — codes that control the CNC machine tool or its
functions (such as spindle rotation speed, cutting tool feed, cutting
tool change, coolant, etc.). M — codes are also written in
alphanumeric format, beginning with "M" and two digits following.

G — code, in the act of being a programming language, leads to
particular programs of instructions generated by Computer — Aided
Manufacturing (CAM) systems that use Computer — Aided Design
(CAD) information. These innovative manufacturing systems are
used to both design and manufacture products, and they
significantly improve the design and productivity of manufacturing
processes.

CAD refers to the implementation of computer technology for
design and design documentation. On the other side, CAM software
programs are used for generating tool paths and verifying program
correctness.

The purpose of CAM software programs is to design products
and arrange manufacturing processes, particularly CNC machining.
Extremely complex parts in large quantities, requiring complex
machining processes, are produced on CNC machine tools. Most
frequently, final parts and prototypes are machined using
CAD/CAM software programs. As a consequence, before being
applied to an actual CNC machine tool, these complex
manufacturing processes need to be thoroughly verified. For that
reason, one of the most well-known, practical, and helpful CAM
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software programs is the Computer Numeric Control (CNC)
Simulator.

The CNC Simulator is an application designed to predict the
behavior, performance, and outcome of certain manufacturing
processes based on simulation - driven design that has been defined
by Sellgren [10] as: “a design process where decisions related to the
behaviour and the performance of the design in all major phases of
the process are significantly supported by computer — based product
modelling and simulation”.

Simulation in manufacturing refers to a broad collection of
computer based applications to imitate the behavior of
manufacturing systems [2].  Numerous simulation software
programs have been developed to graphically verify the program of
instructions prior to running the part on the machine tool with an
actual workpiece. Because of the complexity of generating the
program of instruction, simulation software was developed to
identify programming errors prior to actual part production.
Additionally, it is much easier to edit the program of instruction at
this stage of development [3].

The information input to the program regarding the toolpath,
tool, material, and parameters specific to each are linked to the
geometry. This means that if any of the parameters for the parts
mentioned above are changed, the other related data can be
regenerated to take these changes into account without recreating
the entire operation [4].

2. Research

This research illustrates a simulation of part of the clutch hub
manufacturing process. It refers to a machining chip removal
process that can be performed on a CNC Hitachi Seiki Seicos LI
lathe machine tool.

Machining is one of the most important manufacturing
processes. Machining is a manufacturing process in which a sharp
cutting tool is used to cut away material to leave the desired part
shape. The predominant cutting action in machining involves shear
deformation of the work material to form a chip; as the chip is
removed, a new surface is exposed. Machining is most frequently
applied to shape metals [8].

Machining with chip removal includes methods in which the
design of workpieces is achieved by removing excess of materials

[9].

Machining is not just one process; it is a group of processes.
There are many kinds of machining operations, each of which is
capable of generating a certain part geometry and surface texture
The common feature is the use of a cutting tool to form a chip that
is removed from the workpart. [8].

In this research, the required machining operations to machine
the clutch hub on the mentioned CNC lathe machine tool are
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discussed. These are: and

chamfering.

turning, boring, drilling, facing,

In the turning process, the cutting tool is set at a certain depth of
cut (mm) and travels to the left with a certain velocity as the
workpiece rotates. The feed, or feed rate, is the distance the tool
travels horizontally per unit revolution of the workpiece (mm/rev).
This movement of the tool produces a chip, which moves up the
face of the tool [12].

Turning, boring and drilling generate cylindrical or more
complex surfaces of rotation. Facing, also carried out on a lathe,
generates a flat surface, normal to the axis of rotation, by feeding
the tool from the surface towards the center or outward from the
center. [11]

In order to analyze the cutting operations, accurate 2D drawings
have been created using a CAD system, i.e., AutoCAD software, for
the starting and final workpieces. The starting workpiece is a forged
clutch hub (Fig. 1b), and the final part is the machined clutch hub
(Fig. 1a).

| s

3951.32.33 \ FORGED CLUTCH HUB|  3951.32.33/K

b)

M

CLUTCH HUB

a)

Fig. 1 (a) Clutch hub, (b) Forged clutch hub

To precisely define the metal cutting processes performed on
this CNC lathe, these drawings are converted into simple 2D
models. In that way, the kind of metal cutting operation and final
geometry of the part in every phase of the manufacturing process
can be clearly explained. Depending on which side of the clutch hub
is machined, two phases are determined.

The first phase refers to the shorter side of the forged clutch hub
and is defined by four passes.

The first pass (Fig. 2a) is drilling, and the chosen cutting tool is
a straight - flute drill DS20 - D3400DM40 — 04 (Fig. 2b) that uses
indexable inserts, produced by SANDVIK Coromant.

b)

Fig. 2 (a) First pass, (b) Straight - flute drill that uses indexable inserts
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The second pass (Fig. 3a) is defined by two cutting operations:
turning and facing. The chosen cutting tool is a combination of the
PCLNR 2525M 12 shank tool (Fig. 3b) and the CNMG 12 04 08-
PM 4325 indexable insert (Fig. 3c), both produced by SANDVIK
Coromant.
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Fig. 3 (a) Second pass, (b) Shank tool, and (c) Indexable insert

The third pass (Fig. 4a) is defined by two cutting operations:
turning and facing. The chosen cutting tool is a combination of the
DDHNL 2525M 15 shank tool (Fig. 4c) and the DNMG 15 06 08-
KF 3225 indexable insert (Fig. 4b), both produced by SANDVIK
Coromant.
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Fig. 4 (a) Third pass, (b) Indexable insert, and (c) Shank tool

And the fourth pass (Fig. 5a) is defined just by one cutting
operation: chamfering. The chosen cutting tool is a combination of
the S25T-PTFNR16 16-W shank tool (Fig. 5b) and the TNMX 16
04 08-WF 1515 indexable insert (Fig. 5c), both produced by
SANDVIK Coromant.
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Fig. 5 (a) Fourth pass, (b) Shank tool, and (c) Indexable insert

The second phase refers to the longer side of the forged clutch
hub and is defined by three passes.

The first pass (Fig. 6a) is defined by two cutting operations:
turning and facing, and the chosen cutting tool is the same as in the
second pass in the previous phase (Fig. 3b, Fig. 3c).

The second pass (Fig. 6b) is defined by two cutting operations:
turning and facing, and the chosen cutting tool is the same as in the
third pass in the previous phase (Fig. 4b, Fig. 4c).
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And the third pass (Fig. 6c) is defined by two cutting

operations: chamfering and boring, and the chosen cutting tool is Linear and circular interpolation motions on the cutting tool
the same as in the fourth pass in the previous phase (Fig. 5b, Fig. oriented on the X and Z axes complete the third pass in the first
5¢). phase (Fig. 9).

pay @6&2 '11 - - MO Gt 63 OT |

77 E x‘%" & Tj

759,5

63,7

266,5
@5940.2
763402
D66:01

N

ki
#3571

¢ G50 8800;
H 7 G96 8800 M4;
| # GO0 X33. 210. ¥0.;

v 24.;
10 601 2-0.5 $0.2 M8;
xs3.;
1z co3 Xs6.8 2-2. R2.:
13 cor z-5s;
’ _’ 1¢ X70.5;
15603 X74.4 2-7. R2.;
o1 Z-21.3 PO.14;
7 x73.4;
e x76.;

15 [117 4303173 1020 10 w6 w0 s8i
307 3003
486 48403

a) b) <)

Fig. 6 (a) First pass, (b) Second pass, and (c) Third pass

Fig. 9 Simulation of the third pass
Additionally, for each cutting operation, a program of
instructions is created. In that way, two programs of instructions are The fourth pass in the first phase is finished with linear
created, and each one is simulated and verified by the CIMCO Edit movements of the cutting tool pointed in the X and Z axes (Fig. 10).
v6.1 software program. = s -

.3. Results and discussion

Considering the created programs of instructions, in the CIMCO
Edit v6.1 software program, the toolpath of the chosen cutting tool
is visualized for each of the passes, for every cutting operation. Fo
Each block of the program of instructions is provided in a clear
manner in accordance with a certain pass (or the complete phase).

The following pictures present a simulation of the toolpath ——— =
corresponding to the program of instructions created for the e
mentioned passes and phases, testing and verifying it in the process Fig. 10 Simulation of the fourth pass
of design and development.

Completing the four passes results in the realization of the first
hase (Fig. 11).

R

2 S&.-.,,,

A linear interpolation movement on the cutting tool using the Z-
axis as the direction of movement completes the first pass in the
first phase (Fig. 7).

7 cor xsn 7 v0.12; = = =

e z-1 #[ s e | Toal 1o o [ o 0
b — e — e —

L ¥ L

Ifig. 11 Simulation of the first phase
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Ifig. 7 Simulation of the first pass To complete the first pass in the second phase, the cutting tool
is moved along the X and Z axes in a linear and circular

The cutting tool is moved linearly and circularly interpolatively Interpolatlve motion (Flg 12).
along the X and Z axes to finish the second pass in the first phase p
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Igig. 12 Simulation of the first pass

iiig. 8 Simulation of the second pass
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The second pass in the second phase is finished with linear and
circular interpolation motions on the cutting tool oriented on the X
and Z axes (Fig. 13).
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Ifig. 13 Simulation of the second pass

The cutting tool is moved in a linear interpolative motion along
the X and Z axes to finish the third pass in the second phase (Fig.
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Ifig. 14 Simulation of the third pass

The realization of the second phase follows the completion of
the three passes (Fig. 15).
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Ii\ig. 15 Simulation of the second phase

4, Conclusion

In order to develop parts from design to end product with
acceptable  accuracy,  compatibility, = machinability, and
processability on a CNC machine tool, certain steps must be
followed. According to the reliable manufacturing method, the
target workpiece is first constructed using particular design
software. Then, a specific program of instructions based on G-code
is created.

After receiving the program of instructions in the CIMCO Edit
v6.1 software program, simulations of the toolpath are generated.
Actually, the program of instructions is tested and visualized in the
interest of its verification before being applied to the CNC lathe
machine tool. Through simulation and verification of the program
of instructions, every possible collision is predicted, detected, and
eliminated.
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The benefit of current and future usage and development of this
type of software is that they can rapidly examine various
manufacturing strategies without causing any disturbance, damage,
or waste. In addition, they are convenient for continuous analysis of
the manufacturing processes in order to optimize machining
operations, reducing cost and time while raising quality and
conserving materials.
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Abstract: The cell engineering is one of the most developing fields during the last decade needing specially fabricated polymer microfluidic
devices and systems. One of the main functionalities of the microfluidic devices is to mimic the in-vivo environment where the cells and tissue
live. The various types in-vitro microfluidic devices and systems could replace the experiments with animals in the biomedical investigations.
The aim of this publication is 3D modeling and simulation of a microfluidic device for liver cells investigation. Suitable materials could be
used with main properties related with fully transparency and bio-compatibility of the selected polymers. A new technology for development
of the microfluidic device will be proposed, incorporating a thin layer of liver cells for investigation of their behavior during treatment with
different substances. The conceptual work principle of the developed bio-chip will be presented. The future investigations, related to the
fabrication of a real physical prototype and research experiments will be mentioned briefly in conclusions.

Keywords: CELL ENGINEERING, POLYMER MICROFLUIDIC DEVICES, 3D CAD MODELING, LIVER CELL INVESTIGATIONS

1. Introduction

The liver is one of the most complicated organs in the human
body. The main “building blocks” of the liver are the lobules. Each
liver lobule consists of several hexagonal microscopic structures
where the liver cells are radially located around the central vein. In
the periphery of each lobule, up to 6 portal triads are located at the
apex of the hexagons. The triads consists from a portal vein, hepatic
artery and bile duct. There are vascular sinusoids connecting the
central vein of each lobule with the portal vein and hepatic artery.
The sinusoids are surrounded by the main liver cells - hepatocytes
(HPs). The liver sinusoid’s wall is mainly composed by three cell
types (liver sinusoidal endothelial cells (LSECs), Kupffer cells
(KCs), and hepatic stellate cells (HSCs)). The LSECs are perforated
by small fenestrae therefore the gap between the liver sinusoid and
the HPs (Disse space) is easily filled up with blood. The direct
exposure of HPs to the blood stream increases the surface for
transportation between HPs and blood flow. This process facilitates
various liver functions as resorption and release of nutrients, and
detoxication [1, 2].

Microfluidics handles and analyzes fluids at the submillimeter
scales. Microfluidic technology enables the implementation of
advanced platforms (such as micro-total-analysis systems [3], lab-
on-a-chip [4], lab-on-a-disc [5], organ-on-a-chip (OOC) [6], or
body-on-a-chip (BOC) [7]) for research in life sciences. Some of
the significant advantages of microfluidic devices, particularly for
biological research, are direct screening, better control of the fluid
flow, low consumption of reagents, mimicking the in vivo cellular
microenvironment and low sample requirement [8].

In the last few years, the organ-on-a-chip became one of the
most important and emerging technologies emulating human organs
and especially the human liver. Organ-on-a-chip systems are
microfluidic devices, used to culture live cells in microfluidic
chambers with continuous flow conditions mimicking the
physiological function of tissues and organs in-vivo. The
microfluidic devices from the type organ-on-a-chip are used mainly
for evaluating the safety and efficacy of different drugs in-vitro.
Because of the size of the microfluidic devices they could be used
for modeling and simulation of extremely fine and complex main
components of the tissues (liver sinusoids), rather than creating a
complete liver tissues. Liver chips have been used in different
format for better cultivation of HPs [9]. Various geometries and
dimensions of the cell and tissue culture chamber have been
developed where oxygen and nutrition gradients were fine tuned.
The creation of a successful liver microfluidic device is related with
a lot of important parameters that could be taken into account.
(medium flow, mass transfer of nutrients and metabolites,
purification, sufficient supply of oxygen, mechanical forces as shear
stress) [9].

A conceptual design and 3D modeling of a liver microfluidic
device have been proposed in this publication. In fact, a
microfluidic device with two microchannels have been modeled,
mimicking the liver sinusoid and Disse space (the most important
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part of the liver which is in direct contact with the HPs). A 3D
model of the liver chip has been created using a suitable CAD
software. New geometry of the liver chip has been presented for
better culturing and investigation of HPs. Appropriate pressures
driving the laminar flow into the microchanels have been applied
and as a result, the wall shear stress have been obtained. A suitable
fabrication technology has been described regarding the concept
design of the liver chip. The working principle of the new
microfluidic device has been presented comparing the advantages
and disadvantages with the developed already organ-on-a-chip liver
devices.

2. Conceptual Design

The direct contact of the hepatocytes with the blood, circulating
in the liver, is realized through a Disse space. A huge amount of
blood penetrates via the fenestrea of the LSECs, in the liver
sinusoids. The microfluidic device, presented in the current
publication, represents an in-vitro 3D model of Disse space and the
liver vascular sinusoid. The liver chip consists from one
microfluidic channel, separated in two identical parallel
microchannels with a polymer perforated membrane (the diameter
size of the microholes is up to 400 nm). The dimensions of each one
of the microchannels are 0.1 (height) / 1 (width) / 15 (length) mm.
The thickness of the polymer membrane is 0.01 mm and the
diameter size of the microholes is up to 0.4 pm. The HPCs under
investigation could be cultured at the bottom side of the lower
microchannel.

The KCs and LSECs (from liver sinusoids) could be cultured
over the polymer perforated membrane. The HSCs will be cultured
on the lower surface of the membrane. Various chemical substances
and/or drugs could be injected into the microfluidic device - a
laminar fluid flow. The region where the HPCs will be cultured is in
the middle of the channel as a circular shape. On this way more
liver cells could be investigated at once (fig. 1). The feeding of the
microfluidic liver chip with four types of cells is realized by the
protocol from [1].

3. 3D Modeling and Simulation of a liver sinusoid
microfluidic device

Two main types (type 1 and type 2) [1, 10] of microfluidic
devices for liver cells investigation are analysed. A standard organ-
on-a-chip device consists from 2 microfluidic channels separated by
a perforated membrane. The geometry of the microchannels and the
membrane, as well as the fabrication materials are extremely
important during the design of the liver microfluidic devices. Both
commercially available liver on-a-chips from [1, 10] are modeled
using Solid Works (fig. 1, fig. 2).
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Fig. 1 3D modeling of the liver-on-a-chip device (type 1). The device
consists from 3 main parts — 2 parts with identical straight micro-channels
and a polymer perforated (microporous) membrane.
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Fig. 2 3D modeling of the liver-on-a-chip device (type2). The device
consists from 3 main parts — 2 parts with micro-channels extended in the
middle (complex shape) and a polymer perforated (microporous) membrane.

Regarding models’ features, it is proposed a new design of a
microfluidic device for HPCs analysis. It consists from one channel
separated in two identical parallel microchannels. The height, length
and width of each one of the microchannels are 0.1 mm, 15 mm and
1 mm, respectively. In the middle, the shape of the microchannels is
a circle with a diameter size equal to 5 mm. Both microchannels are
separated from a perforated membrane with a thickness from 0.01
mm. The micro-holes of the membrane are 400 nm in diameter (fig.
3).
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Fig. 3 3D modeling of a liver-on-a-chip (new design). The device
consists from 3 main parts — 2 parts with identical micro-channels (extended
in the middle as a circle shape) and a polymer perforated membrane.

All three microfluidic structures, before analyzed, are simulated
with a computational fluid dynamics (CFD) software.

The STL files, created with SolidWorks have been imported in
Flow 3D (CFD software). A suitable mesh has been created for
simulation. The fluid used for CFD is water at 37°C. A Newtonian

144

fluid has been defined, calculating the Reynolds number using this
equation:

puDy
u

Re=

where
P - density fo the fluid (kg/m®)
U - mean velocity of the fluid (m/s)

4 - dynamic viscosity of the fluid (Pa.s = N.s/m?*=Kg/(m.s))

DH - hydraulic diameter of the pipe (In our case the cross-
= 4A

P -
where - A - cross-sectional area of the microchannel (m?); P
wetted perimeter of the microchannel (m)

section of the microchannel is a rectange. Therefore, DH

For all simulated microfluidic devices, the velocity (input
parameter) is equal to 0.24 mm/s. The main goal is to obtain the
shear stress into the microchannel, simulating the liver sinusoid
(upper channel).

The shearing is a deformation process that may impact the
structure of the LSECs situated at the top surface of the perforated
membrane. For a Newtonian fluid (laminar flow), the shear stress

( I ) is directly proportional to the shear rate (

oroportional to the fluid velocity gradient (AY/9Y ) [11]. The
LSECs which are located close to the lower plate (membrane) are
exposed to the maximum shear stress (fig. 4).

) which in turn is

Y
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(Shear stress)

Monolayer of LSECs

e iy ety et

Perforated Membrane

Fig. 4 Illustration of velocity profile and shear stress for a Newtonian
liquid in a channel between two plates (plate and a perforated membrane —
simulated as a solid wall). The shear stress of all 3 types of microfluidic
devices are identical.
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Fig. 5 Simulation results the microfluidic device — type 1; The wall
shear stress (straight microchannel) is up to 0.022 dyn. The pressure along
the microchannel is approximately 1014 mbar.

The shear stress of all 3 types of microfluidic devices are
identical. The obtained results could be seen on figures 5, 6, 7,
respectively. Therefore all of them could be used successfully for
investigation of HPCs situated in the proximity of the liver sinusoid.
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Fig. 6 Simulation results of the microfluidic device — type 2; The wall
shear stress is up to 0.028 dyn. The pressure along the microchannel is
approximately 1013 mbar. The pressure in the wide part of the microfluidic
device is 0.01 dyn.
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Fig. 7 Simulation results of the new microfluidic structure — type 3; The
pressure in the wide part (circle) of the microfluidic device is up to 0.01 dyn.
The wall shear stress of the narrow part (straight channel) is up to 0.057
dyn. The pressure is approximately 1014 mbar.

Regarding the simulation results, a micropump with a pressure
range from 0 to 2000 mbar could be applied for control of the
Newtonian fluid into the future prototype of the organ-on-a-chip
liver sinusoid device. Companies as Elveflow have this type of
micropumps available on the market. Our optical system BioFlux
200 also could be used for creation of such laminar flows with the
same pressures.

4. Fabrication Technology of a Liver Sinusoid on
a Chip Microfluidic Device

The proposed microfluidic device mimicking the liver
sinusoidal structure will consist from 2 main blocks with identical
microchannel geometry. The height of the microchannel will be 0.1
mm. The width of the straight part is 1 mm. The region in the shape
of a circle will be with a diameter size from 5 mm. The length of the
microchannel is 9 mm.
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The geometry of the microfluidic device will be fabricated by a
xurography technique [12], performed at low cost in a
straightforward manner.

The microchannel will be drawn using a CAD software. The
molds will be cut by a cutting plotter from a vinyl paper. The mold
will be transferred to any polymer / glass substrate (petri dish) using
an adhesive. The PDMS prepolymer will be prepared by mixing a
commercial prepolymer and a curing agen (10:1 ratio) and poured
onto master mold in the petri dish and cured in an oven at 80°C for
20 minutes. Using a blade, the microchannels will be cut off and the
inlet and outlet holes will be made using a suitable micro puncher.
Both identical parts of the microfluidic device will be aligned with a
mask aligner. The perforated (the diameter size of the holes is 400
nm) polymer membrane (commercially available) will be
incorporated between both PDMS parts. The whole microfluidic
structure will be sealed finally.

5. Conclusions

In this paper, a new design of a microfluidic device mimicking
the liver sinusoidal structure has been proposed. 3D models of the
proposed microfluidic device and two types of the most widely used
liver on-a-chip devices have been prepared for CFD simulation. The
results obtained, helped to estimate the wall shear stress generated
over the polymer membrane where the LSECs are cultured.
Regarding the used pressure, suitable micropumps could be selected
for creation of an appropriate Newtonian flow. As a future activity,
a fabrication technology based on a soft lithography has been
proposed. Regarding the perforated polymer membrane, we have
plans to develop innovative membrane using two photon
polymerization technique and our high-technological equipment for
3D micro/nano-printing (Photonic Professional GT2 — Nanoscribe).
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Abstract: Free radicals and reactive species of oxygen are destructive for living organisms. Antioxidants are capable to reduce the effect of
free radicals and to recover the organisms’ health. On the other hand, during the fabrication process various chemicals are released into the
water ecosystems from the factories, causing harmful effects on the aquatic organisms. The Autonomous Province of Vojvodina in Serbia is
rich in thermal waters. Thankfully to the various minerals, they could have antioxidant effect and could be used as raw material for the
production of different pharmaceutical products. In this study we examined the possible effect of different thermal water samples on the
degradation rate of Vitamin C as an antioxidant with UV radiation. Furthermore, the influence of initial pH value was also investigated. Our
results showed that the thermal water reduced the degradation rate of vitamin C. In addition, the lowest removal rate was observed at initial
pH 7, which is close to the skin’s natural pH. These findings showed that the thermal water could be used in preparations for skin.

Keywords: FREE RADICALS, ANTIOXIDANTS, ENVIRONMENTAL POLLUTION, ECO-FRIENDLY INDUSTRY, THERMAL WATER,
STABILITY STUDY, FORCED PHOTODEGRADATION, SKIN PREPARATIONS.

1. Introduction 2. Materials and methods

Oxygen is an essential element for life. This element is Thermal water was sampled from Kanjiza Spa (Kanjiza,
necessary for the basic chemical and biological reactions and Vojvodina, Serbia) and kept in refrigerator. Thermal water was used
without oxygen there would be no energy for cells [1]. without further treatment, except the experiments with various
Consequently, it is amusing that oxygen can also destroy the living mineral concentrations, when 30%, 50%, and 70% of the water
organism [2].Namely, during the ATP degradation by the samples was evaporated, in order to concentrate the present
mitochondria free radicals are produced, which can be both harmful elements.
and useful [1]. Reactive oxygen species can also be generated due
to environmental factors, such as UV irradiation [3]. At low
concentrations they have positive effect on the immune system,
while at higher concentrations they can cause oxidative stress and
damage living cells. These damages in the living cells result in the

For the investigation of the possible antioxidant effect of
thermal water, solution of vitamin C (0.05 mM) was freshly
prepared prior to photodegradation experiments, dissolving
appropriate amount of vitamin C () in ultrapure and thermal water.

development of various serious disorders, such as cancer, arthritis, The initial pH values were set using 0.1 M HCIO, (70% (w/w),

aging, autoimmune disorders, cardiovascular and neurodegenerative  >99.99%, Sigma—Aldrich, St. Louis, MO, USA) and 0.1 M NaOH

diseases [1]. (pro analysis, MOSS &HeMOSS, Belgrade, Republic of Serbia).
Based on the mentioned, it is obvious that these substances have In order to determine the antioxidant efficiency of thermal

to be eliminated in order to keep organisms healthy. The  water, the samples taken after photodegradation were analysed
compounds, which are capable to reduce the oxidation of proteins, using liquid chromatography with the following components of
carbohydrates, lipids and DNA, are known as antioxidants.  mobile phase: acetonitrile (99.9%, Sigma—Aldrich, St. Louis, MO,
Antioxidants can be synthetic and natural. The sources of natural USA) and orthophosphoric acid (85%, pro analysis, Sigma—Aldrich,
antioxidants are most commonly fruits and vegetables. On the other St. Louis, MO, USA).

hand, the synthetic sources are mostly drugs, made by various
pharmacy companies [4]. 3. Sample preparation and analytical procedures

Unfortunately, pharmaceutical factories during the production The photodegradation experiments were performed in a
release high amount of wastewater to the natural ecosystem, which photoreactor (TOPT-V, Toption, China). The samples were
results in the appearance of different active pharmaceutical — prepared and irradiated in a photochemical cell made of quartz glass
ingredients (API) in the environment. APl can cause various,  (total volume of ca. 100 mL). The photochemical cells were placed
unexpected effects on the non-target organisms. Thus, the amount jn 3 circle around the Xe lamp, which was used as simulated solar
of released water should be reduced and the wastewater should be irradiation (SSI). The cells were equally exposed to the irradiation
adequately treated prior to reaching the water ecosystems [5]. source. Xenon lamp was in a quartz cold trap, which was equipped

Nowadays, great attention is paid to the personal care products with water-circulating jackets and connected to a cooler in order to
which are present in aquatic environment at high concentrations, ~ ENSure a constant temperature inside the photoreactor (Fig. 1).
For instance, various UV filters has been found in different water [Faterin
samples, especially in summer, due to the outdoor activities when / ) I
they are washed from the skin into the water [6]. | Nt Juartz cold trap
Wl

_r\\ ater out
a

Based on the mentioned, eco-friendly but effective antioxidants
should be found or developed. Fortunately, Serbia and the
Autonomous Province of Vojvodina, which belongs to the Pannonia v
Basin, are very rich in thermal mineral waters. Many of them are Quartz photocherical (gl
used mostly in balneology. Thermal waters in Vojvodina possess
above-average geothermal qualities in comparison to the European
hydro geological standards and can be successfully applied for
medical purposes [7].

Xenon lamp

Magnetic stirrer

In this study, the possible antioxidant effect of thermal water
from Kanjiza Spa was investigated, under simulated sunlight.
Furthermore, the possible effect of initial pH and mineral
concentration on the photodegradation rate was also examined.

Fig. 1. TOPT-V photoreactor
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The samples of vitamin C, taken after different times of
irradiation (5, 10, 15 and 30 min) using SSI, were firstly filtered
through Millipore (Millex-GV, Burlington, MA, USA, 0.22 pm)
membrane filter to remove all possible impurities. After that, they
were analyzed using a high-pressure liquid chromatograph with a
diode array detector (UFLC-DAD, Shimadzu Nexera, Tokyo,
Japan) (wavelength of vitamin C absorption maximum at 243 nm)
equipped with Inertsil® ODS-4 column (2.1 mm x 50 mm i.d.,
particle size 2 um, 30 °C). Prepared samples (20 pL) were injected
and analyzed. The mobile phase (flow rate 1.0 mL/min) was a
mixture of acetonitrile and water (50:50, v/v, pH 2.56), while the
water was acidified with phosphoric acid so that the mass fraction
of phosphoric acid was 0.1%.

4. Results and discussion

Firstly, the degradation of vitamin C was investigated in
ultrapure water, under different initial pH values, at pH 10 and 7,
using SSI. Based on the obtained results (Fig. 2) it can be seen, that
the degradation rate was higher under basic conditions. This can be
explained by the auto-oxidation process of vitamin C, which is
accelerated under alkaline conditions [8].

104 Ultrapure water:
) ——pH7
—{1—pH 10
0.8
0.6
OO
O 0.4
0.2 1
0.0 1 ., 0
0 5 10 15 20 25 30
Time (min)

Fig. 2 Degradation kinetics of vitamin C (0.05 mM) in ultrapure
water, under SSI

In the next step, we investigated the degradation efficiency of
vitamin C in thermal water from Kanjiza Spa. There were two
different water samples used. Namely, the degradation studies were
conducted in pure thermal water (i.e without any treatment) and in
samples where 50% of initial volume of water was evaporated in
order to increase the concentration of present minerals (Table 1).
The experiments were carried out under two different inital pH (10
an 7) and the obtained results are represented in Fig. 3. Based on
our findings it can be seen that the degradation rate of vitamin C
was higher in the non-treated thermal water compared to ultrapure
water at both initial pH. The higher degradation in non-treated
thermal water can be explained by the presence of different ions and
by the higher natural pH value, which can accelerate the
degradation. On the other hand, in the evaporated water samples the
degradation of vitamin C under SSI was lower at both inital pH
comperated to other samples (Fig. 3). The possible explanation for
this behaviour lies in the fact, that the concentration of present
cations and anions was higher and reduced the degradation, i.e
vitamin C was protected from forced photodegradation under SSI.
Furthermore, after 15 min of irradiation the degradation process
stopped and no further amounts of vitamin C were degraded in the
last 15 min of irradiation.
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Table 1. Chemical characteristics of thermal water from Kanjiza Spa

Parameter Value
pH 7.9

Sodium (g/L) 1.298
Potassium (g/L) 0.0097
Lithium (g/L) 0.0001
Ammonium (g/L) 0.0002
Calcium (g/L) 0.0064
Magnesium (g/L) 0.0027
Strontium (g/L) 0.0004
Manganese (g/L) 0.00001
Iron (g/L) 0.00001
Aluminum (g/L) 0.00005
Hydrogen carbonate (g/L) 2.934
Chloride (g/L) 0.073
Bromide (g/L) 0.00013
lodide (g/L) 0.0006
Fluoride (g/L) 0.0003
Nitrate (g/L) 0.0001
Hydrogen phosphate (g/L) 0.0002
Sulphate (g/L) 0.0009

Ultrapure water:
—M—pH7
—{—pH 10

Thermal water:
~@-pH7
—O—pH 10
Evaporated thermal water:
—k—pH7

—%¢—pH 10

0.0- O 0
0 5 10 15 20 25 30
Time (min)

Fig. 3 Degradation kinetics of vitamin C (0.05 mM) in ultrapure,
thermal and evaporated thermal water, under SSI

Finally, in order to determine the optimal conditions, further
experiments were carried out with thermal water evaporated to 30%
and 70% (Fig. 4) at initial pH 7 and 10, under SSI. Based on our
findings it can be seen that in the samples with thermal water
evaporated 30% higher degradation was observed compared to 50%
and 70%, after 30 min of irradiation under SSI. It can be explained
by the lower concentration of various ions which could not reduce
the degradation of vitamin C. On the other hand, in the case of
thermal water samples evaporated to 70% lower degradation was
observed compared to 30%, but higher compared to 50%. This
behavior is probably due to the very high concentration of present
ions.
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Fig. 4 Degradation kinetics of vitamin C (0.05 mM) in ultrapure,
thermal and evaporated thermal water, under SSI

5. Conclusion and outlooks

In this study the possible antioxidant effect of thermal water
from Kanjiza Spa was investigated. In order to prove this effect, the
stability of vitamin C was followed during forced photodegradation
under SSI and at initial pH 7 and 10. Firstly, our findings showed a
different behaviour of vitamin C in ultrapure and thermal water.
Based on the obtained data it also can be concluded, that in alkaline
medium, both in ultrapure and thermal water, the degradation rate
was higher, which can be the result of vitamin C auto-oxidation,
which is more intense above pH 7. The influence of present ion
concentration on the photodegradation efficiency was examined, as
well. Namely, thermal water was evaporated to 30%, 50% and 70%
in order to reach different concentration of the present natural
cations and anions in the samples. According to the obtained data,
the lowest vitamin C degradation was achieved when 50% of
thermal water was evaporated. Whereas, in the case of 30% and
70% the degradation efficiency was higher. The reduced
photodegradation rate of vitamin C in the case of 50% indicates a
possible antioxidant effect of thermal water, since the irradiated
compound was protected from the total degradation.

Our findings indicate that evaporated thermal water to 50%
could be used as an antioxidant and has potential application in
pharmaceutical industry. Namely, different preparations could be
developed, for instance skin care products, using an eco-friendly,
natural resource instead of chemicals. Furthermore, various
experiments should be carried out in order to determine the possible
use of thermal water as an active pharmaceutical ingredient, which
would make pharmacy and medicine more sustainable.
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Abstract: An analysis of the prospects for the development of FDM printing technology has been carried out. The paper studies the
possibility of obtaining polymer products based on polyamide 6 and its compositions by layer-by-layer deposition. Tests of the strength
indicators of the printed experimental products were carried out. The mechanism of the influence of the composition and modes of formation
of printed products on their strength characteristics is proposed. The influence of the composition of the composite polymer material based
on PAG6 on the quality of printing products has been studied. Methods for controlling the shrinkage parameters of products obtained by
layer-by-layer deposition are proposed. The obtained results of the study can be used in the development of composites for the production of
polymer filament to ensure the process of FDM printing of polymer products, including for the needs of mechanical engineering.
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POLYMER PRODUCTS

1. Introduction

The production of polymer products using additive technologies has
become available due to the intensive development of the
production of FDM printers, as well as consumable polymer
materials (filaments), which allows solving various production
problems. At the same time, during the printing process, control
over the main operational characteristics of products is ensured by
choosing the composition of the polymer filament, as well as the
technological settings of the FDM printer. In the Republic of
Belarus, aliphatic polyamides and composites based on them are
actively and effectively used for the production of structural
products with high values of consumer characteristics of the widest
range. At the same time, the effective processing of polyamides into
products and the realization of the advantages and advantages of the
indicated thermoplastic polymer when using various technologies
are hampered by high values of hygroscopicity (up to 12 wt.% with
an acceptable value during processing of 0.05-0.1 wt.%) and
thermal shrinkage (up to 2.5% for unfilled materials) polyamide 6.
For the active use of polyamide 6 in additive technologies, this is a
significant drawback that affects the quality of the resulting
products. And if polyamide processors effectively cope with a high
tendency to moisture absorption by pre-drying the raw material and
using heating of the material in the loading zone of the process
equipment, then the thermal shrinkage of the binder requires more
complex solutions. Most often, it is possible to reduce the thermal
shrinkage of the polyamide matrix by modifying it with polymer
components [1], as well as by introducing dispersed and (or) fibrous
fillers [2]. At the same time, glass fibers in the composition of
polyamide 6 can significantly increase the level of deformation and
strength parameters of products, and carbon fibers increase impact
strength and wear resistance. Polyamide 6 and composites based on
it are mainly processed into products by injection molding due to
the high values of the melt flow parameter. The use of PA6 for
FDM printing in products seems difficult due to the high melt
fluidity (MFR PA6 210/310 is more than 20 @g/10 min), and
therefore the use of composite compositions based on it for 3D
printing is promising.

In modern conditions of limited availability of the raw material base,
as well as increasing logistics costs for the supply of material
resources and components of machine-building equipment, it is
promising to study the possibility of using domestic polymer
composite materials to obtain piece products in the conditions of
enterprises operating and maintaining equipment that includes
products based on polymer materials.

Thus, the purpose of the work is to substantiate the feasibility and
effectiveness of using a polymer filament based on polyamide 6 and
its composites for printing polymer products by the layer-by-layer
deposition method.
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2. Materials and Methods

To study the features of the formation of the structure of the
material in products obtained by 3D printing, in this article, the
authors used polyamide PA6-210/310 (Grodnamid) TU
RB 500048054.009-2001 in granules produced by GrodnoAzot
0OJSC, carbon fiber UPA6-10 TU RB 00204056-086-94 in granules
produced by OJSC SvetlogorskKhimvolokno, composite material
PAG + 10 wt.% HDPE, obtained by thermomechanical combination
of components during extrusion. To study the parameters of
polymer products, a filament with a diameter of 1.75 mm was
obtained for these materials by extrusion on a Z-7M laboratory
extruder (Russia) in modes that take into account the rheological
characteristics of the starting materials. The parameters of the
extrusion process when obtaining a filament are shown in Table 1.

Table 1: MFR values for PA6-210/310 (Grodnamid)

Options Material
PAG- UPA6-10 | TIA6+10
210/310 mas.%
HDPE

Cylinder temperature
by zones, °C (£10°C) 230 230 230
Head temperature, °C
(£10°C) 240 240 240
Feed-screw speed, 20 10 20
rpm
Retrgctlon speed, 0.9 05 08
m/min

Previously to printing product samples, the polymer filament was
subjected to thermostating in an oven at a temperature of 95 + 5 °C
for 4 hours to reduce the moisture content by no more than 0.1 wt%.
To assess the deformation-strength characteristics of materials
under uniaxial tension and to study the features of the formation of
the structure of materials during layer-by-layer deposition, a
product was printed in the form of standard blades (type 1) GOST
11262-80 on an Ultimaker 3 3D printer. The FDM printing
parameters of the blades were set in the CraftWare 1.19 slicer
program. A series of 6 standard samples was printed in the given
technological parameters of the print settings per cycle (table 2).
Evaluation of the deformation-strength characteristics of the studied
samples was carried out on a tensile testing machine RM-500 in the
mode of uniaxial tension at a speed of 10 mm/min with fixation of
the deformation and tensile force. It was of interest to investigate
the mechanism of the formation of autohesive bonds within the slab
space and between the layers of a polymer product during the
manufacture by the method of layer-by-layer deposition. The
resulting samples of polymer products in the form of blades with
different orientations in the intralayer volume (+ 45° and 0°/90°)
were subjected to 5% deformation in uniaxial tension for further
study of brittle cleavage of product images obtained in the
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longitudinal direction of the tension axis. The structure of the
materials was studied by scanning electron microscopy on blades
that were brittle fractured after soaking in liquid nitrogen. At the
same time, in order to manifest the effects of interlayer autohesion
and study the effect of fillers on the structure of composites in the
product, the blades were subjected to deformation within a 5%
elongation under uniaxial tension. It was of interest to analyze the
interaction of the polyamide-based filament melt in the interlayer
and intralayer locations.

Table 2: Parameters of print settings for test samples

Basic print settings PA 6 UPA PA6+10

6-10 mas.%
HDPE

The speed of movement of 40 20 40

the nozzle of the extruder

during printing, mm / sec

Print layer thickness, mm 0,2 0,2 0,2

Print width, mm 0,4 0,4 0,4

Number of layers of the 2 2 2

perimeter of the product

Table temperature, °C 100 70 100

Extrusion Temperature,°C 250 250 240

Unspecified print settings were the same for all samples

3. Results and discussion

As a result of visualization of internal stresses arising in a polymer
material obtained by layer-by-layer deposition of Nylon, a higher
level of stresses arising in the peripheral part of the material, in
comparison with the volume [3], was shown. In this case, the level
of internal stresses decreases with a decrease in the degree of filling
of the product volume with a polymer melt. It was shown in [4,5]
that the degree of filling of the volume of the material affects the
dimensional stability of products obtained by layer-by-layer
deposition. At the same time, a number of research authors indicate
[6,7,8] that the highest values of the deformation-strength
characteristics of the material in the product are achieved at zero
angles of orientation of the printing direction to the tension axis.
However, to ensure the isotropy of strength indicators, layer-by-
layer filling of the volume of the product was carried out in the
“parallel lines” mode, changing the direction of printing in the next
layer by 90 °, as recommended by many researchers [6,8].

The analysis of the morphology of the brittle fracture surface of
blade samples based on UPA 6/10 carbon fiber, obtained by FDM
printing with polymer orientation +45° inside the layers when filling
the volume of the product, was carried out on SEM images of the
surface shown in Figure 1. A snapshot of the sample surface within
the interlayer brittle The cleavage is shown in Figure 1a, which
shows several adjacent layers of fibers with print orientation in the
layer at angles of +45° and -45°. In Figure la, several important
morphological features of the destruction of the polymer binder can
be distinguished: interlayer voids resulting from the 3D printing
process, layers with a rough fracture surface morphology, and
layers with a smoother surface. For a detailed display of the nature
of the contact of adjacent layers, an increase in the survey area is
given (Figure 1b). The presented images indicate that between the
threads between the layers, insufficient adhesion is characteristic
along the tension axis, at which the formed crack grows. A rough
fracture surface can also be noted in the interlayer region where
fibrillation of the polymeric binder is noted with the formation of
filamentous fragments.

This nature of the destruction of UPA 6/10 carbon fiber suggests
that the binder layers oriented perpendicular to the tension axis
hinder the growth of cracks. In this case, the participation of the
remaining layers of the material in the mechanism of resistance to
destruction of the matrix can be considered insignificant due to
insufficient adhesion between them, due to the limited mobility of
the binder polymer filled with carbon fibers.
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a) general view of the fracture surface morphology of the sample in the
interlayer location (magnification x100); b) close-up of surface features in
adjacent layers (*500 magnification); c) general view of the fracture
surface morphology of the sample in the intralayer location (magnification
x100); d) close-up of surface features within the layer (x500 magnification)

Figure 1 SEM images of brittle fracture surfaces of samples with a print
orientation of £ 45°

The role of short elements of carbon fiber contained in the PA6
matrix in the process of deformation destruction of the layered
structure of a carbon fiber product is also noticeable. Fibrillation of
the polymer matrix during uniaxial tension of the carbon-filled PA6
sample suggests the implementation of a local mechanism of
strengthening the polymer matrix in the product formed by the
FDM-printing method.

At the same time, within the imprinted layer, a sufficiently strong
autohesive adhesion is observed in the intralayer location of the
matrix, which is observed in the image of the brittle fracture
morphology of the sample (Figure 1c). This is due to the good
rheological characteristics of PA6, which contribute to the
realization of the phenomenon of autohesion between the polymer
threads within the printed layer. Figure 1d shows that the traces of
fracture surface roughness are concentrated along short fibers. This
fact confirms the assumption that short carbon fibers enhance
autohesion during FDM printing of polymer products based on
carbon fiber.

Figure 2 shows SEM images of the brittle cleavage surfaces of
specimens based on UPAG6-10 carbon fiber obtained with the
printing direction oriented in the 0°/90° layer. The surface of a
brittle fractured sample, representing the interlayer space of the
matrix, is shown in Figure 2 a. The image shows layers located at
an angle of 0° and at an angle of 90°. At the same time, layers at an
angle of 0° under conditions of preliminary 5% deformation have a
rough surface, and layers at an angle of 90° retain a smooth
appearance. An enlarged view of the cleavage surface of this
sample is shown in Figure 2b. It should be noted traces of stretching
of the fibers in the layers located at an angle of 0°, which indicate
the course of the processes of fibrillation of the polyamide binder
during deformation.

The surface morphology of a brittle cleavage of a sample of the
studied carbon fiber with a polymer orientation angle of 0°/90°
demonstrates a similar morphological pattern, as in the case of
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printing products with an orientation of + 45°. The brittle fracture
surface of CFRP contains traces of piles of polymer fibrils of
destroyed threads. The presented images indicate some similarity of
the fracture mechanism in the case of deformation of the sample
obtained by printing with an orientation of + 45°.

a) general view of the fracture surface morphology of the sample in the
interlayer location (magnification *100), b) close-up of surface features in
adjacent layers (x500 magnification); c¢) general view of the fracture
surface morphology of the sample in the intralayer location (magnification
x100); d) close-up of surface features within the layer (x500 magnification)

Figure 2 SEM images of brittle fracture surfaces of specimens with print
orientation 0%/90°

An analysis of the features of the operation of the specified product
indicates the predominant destruction in the place of the most
weakened section, located between the body of the pusher and the
surfacing. An example of a destroyed product is shown in Figure 3.

a) b)

Figure 3 Appearance of the products "Pusher F08575326" (a) and "Pusher
406.42.0490" (b), obtained by injection molding (a) and FDM printing
technology (b)
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3. Conclusion

Thus, the results of the study of the accuracy parameters of FDM
printing of polymer products based on PA6-210/310 (Grodnamid),
as well as the indicators of their deformation and strength
characteristics, indicate the promise of using polyamide both in the
initial state and in the state of the composite. The printing efficiency
of PAG in the product is achieved by ensuring a stable geometry of
the polymer filament, as well as choosing the optimal printing
temperature not exceeding 250°C. The obtained results of the work
can be taken into account when determining the technological
modes of production of filaments based on PA6, as well as when
choosing the modes of FDM printing of thin-layer elements of
polymer structures and elements of parts that are most loaded
during operation. The data obtained indicate the prospects for
conducting scientific research in the creation of materials based on
aliphatic polyamides and their composites, as well as studying the
influence of technological factors in the process of processing
polyamide filaments into products by FDM printing.
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Abstract: The results of the plastic forming of ceramic pavers with a large volume and size are observed to produce better compaction of the
raw material. The used ceramic mixture is based on a sedimentary rock with relatively high moisture content and firing shrinkage which
gives the common yellow colour after a high-temperature liquid phase synthesis. The results of one-fold pressing revealed the occurrence of
deformation processes in the drying stage and during the temperature regime. As a consequence, the pressing pressure should be increased
and the residual water amount needs to be reduced to an optimal content.
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1. Introduction

The term plastic pressing could be conditionally divided into
forming two kinds of ceramic products. The first group is connected
to small-by-size holloware such as porcelain tableware, whereas the
second is related to mini-series dense ceramic goods like a floor or
wall tiles [1]. In terms of this, the technology is innovative not only
in Bulgaria because of the used forming process to produce large by
size and volume ceramic pavers “yellow” paving stone type.

An innovative die construction for plastic forming is contrived,
which includes metal parts and composite inserts. The development
is made up and mounted to the specific press facilities on the
territory of the IMSETHC-BAS which possess an ability to press up
to 185 000 kg/cm?. The used mixture is based on a sedimentary
rock from the quarry Aleksandra, the village of Lovets with the
modifying agents to stabilize the high temperature and brighten the
colour [2].

Part of the results are presented in front of the scientific area,
however, the experimental work amplifies the technological process
and the new research observes the structure of the experimental
synthesized samples. A specimen for computed tomography
analysis is given which reveals the presence of porosity and flaws in
the structure due to approximately high moisture content and not
enough densification of the material.

According to this, an additional implement should be applied in
the forming process for more compaction of the ceramic mass [1,3-
5].

2. Experiments

The technological regulation is contrived for plastic pressing of
ceramic items that are associated with original by size and form
products “yellow” paving stone type. The used ceramic batch is
based on a sedimentary rock that gives the analogous yellow color
after a high-temperature liquid phase synthesis [6]. The task
development could be divided into the production of the metal
construction and composite pressing die, and the research includes
analysis of the structure of the synthesized end product.

Although good results and advantages of this technology, the
process requires additional compaction of the raw mass before the
major molding. It is necessary due to the relatively high moisture
content in the used composition of 20 %, in contrast to the optimal
water content of 15 % for better results. The higher quantity of
water increases the volume drying and firing shrinkage as well as
emerging unacceptable flaws such as a larger range of deformation
and cracking of the products during the temperature synthesis.

The constituents of the die construction could be classified as
metal frames (punch holders), holder, and guide posts; metal
pressing die with embedded composite inserts, and two composite
punches. Mounting of the construction over the press facility is
achieved by the metal frame means, whereas stabilization is reached
through the additional holder. The frames with mounted punches
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are fixed to each other by the guide posts and the distance bars are
placed which determine the volume of the pressing form. The
scheme of the die construction is given in fig. 1, whereas fig. 2
reveals the elements of the construction, and the mounted
construction on the press facility is presented in fig. 3.

The composite material is a type of technical stone; the
composition ingredients are polymer and filler. The proportions of
the mixture are given in table 1, and the mechanical properties of
the specific resin are presented in table 2 [7]. The ratio of the
components is 70 % of resin and 30 % of filler, which is separated
between 20 % of quartz glass in different fractions with hardness by
Mohs 7 and 10 % of corundum with hardness by Mohs 9.

The characteristics of the added agents and their hardness
reduce the percentages containing filler on account of the resin, in
contrast to traditional products of technical stone which the filler
content is approximately 90-95 %. The increases of the resin in the
used composite leads to decreases in the viscosity and makes the
composition liquidity enough which contributes to the whole form
being filled and reproducing detailed and smooth imprint with no
further treatment.

The specific aspect of the approach becomes from the
production of the composite elements which are cast in silicone
moulds. In terms of this, the models with the necessary expansion
of the ceramic plastic mass, in this case of 17 %, are made in
advance. Silicone moulds are cast for each model and the hardness
of the used elastomer is 22 by Shore A with very high properties of
tear strength and very detailed imprint. The characteristics of the
silicone are given in table 2 [8].

- 1
= |
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e

Fig. 1 Technical drawing of the die construction for plastic pressing
of ceramic pavers.
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Table 3. Properties of the polymer used for casting the composite
inserts.

=E _ED Ni=s - Elastomer Zhermack ZA 22 Index
e wel [ 3 Ay o
=3 “-, >':;3j‘
ESnE) T Hardness after 24 hours [ShA] 22
i‘—E Viscosity [mPa.s] 4000
2a 2 Elongation at break [%] 380
Tear strength [KN/m] 20
Il Reproduction of details [1] 2
A
£e Dimensional variation after 24 hours [%] 0.05
et The structure of the experimental ceramic paver is observed
L] with the CT scanning means. The end products are synthesized with
the tentative temperature regime, and the specimens are presented in
fig. 4. The research reveals the presence of open pores and cracks as
4 a consequence of the not enough densification of the ceramic
2c [ E s ] material. The results of the computed tomography analysis are
2d shown in fig. 5. The hypothesis of these flaws is the obtaining of the
multi-layer in the ceramic mass still in the pressing process. It is
. probably due to not enough pressure during the press forming as
—— well as the higher content of water.
: :
2% 2f :

Fig. 2 Technical drawing of the die construction constituents: 2a.
Pressing die: metal frame and composite insert; 2b. Punch holder: metal
frame and composite punch; 2c. Guide posts: St3sp steel guides; 2d. St3sp
steel holder; 2e. Upper punch: composite plunger; 2f. Lower punch:

composite plunger.

Fig. 3. View of the mounted die construction of the press facility for the

main moulding.

Table 1: Proportion of the components in the used com

posite mixture.

Composition Amount %
Epoxy resin Biresin CR170 70
Quartz glass fraction of 30-50 p 10
Quartz glass fraction of 50-100 p 10
Corundum fraction of 120 p 10
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Fig. 4 Synthesized to 1127 °C end products ceramic pavers “yellow
paving stone” type.

5a

5b

Fig. 5 Research of the structure of the synthesized specimen reveals
cracks and pores: 5a. Up section; 5b. Down section.
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The process of plastic pressing is given in fig. 6. The forming
begins with placing 5100 grams of ceramic raw mixture slug on
which pressure of 13000 kg/cm? acts. The weight of the dry
specimens declines to 4800 grams, as a consequence of higher
moisture content and slightly more ceramic material which is
expelled during the pressing process. Thus, make the green body is
not dense enough in the raw condition and requires an additional
implement for more compaction.

6a

Fig. 6 The Forming process of ceramic products “yellow” paving stone

type: 6a. Placing a slug into the pressing die; 6b. Removing the expelled
material.

3. Conclusion

Experimental samples of ceramic plastic mass, based on
sedimentary rocks with the addition of modifying agents to stabilize
the firing process as well as brighten the clay color, are contrived.

The used mixture has approximately 20 % of moisture content
which gives a relatively higher volume drying and firing shrinkage.
The end products are made through the one-fold plastic pressing
which displayed a vitreous body after high-temperature liquid phase
synthesis. However, the held research reveals porous and multilayer
structures of the ceramic material. The higher water content is due
to not enough densification of the raw material. In terms of this, the
process requires considering the possibilities for the preliminary
extract of the moisture content and increasing the forming pressure
through the additional two-fold moulding which should be led to the
appropriate compaction of the ceramic mass.
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Abstract: The development refers to an innovative technology and technological scheme of a workshop for the production of beehives made
of amorphous quartz ceramics. The conditions for obtaining stable suspensions from quartz glass are emphasized and investigated. The time
for the treatment of the glass in the grinding device, the amount of water, the influence of the modifiers in stabilizing the suspension by
adjusting the pH level, as well as the most suitable sedimentary composition of the glass particles are established. The factors determining
the speed and degree of sintering of the ceramics are investigated and established. They include the density of the raw products, the
dispersion of the quartz glass particles and its purity, as well as the environment in the furnace and the sintering mode.

Keywords: BEEHIVE, AMORPHOUS CERAMICS, SUSPENSION, SEDIMENT COMPOSITION

1. Introduction specific impact energy of the milling bodies and the reduced
soothing action of the suspension are also essential. The wet
grinding process is exothermic and the total amount of bound water
decreases sharply with the increasing of the temperature. As the
temperature increases, the strength of the aqueous layers decreases
due to the greater mobility of the ions. Thus the amount of bound
water decreases and the free water in the suspension increases.

To create a suspension with low humidity, we use the method of
maximum saturation. Its essence is that during wet grinding, the
unit is stopped two or three times and ground glass with a sediment
composition of 50+100 microns is added to the suspension in a ratio
of about 1/10 of the amount of glass in the suspension. Equilibrium
viscosity is reached after 2-3 hours of additional grinding. In this
way, the water content of the maximally saturated suspension is
reduced by about 4 times. The suspension is quickly sintered, which
reduces the shrinkage during drying of the obtained products. The
suspension is quickly absorbed on the walls of the mold, as a result
of which the shrinkage of the obtained product during drying is
minimal. The thickness of the absorbed layer depends on the
running time of the process.

The quartz glass particles in the suspension are considered

2. Choice of Forming method on structural parts  chemical compounds of SiO, with ionized silicic acid, continuously
with a high level of cavities designed for  dissociating according to equations:
beehives

Quartz ceramics is a sintered material made of ground quartz
glass, which is molded using the known ceramic technologies. The
resulting products are opaque and white in color. Quartz ceramic is
the only ceramic material made not of crystals but of a vitreous
phase. There is no material better suited for building beehives than
quartz ceramics, as it is an extremely pure material which, as
opposed to marl clays on their own or mixed with kaolin, does not
contain any other mineral phases apart from amorphous silica.

Quartz ceramic is applied in many areas where ordinary quartz
glass is also used. This is due to its high thermal stability, the
stability of its thermophysical properties and its high thermal
insulation properties. It is extremely suitable for the production of
structural elements with a high level of cavities, such as those used
for the construction of beehives, since it is not only thermally and
acoustically insulating but is also atmospherically and chemically
resistant to acid rain, etc. At the same time, quartz ceramic products
are highly resistant against mites and rodents [1].

1) [H,Si03] 2 Siof~ + 4H*

The most suitable method in this case is slip casting of aqueous
suspensions. It is important to note that it is mandatory to ensure 2 [H,Si03] 2 Si05™ + 2H*
that the starting material maintains its high purity during all
technological operations [2].

It is known that practically all impurities activate the
crystallization of quartz glass. Therefore, the correct selection of
both the material of the lining of the grinding unit and the grinding
bodies is of great importance. The lining and the grinding bodies are
best made of quartz glass, but due to its high wear (up to 10%), it is
permissible to use high alumina ceramics with a density above 3.65-
3.75 g/cm?. This leads to a significant reduction of the grinding time
(4-5 times), and the observed wear is below 1%, which is essential
for the quality of the final product. The use of devices with metal
working parts is undesirable.

The slip casting of quartz ceramic parts with cavities results in
products with the highest density. This helps to reduce not only the
time of the sintering but also its temperature.

An important stage in the technology is the preparation of a
suspension of finely ground quartz glass. This is done by coarse and
fine wet grinding of the glass in the same grinding unit. Thus, a slip
with a minimum amount of water (16+20%) is obtained [3]. The
effectiveness of wet grinding is explained primarily by the fact that
water is one of the best surfactants in relation to SiO,. The
adsorptive decrease of strength, the saturation of the unsaturated
bonds of the material, the disaggregating action of water, the high

It is assumed that the hydration of SiO, is limited by the
specific surface area of the particles in the suspension as a result of
the building of surface tetrahedra.

The particles of the unstabilized slips are whole aggregates
(floccules) with water-filled voids which are preserved during
molding. Therefore, a traditional method for stabilizing such slips is
gravity stirring. The electric double layer formed by reactions (1)
and (2) is insignificant due to the small amount of silicic acid (up to
0.01%) and its low degree of dissociation. The stability of the slip is
achieved through a uniform distribution of water dipoles around the
ionized solid SiO, particles, which is achieved by prolonged stirring
(for about 70-80 hours).

The rate of absorption of the suspension on the walls of the
mold and the casting density depend significantly on the pH of the
suspension. Its optimal value lies in the range from 4.5 to 6. At a pH
value of 5 + 0.3, the silicic acid is most stable, while in a neutral
environment it polymerizes intensively, releasing water and
reducing the concentration of H" ion. HCI is used to lower the pH of
the suspension, and NH,OH to increase it [4].
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3. Molding hollow structural details for beehives
from amorphous ceramics

After preparing a stable suspension of amorphous quartz glass
powder, the next stage in the technology involves casting test
bodies, carrying out drying and high temperature sintering, and
establishing the shrinkage coefficient of the samples. Following this
is the making of models and mold outfits for each of the hollow
structural details of the ceramic beehive. The residence time of the
slip in the mold is determined experimentally and the uncollected
slip is drained from the molds.

The time between the filling of the mold with slip and its
draining is 12 minutes. The thickness of the cavity wall is 3 cm, and
the width of the cavity is 18 mm.

A technological diagram of a workshop for the production
of beehives is shown in Fig. 1.

15 16

Hitii

| | ooooD

00700

feess, AR

Fig. 1. Technological diagram of a workshop for the production of beehives

1. Quartz glass warehouse; 15. Sector for drying structural
2. Modifier sector; ceramic parts with cavities;
3. Sector for the preparation  16. Drying sector;
of quartz glass suspension  17. Furnace sector;
with particle size below 18. Furnace;
100um; 19. Warehouse  for  finished
4. Distiller; structural ceramic parts;
5. Quartz glass with particle ~ 20. Sintered  structural details
size below 100um; for beehives;
6. Grinding device; 21. Ceramic beehive assembly
7. Container for ready-mixed sector;
suspension; 22. A beehive made of
8. Stirrer; amorphous quartz ceramics
9. Distilled water and 23. Warehouse  for  finished
modifiers sector; products;
10. Tank for HCI; 24. Scales;
11. Tank for NH,OH; 25. Dispatch vehicle;
12. Molding equipment 26. Container measuring the
sector; volume of the drained fluid
13. Mold outfits; (distilled water).
14. Molding sector;

4. Sintering of amorphous quartz ceramics

The main factors determining the sintering mode include: the
purity of the quartz glass, the density of the cast details, the
sedimentary composition of the ground quartz glass and the
crystallization tendency.

The quality of the final product is significantly dependent on
the heating rate in the temperature range from 1000 °C to a final
temperature of 1200-1300 °C (in this case 1250 °C). At slow
increase in the temperature (50 - 100 K/h), the crystallization ability
also rises, leading to phase formation of high temperature
cristobalite, which is a contributing factor to the reduction of the
strength of the products. The established optimal heating rate, at
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which the formation of crystallization centres is avoided, is 400 K/h
[5].

The chosen method of obtaining articles from slip ensures a
sufficiently high density of the final product. Nevertheless, sintering
should not necessarily aim for high density, which is achieved with
longer heating and higher temperature, as this leads to an increase in
crystallization and sharply reduced strength.

In our case, since the products are not used at high
temperatures, a sintering intensifier — 1.2% B20; — was added to
prevent crystallization.

Fig. 2 shows ceramic structural details with cavities - an
intermediate stage of assembling the ceramic beehive, and a
completely finished, ready-to-use hive.

b)

c)

Fig. 2. a) hollow ceramic structural details; b) intermediate stage of
assembling a ceramic beehive; c) ceramic hive ready for the settlement of
a bee family

Properties useful for the amorphous quartz
ceramics and supporting its use, such as
ceramic structural details with high level of
cavities designed for beehives

The mechanical properties are determined by the grain structure
and porosity of the suspension absorbed on the walls of the mold.
Amorphous quartz ceramic samples with a porosity of 3% had a
hardness of about 5.5 Mohs. As the porosity increases to 20%, the
hardness drops sharply to about 2 Mohs.

The flexural strength ranges from 3 to 80 MPa. It should be
noted that the relationship between porosity and strength typical of
other ceramics is not observed in quartz ceramics.

The compressive strength ranges from 50 to 600 MPa
depending on the technological parameters, the porosity and the
environment in the furnace. It reaches 500 MPa in an air
environment and 600 MPa in a vacuum.

It is interesting to note that the value of tensile strength is 75% -
85% of that of flexural strength. This is a very high value, unusual
for a ceramic material.

An important indicator for beehives is thermal conductivity. In
the case under consideration, it depends both on the structure and
the porosity of the material and on the presence of impurities. For
opaque materials and for materials with an amorphous structure,
such as quartz ceramics, the heat transfer process is determined by
the so-called phonon conductive thermal conductivity.

6. Conclusions:

1. A technology and a scheme of a workshop for the
production of structural details from amorphous quartz ceramics
and their assembly into whole beehives have been developed.

2. The factors for obtaining stabilized suspensions of
amorphous quartz particles, as well as the conditions for proper
high temperature sintering, have been established.
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3. A prototype of a beehive has been created, built from
structural ceramic details made of amorphous quartz ceramics with
a high level of cavities.
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Abstract: Shielded metal arc welding is widely used in heavy industries in partly shipbuilding and ship repair. This method didn’t required
special personal skills and equipment. Different scientists are analyzed welding parameters, mechanical characteristics and chemical
composition in welding seam but interesting is to be investigated welding arc characteristics in different electrodes. The paper deal with
analyze of welding arc parameters in shielded metal arc welding. For this purpose on mild steel plates are welded seams with different
diameters of electrodes and different welding current. In welding process are measured welding arc burning time, length of electrodes
melted part, welding machine voltage and weight of melted electrodes part. For analyze welding arc parameters are used response surface
methodology method (RSM). Used RSM in the paper is 2* factorial design where k=2 factors. The influence of each to other factors of
welding arc is presented by meta models.

KEYWORDS: SHIELDED WELDING, ARC LENGHT, MODELS, EXPERIMENT PLANING

1. Introduction. _ _ ) _
Welding arc is the distance form electrodes to surface where arc is

Welding arc is main component of welding seams. Its role formed. Based on this welding arc can be divided into three types:

is to transfer melted metal in weld seam. Transfer of melted metal

from electrodes to weld pool depends from electrodynamics forces, *  Medium or normal;

gravity, welding arc pressure and gases in welding arc. The type of e Long;
melted metal transfer is large dropped, middle dropped or like a e Short;
stream. Mains power supply
Welding arc analyzation is widely area of scientists. Electrode

Characterization of welding arc and weld pool formation in vacuum hode

gas hollow tungsten arc welding is analyzed in [1]. In this paper
authors obtain the effective arc radii for various welding conditions
in vacuum gas hollow tungsten arc welding. They used Abel
inversion algorithm to CCD arc image and determine the
distribution of arc heat flux, arc pressure and current density from
the physical relations of arc irradiance, temperature and current
density in gas tungsten arc welding.

Physical characteristics of arc ignition process are
analyzed in[4]. In their publication they focused attention on stable
combustion state and the research on the mechanism of welding arc
ignition process is quite lack. They used tungsten arc welding
process for their analysis and physically characteristic of welding
arc are investigated by camera with height resolution. The welding
arc electron density during the period of the arc ignition is
calculated by the Stark-broadened lines of Ha.

In[3] is studied effect of arc length on oxygen content and
mechanical properties of weld metal in pulsed gas metal arc V(V)A v
welding. For the analyze the authors used Q 690 high strength steel Vo- Open Circult Voltage
and ER69-G wire with diameter 1,2mm. Shielded gas used for V- Welding Voltage
experimental procedure is 82%Ar and 18% CO,. Conclusion is that v - Welding Current
arc length raised, oxidation in drop transfer and oxygen content in ls - Short Circuit Current
weld metal increased significantly.

Determination of welding parameters is important stage
from welding process. Proper parameters selection resulting to
minimization of deformation. This process is widely described
in[5]. They describe step by step stages in parameters determine.
This information is useful for production of welded construction in
heavy industry, shipbuilding and ship repair sector.

There aren’t enough information, data and analyses about
welding arc in shielded metal arc welding process and mainly about
its parameters. The main parameters of welding arc are burning
time, burning stability and weight melted metal. Burning stability of
welding arc method is developed by akad. Hrenov. It is consist of
burned of arc of rigid electrode. The arc burn while length of Fig.2.V-A characteristic of power source[9]
electrode is enough to touch the steel plates.

Power source

Electrode
lead

Work lead

Fig.1. Shielded metal arc welding scheme[8]

Power source is direct or alternative current. This power
sources has static dropping V-A characteristic. Welding arc
temperature in this power sources is about 6000-9000°C.

h Y
" o4

I(A)

Welding arc can be divided into three regions: anode,

2. Description of shielded metal arc welding cathode and arc column. On fig.3. is shown welding arc structure
process and voltage distribution.

Shielded metal arc welding is most applicable method in
industry. It is characterized with simplicity in equipment and not so
special skills of operator. The main method equipment is shown on
fig.1.
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Cathode ‘U ,-‘-U_‘ ’I‘U ,’I Voltage

Fig.3. Voltage arc distribution[6]

At the anode region, as the temperature falls higher voltage is
required to maintain ionization in the arc. The heat loss is
compensated by electrons in the plasma. In cathode area is the same
situation with the difference that more heat is generated in anode
area than in cathode. In the arc column, high temperature
concentrations are accumulated. This process together with ionized
metals kept welding arc burning at temperatures of about 6000K.

Electrodes for shielded metal arc welding are covered
electrodes. The role of a cover is to protect welding seams from
atmospheric . The cover contains stabilizing, shielding, fluxing,
deoxidizing and other elements supporting the welding process.
Depending on the type of electrode being used, the electrode
covering provides the welding seam in air[7].In proper selection of
cored electrodes is important to be considered followed rules:

e R, electrodes~R,, base metal

e  Chemical composition electrodes~ Chemical composition

base metal

If these rules are considered working characteristic of welding
construction is absolutely reliable.

According[2] shielded metal arc welding cored electrodes are
with diameter range 2.00, 2.5, 3.0,3.25,4.0,5.0,6.0mm and length
from 350mm and 450mm.

The value of welding current depends form electrodes
diameter. It is calculated by following formulae:

lweld =de*k 1)
where: de- diameter of electrode, k- coefficient depended from steel
grade, k=40 for low carbon, low alloyed steels, k=30 for other
carbon steels.
Shielded metal arc welding method is used in different welding
positions. This gave it widely application in industry, shipbuilding
and ship repairing.

3. Experimental procedure.

The experimental procedure is consisting of welding seams on
the mild steels plate St 235. Welding is done by rutile electrodes
with different diameter and different values of welding current.

Table 1. Welding current for different electrodes diameters

Ne De, mm | weld, A
1 3.25 80

2 2.5 100

3 3.25 120

4 4.00 150

For purpose achieving in the paper is used welding
machine for shielded metal arc welding shown of fig.4.

In selection of electrodes rules for equal or approximate
chemical composition and mechanical characteristic of electrodes
and base metal are kept. Chemical composition of steel plates are
shown on table 2 and chemical composition of electrodes are
shown on table 3.

Table 2. Chemical composition of steel plates base metal

N EEIENE P Cr [N |Cs
<022 | <005 <06 0.3 | <0.040 | <0.040 | <0.3 | <0.012 | <03

Table 3.Chemical composition of electrodes
C, % Si, % Mn, %
0.08 0.3 0.4

Fig.4. Overview of welding machine

Mechanical characteristic of steel plates and electrodes are shown
on table 4 and table 5.

Table 4. Mechanical characteristic of base metal

Rm, MPa Rpl, MPa A, %

470 340 26

Table 5. Mechanical characteristic of electrodes

Rm, MPa Rpl, MPa A%

510 400 28

In welding process are measured parameters of welding
arc: welding arc burning time, length of electrodes, melted part,
welding machine voltage.

To analyze influence of parameters on each other are used
response surface methodology. The commonly used response
surface methodology is the simplest 2k factor design. In this 2k
factor design, every factor has two levels(+1, -1) and each run at
two levels. The levels of the factors can be called,, low” and,, high”.
The two levels can be quantitative and qualitative. In engineering
analysis, for example, quantitative factors are forces, pressure,
speed and etc. and qualitative factors can be number of machines,
ships and other. To convert factorial design into regression models,

we used some of the following models:
e  First model

Y =B+ BX+ BoX, +e BX @)
e [teraction model

y:ﬂo_'_ZﬂiXi +ZZﬂinin ©)

i<j
e  Second model

k k k
2
y=/5 +Zﬂixi +22ﬁijxixj +Zﬂijxi Q)
i=1 i<j i=1

where: x; is the coded variable that represent the reactant
concentration, X, is the coded variable that represent the feed rate,
jB-s are correlation coefficients.

Design matrix of 22 factor planning is shown on table 6.
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Table 6. Design matrix
Ne X1 X2
1 -1 -1

2 +1 -1

3 -1 +1
4 +1 +1

4. Results
Experimental results are processed by software STATISTICA
and Excel worksheet. To analyzed impact of welding arc parameters
is used first regression model of RSM. Widely matrix of
experimental plan matrix is shown in table and the actual matrix of
plan matrix is shown in table 7.
Table 7. Full design matrix

Ne X1 X2 X3 X4
1 1 -1 -1 1
2 1 1 -1 -1
3 1 -1 1 -1
4 1 1 1 1

Time for welding arc burning time and length of welding
arc are objects of analysis. These two parameters describe and
characterize the welding arc. Based on the model are done graph
dependence of:

Length of welding arc against diameter of electrode and
welding current fig. 5.

Welding arc burning time against voltage of welding
machine and welding current, fig.6.

Table 8. Experimental data

No Voltage, L weld | de, mm I weld, | T weld
\Y arc, mm A arc, sec

1 14 24 2.0 80 30.3

2 17 27 2.5 100 44.45

3 21 30 3.25 120 67.7

4 26 34 4.0 150 79.5

Lueid arc@gainst lyeig and de
4
0,0
20506002 %
% 0:'0":‘0:""%000'
. 2505 00 0:%, 75
2% Y%
’f’"""

>34
<33
<3
<29
<27
<25
<23

Fig.5. Length of welding arc against diameter of electrodes and
welding current

1. Conclusion

In the paper are analyzed welding arc parameters in manual
shielded metal arc welding. For experimental procedure are used
retile electrodes with diameters of 2.00; 2.5; 3.25 and 4.00mm and
steel plates grade ST235.

To analyze the results are used response surface methodology.
Two-level factorial design of experiments is used. Based on
methodology regression models, regression equations for analyzed
welding arc parameters were developed.

Length of welding arc closely depends form welding
current. With higher welding current values, the length of the
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welding arc is higher. Type and diameter of electrodes haven’t a so
important impact on length of welding arc. This is confirmed by the
developed regression equation.

Time for welding arc burning closely depends on voltage of
welding machine. Impact degree of welding current in burning time
is not so clearly expressed. In higher values of welding machine
voltages burning

tueld s 2gaINSt lyeiq and Volgate

S PRI

M > 150
B <120
=<70
<20
B <-30
B <80

Fig.6. Welding arc burning time against voltage and welding
current

t =-25.5333+10.8306V -1.15671

®)

weldarc

L oigare =13.0385+0.1115V +1.07691,,, (6

time is bigger. This is in close relation to welding current.
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Abstract: The COVID-19 pandemic remains the most reported risk, cited by scientists and business representatives, to growth in their
home economies as well as the coronavirus effect on global economic sentiment. The research presents the results of in-depth interviews
obtained in the period April - June 2022 with entrepreneurs who are managers and/or owners of enterprises whose headquarters are
registered in the territory of the city of Plovdiv, Bulgaria. This paper aims to study their attitudes toward the measures taken to overcome the
pandemic consequences and strikes to recommend to the government reasonable measures for overcoming the negative effect of the
pandemic. The findings of this study can help managers in national institutions and business organizations recognize the strengths and
weaknesses of various dimensions of entrepreneurship revival measures that influence innovation and competitiveness.
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1. Introduction

COVID-19 has had a devastating effect on entrepreneurship
and other economic issues. Many businesses have failed as a result
of the significant drop in demand caused by confinement and other
restrictions on travel imposed by countries to stop the spread of the
disease. At the EU and national levels, numerous procedures have
been developed for creating and developing new enterprises in
priority sectors of the National Strategy for the promotion of small
and medium-sized enterprises and specific areas related to
overcoming European and regional challenges forced by the
pandemic. During this critical period, it should be emphasized that
SMEs must maintain an intensely positive and focused attitude in
the face of the economic slowdown and the resulting environmental
constraints.

The research object is entrepreneurs who are managers
and/or owners of enterprises whose headquarters are registered in
the territory of the city of Plovdiv. The focus is their suggestions
for adequate measures that can support the development of their
business in the crisis caused by the pandemic of COVID-19. This
paper aims to study the entrepreneurs’ attitudes toward the
measures taken to overcome the pandemic consequences and strikes
to recommend to the national authorities reasonable measures for
overcoming the negative effect of the pandemic.

A wide range of research methods was used giving us the
opportunity to test the ideas, build knowledge, and gain insightful
context and nuance to the recommendations. As part of a research
project titled “Economic Dimensions of the COVID-19 Pandemic:
The Impact of Psychological, Legal and Socio-political Factors and
Approaches for Overcoming their Negative Effects” funded by the
Bulgarian National Science Fund, a content validity evaluation
exercise was conducted by PhD students as the initial step in the
data collection process. In the second phase of data collection, two
representative studies were conducted - with persons, residents of
the city of Plovdiv, and enterprises registered on the territory of the
city of Plovdiv [1]. The paper presents the results of the third phase,
i.e. in-person verbal interviews with 14 entrepreneurs. The data
were obtained in the period April - June 2022. The findings of this
research can assist managers in the national institution and business
organizations to recognize the strengths and weaknesses of different
dimensions of measures toward entrepreneurship revival which
influence innovation and competitiveness. The authors’
standpoint is that the degree of success of the measures is an
indicator of the strength of the state policy in the context of
promoting entrepreneurship and entrepreneurial initiative.

The paper structure follows the main purpose and aims of
the research, i.e., after the introduction, the second part presents a
literature review based on current research in the field of
entrepreneurship. The third section focuses on the research
methodology. The latter serves as the study's framework and as the
foundation for the fourth section, which presents the empirical
findings. The paper concludes with conclusions and
recommendations for future research in the field of entrepreneurship
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and the implementation of adequate state measures to mitigate the
negative consequences of the pandemic.

2. Literature Review

Successful entrepreneurship, described as an ability and
willingness for development, organization and management of a
business taking all the risks for gathering profits, is an essential part
of the ability of a nation to succeed in the eternal changing and
strongly competitive market. An entrepreneur is a person who
perceives an opportunity and creates an organization to pursue it.
And the entrepreneurial process includes all the functions, activities,
and actions associated with perceiving opportunities and creating
organizations to pursue them [2].

A large piece of evidence from the literature shows that in a
situation of crisis adopting efforts by the state in the development of
strong entrepreneurial culture and competencies in entrepreneurs in
developing economies contributes to increased entrepreneurial
initiatives [3]. In the 2021-2027 program period, the European
Commission approved the "Competitiveness and Innovations in
Enterprises” Program, which provides for the continuation of
support for micro, small, and medium-sized enterprises in the
country through scientific research and the implementation of
innovative solutions for their production [4]. In the event of a
pandemic, providing relief and assistance to businesses is critical,
but it is also important to determine how much the state's efforts are
appreciated and approved by the organizations.

Entrepreneurs  exploit new opportunities and often
revolutionize industries overturning long-established technologies,
business models, and dominant companies [5]. To do so, they
innovate and take risks. Improving and increasing innovation and
the ability to develop innovation is the most important factor for
growth and serves as a prerequisite for ensuring a higher level of
economic development. The scientific literature provides evidence
that innovativeness has a significant direct effect on behavioral
intention to acquire new opportunities during crisis conditions [1].
Entrepreneurs act on what they believe is an opportunity in high
uncertainty, they use their judgment about whether to act [6].
According to Bosma and Schutjens [7], an evident gap exists in
entrepreneurial activity studies encompassing regions and countries.
Therefore, investigating determinants of entrepreneurship over a
region enables disentangling regional demography attributes,
institutional components, and specific regional attributes [5].

An entrepreneurial revolution has transformed the economy
since the mid-1970s and in the conditions of Industry 4.0 the
successful entrepreneurship practice is an exciting phenomenon
with broad implications on strategy, innovation, and the workplace
environment. No issue gets the attention of politicians more than
job creation. Furthermore, the declared state of emergency and the
strict measures that followed had a significant impact on the
country's economic life. The pandemic has increased the need for
Bulgarian businesses to seek out innovative business models and
niches in order to combat the consequences of the country's
deteriorating economic conditions. This set of goals could not be
possible without the state support and the approbation of adequate
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measures toward business stakeholders to fight the crisis
consequences. And this process has a positive relation to both the
state and the business.

3. Methodology of the Research

The applied methodology has been tested in previous research
conducted by the authors [8]. The Research Design method is
thought to use direct interviews to investigate the research problem.
These interviews are based on open-question sessions lasting one
hour. Data is gathered through interview responses and statements.
Analytical information was synthesized and produced for the
purposes of the research based on data collection. In fact, data
collection as a technique in the research was formalized through our
direct interaction in a discussion format with the Top Executives
and CEOs. All the entrepreneurs are seasoned leaders and managers
who have aided in the development and growth of businesses.
Because of their leadership and long tenure at their firms, these
individuals are regarded as experts on entrepreneurship and
organizational culture. The entrepreneurs were selected for their
expertise and knowledge to explore the business threats and
application of the state’s measures in-depth.

We used a semi-structured own questionnaire focused on
gathering the entrepreneurs’ evaluation related to the Bulgarian
government’s reaction to the pandemic. On a scale of 0 to 10
(where 0 means "l do not agree at all" and 10 means "I strongly
agree™), we asked them how much they agreed with the following
statements:  political communication, unified EU support,
government communication strategy, and so on. We asked them to
evaluate the business support measures in the event of a pandemic.
First, we wanted to know if the entrepreneurs had benefited from
any of the state's programs. Furthermore, we wanted to hear from
respondents about what else could be done to support them. We
asked them an open-ended question about suggestions in the context
of government actions and what politicians could do better. The
respondents evaluated the truthfulness of statements that best
captured their perspectives on how to assist their businesses and
improve the entrepreneurial climate in Bulgaria.

In addition to the interview sessions, desk research was carried
out to check the information for inconsistencies and to construct a
correct and up-to-date logical model of reasoning.

4. Discussion and Results

The objective of this phase of data collection was to ask the
managers and experts about the evaluation related to the Bulgarian
government’s reaction and proposed measures to business during
the pandemic While the interviews sought confirmation of the
proposed ideas, they also sought modifications and emergent
concepts that could influence the construct's development. This
phase of the research was primarily intended to contrast the largely
theoretical and literature-based conceptualization of economic and
social strategies with the practical experience and knowledge of
managers and experts.

The study consisted of interviewing 14 entrepreneurs who
were picked from a convenience sample of SMEs whose
headquarters are registered in the territory of the city of Plovdiv,
Bulgaria. As no such research was conducted in the companies
before, it took some months to make the Top Management willing
to cooperate and finish the research. We selected a potential pool of
20 enterprises to contact for interviews based on our strongest
personal relations. All the respondents were contacted from April
2022 to June 2022, of which 14 agreed to be interviewed. Nine of
the interviews were conducted at the manager’s place of business
while five were conducted via Internet video conference. 64 % of
the respondents are men and the others are women. All the
respondents have master’s degree of education.

4.1. Government’s Commitment to Entrepreneurs’ Problems

More than 80 % of the entrepreneurs think that the politicians
in Bulgaria do not seem to have a clear vision of how to deal with
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the pandemic. The respondents give suggestions that the state must
follow the good practices abroad from countries that manage the
pandemic well. The results show that most of entrepreneurs do not
believe in the government’s ability to create a proper vision for
dealing with the crises and implement it.

They evaluate the communication strategy of the Bulgarian
government as weak (93% of the respondents). The messages from
the politicians are contradictory and confusing, and together with a
lack of unity, they create mistrust and thwart the entrepreneurial
initiative. The communication strategy must be elaborated and
applied by experts in communication and political management, but
the reality in Bulgaria does not confirm this statement. In managing
the pandemic, politicians are focusing more on public health and
less on business issues that create the feeling that their problems are
underestimated.

4.2. Assessment of Measures Introduced by the State to Fight
the Pandemic

During the discussion, we introduced to managers an
exhausted list of all measures the government has implemented to
encourage entrepreneurship. All the respondents had benefited from
some of the introduced measures. Most of them (86%) used the
“60/40 Measure” hoping to keep their employees. The “Support for
medium-sized enterprises to overcome the economic consequences
of the COVID-19 pandemic under the Operational Program
“Innovation and Competitiveness” was the second most valued
measure. Moreover, they mark many opportunities created by the
approved program "Competitiveness and Innovations in
Enterprises”, which provides for the continuation of support for
micro, small, and medium-sized enterprises in the country through
scientific research and the implementation of innovative solutions
for their production. This is a good perspective in obtaining
communication between business and scientific institutions and
participating in common projects and research.

All entrepreneurs used the opportunity of ‘“Preferential
crediting measures” aiming to minimize the loss during the
pandemic. They believe that the cyclical nature of business and
economic processes will lead to more opportunities and
development, particularly for those who have survived such severe
crises.

In an open-ended question, respondents were asked to make
their own recommendations for government policies. The most
frequently proposed measure is direct financial assistance to
businesses. This is followed by a change in relevant legislation and
a prohibition on interfering with business decisions.

4.3. Recommendations for Future “Action Plan” of the
Government

Entrepreneurs anticipate that a well-chosen measure will have
several positive effects, including encouraging entrepreneurial
initiative, motivating entrepreneurs, and increasing trust in
institutions. The level of trust is affected by how entrepreneurs
perceive the national government's commitment to dealing with the
pandemic and business problems. All respondents are adamant
about the introduction of new machinery, equipment, and
technology, and are participating in various funding programs. All
the participants state that the regulatory mechanisms of the
institutions are not well developed and “Bulgarian institutions are
an obstacle not a supporter for the development of business
initiatives”.

Many surveys assess the impact of entrepreneurial skills to
launch managerial initiatives in the sphere of innovation activities.
At the most valuable level is the communication skills, the
initiative, the ability to work in a team, and managerial skills and
abilities of the manager. The dominant qualities of interviewed
entrepreneurs are communication skills, activity, and initiative,
ability to work in a team, pro-activeness, leadership, and strategic
planning capabilities. However, more procedures for promoting
entrepreneurship must be applied including targeted training.
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However, the findings of the interviews, which included concepts
such as strategic planning, shared struggle, and motivated
employees, appeared to describe concepts other than work
expectations and job responsibilities. Instead, the desired emphasis
was on teamwork and mutual support. Accessing cohesion through
work expectations and job responsibilities may be too indirect in
comparison to more direct questions such as relying on others in the
organization and the state for assistance.

Several questions centered on broad risk-taking and innovation
rather than shifting to pursue or develop new opportunities during a
pandemic. These risk-taking and innovation items appeared too
abstract and disconnected from the intended concept of opportunity-
driven innovation and change. While these may be related to
innovation and change, they may represent conceptually different
ideas.

Developing entrepreneurship in the conditions of Industry 4.0
is defined as part of the application of new digital technologies in
the production sector and includes a wide range of technological
solutions and business models that contribute to qualitatively new
forms of economic activity. Cooperation between individual
research institutions and universities, on the one hand, and
entrepreneurs, on the other, will become an inseparable part of
enterprise staffing. Summarized results of the suggested measures
by the entrepreneurs can be observed in scheme 1.

Consistency and
sustainability of
policy decisions

regarding
business support

— Organizational-
- management and
P N e ‘ educational technologies,
[ \ = methods, instructions,
A g procedures for promoting
—— entreprenaurship
Financial and
Non-financial
incentives

Collective belief and
consciousness of a
community with good
examples of successful
entrepreneurs

Ep—

sy

Scheme 1: Suggested measures by entrepreneurs

Source: Own interpretation

5. Conclusion

This paper described the objective, procedure, sample
selection, analysis, and results of the third phase of data collection
for the research project, which was based on interviews with
entrepreneurs. The goal of this phase was to investigate the state's
response to the pandemic and to shed light on proposed additional
measures based on entrepreneurs' experiences, expertise, and
insights.

The 14 interviews with entrepreneurs yielded a wealth of data
that largely supported the conceptual thinking forced in developing
a model for mitigating pandemic consequences while also providing
important context, nuance, and explanation of respondents'
perspectives on applied measures and state-supported procedures.

In terms of the role of institutions in mitigating the negative
effects of the crisis, it appears that they are more of an impediment
than support for such activity. This rich qualitative data helped to
ground the conceptual model for overcoming the pandemic
consequences and provided evidence for the veracity of the
proposed dimensions. This data also provided critical foundational
evidence for future research that may investigate the formation of
national strategy in a pandemic context and how it changes in
organizations. The dynamically changing economic and political
environment necessitates greater flexibility in businesses and a
willingness to adapt to new conditions. The role of the state in
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mitigating the effects of the crisis and encouraging entrepreneurial
initiatives is critical. Developing and/or starting a new business is a
prerequisite for increasing the economy's overall competitiveness.
This study's findings have responded to several academic requests
for more current research on entrepreneurship during a pandemic.
Such findings are significant because they show policymakers
where entrepreneurship and innovation have the greatest potential.
As a result, state assistance can be directed specifically at these
groups.

The study and proposed measures would be useful for
implementation in the new adapted National Plan to deal with the
SARS-CoV-2 [9] pandemic, ensuring preparedness for a maximally
adequate response to the another wave of the COVID-19 pandemic,
and introducing an inter-agency and comprehensive approach to the
management of such unusual situations to counter the adverse
health and public consequences associated with the mass spread of
an infectious disease.
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Abstract: In the 8th decade of the 20th century, a state program was implemented to automate the entire production in the spirit of scientific
and technical progress. More than 160 types of systems for the automation of technological processes have been developed, including
individual high-performance machines, industrial robots and manipulators, managed with the most advanced microprocessor technology for
its time, subsequently implemented in pilot complex automated workshops and production areas in various economic sites of the country.
Prioritizing the production of means of automation of technological processes intensifies machine-building, intellectualizes labor and
increases its productivity. Gradually, with our forces and means, experience and a base for further design and implementation of flexible
automated production systems in all branches of industry are created. The achieved technical and organizational experience guarantees the
membership of Bulgaria in the Permanent Commission on Mechanical Engineering at the SIV and its coordinating role in agreements for
multilateral specialization and scientific and technical cooperation in the field of industrial manipulators and robots.
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: In 1964 the first automated control system for the four sections of
1. Introduction the concrete unit of ZSK Kremikovtsi was put into operation. In the
The proposed report aims to present part of the documentation same year, NIPKIPA completes the topics: Automation of the
of the executive power in Bulgaria in the second half of the 20th pulping process at the plant in Krichim; Automation of an
century, concerning the development of production automation. The unloading trolley in the OCZ, Kardzhali; System for automatic
object of research are annual reports on the activities of the Ministry ~ regulation of air during cotton processing in DIP "Thracian Cotton"
of Mechanical Engineering, reports on achieved results in scientific - St. Zagora; Automation of the ore grinding cycle for DPM
developments and their implementation in production, concluded "Panagyur mines"; Automation of the heating furnaces at the rolling
trade agreements and future intentions for investments and mills of the "Lenin" MZ; Automation of nitric acid production for
development. The chronological frame spans 20-25 vyears, the Chemical plant in Dimitrovgrad; Automation of soda production
beginning in the early 1960s and ending in the mid-1980s. The  at the plant in Devnya, etc.[3]
research does not pretend to present a complete history of the In 1965 NIPKIPA presents a study on the efficiency of mechanical
development of automation in Bulgaria, but to show archival engineering for the period 1966-1970, according to which the
documents testifying to a successful policy, thanks to which ~ optimal flow of processes in various productions and the
Bulgarian society is technologically on par with developed Western achievement of the best indicators are possible only on the basis of
countries and becomes a leader among socialist countries in the ~ complex automation, the implementation of controlling analog and
successful transition to an automated economy. digital machines and the mass use of measuring, control and
. . _— . . regulating instruments and devices. [4]

Automation is a qualitatively new, higher stage in the  |n"1966 the "Automation of Ferrous Metallurgy" section at the
developme_nt of tec_hnology. Automatlon _of production is a process Institute (now NIPIA) works on 8 topics with MH “Lenin” and 1
of de\{eloplng ano_l implementing automatic means and systems with with MK Kremikovtsi: section "Automation of construction
the aim of freeing man from physical and mental labor and  aterials production” works on 3 topics; section "Automation of
expanding his capabilities to manage machines and processes. On o ferrous metallurgy" works on 4 topics; section “Automation of
the one hand,_ the level of assurance of productlon_by automatic the food industry” works on 6 topics; section "Computing
means detgrmmes the'degree of improvement of working conditions equipment” works on the topics: program and address management
and reduction of phy_5|cal and mental efforts of_management. C_)n the of electric hoists; program management of electric cars;
other hand, automation affects the technological processes in the  athematical description of technological processes in  the
direction of their improvement as a result of the possibilities for  chemjcal, metallurgical and construction industries; device for
quick reporting of violations in them and the impact of their  gemonstrating program and address control of electric hoists. [5]
removal, to maintain the most economically advantageous mode of 1, 1966 The institute begins active international cooperation. Six
operation of the machines and equipment. The economic benefit for  gngineers specialized in the USSR, another three - in Denmark and
society from the introduction of automatic means and systems in - Erance. A delegation visited the fair in Leipzig, the International
production is expressed in the economy of public labor. Congress in Belgium on Automation of the Pulp and Paper Industry
and the International Congress on Automatic Control in England.
NIPIA enters into direct cooperation with the Institute of
Automation in Kyiv, with CNIIKA in Moscow, and with Hungary a
permanent working group on automation is established. (ibid)

In 1969 automation has been identified as a major factor in

In the_19605, the Genera_l perspective _for th_e developme_nt of t_he technical progress.[6] There are a total of 241 contracts concluded
Bulgarian economy predicted a 6-7 times increase in industrial b ection, and the total conditional economic effect of the
production by 1980, which required extensive mechanization and implemented systems is worth BGN 834,000 (ibid.)

automation of production processes.[1] The new technology,
offering more precise management of the production process, leads
to great savings in raw materials and to optimal utilization of
capacities.[ibid]

2. Solutions

In a report to Prime Minister Todor Zhivkov, presented in 1970. by
the Minister of Mechanical Engineering Mariy Ivanov and the
Chairman of the State Committee for Science and Technical
Progress (SCSP) Prof. Ivan Popov, a concept was laid out,
The beginning of the organization of the work on automation was ~ Providing for the automation of technological processes in small
set with Order No. 245 of the Council of Ministers of 1.03.1961, ~ and medium-scale serial engineering production during the period
which created the Central Development Base for Automation ~ 1971-1980, which foresees the implementation of systems of
(CRBA). By Decree No. 163 of 27.09.1962. The base grew into the metalworking units with digital - program control (CPU), controlled
Scientific - Research and Design - Construction Institute of Applied by digital electronic - computing machines (CM — CEIM) [7]
Automation (NIPKIPA).[2]
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The authors emphasize that due to the significant complexity of
CM-CEIM, it is necessary to import it and implement it in
production, as well as mastering the production of digitally
controlled feeding manipulator and transport devices, necessary to
connect the individual machines in complex automation. (ibid).

One of the heads of state of Bulgaria and directly responsible for the
development of mechanical engineering, Ognyan Doinov saw in
1968 the first robots implemented in production in Japan by Fujitsu-
Fanuk. The Japanese scoff at the desire expressed by the Bulgarian
side for possible cooperation, considering the absolute
unpreparedness of Europe to move into this new stage of
organization and development of production. In front of Doinov, the
Japanese shared about the difficulties they had when introducing
robots into the production of a Mercedes-Benz plant. [8]

Despite the mistrust, in 1968 Bulgaria signs an agreement with the
Japanese company Fujitsu for the acquisition and production of the
first electronic computing machines (EIM) "Facom", which began
to be produced in our country by 1970. under the name ZIT 151. [9]
High technologies soon fell into the list of prohibited goods for
socialist economies, but Bulgaria's ties with the Japanese company
were not permanently severed, since in 1980 in cooperation with
Fujitsu - Fanuk in our country begins serial production of robots for
various purposes. [8]

Since 1974 the transformation of the Bulgarian economy towards
subject-technological specialization of enterprises, known as the
Multiplication effect, began. According to the Deputy Chairman of
the Council of Ministers responsible for mechanical engineering,
Ognyan Doinov, the copying of the Soviet model,in which each
enterprise tried to produce only everything it needed, in our country
led to the overspending of raw materials and the commitment of a
lot of manpower and machine time. The result was an increase in
production costs and an unsatisfactory quality. [8]

In order to avoid this, it moves to an optimal concentration of the
capacities producing basic elements, specialization of individual
parts, units and aggregates with a wide range of application with the
subsequent possibility to produce a variety of final products in
many machine-building plants. (ibid)

On 28.01.1978 The Council of Ministers adopts Decision No. 4 on
the creation of a scientific-production association Automation of
Production as an organization for the implementation of the
processes of research and implementation in production of
production automation systems. [10]

With the 39th Resolution of the Court of Justice of August 1, 1978.
the association has been assigned the functions of a leading
executive organization for the automation of production in the
country, of a leading development and implementation organization
for complex automation of production in the mechanical
engineering industry. (ibid)

At the 84th meeting of the Standing Committee of the SIV on
Mechanical Engineering, held in Brno, Czechoslovakia in 1980.
issues related to the further development and deepening of the
multilateral specialization and cooperation of production, the
conduct of joint research and design and construction works on the
creation of new types of machines and equipment were discussed.
The main place is occupied by questions about the specialization of
Bulgaria in the production of robots — manipulators. [11]

The Minister of Mechanical Engineering, Toncho Chakarov,
insisted on signing a contract in 1981. for the specialized production
of 65 types of robots - manipulators, intended for servicing 8 main
groups of machines and technological processes.In addition,
specialization was adopted in 4 new positions of manipulators and
robots for transport and warehouse work. With this, the Bulgarian
production specializes in a total of 50 positions or over 75% of the
specialized nomenclature. We are followed by Poland with 40
positions, Czechoslovakia with 30 and Romania with 22 positions.
NRB emerged as the main exporter of working manipulators for the
period 1981-1985. (ibid)

At the beginning of the 8th decade of the 20th century, two
documents trace the ongoing development of automation in our
country: Development for the development of metal-cutting
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machines and robotics by applying the multiplication approach in
the period 1981-1985. and Automation VIII Program.

The two documents define the main nomenclatures in the
production direction, the directions of their technical development,
the principles of the international division of labor, as well as the
activities of the reproduction process in the industry, aimed at
increasing the social productivity of labor to obtain a multiplier
effect in the country's economy.

Program "Automation VIII" envisages unification, specialization
and supplies of components and building elements, which are of
decisive importance for the creation of high-performance and
precise machines on the one hand, and supplies of finished products
and complexes based on industrial manipulators and robots, on the
other.With building elements of this type, as well as with the newly
created high-performance and precise machines and industrial
manipulators - robots, Bulgaria began in 1980. its participation in
the international specialization and cooperation within the SIV.

It is established, at the highest state level, that we already have the
necessary technical and organizational experience in building
automatic technological lines and modules. Created before 1980
lines are based on Bulgarian transport and supply systems -
conveyors and manipulators.In the field of industrial manipulators
and robots, Bulgaria has also declared its readiness to fully
participate in the international division of labor, which is also
confirmed by its coordinating role in agreements for multilateral
specialization and scientific and technical cooperation in the field of
industrial robots and manipulators. [12]

The years 1981-1985 were devoted to automation in production. In
connection with this, the National Program Automation VIII was
developed. The main directions in it are 3: 1. creation of the
necessary conditions and accumulation of experience for the design
and implementation of complex automated workshops and plants
for discrete production; 2. creation of technical means and systems
for automation of production and management in other branches of
the national economy;

3. increasing the level of automation and electronicization of
individual machines and equipment, of complete equipment and
lines produced by our engineering for the food industry, heavy
engineering, construction equipment, etc., intended for newly built
sites and for the modernization of existing factories. [13]

The extremely ambitious task for its time was set to put into
operation over 2,000 CNC machines, 500 aggregate machines, over
3,000 industrial robots and manipulators, about 100 automated
enterprise management systems (AEMS) and 20 automated
dispatching systems and 10 automated production the section and
workshops in OZZU - St. Zagora, NPKR "Beroe" - St. Zagora,
"Dinamo" - Sliven, ZMM - Nova Zagora, KPM "Georgi Kostov" -
Sofia, KHI "Hydravlika" - Kazanlak, etc. It is estimated that the
total economic effect of the program amounts to BGN 320 million
(ibid.)

The implementation was particularly successful in Stara Zagora,
where a number of basic means of automation such as hydraulics,
industrial robots and manipulators, metal cutting machines, control
devices for robots and manipulators, disk drives, technological
lines, etc. are produced.The main efforts to implement pilot
complex-automated workshops and sections and systems for
automation of engineering work are directed there.At the end of
1982, the Minister of Mechanical Engineering, Toncho Chakarov,
presented a report to the senior state leaders on the development of
NPKR "Beroe" - St. Zagora. [14]

By means of BGN 29 million of basic funds, facilities were built
and operating in the plant, ensuring an annual production of 1,000
units of robots. The production is on the basis purchased in 1980.
license from the Japanese company Fanuk, with which Bulgaria has
traditional ties. Two types of robots are mastered, with hydraulic
and pneumatic drive. In order for our country to maintain its lead in
the framework of international specialization, it is necessary to
build additional capacities to reach an annual production of 5,000
units of robots. Since mechanical processing constitutes 60% of the
labor intensity, it is necessary to search for solutions for complex
automation. Currently, socialist countries lack the experience and
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equipment to create automated production systems at a high
technical level,and cooperation with Western companies is being
sought. The highest indicators for the complex construction of an
automated workshop for the mechanical processing of the main
details for the robots were offered by the FANUC company, thanks
to which the processing of 60% of the details for the
electromechanical robots was achieved with the service of 24
workers. 9 units were delivered from Japan. lathe machines and 21
pcs. machine centers served by robots and automated transport
carts, 2 automated warehouses — for blanks and finished parts, as
well as a computer system for managing the complex.The
automated workshop also includes 6 lathes and 4 machine centers,
manufactured by NRB, and Mashproekt is included in the
engineering project. (ibid)

With the project for the expansion of NPKR Beroe, the total
production funds increase to BGN 70 million, and conditions are
created for the production of commodity products for over BGN
150 million. On March 25, 1982, a joint meeting of the collegiums
of the MME and the Ministry of Instrumentation, Automation and
Control Systems in the USSR was held in Moscow. Issues
regarding the expansion of scientific and technical cooperation, the
expansion of cooperation in production, the development of joint
activity in the field of automated control systems, the expansion of
contacts and the establishment of direct scientific and technical ties
were discussed.

An Industry Program for the development of specialization and
cooperation in the field of instrument making, automated control
systems and computer technology for them until 1990 was signed.
Possibilities for expanding cooperation in the automation of design
activities, the creation of distributed systems for the automated
management of discrete and continuous technological processes and
the development of an automated section using robots and
manipulators were discussed.[15]

In 1982, accelerated implementation of advanced technologies and
technological complexes of machines and systems in agriculture
began. For this purpose, a program for accelerating the complex
mechanization and automation in the agricultural sector was
developed and adopted by the Council on Agriculture under the
Council of Ministers with a period of 1986-1990. [16]

The execution of the tasks is largely related to the staffing of the
automation activity. 3500 are the specialists who are concentrated in
the engineering and design organizations under the umbrella of the
Ministry of Electronics and Energy alone. To increase the
qualification of management and executive staff on automation
issues, a departmental training center was organized at the National
Institute of Civil Engineering, and a regional robotics training
center was established in Stara Zagora. Together with the Scientific
and Technical Union (NTS), educational centers with automation
and electronicization laboratories have been established in eleven
district cities. Together with the Ministry of Education, a
comprehensive program for the training of personnel in
microelectronics was developed and adopted, which also foresees
the creation of a center for postgraduate qualification in
microelectronics in Botevgrad. [13]

The production of means for the automation of technological
processes led to the intensification of production and the
intellectualization of labor in Bulgaria in the 60s, 70s and especially
in the 80s of the XX century.During this period, statistics report a
sharp increase in the social productivity of labor in the economy.
The production of means of production automation is characterized
by features that create completely new working conditions.

Such are the low seriality of the products with a large nomenclature
in terms of modifications; the continuous increase in the complexity
of the technique and increase in the concentration of the operations
performed by one machine;the use to the greatest extent of the latest
achievements of pneumatics, hydraulics, electronics and electric
drives; the constant increase in requirements for higher operational
reliability and accuracy of machines.

The new working conditions also increase the requirements for
personnel service: a high degree of literacy and technical
intelligence in order to be able to respond to the frequent change of
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nomenclature and modifications;ability for high internal
mobilization and concentration, ensuring in a short time the study
and understanding of constantly changing and complicating
relationships in the production of new products; high mental and
physical endurance; high erudition and wide specialization as a
result of the use of the latest achievements of pneumatics,
hydraulics, electronics; ability for quick thinking activity and
analysis of the influence of imposed changes and programs on the
final manifestations of the behavior of the machine organs and
processing processes; an opportunity to effectively exercise
professional knowledge and skills in a foreign place, in an
unfamiliar work environment. [17]

Conclusion

At the end of the 80s, Bulgaria was among the 30 most developed
countries in the world and took third place in the export of industrial
robots for welding, painting, assembly and palletization. In
conditions of tightening of the COCOM regime to limit the access
of new technologies for Eastern European countries, Bulgaria offers
production that is vital for the development of socialist
economies.The economic policy led by the state leadership does not
pursue spectacular display actions and demonstrations, but higher
efficiency in the utilization of resources and greater labor
productivity, which results directly from the automation of the
means of production. As a result, a rapid increase in the national
income and an increase in the standard of living of the population
were achieved.
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