“ Bvnrapcko cnucaHue 3a

hienepho TPOEKTUPANE

Gpnoi:4 anpun 2010

LEJ U OBXBAT

,»DBITapCKO CIUCAaHUE 38 UHKEHEPHO MPOEKTHUpaHe” € MEePUOJUYHO HAyYHO CIHCAHHME C LIMPOK Hay-
YCH U Hay4IHO-TpuiiokeH npodui. [lenra My e na npepocraBu akageMudcH Gopym 3a OOMEH Ha UICH
MEXIY YYCHUTE, U3CIICIOBATEINTE, HHKCHEPUTE, MOTPEOUTEIUTE M MPOU3BOJUTEIUTE, PA0OTEIH B
o0acTTa Ha MAIIMHOCTPOEHETO, TPAHCIIOPTA, JIOTUCTUKATA, TEXHOJOTHUTE, CBBPEMEHHOTO KOMIIO-
TBPHO TPOEKTUPAHE, a CHIIO Taka M B 00JacTTa Ha pa3IMIHU MHTEPAUCIUIDINHAPHA HAyYHH U Hayd-
HO-TIPWIIOKHHU TpoOieMu. M3naTennTe NMpUBETCTBAT HAYYHH MyOJMKAIIMH ¢ BUCOKO KadecTBO M 3HA-
YHUMH HAY9HU, HAYIHO-TIPHUIOKHN F TBOPUYECKH TPHHOCH.

PEJAKIIMOHHA KOJIET' YA

IMouyeTen npeacenared
JIro6omup AumMuTpoB
IIpencenaren
Boxunap I'puropos
3am. npeacenare.
Munuo I'eoprues
YneHose

Humuo Yakbpcku
Humutsp Panes
T'eopru lrokenmxuen
Mupocnas Jlenuen
Mapus I'eoprues
Becko [Tanos
I'eopru Toxopos
Hukonait Hukonos
Pocen Mutpes
Buxentu CniacoB
Buxkrtop lBanoB
Badea Lepadatescu
Penaxrop

Pocen Murpes

Texunuecku Yuusepcurer-Codust, benrapus
Texunuecku Yuusepcurer-Codust, benrapus
Texanuecku YuauepcuteT-Codust, bearapus

Texanueckn YuauepcuteT-Codust, bearapus
Texanuecku YuausepcuteT-Codust, bearapus
Texanueckn YuauepcuteT-Codust, bpnarapus
Texanueckn YuauepcuteT-Codust, bearapus
Texunuecku Yuusepcurer-Codus, benrapus
Texunuecku Yuusepcurer-Codusi, benrapus
Texunuecku Yuusepcurer-Codusi, benrapus
Texunuecku Yuusepcurer-Codus, benrapus
Texunuecku Yuusepcurer-Codusi, benrapus

Bucme Texaudecko yaumuie ,, Tomop Kabnemkos”, beirapus
Opiecky HaIMOHAICH MOJIUTEXHUYECKH YHHUBEPCUTET, YKpaiiHa

Transilvania University of Brasov, Romania

Texanueckn YuauepcuteT-Codust, bearapus

H3nparen: MammnoctpoureneH dakynrer, Texanuecku yausepcurer-Codust.

ISSN 1313-7530

Anpec Ha pegakmmsita: Codus, Oyn.Kmmment Oxpuackn Ne§, Texuuuecku Ynuepcurer-Codus,

611.4, MammHocTpouTeseH GakyJTer.
3a koHTaKTH: bsip@abv.bg; EnexTponna Bepcusi: mf.tu-sofia.bg

Heuar: [einukont EOO/]


mailto:bsip@abv.bg

EBngar_ian journal fgr n _

No.4 april 2010

AIM AND SCOPE

Bulgarian Journal of Engineering Design is a periodical scientific issue covering wide scientific and
application areas of engineering activities. The aim of the journal is to provide an academic forum for
exchange of ideas and information between scientists, engineers, manufacturers and customers work-
ing in the spheres of mechanical engineering, transport, logistics, modern computer — aided design and
technology and solving different interdisciplinary scientific and applied problems. The editors wel-
come articles of substantial quality bearing significant contribution to the engineering knowledge.

EDITORIAL BOARD
Honorable chairman

Lubomir Dimitrov
Chairman

Technical University-Sofia, Bulgaria

Bozhidar Grigorov
Deputy chairman
Milcho Georgiev
Members

Dimcho Chakarski
Dimitar Ralev
Georgi Diukendzhiev
Miroslaw Denchev
Marin Georgiev
Vesko Panov
Georgi Todorov
Nikolay Nikolov
Rosen Mitrev
Vikenti Spasov
Viktor Ivanov
Badea Lepadatescu
Editor

Rosen Mitrev

Publisher: Mechanical Engineering Faculty, Technical University-Sofia.

ISSN 1313-7530

Publisher Address: Sofia, Kliment Ohridski blvd. Ne§, Technical University-Sofia, Mechanical engi-

neering faculty.

Technical University-Sofia, Bulgaria
Technical University-Sofia, Bulgaria

Technical University-Sofia, Bulgaria
Technical University-Sofia, Bulgaria
Technical University-Sofia, Bulgaria
Technical University-Sofia, Bulgaria
Technical University-Sofia, Bulgaria
Technical University-Sofia, Bulgaria
Technical University-Sofia, Bulgaria
Technical University-Sofia, Bulgaria
Technical University-Sofia, Bulgaria

University of transport ” Todor Kableskov”, Bulgaria
National Polytechnic University of Odessa, Ukraine
Transilvania University of Bragov, Romania

Technical University-Sofia, Bulgaria

Contact us: bsip@abv.bg; Electronic version: mf.tu-sofia.bg

Print: Deilikont Ltd.


mailto:bsip@abv.bg

Brarapcko cnmcanue 3a MHKEHEPHO NMpoeKTupane, 6p.4, anpui 2010r.
Bulgarian Journal for Engineering Design, No.4, april 2010

CBbABPKAHUE/CONTENTS

40 roguHu KaTeapa ,,ABTOMATH3ALMUS HA JMCKPETHOTO NMPOM3BOACTBO” —
TMOCTHUAKECHUA, MEPCTIEKTHBH .. ....onuettetnnttteentte ettt e anteeeennareneeeennnens
J.Yakbpcku

AcnekTH 3a PA3BHTHETO HAa ABTOTCXHHUHYECCKATA €KCIICPTH3a B bba-

TAPHS — HACT L. e
B.Ilenuen

AcINeKTH 32 pa3BUTHETO HA aBTOTeXHUUYecKaTa ekcrnepru3a B bbJ-
11:1 1)1 0 S P ¥ ot U
B.Ilenues, b.Tymxkapos

AHaJNM3 HA TAHTeHIMAJTHUTE HANPeKeHHUs B rpeAu OT CTAHJIAPTHH CTOMA-
HEHME TPOMUIIM. ..ottt e et e e et e e s eataee e e
JI.JTazoB

IIpoekTHO pPa3MepPHO-TOYHOCTHO M3CJIeIBAHE HA CHOCHOTO Oa3upaHe Ha
HAKPANHUIUTE NPH KOAKCHAJIEH BUCKOBUMETDBP.....euvvneeeeeniieeniieneennannnn
P.Huxonos, JI.Koues

UYucieHo u3cjeBaHe HA BJHMSHHETO, KOETO 0Ka3Ba JesiIkOoBaTa CHCTeMa
BbPXY OCTATHYHHUTE HANPEKEHUs] B MACHBHA CTOMAHEHA OTJIUBKA .............

H.Huxkomnos

MeToauka 3a u300p U NpecMsiTAaHe HA TYMeHH Oy(epH...........................
b.IlenkoB, H.MuteB

Utilizing Autodesk Inventor for dynamic simulation of heavy duty loading
MANTPUIATOL ... ..o e s e e e eraeeeenes
B.Grigorov

OTHOCHO TrBBKaBHS TPHLOONPOBOA HA  NEPHCTAITHYHHUTE TOM-

B.lBanoB

CuHTe3 Ha paGOTHUTE NOBbPXHMHHU 32 (PPUKLIHMOHEH BAPHATOP ¢ MUHUM H-
3MPaHO reOMeTPUYHO ILUTb3raHe M0 MeToa Ha Ju(epeHIHATHUTE TbJKH-

K.Crouukos, J1. Koues

19

27

34

40

46

52

59

65

70



Brarapcko cnmcanue 3a MHKEHEPHO MpoeKTupane, 6p.4, anpui 2010r.
Bulgarian Journal for Engineering Design, No.4, april 2010

Mopenupane HA eBPUCTHYHM 3ATAUM........ccc.eieiteenuieatienieaieesteeteeseeaseesseesanes

M.JIenapos

Mathematical modeling of translational motion of rail-guided cart with
suspended payload...............cooiiiiiiiii i
R.Mitrev

Possibilities for pollution reducing from mobile
SOUECES. .....eiiniiiiniieiteette et et eeete et e et e et eeseeesbeeean e e st e saneebeesaneesteesaneenneesaneenneenanes

M.Clinciu, D.Thierheimer, F.Popescu, C.Vasile, W.Thierheimer
Cutting force in high speed milling of aluminum al-
M.Folea

Reconditioning of surfaces subjected to intense wear, of pallets from
the rotors of coal grinding mills, used in thermoelectric industry,
through laser-hybrid process..............cccocooieiiiiniiieieeceeee e
A.Galea, L.Feraru, D.Floricel, LN.Trif

Research on determining the hydraulic activity of ashes from ther-
moelectric power Station ...............c.cccoiviiiiiiiiin
A.Marmandiu, R. Popescu, C. Bancila, M. Carstea

Engineering properties of fly ash ...
A.M.Marmandiu, R.M.Popescu, C.Ploscariu, M.Mosneag

A system identification approach in automotive claims parameters

estimation and prediction
T.Tobos, A.Danila, L.Popa, LNIStOT.........cccvureriiiieeiieeiee e

74

85

94

100

106

112

116

121



H.Yaxbpckn

40 'OAUHU KATEAPA ,ABTOMATU3ALIUSA HA
JAUCKPETHOTO ITPOU3BOACTBO” — TIOCTUXEHUA,
HNEPCIIEKTUBHA

Humuo Yakbpcku
dimost@tu-sofia.bg

B nacmoswama cmamus ca pasenedanu nocmugicenuama Ha kameopa ,, Aemo-
mMamusayua Ha OUCKpemHOomo npouzeoocmeo” 6 40 coouwnomo passumue npu
no020moGKama Ha MAWUHHU UHICeHepU-aGMOMamu3amopu U 6 HAy4HO-
uzciedosamenckama u eHeopumenckama oeunocm. llpusedenu ca HAKOU NO-
xapaxmepuu pesynmamu. [loocomeenu ca nao 2000 unoicenepu u ca noguwiuiu
keanugurxayusma nao 2700 cneyuarucmu om npouzso0CmeeHama NpaKmuxd.
Paspabomenu ca nao 130 nayuno-uscnedosamencku npoexmu, kamo Hao 80 %
om mAX ca GHeOpeHU 6 UHICeHepHAma NPaKmuka, a ocmaxanume 6 yueOHus
npoyec. [loxkasanu ca npumepHu paspabomxu ¢ yiacmuemo Ha asmopa.

Kniouoeu oymu: asmomamusayus, asmomamu3ayus Ha OUCKPemMHOMO NPoU38o0Ccmeo, kameopa, npo-
eKmU, UHICeHePHA NPAKMUKA, NOCMUMCEeHUsl, pa3gumue, NePCneKmugy, agmoMamuier KOMIIeKC

1. Bveeoenue

Karenpa "ABromaTuzanus Ha JUCKPET-
HOTO MPOM3BOACTBO" € Ch3/laAeHa U 3amoyvsa
00yueHHETO MO chelranHocT "ABTOMaTH3a-
OUsl Ha JUCKPETHOTO TPOM3BOJACTBO" Tmpe3
1970 rognna, cerinacHo Pemenne Ha MC N°
320/15.07.1970 rox. OcHoBaTen Ha Katempa
"ABTOMAaTH3AIMS HA TUCKPETHOTO MPOU3BOI-
cTBO" WM HeuH pbkoBogutea o 1997 r. e
npod. 1-p uaxk. Baagumup Caos ['aHOBCKH.
Ot 1974 r. cieunanHoCTTa € NMperMeHyBaHa
Ha "ABTOMaTHM3MpaHo oOOpyJBaHe B MallH-
HocTpoeHeTo" (AOM). Ilpu cw3naBaHeTo Ha
HIMPOKO MpoduiiHaTa crequanHocT "Maiiu-
HOCTpoeHe W ypenoctpoene" mpe3 1992 r.
cnenunanHoctta AOM ce TpaHchopmupa xa-
TO cheuuanuzauus "ABTOMaTU3Mpalla TeX-
HUKa ¥ MHXKEHEepUHT".

ITo umuuumatuBa Ha kateapa AJIl ce
paskpy crenuanHocT ,,MexaTpoHuka” , Hall-

Hamnpe] 3a MardcTbPCKHs KypC Ha Crelu-
anHocTTa “MalllMHOCTPOEHE W YpeaocTpoe-
He” ot yueOHara 2002/2003 ydeGHa roauHa,
a ot 2004 rox. — 3a dakajaBbpcKaTa CTe-
TeH. 3a Ta3n o0Opa3oBaTeHo-
KBaMM(UKAIMOHHA CTETNeH HMa JIbpXKaBeH
npueM ot yueOHara 2005/2006 yuebua ronu-
Ha. IIpe3 2009 rox. ce mumiomupa MbPBUS
BUMYCK Ha Ta3u cnenuanHocT 3a OKC ,0aka-
naBbp”, a oT yueOnarta 2009/10 ron. 3anouHa
obyuennero u B OKC”maructep”. OT yueO-
Hata 2008/09 rox. 3amoyHa oOydeHHe IO
crequangHocTTa ,,MeXaTpOHHU CUCTEMHU~ Ha
anrauiicku  e3uk 3a OKC ,,0akanaBbp”.
[Tpeacrosio e ¥ 3amovBaHeTO Ha O0y4eHHUe
Ha aHrnuicku e3uk 3a OKC ,,mMaructsp”.

Karenpa AJIIl wma moHacTosem 21
npernojasareiu, oT kouto: 3 npodecopu, 10
JIOLUEHTH, 5 TIaBHM acucTeHTH (3 ca JOKTO-
pu), 2 cTapiiu acUCTEHTH (EAWHMST € IOK-



mailto:dimost@tu-sofia.bg
http://www.tu-sofia.bg/faculties/mf/adp/ganowski.htm

bwarapcko cnucanue 3a MHKEHEPHO MpoekTupane, opoii 4, anpua 2010

Top) u eauH acucteHt (¢ur. 1). Cpennara

BB3pacT Ha MpenogaBaTeJINTE € 50 roauHu.

¢wur.1 [Ipenonasarencku cheTaB Ha kateapa AJIT

2. Yueona oeitnocm

Karenpa AJIIl orrosapsi 3a oOyueHHETO
M0 CIIeHUTE CIENHMaTIHOCTH U oOpa3oBaTel-
HO — kBanudukaunonuu crenenn (OKC):

e CrnenuanHoct ,MamnHOCTpOeHE W
ypeaocTpoeHe” HampaBieHue ,, ABTOMAaTH-
3upaiia TexHuka W HHkeHepuHr” — OKC
»bakanaebp”;

o CnenuanHoct ,MexarpoHuka” Ham-
pasnenue ,,Podornsupamia rexunka” — OKC
,bakanaebp”;

e CnenuanHoct ,MammHOCTpOeHE W
ypeaocTpoeHe” MarucTbpcku Kypc ,,ABTO-
MaTHh3alus Ha JUCKPETHOTO MPOU3BOACTBO™
— OKC ,,Maructsp”;

e CnenuanHoct ,,MexaTponuka” wma-
TUCTBPCKH KypC ,,MeXaTpOHHH CHUCTEMHU B
JuckpetHoTto npounssoactso” — OKC ,Ma-
THCTBD”;

e CrequaiiHOCT ,,MeXaTpoHHH CcHUCTe-
mu” — OKC ,,bakanapbp”, oOyveHue Ha aHT-
JUACKH €3WK;

e CneuuanHocTt ,,MexaTpOHHU cHUCTe-
mu” — OKC ,,Maructbp”, oOy4yeHne Ha aHT-
JINACKH €3HK;

e HampaBnenue ‘“‘ABTOoMaTu3Mparia
TeXHUKA UM WHXEHEPUHI € aKTyallHO U
MojepHo. To ocurypsiBa KOMILIEKCHA
MOJrOTOBKA HA CTYyACHTUTE - QyHAaMeH-
TaJdHa, KOHCTPYKTHMBHA, TEXHOJOTUYHA,
yIpaBisBalla, KOMIIIOTbPHA U UHXKEHE-
punrosa. IloaroTesiHuTe cnenuanucT
MOTaT Jla ce peanu3upar B pa3iuyHu 00-
JIACTH Y OTPACIH Ha MPOMUIIIEHOCTTA.

OO6eKkT Ha crneuManu3anusaTa ca aBToMa-

TUYHUTE  TPaHCIOPTHO-3aXpaHBAId  yCT-
policTBa, TPOMUIIJIEHUTE POOOTH, aBTOMa-




H.Yaxbpckn

TUYHUTE MPOM3BOJACTBEHH MALUWHU, POOOTH-
3UpPaHUTEe TEXHOJOTMYHM MOAYJH, aBTOMa-
TUYHUTE JIMHUM, I'bBKABUTE aBTOMAaTHU3UPaHH
KOMIUJIEKCH, KOMIIOTbPHOTO HMHTETrPUPAaHO
NPOM3BOACTBO KAKTO 32 MAIIMHOCTPOEHETO U
YPEAOCTPOEHETO, Taka M 3a XPaHUTEJHO-
BKyCOBaTa MPOMHIIIEHOCT, (apMaleBTHYHA-
Ta NOPOMMLUICHOCT M 3a JPYTH OTpaciu C
JUCKPETEH XapakTep.

e ABTOMATH3HPAIIA TEXHHKA H HH-
JKeHEepPHHT

Crneunanusupalyara noAroToBka Ha CTy-
JEHTUTE OT HampapjeHue “ABToMaTu3Mpalla
TEeXHUKA U WHXKEHEPUHT~ ce M3BBpLIBA Upe3
[IMPOKa U30MPaeMOCT B 3aBUCHMOCT OT HH-
TepecuTe Ha CTYACHTHTE U KOHIOHKTypaTa Ha
MKOHOMHMKATA U TMas3apa.

OOby4eHneTo B HampaBieHHEeTO oOXBara
YCBOSIBAHETO Ha OOEKTHBHO HEOOXOAMMHUTE
3HaHMsl Ype3 CIEAHNUTE BUAOBE MOATOTOBKH:

Dynoamenmaina no020moeéKa - 00X-
Balla mpodleMHUTe Ha eIUHHHUS MOIXOM, Me-
TOJOJIOTHATA U OOIIHOCTTA MPHU aBTOMaTH3a-
ousita ¥ poboTh3auusTa Ha pa3sHOOOpa3zHU
JUCKPETHU MPOLECH W TPOM3BOJCTBA B Ma-
[IMHOCTPOEHETO U OCTaHAJINTE MPOU3BOJCTBA
c AucKpeTeH xapakTep. Pasrmexnar ce 3ana-
YM, CBBbP3aHM C Pa3KpMBAaHETO M aHalM3a Ha
OOEKTUBHUTE 3aKOHOMEPHOCTH Ha aBTOMATH-
3uUpalata TexHUKa ¢ pa3HooOpa3HO mpen-
Ha3HaueHHe.

Koncmpykmuenama noozomogka ce nz-
rpakaa Ha HSKOJIKO HUBA!

IIvpeomo HUGo0 BKIIOUBA W3UYMCICHUE U
KOHCTpyHMpaHe Ha OTASTHM YCTpOWcTBa 3a
aBTOMAaTH3alMs, PaBUIIeH U300p Ha HE0OXO-
JuMara elleMeHTHa 0a3a M KOHCTpyHpaHe Ha
MOJYJIHU peLIeHHUs, T.€. KOMIUIEKC OT HSKOJI-
KO YCTpOHMCTBa ¢ OmNpejAesieHo TpeaHa3Haye-
HHE.

Bmopomo Hugo BKIOYBA W3UYHMCIECHUE U
KOHCTpyHWpaHe Ha aBTOMAaTHYHU TPOU3BOJCT-
BEHHM MAIIWHU. YMEHHUSATA C€ MOTBBHPKAABAT
C KOHCTpyHpaHe Ha aBTOMATHYHU MALUMHHU C
KOHKPETHO TMpelHa3HaYeHNE.

Tpemomo mueo ce OTHacd 1O aBTOMa-
THYHU TEXHOJOTHYHU MOAYJIH M aBTOMAaTHY-
HU JIMHUH, KOMIIJIEKC OT HSKOJKO MAllMHU H
YCTPOMCTBA.

OT usnocTHata KOHCTPYKTHBHA MOATO-
TOBKa CTyIEHTHUTE NpuUAOOMBAT YMEHMs na
npunaraT Hai-HOBUTE MOCTHUXKEHHUS OT Teo-
pusiTa Ha KOHCTPYMPAHETO, BKIIOUBAIIH ChB-
pPEeMEHHM MeToIH 3a u300p, MiIaHupaHe, KOH-
LenupaHe W KOHCTPYKTMBHO-AM3aHHEPCKO
odopmsiHe Ha M3AENMsTa, 32 ONTHMHU3UpPaHE
Ha KoHcTpykuuute u ap. CneunanHo BHUMA-
HUE ce OTAeNdsl Ha rpymnoBaTa paboTta mpH
pa3paboTBaHe Ha KOHCTPYKIHUHTE, T.e. pabo-
Ta B €KHUII.

Texnonozuunama nod20moeéKa Ha CTy-
JEHTUTE OCUTYpsiBA HEOOXOOMMHUTE 3HAHUS
yMEHHUSI, CBbp3aHU ¢ M3pabOTBaHETO W MPO-
M3BOJCTBOTO Ha M3JENUsl KAKTO B yCIOBHUSTA
Ha KOHBEHI[MOHAIHOTO, Taka W Ha aBTOMAaTH-
3UPaHOTO AMCKPETHO MPOM3BOACTBO. M3yua-
BaT Ce OCHOBHMTE MNPUHUMIM Ha LUUPPOBO-
nporpamuoro ympasinenue (LITY) u xapax-
TepHUTe ocobeHocTH Ha MamuHuTe ¢ [ITY ¢
Pa3iIM4yHO TEXHOJOTMYHO TpeAHa3HAueHHe.
lupoko e 3acThMeHO W KOMMIIOTBPHOTO
nporpamMupaHe Ha TE3W MAlluHH.

Ynpaenaeawmama noozomoexa pasr-
Jiexa YNpaBJIeHHETO Ha aBTOMATHYHU Ma-
[IMHU, TUHUKM 1 KoMTIekcu. CTy/IeHTHTe ce
Hay4aBaT Ja MpuiaraT mporpaMupyemMu KOH-
Tponepu M TPOOJEMHO OpUEHTHpaHA MHK-
pomporecopHa TeXHHWKA 3a YNpaBlIeHHETO Ha
ABTOMAaTU3HMPaHU CHOPBKEHHUS C pa3iuyHa
CTeleH Ha aBTOMAaTH3alHts.

Komniomwspnama noozomoexa pasr-
JieX]a TEXHOJIOTHSITA Ha TpHUiiaraHe Ha KOM-
NIOThPHA TEXHUKA MPH TJIAaHWPaHe, NPOEeKTHU-
paHe, KOHCTpyHpaHe W M3cjelBaHe Ha aBTO-
MaTu3upaliaTa TeXHUKa, P MHKEHEPHUHTA U
Ou3Heca, IPU MApKETHHTOBUTE MPOYYBaHUSI.
VYcBosiBaT ce rpaduUHM MaKeTH 3a AByMepHa
¥ TpuMepHa rpaduka, 3a UHKECHEpEeH aHaju3
U cUMyIllMpaHe, 3a pa3paboTBaHe Ha YMpas-
JSIBALK MPOrpaMH 3a NPOMHUILIEHN POOOTH U
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Maiuuu ¢ HITY.

Hnocenepunzosama no020moeka n1apa
MO3HAHUSI MO TEXHOJIOTHUSITA HAa MHXKEHEPHH-
roeaTta IeHHOCT, M3IMOJ3BAHETO Ha HAy4YHH
WHXKEHEPHU METOAM M MOAXONH MPHU KOHCT-
pyupaHe, M3rpaxaaHe, eKCIIoaTalus, CTO-
NaHUCBaHE M yMpaBleHHE HAa aBTOMAaTH3Upa-
11a TeXHUKA B AUCKPETHOTO MPOU3BOACTBO.

e MexaTpoHHKa — Bb3HHKBaHe, ChC-
TOSIHUE, IePCHeKTHBH

MexaTpoHuKaTa € CpPaBHUTEIHO HOBA
HayKa, KOSITO 3aloy4Ha Aa ce mpenojaBa OT
Opeau HIKOJNKO roauHu (okono 18 roauuu)
ObPBOHAYAJIHO KaTo OTAeNdHa yueOHa awuc-
UIUTMHA, CJIe] TOBa ce 000co0M KaTo Hayd-
HO HampaBjieHue (crmeuuanu3auus), a BIOC-
JIeICTBUE C€ Pa3BM KaTO OTHeNHA LIMPOKOIM-
poduIHa crenranHoCT.

MexaTpoHuKaTa € MHTepAUCUUTUTMHAD-
Ha, KaTo BKJIIOYBA CIeJHUTE KOMIIOHEHTH:

— MexaHnuHM cUCTeMH (BB3IH, CTIO0CHU
eAVHNLM, MeXaHWU3MH, YCTPOWHCTBa, ypenw,
MAalINHU U CbOPBKEHHS)

- EnextpoHHM cucTeMu (MHUKpOENEKT-
pOHHWKA, CHJIOBA ENeKTPOHWKA, CEH30pHKa,
aKTOpHKa U Jp.)

- Undopmanmonnn cuctemu (KOMITIO-
ThpHa TexHWKa, codryep, mopenupaune, 3D
MPOEKTUPaHe, WHXKEHEePeH aHaln3, CUMYJIU-
pane, CAD/CAM cucremMu, MHTEPHET TEXHO-
JIOTHH U Ap.)

IIpu mexatponuute cuctemu (MC) pe-
[IaBaHETO Ha 3a/JauyMTe cTaBa KaKTO MO Me-
XaHWYeH, Taka W MO LUPPOBO-ENEKTPOHEH
mbT. TYK ChIIECTBEHA pOJii MMAT B3aWMOB-
PB3KHUTE B KOHCTpyKUMsITa. JloKaTO MpHU KOH-
BEHUMOHAIHUTE CHUCTEMHU MPOEKTHPAHETO,
MPOCTPAaHCTBEHOTO Pa3MONIOKEHHEe Ha MeXa-
HU3MHUTE W €JeKTPOHHUTE KOMIIOHEHTH CTa-
BaT nootaenHo, MC ce oranyasar ¢ ToBa, 4e
NpoLechT U eJeKTPOHHATa cCHCTeMa ce pasr-
JIeXJaT OT CaMOTO Hayajo KaTo MPOCTPaHCT-
BEHO M (YHKIHMOHAIHO MHTETPUPAHI, T.C. Ka-
TO eJMHHA LSIOCTHA cucTemMa. B To3u ciy-
Yaii ch3JaBaHETO Ha Mpolleca ce MOBIHUsBA OT

eJeKTpOHHATa CHUCTEMa Olle Ha eTamna Ha
MPOEKTUPAHETO My, KOETO ce Hapuua “cu-
MYJTaHHO TpoekTupane” (simultaneous en-
gineering).

[lo-nobpoTo ympaBneHue Mo3BoOJsIBA B
MHOTO CJy4ad LeJNeBUTe CTOMHOCTH Ja ce
J00MMKaT A0 TPaHMYHUTE C MOMOLITAa Ha
no-100py BB3AECHCTBUS WIIM eKCIIoaTalusl,
a TOBa MO3BOJISIBA MO-BHCOKA CTeleH Ha
aBTOMATH3AL M.

Cneunannoctra “MexaTpoHuka”  ce
u3yyaBa B MallMHOCTPOUTENHUTE (akyiTe-
TH Ha YHuBepcutetutre B EBpoma (I'epma-
Hus — § yHuBepcuTeTH, benrus — 3 yHuBep-
CUTETH, XO0NaHus — 2 yHuBepcuTeTd, OuH-
JMaHausl ¥ YHrapusi — o J1Ba yHHUBEPCUTETH,
Cnosenust, Maxkenonus, Copbusi u YepHa
ropa, bearapuss — mo exiuMH yHHUBEpCUTET),
CAIll (nan 10 ynuBepcutetu), Kanama (5
yHHUBepcuTeTn), Anonus (3 yHUBEPCUTETH),
Agctpanus (3 yHuBepcutetu), Hoa 3enan-
aust (1 yHUBEpCUTET) U Ap.

MamuHOCTPOUTETHUAT (paKyaTeT Ha
Texuuueckusi ynusepcuter — Codust yyacr-
Ba 3aeHO C MAaLIMHOCTPOMTENHUTE (aky-
tetn Ha TY — Unmenay, TY — bynaneuua,
Huikus yanBepcuter u CKOTNCKHSI YHUBEp-
CUTET B MEXJYHapOAeH MpoekT mo “Mexar-
ponuka”, dunancupan or DAAD — I'epma-
Hus npe3 nepuoaa 2000 — 2005 rox. Llenrta
Ha mpoekTa Oelle ch3laBaHeTO Ha Crelral-
HOCTH MO MeXaTpOHWKa B YHMBEPCHUTETHTE,
YUacTHHIIM B IPOEKTA.

Cneumannoctra “MexaTpoHuka” T103-
BOJISIBA Ha 3aBbpLIBALIMTE Ja MOjyudaT 3a-
Iba0oueHa TeOpeTHUHa U TpaKThyecka moji-
rOTOBKa MO KOOPAMHHMPAHHW E€BPOTENCKH
nnaHoBe B 00JNacTUTE: MAIIMHOCTPOEHE,
ypEeROCTpOeHe, EeNeKTPOTEXHUKA, eIeKTPO-
HUKa, MHPOPMALMOHHA U CUCTEMHA TeXHMKA
U JIp. C LIe] Ch3JaBaHe, BHEAPSBaHE W eKCII-
JoaTalusl Ha MEXaTPOHHM CUCTEMHU C pa3HO-
00pa3HO nmpegHa3HAYeHHE.

CrneuuanHocTTa JaBa A0CTaTbYHA 00IIa
d cHemuajJHa MOATOTOBKA M COJMAHM Oa-




H.Yaxbpckn

3UCHHM 3HaHUS, HEOOXOOUMHU MPU OCbHLIECT-
BSBAHETO Ha ObJella HHKEHepHO-HayyHa
JEHHOCT M OCHUTypsIBalllM MOAXOAsILIA TPO-
(ecnonamHa reBKaBocT. Ts JaBa 3HaHMSA 32
METO/OJIOTHYHMSI TOAXOA MPH MPOEKTUpa-
HETO M BHEJAPSIBAHETO HAa MEXAaTPOHHM CHUC-
TEeMHM ¢ pa3HOOOPa3HO MpeJHa3HAYEHHE.

B OakanaBbpckus Kypc Ha crenual-
HocTTa “MexaTpoHunka” ca mpeJBUAECHH ABa
OCHOBHM MOAY/IHU: POOOTH3HpAINA TEXHH-
Ka, QHUHHO-MeXaHHYHA TexHuKa. BbB Bce-
KA OT MOAYJUTE ca BKJIIOYEHHM MO IIECT
CHeNUATH3HPALIIM JAHCHHIUIHHH, KOHUTO
KOHKpeTH3Mpar MU 3aapiadouyaBaT MOArOTOB-
KaTa B CbOTBETHOTO HaMpaBieHHE.

Karenpa ,,A/II1” e Bogema B crenuan-
HOCTTa ,,MexaTrpoHuka” W OTroBapsi 3a MO-
nyn ,,PoGorusupaia TexHuka”.

3.Yueonu oucuuniunu, 600enu om Ka-
meodpa ,AJI”

[IpenogaBatenu ot Katenpara BomsT
yueOHM 3aHATHS ChC CTYACHTUTE MO 52 auc-
LMIJIUHHA.

OOwocneunaiHd JTUCUUAIIINHY 3a CHELH-
ajgHOCT “MalunHOoCTpOeHE U ypeaocTpoeHe”
OKC .,bakanaBbp” ca JUCHUIIJIUHUTE:

o “‘Asmomamuszayus u pooomuzayus Ha

npouzeoocmeomo”’ - npod. /1. Hakbpekw;
e  “Pecynupawa u ynpaeiieawa mex-
Huxka’ - nou. M. Munyues;

o "Memooonrocus na npoexmuparemo’
- npo¢. . Manakos, nou. /1. Jloues;

o Asmomamusupanu npouzeoocmee-
Hu cucmemu’”’ — nou. I'. XamKukoces.

3a HampaByieHUe “ABTOMaTU3Mpalla TEX-
HUKa ¥ WHXkeHepuHr~ oT Karempara ce BomsiT
3aHSTHUS 110 CIEAHUTE TUCLUIIINHU:

e “HuckocToitHOCTHA asmomamusayus

HA OUCKPEeMHOMO Npou3e00cmeo” - mpod.
. Manaxos
o  “Texuonoeus Ha asmomMamusupano-

Mo IUCKPETHO npouszeoocmeo’” - Ti. ac. B.
[TawoB

e  “Koucmpyupaune Ha agmomamuyHu
NpPOU3BOACTBEHU Mawunu” - nou. E. Mano-
JIOB;

) “ABTOMaTH3alUST HA MOHMANCA U
asmomamuyny tunuy” - nou. J1. Jloues;

e “llpomuuinenu pobomu u asmoma-
MUYHU MEXHOA02UYHYU MoOYau~ - NOI. A.
PaiixoB u nou. Bi. CTaHkoB;

o “Asmomamuszayus Ha NPOEKTUPaHE-
To” - mpod. JI. Yakbpcku, nou. B. ['eoprue-
Ba;

e “Cucremu 3a ympasieHue HA agmo-
mamuyny xomnaexcu” - npod. T. Hewkos,
non. K. Tonanona;

e “Umxenepunr”’ - npod. . [ams-
HoB, nou. E.Coko0B;

O6urocnenuanHi JUCIUIUIMHA 32 CIIeIH-
aigHocT “Mexarponuka” OKC ..bakanassp”
ca JUCHMIIINHUTE:

o Asmomamusayusi Ha OUCKPEMHOMO
npousBoactBo ” — npod. J. Yakbpcku, noi.
I'. Xamxkukoces;

o Cenzopu u axmopu’ — pom. M.
Munyuwes, gou. I1. TomoB;

o EnexmpouHu pezyrupawu u ynpas-
aseawu yempoiicmea u cucmemu’”’ - nou. M.
Munyes;

e , Mooenupane u cumynruparve Ha me-
xamponnu cucmemu” - npod. 1. Yakbpckw,
potu. I1. Tomos, nou. B. ['eopruena;

o  Uumenucenmunu  npouseo0CmeeHu
cucmemu” — npod. T. Hemxos, ri. ac. A.
Lloxes;

3a nanpapinenne “PoboTH3mpaiia TEXHK-
ka” ot Karenpara ce BOISAT 3aHSATHS TIO Clie-
HUTE JUCLMIIINHU:

o  Illpomuwnenu pobomu” — pou. H.
Manaxos, nou. B. Crankos, gon. E. Coxo-
JIOB;

o Illpocpamupane u OuacHocmuxa Ha
npomuuiienu pooomu” — non. E. MaHoNOB;
ri. ac. Paiikos; 1. ac. M. SInakwnes;

o , Pobomusupanu mexuonocuu” — TIL.
ac. B. ITamos, rn. ac. Paiikos;
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e Mooenupane u cumyiupane Ha po-
oomuzupanu cucmemu” — npod. 1. Yakspe-
ku, gou. [1. TomoB, gou. B. 'eopruena;

e  Excnioamayus u nooopwvoxcka Ha
npomuwieny pooomu” — nou. B. CtaHkoB;
nou. E. Cokonos.

OO0urocnennaniyu JUCHUIIIMHA 32 CHely-
aTHOCT “MalnHOCTpOeHE U YpeaocTpoeHe”,
OKC .Maructbp’’ca IUCHUIIIMHUTE:

o CAD/CAM cucmemu” - mpod. /.
Yaxbpcku, ri. ac. M. Snakumes, rmac. Cr.
Hukonos;

o | Huowcenepnu u3cieo8aHus u cumy-
aayuonno modenupare” - npod. 1. Yakbpe-
ku, pot. I1. TomoB;

3a MarucTbpckM Kype ..ABTOMaTH3AIUs
Ha JIMCKPETHOTO mpou3BoAcTBO”oT Kateapa-
Ta Ce BOJAT 3aHATHS MO CIAEAHUTE JUCLIMII-
JINHU:

e MooepHuzayus u peundicenepune’ —

npod. J. amsauos, nou. E. Cokonos;

o  “Teopemuunu OCHO8U HA KOMNJLEKC-
Hama asmomamu3zayus Ha OUCKDEeMHOMO
npouzeoocmeo’”’ - nou. JI. Knoukos.

o | Unmezpupano npoexmupane Ha u3-
O0enust 3a agmoMamu3upaHomo nPouU3800CHi-
60" - mpod. U. Manakos;

o, Komniomvpno unmezpupanu npo-
useoocmeenu cucmemu’” — npod. T. Hemr-
KOB, I'Jl. ac. A. I{okes;

e  KomniomwvpHo  npoexmupaue U
npozpamupane Ha asMOMamu3upauia mex-
nuka” — mnpod. JI. Yakbpcku, mou. I'. Xa-
JDKMKOCEB, TI1. ac. M. SInakues;

3a MarucTBPCKM KypC 3a CIeHUATHOCT
“MexatpoHuka” OT Kareapara ce€ BOIIT
CIIEIHUTE JUCLHUIIJINHU:

o ,CAD/CAM/CAE” - npod. J. Ya-
KbpckH, 1. ac. U. SAnaxwues; ra. ac. C. Hu-
KOJIOB;

o Mexamponnu cucmemu ¢ MHO203-
gennu ctpyktypu”’ — nou. K. KoctaauHos,
nou. M. Musnyiues;

o Cucmemu 3a ynpasienue Ha Me-

XAMpPOHHU cucmemu U UHOYCMPUATHU Mpe-
xu” — pou. M. Tomanosa, ri. ac. A. I{okes.

o  Uumenucenmunu  npouszeo0CmeeHu
cucmemu” —npod. T. Hemkos;

o | Aemomamuszupawu ycmpoticmea’” -
npod. . Manaxos;

o  Asmomamuzayus na moumadxca” -
nou. M. J{oues;

o Ilpunoscenue Ha MexampoHHU Cuc-
memu 6 JUCKPETHOTO HPOU3B00Cmeo” —
npod. J[. Yakbpcku; mou. A. Paiikos, mor.
Ba. Crankos;

o Vnpasnenue na osudsicenusma @ Me-
XaTPOHHU cucmemu” — ooy. Iln. llempos,

e  TlpoextupaHe u 6HeOpssane Ha ag-
MOMAMU3UPAHY MeXAMPOHHU KOMNIEKCU 8
ouckpemunomo npouzgoocmeo” — mpod. /.
Yaxbpeku; gou. A. Paiikos, nou. Ba. Cran-
KOB;

MoOuIHOCTTa W akajeMuyHaTa cBoOoa,
KaKTO W e3WKOBaTa MOATOTOBKA Ha Tpernoja-
BaTeNMTe OT KaTeapaTa MO3BOJIsIBA Tpenoa-
BaTeNu OT Clelualn3annsiTa a MpernojaBatr
B ApYyTH (haKyJITETH KaKTO ClieBa:

o “Asmomamuzayus Ha MAUUHOCMPO-
umennomo npoussoocmeo” — pou. E. Coko-
0B B MT®;

e “Asmomamuzupanu npouzeoocmee-
Hu cucmemu” — npod. T. HemkoB B CTo-
naHCKUs paKyJTeT;

e  “KomniomwvpHo npoexmupane Hd
Mawuny, npoyecu u cucmemu’ —tnpod. /.
Yaxwpcku B UT1O - CrinBeH.

B Oraena 3a unxeHepHo oOyyeHue Ha
aarmuiicku  esuk  (OMOAE)  English
Department of Industrial  Engineering
(ELDE) na TY-Codus ce BOAIT AHUCLHILIN-
Hute: “IIpouzsoocmeeno npoexkmupane” W
“IIpouseoocmeena npaxkmuxa” ot pou. E.
Manonos u jgou. I'eno H. Xamxkwkoces,
“IIpoussoocmeenu npoyecu’ ot pou. I'. Xa-
JUKUKoceB | T ac. B. Tlamos, “Bweeoenue 6
npouseoocmeomo” u “llnanupane na npous-
6oocmeenu cucmemu’” ot 1. ac. H. Anapee-
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Ba u ri. ac. B. Ilamos, “IIpouszeoocmeenu
cucmemu” ot npod. T. Hemkos u ru. ac. H.
AnpnpeeBa, “lIpouseoocmeenu cmpameeuu”
or rin. ac. H. Anapeea u “KomniomwvpHo
unmezpupano npouzeoocmeo” ot npod. T.
Hemxos.

BB Qakynrera 3a repMaHCcKO MHKEHEep-
HO OO0yueHWe W MPOMHILJIEH MEHUIKMBHT
(®al' UOIIM) Faculty of German
Engineering  Education and  Industrial
Management Ha TY-Codus ce BoasaT auc-
uunauaute: “Teopus Ha xoncmpyupanemo”
ot cr.ac. A. bruBapoB u “Aemomamusupanu
npouzgoocmeenu cucmemu” n “IlIpouszgooc-
meeno-mexnuvecka aabopamopusi” OT JOL.
M. Munymes u ct.ac. A. bruBapos.

Monorpaduu u rjaBu OT KHUTH, H3-
nanenu npe3 nepuoaa 2007+2010 rox.;

1. T. Neshkov, S. Jordanova, L
Topalova, Process control and Production
automation. Yuebuuk - English Language
Department of Engineering. ELDE, 2007.

2. T. Neshkov, S. lJordanova, I
Topalova, Process control and Production
automation. Laboratory exercises - English
Language Department of Engineering.
ELDE, 2007.

3. Jawmsuos ., E. Cokonog, I1. Tomos,
T. IanaitoroBa, ,,OCHOBH Ha KOHKYPEHTHUS
uHxeHepuHr”. YdeOHuk. HM3nmatenctBo Ha
TV Codust, 2007.

4. Yakwpcku [., T. Bakapencka, ABTo-
Matusupamu ycrpoiictea. YueOnuk. Mana-
teactBo Ha TY-Codus, 2007.

5. Tames M., Cr. Hukonos, , COSMOS
Works — o0yuenune ¢ npumepH, PrkoBoacTBoO
3a 1abopaTOpPHM YMPaKHEHHUsS! MO  JAMCLHUI-
nuHaTa ,,KOMOIOTEPHM METOAM 3a ONTHMM3A-
sl Ha MAIUMHOCTPOUTENHM KOHCTPYKUUHU
[I-uact. TY - ®unuan ITnosaus, 2007.

6. Yaxwpcku /1., Y. llonos, ABTOMaTH-
3upaly ycrpoiictBa. YueOnuk. HMznatenct-
Bo Ha TY-Codus, 2007.

7. Hawmsnuos, M., T. [lanaiioToBa, Opra-
HU3alMs Ha KOHKYPEHTHHUS WH)KEHEPUHT B

UHaycTpuanuute ¢upmu. YdeOHuk. M3pa-
tenactBo Ha TY-Bapna, 2007.

8. HamsnoB, /. n x-B, WHxeHepuHr
(OcHOBM Ha KOHKYPEHTHHS WHXEHEpPHHT).
Vuebuuk.  Mzparenctso Ha TY-Codus,
2007.

9. Yakspcku J[.C., I'. Xamkukoces, AB-
TOMaTHU3alusl Ha AUCKPETHOTO MPOM3BOACT-
Bo. YueOHuk. Uznarencrteo na TY Codus,
2008.

10. HemkoB, T., I'bBkaBa aBTOMAaTH3a-
1Sl HA MOHTaXa - MeXaTpoHeH noaxoa. Mo-
Horpadus. HMznmarenctBo Ha TY Codus,
2008.

11. Yakbpceku /J., T. Bakapencka, Wu-
XKEHEePHHU M3CIEeABAHUS M CUMYJIAMOHHO MO-
nenvpane. YueOnuk. M3marenctBo na TY-
Codus, 2008.

12. Manakos W., JToues [I., OcHOBH Ha
NPOEKTUPAHETO HA MEXaTPOHHU CHCTEMHU.
PwvkoBosCcTBO 32 MaGopaTopHM yTpakKHEHUS.
Uznarencreo “Codrrpeiin” ISBN 978-954-
334-097-2, 2009.

13. U.Tonanosa, A.llokes, MuTenurenT-
Hu IlpoumsBonctBenu Cuctemu (MawuHHO
3peHHe B aBTOMATHU3WPaHU CUCTEMH 3a YII-
paBnenune). PrroBoscTBOTO 32 NabopaTopHU
ynpaxHenus. Wzparencreo Ha TY-Codwus,
2009.

14. Xamxukoce [, ABTOMaru3mpanu
NPOU3BOACTBEHU cUCTeMH. YueOHuk. W3na-
tenctBo Ha TY Codust, 2009.

15. Manaxkos, HU. , HuckocToifHOCTHA aB-
TOMAaTH3alus Ha IUCKPETHOTO MPOM3BOACT-
Bo. YueOHuuk. M3narencteo Ha TY — Codus,
2009.

16. Hemkos, T., M. Munymes, A. bpu-
BapoB, BbBenenne B mexarpoHukara, M3na-
tenctBo Ha TY - Codus, 2009.

17. Yakbpcku /. u k-B., KomnnekcHa aB-
TOMAaTH3alus Ha IUCKPETHOTO MPOM3BOACT-
Bo. MoHorpadus. Hznarencteo Ha TVY-
Codus, 2010.

4. Hayuno uzciaedoeamesicka 0eiiHocm
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Ha kameopa AJI

B HayuHuTe wu3cneaBaHMs ydacTBaT
BCHYKM TpENoAaBaTeNM M JOKTOPAaHTU OT
karenpara. Haii-no6pute cTyaeHTH ChIIO ce
BKJIIOYBAT MpPH M3MBJIHEHHE Ha HSKOU OT
3aJaunTe 3a Hay4UHH U3CIIeJBaHMS.

TeMaTHYHHN HAYYHH HAaNPaBJeHHS:

e Teopernunu npobieMu Ha aBTOMATH-

3aUusTa Ha OUCKPEemHOmMO MPOU3BOJCTBO;

e TexHomoruu M MaUIMHU 32 aBTOMa-

TU3UPAHOTO JUCKPETHO MPOU3BOACT-
BO;
e ABTOMaTH3MpaHe MOTOKa Ha JeTaii-
JuTE;

e [lpomuinenn pobotu u podOTH3U-

paHu KOMIUIEKCH;

e ABTOMaTH3alMs Ha MOHTaXa,;

e MexaTpoHuKa;

e CucremMu 3a ynpaBJeHUE B AMCKPET-

HOTO MPOU3BOJICTBO;
e HMHoBauMKM M WHXXEHEPUHT Ha aBTO-
MaTU3UPaHOTO AUCKPETHO MPOU3BOMCTBO;

e CAD/CAM cucremu.

Ilpes mnocnenHuTe mneT TCOAWHU OT
npernojiaBareuTe ca myoauKyBanu oo 252
HAY4YHH TpyAa, OT KOUTO 43 - B uyxkOnHa.

Karenpa AJIIl mombpka MHOXECTBO
KOHTaKTH CbC CPOJHM KaTeApH B CTpaHaTa M
yyxOuHa.

IIpenooasamenume yuacmeam axmugHoO
6 HayuHo-mexHuyeckume Opydcecmed, KaTo
BCHYKHM OT KaTeapaTa ca ujieHoBe Ha Hamuo-
HAJIHOTO HAYYHO — TEXHHYECKO JpPYKECTBO
~ABTOMaTH3aUsA Ha JUCKPETHOTO
npous3BoAcTBO” kbM Cbro3a mo MammHocT-
poeHe Ha DepepaumstTa Ha  HayudHO-
TeXHUYeCKuTe chio3n. OCBEH TOBa HIKOW OT
YJIeHOBETE Ha KaTeapara 4JeHyBaT U B APYTH
JpYy’KeCTBa M CbIO3M: CbIO3 MO MH(pOpPMATHKA
¥ aBTOMAaTHKa, ChIO3 MO CTaHAApPTH3AUMS U
ap.

B pesynarat Ha Hay4HO-
u3cienoBaTeNcKkaTa IeHHOCT B KaTeqpeHUTe
nadopaTopur MMa penuia CTEHIOBE, KOUTO

NpeAcTaBisBaT MOJYMPOMULIIEHHH 00pa3uu
Ha cpeicTBa 3a aBTomarusauus. [Ipe3 uzmu-
HanuTe 3 TOAWHU ce M3rpaanxa HOBH Jabo-
paropuu:

e JlaGopaTtopusi ,,ABTOMaTH3auMs Ha
MOHTaXxa” ¢ KOMMIOTbpHa 3ana - 20 paboTHH
MecTa;

e JlaGopatopusi ,,MpexoBa CUTypHOCT
W ympaBieHHe” ¢ KOMOIOTbpPeH pecypc — 16
paboTHM MecTa ChC Crennalu3upan copry-
ep M BCHYKM XapakKTepHH BUJOBE MPOrpamu-
PYEMH KOHTPOJIEPH.

e JlaGopatopust ,BupryamHo wuHxke-
HEpCTBO” ¢ yHHWKAllHA anaparypa, eAMHCTBe-
Ha B bearapus u Ha bankanure.

Karteapara pasmoaara ¢ 13 naGopato-
PHH, B KOMTO Ce€ M3BbpIIBAa KakTo yueOHa,
Taka M Hay4yHOM3CJeJOoBaTelcka JeHHOCT:
[Ipomuuinenu poboTH U pobOTH3MPAHU MO-
Ioynu; ABTOMaTH3alusl Ha MOHTaxa; Huckoc-
TOMHOCTHA aBTOMATH3alsi HA JUCKPETHOTO
MpOU3BOJICTBO; MexaTpoHHU cucTemMu; HH-
KEHEPUHT W MOJepHHU3aLUs Ha JUCKPETHOTO
MPOU3BOACTBO; TEXHONOTHS HAa aBTOMAaTH3H-

paHoTO JUCKPETHO MPON3BOJICTBO;
ABTOMaTH3alMs Ha TMPOU3BOJACTBOTO U
aBTOMAaTu3Wpalla TeXHWKa; ABTOMATHYHH

MPOM3BOACTBEHN MAalIMHA W  KOMIIJIEKCH;
Lentsp 3a BHUPTyaJlHO  MHXXEHEPCTBO;
WHTenureHTHH MpPOU3BOJICTBEHU CHUCTEMHU;
CAD/CAM cucrtemu; Cucremu 3a LIIVY;
JleuenTpanuznpanyu MeXaTpOHHU CHCTEMHU.
ExxeromHo moa  pbKOBOACTBOTO M
uHUIMaTuBata Ha kareapa Al ce
MIPOBEXKAT HAYUOHANHU HAYUHO-MEXHUUECKU
KOHGhepeHyuY ¢ MeHCOYHAPOOHO yyacmue no
agmomamu3zayust Ha OUCKPEMHOMO
npouszeoocmeo. llpenBaputesiHo ce M3aaBar
cOopHUUM ¢ Joknaau, kato M3Bectusi Ha
HTC no MaumuHocTpoeHe, KOUTO ce pasna-
BaT Ha YYaCTHHLMUTE TPU pPerucTpagusita um
3a koH(epeHuusra. [‘onssmMa oMol 3a mpo-
BEXJAHETO Ha Te3M KoHdepeHUnn okazpa TY
— Codus ¢ moroBopute 3a moakpena Ha Ha-
yuHu (GopyMH W u3naBaHETO Ha COOPHUIIUTE
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OT Wu3aaTenckus kommiekc. OmnpenesneHo
MOXe Ja ce Kaxe, 4e KareapaTa
npezacrapisBa 00eAMHSBALLOTO 3B€HO U € KO-
opAuHUpalll LeHTsp no BbnpocuTe Ha AL,
KaKTO 3a YHUBeEpcuTeTHTE, Taka M 3a Dup-
mute n Opranuzanuurte B P.bbarapus.
Karenpa “ABTOMaTH3ALUS Ha
JUCKPETHOTO MNpOU3BOACTBO” B cBoeTo 40
TOAMLIHO pPa3BUTHE uUMad peouya ycnexu
KAKmo 8 06pazoeanuemo, maxka u 6 Haykama
u npaxmuxama. Kategpara e pazpadotuna u
BHeApuiaa 138  Hay4yHO-M3cie0BaTENICKH
[POEKTH, MOBEYETO OT KOMTO ca MperaieHH
Ha mnorpedutenute “non kmou’. OcobeHo
3HAYMMH ca yCHEeXUTe MPU aBTOMATU3ALMITA
Ha TPOM3BOACTBOTO M MOHTaXa Ha MAaJKH
aerainun v u3penus. Cb3nazeHa e rama oT
aBTOMATU3MpAlld YCTPOMCTBA, 3a KOUTO ca
obocobenn TuMOBM pemose. ToBa ca
BUOpallMOHHHU OyHKepHH 3axpaHBalIH
yctpoiictBa (7 THmopasMepa); BUOpAllMOHHH
NUHEHHU TpaHcnopTeopu (3 TUNopazmepa);
MHEBMATHYHW TPAHCTOPTHOPH Ha BB3AYLIHA
BB3MNaBHUNA (5 TUTIOpazMepa); OTceKaTeTHH
ycTpoiicTBa (5 THUmOpa3Mepa); I'bBKaBa
MaHunynauuoHHa cuctema AJIIT 200 (3 Buga
monynmu — 10 tumopasmepa ); TbBKaBa
MaHunynaunonHa cuctema AJIIT 1000 (5
BUJa MoIynau — 15 Tumopasmepa); rama
MOIYJIM 3a TpaHCialuus W poTauus C
toBapoHocumoctor 1 nga 10 kg (obmo 50
Tunopasmepa). PaszpaGotenn ca THMOBH
pelleHnss Ha pa3sHOOOpa3HW aBTOMATHYHH
KOMIUJIEKCH: aBTOMATH3UPaHU TE€XHOJIOTMYHH
MOAyaM;  poOOTH3MpPaHM  TEXHOJIOTHUHH
MOJYJIM; MOHTaXXHU aBTOMATH; aBTOMAaTHUHH
muann 1 Ap. [loBedeto oOT ch3gameHuTe
o0pa3uu ca BHEOPEHW B MPOU3BOJACTBEHATA
npaktuka. Kareagpata akTuBHO paboTH Mo
MPUIIOKEHNETO Ha KOMIMIOThPHA TEXHHUKA BHB
BCHYKK yueOHM aucuuminiun u B HHUPII.
Cwo3panena e unrerpupana CAD cucrtema 3a
NpOEeKTUpaHe " u3cJenBaHe Ha
ABTOMAaTH3MPaHW KOMIUJIEKCH 32  MAJKH
Jetainu, kato e paspaboreHa rpaduiHa

oubnuoreka ot 3D Momenn Ha MOCOYEHUTE
[0-rope aBTOMAaTU3Mpallu ycTpoicTea. Tasu
cuctemMa oOJjeKkyaBa 3HAYMTENHO TpyAa H
MO3BOJIsIBA ONTHMHU3MpaHe Ha Ch3IaBaHHUTE
pellIeHus 32 aBTOMaTH3aLHUsl.

Kameopama pabomu no npoexmu no
aunus Ha Huoeayuonnus ¢ono. ToBa ca
NPOEKTH, CBbpP3aHM C aBTOMAaTH3alLMATa Ha

pa3ivyHU  JUCKPETHH  TPOU3BOJCTBEHH
npomecu, B T. 4. MOHTa)KHH,
MeXxaHooOpaboTBalH, MOYKCTBAHE u

fosaMcBaHe HA METaJHU MOBBLPXHUHM U AP.
Hamm maptasopu ca CIIAPKHW EJITOC —
JloBeu u CITAPKU — Pyce, ¢ xouto pabotum
MHOTO 10Ope B MHTErpUpaH eKHII.

Ilpenonasarenute oT KaTenpara
y4yacTBaT aKTUBHO B pa3pabOTBAaHETO HA MHO-
BAaTMBHHM TEXHOJIOTHMHM U CPEACTBA 3a aBTOMa-
TH3alMs HA AWCKPETHUTE MPOM3BOJCTBEHH
MpOIeCH Ype3 HAYHUHO-TEXHUYECKH JOTOBOPH
U CbBMECTHa [HEMHOCT C MPOM3BOJCTBEHH
npeanpustus. MHoro no6pu KOHTakTH Ka-
Tepara MOJAbPKA ChC CICAHUTE GUPMH OT
crpanata: SMC, KMS Enjineering-I1nosnus,
SPARKY ELTOS-Jloseu, SPARKY-Pyce,
SKF, FESTO IIpouzsoactso, FESTO bsira-
pus, Kowmmnac-byprac, AMEKA-Codus,
BETA ®ECT-Codus u ap.

IIpoexTHn, pazpaborenu mnpe3 mepuo-
na 20072009 roga.

e [lpoexkTupaHe W eKCIEPUMEHTAIHO
u3cJe/BaHe Ha €JeMEHTH C MHEeBMOXHUAPAB-
JIMYHO 3a/IBUKBAHE B CHCTEMUTE 32 HMCKOC-
TOWHOCTHA aBTOMaTH3aLHs;

e Paspaborka Ha RTDM-NN cucrema
3a ympaBJeHWe MpH peAylrpaHe Ha LHUKbIA
Ha eJIeKTpOMexaHWueH poOOT 3a criio0sBa-
He;

e OnTuMamHO TPOEKTHpPaHe, KOHCT-
PYKTOPCKO JOKYMEHTHpaHE WM aBTOMAaTH3M-
paH MOHTaXX Ha MexaHW4HO m3nenue B CAD
cpena;

e ABTOMaTM3MpaHa CUCTEMa 3a BH3Y-
anHa MHCMEKUMS Ha TEKCTypH MpU MPOMU3-
BOJICTBOTO Ha I'PAaHMTHU U MPAMOPHH TLIO-
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uy;

e Buenpssane nHa CAD/CAM/CAE
cHcTeMH B OOyuYE€HHMETO TPH MPOEKTHPaAHE,
aHaJM3 W ONTHMHM3ALMS HAa MAIIWHHA JeTai-
Y, BB3JIM ¥ CTII00EHU €IVHHUIIN;

e [IpoekTupane, u3paboTBaHe U MaTeH-
TOBaHEe Ha MOJIe3eH MOjieN Ha OUOCEH30peH
npeobpasyBare;

e CumMmynupaHe U ONTUMH3KpaHe oOpa-
©0TBaHETO HA KOPIYCHH AETaIK C MOMOIIl-
ta Ha CAD/CAM cucremu;

e PaszpaboTBaHe Ha T'bBKaBM MOMAYJHH
MaHUMYJTAlMOHHU CHUCTEMH C eJeKTPO3aj-
BHKBAaHE;

e PaspaboTBaHe Ha MHUKPOMEXATPOHHU
CHCTEMH C BHCOKA MPELU3HOCT;

e AynuoBusyaiHa  HHGPOPMALMOHHO-
KOMYHHMKallMOHHA CUCTEMa 3a aKTUBHO Hab-
JIF0JICHNE U OXpaHa ¢ MOOHIIeH podoT;

L] HOBa aBTOMaTI/ISI/IpaHa TECXHOJIOTUSA
3a TPOU3BOJICTBO Ha KOTBH C MMOBHIIEHO Ka-
YeCTBO 3a eNIEKTPOUHCTPYMEHTH;

e HoBa TexHOJOrMs 3a eIHOBPEMEHHaA,
JIBYCTpaHHa U CbOCHA 00paboTKa Ha OTBOPH
B 3aBAPEHU KOHCTPYKLHUH;

e HoBa TexHoNOrMs 3a MOYMCTBAHE Ha
METAJIHHU l'[OB'BpXHI/IHI/I n C60pKI/I OT 3aBa-
PBYHM KOHCTPYKIIMHU Tpean OOsIIUCBaHE;

e TunoBu edeKTUBHU pellieHHs 3a aB-
TOMaTH3MpaHe MOTOKA Ha MAJIKK JeTaiiu;

e [lomxon 3a pa3paboTBaHe W yrpaB-
JIeHWEe Ha WHOBATHUBHU MPOEKTH MO aBTOMa-
TU3aludgd Ha I[I/ICerTHI/I l'[pOI/I?)BO)lCTBeHI/I
TIPOLIECH;

e CuMynupaHe U ONTUMHU3MpaHe oOpa-
©0TBaHETO Ha KOPIMYCHU AETAJIK C MOMOIIl-
ta Ha CAD/CAM cucremu;

e Research of a Modular Architecture
for the Control of Mechatronic Elastic
Multi-Link Devices.

5. Hepcnekmueu 3a pazeumue Ha Ka-
meopa Al
ABTOMaTH3aUMsATa He TpsiOBa 1a ce Moa-

LIEHsIBa B TE€3M TPYAHHU 3a CTpaHaTa yCJOBHS,
3al10TO Ype3 Hesl 1ie ce NOA0OPsT MPOU3BO-
CTBEHHMTE MOKA3aTENN U IIE CE O3[PaBH Mpo-
M3BOACTBOTO Ha peamua usgenus. MHBecTu-
paHeTo B aBTOMaTHM3alMsTa L€ AOBEAE A0
Obaely NOJOXKUTEIHHU Pe3yJsiTaTh, KOUTO Lie
CIIOMOTHAT 3a CJIe/IBallll HHBECTULIMU B UMe-
To Ha Obaewero Ha Hauusata. OOIMKBT Ha
elHa AbpKaBa ce Ompeaens MPEeAMMHO OT
HUBOTO Ha TEXHOJOTMHUTE W TEXHHMKaTa Ha
NPOM3BOACTBO HAa pPa3HOOOpa3HU H3IENusl.
CaMo upe3 pasymMHa TeXHMUYECKa MOJMTHKA
MOJKE Jla ¢€ M3Tpail BUCOKOABTOMATH3UPAHO
MPOU3BOJACTBO, KOETO J1a HANIPABH IbpikKaBaTa
MoJepHa, a rpaxJaHuTe - OOraTH U Mpeycils-
BallIN.

Bce nosede 1me ce pa3BUBAT U U3MOI3BAT
uHpopManuoHHuTe TexHonoruu. llupoko
HaBJM3a KOMMIOTBPHATA TE€XHWKA B LSJIOCT-
HUS LUKBJI “npoyuBaHe-NpoeKTUpaHe-
NpOU3BOJACTBO-TIacMEeHT”. B pa3ButuTte
CTpaHu Beye ce MpeMHHaBa KbM KOMIIOTBP-
HO-MHTETpHUpPaHH MPOU3BOJCTBA.

MoraTt na ce paznuuaTr ClegHUTe TOo-
XapaKTepHH OCOOEHOCTH B Pa3BUTHETO Ha
MeXaTpOHWKaTa 144 aBTOMaTU3MpalaTa
TEXHHKa Mpe3 cleABAIUTE 5 TOANHU:

e OnTUMH3MpaHe HAa KOHCTPYKLMHUTE Ha
aBTOMaTH3Mpallla TeXHUKAa M MEXaTPOHHUTE
CUCTEMH Ype3 H3MOJI3BaHEe Ha CHbBPEMEHHHU
CAD cucremn 3a 3D mnpoektupane Wu
npuilaraHe Ha METOAWTE 3a WHXKEeHepeH
ananu3 CAE (Mmeton Ha KpallHUTe eleMEeHTH,
CTaTH4YeH W JUHAMHWYEH aHalW3, aHuMalus,
CUMYJIpaHe | 1Ip.);

e JlomoOpsieane Ha  aAu3aiiHa  Ha
ABTOMAaTU3MpALUTE U MEXaTPOHHHU CHUCTEMHU
(AMC) 1 Kka4yecTBOTO Ha JOKYMEHTHPaHETO
Yype3 U3MOJI3BaHe HAa KOMMIOThPHA TEXHUKA;

e VCBBBPIIEGHCTBAHE Ha 3a]BHUKBaHMITA
u ynpapieHusta Ha AMC upe3 u3nos3BaHe

Ha  rnapajiellHa ~ KHHeMaThuKa, JIMHEHHH
3aJIBU>KBAHUS U JIP.;
e Cob3maBaHe Ha HOBH KOHCTPYKLHH

ABTOMAaTU4YHU TIPOU3BOJACTBEHU MallWUHU U
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npoMHULLIEHH poOOTH;
e Cwp3naBaHe Ha
BHCOKOMPOU3BOUTEIIHM HHCTPYMEHTH;
e Pa3BuTHe Ha WHOBATMBHM aBTOMATH-
3UpaHU TEXHOJIOTUH;

HOBH

e [lo-HaraTbUIHO yBeNnuaBaHe
Obp3oaeiicTBHETO Ha  aBTOMAaTH3MpallaTa
TeXHUKA;

e Pasmupenne Ha  obnacture  Ha
NPUIOKEHUE Ha aBTOMaTH3Mpalara

TeXHWKa, B T. 4. MEJULNHA, yCIyTH, OUTa N
ap.;

e OpraHuzvpaHe Ha MHAYCTpHUs 3a
NPOM3BOACTBO HA aBTOMAaTHU3Mpalla TeXHHKa
¢ pa3Ho00Opa3HO MpeHa3HAUCHHUE;

e PaspaboTBaHe U BHeJpsiBaHE Ha
KOMIUIGKCHH ~ e(eKTHUBHM  pelleHUus  3a
aBTOMATHU3ALUS;

e Huterpauns Ha JeitHocTHTe
“naaHupaHe-npoyuBaHe-MpoU3BOACTBO-
MOHTaX-MJAaCMEHT” 4pe3 M3M0JI3BaHE Ha
CIM TeXHOJIOTUHUTE;

e PaspaboTBaHe W  BHeApsiBaHE
MHTEJMICHTHH MTPOU3BOJCTBEHH CUCTEMU;

e [lpombmxaBaHe Ha MHTerpanusiTa ¢
¢upmute, paboTelwin MO aBTOMATU3ALMS U
MeXaTPOHHKA.

IIle 0baaT NpHBefeHH HAKOH OT MOC-
JiefHHTe pa3pabOTKH C y4acTHETO Ha aBTO-
pa, Ha KOUTO € OUJ PbKOBOAMTEI.

e Ilpoext Ne W®.02.64/13.12.2005
“HoBa aBTOMAaTHM3MpaHa TEXHOJOTUSl 3a
NPOM3BOACTBO Ha KOTBM C [OBMLICHO
Ka4yecTBO 3a eJISKTPOUHCTPYMEHTH (ur.2).

Ha

(1)1/11". 2 ABTOMAaTHYHA JINHMS 32 MOHTaXX HA KOTBH
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Kpaen pesyarat ot paspaboTreHus
npoekt: W3paboTeH e mpoToTMN Ha aBTOMa-
TH4YHa JnuHUSA. HanpaBeH e aHanmu3 Ha
MPOU3BEIEHN KOTBU MO HOBATa TE€XHOJOTHUS —
3HAYUTENIHO € TMOBHUIIEHO KA4eCTBOTO U €
HamalieH Opaka J0 TpPHEMIUB MHUHUMYM
(oxkomo 0,3 %) mpu 8% mo crapara
texHonorus. [IpousBoguTenHOCTTa € TOBHU-
mena ¢ 40 %. CebecToitHOCTTa € HamalieHa ¢
2,29 [nB.], T.€. oxoyo 10,6%.

o Ilpoekt Ne H®.02.63/13.12.2005
“HoBa TexHOJIOrMsI 3a €IHOBPEMEHHA,
JIBYCTpaHHa U cbOocHa 0OpaboTKa Ha OTBOPH

B 3aBapeHu KOHCTpyKuuu™ (dur. 3).

Kpaen pesyarat ot paspaboTeHus
npoekt:  HampaBen e  anHanu3  Ha
00paboTeHnTe W3AeNusl TUM ,,KOJOHHU O
HOBaTa TEXHOJIOTHUS BBPXY
eKCIepUMeHTaNIHATA crienMagu3upana
yCTaHOBKa — 3HAYUTENHO € TIOBUIIEHO
KauecTBOTO M € HaMaJjleH Opaka 0 MUHUMYM
(okomo 0,5 %) mpu 15% mno crapata
texHonorus. CebecToiiHOCTTa € HamalleHa ¢
14,45 [nB.] T.e. oxono 1,2 %.

¢ur. 3 [IporoTrn Ha aBTOMAaTH3MpaHa MalllMHA 32 €HOBPEMEHHA JIByCTPaHHa ChOCHA
00paboTKa Ha OTBOPH Ha W3JENHUs THIT ,,KOJOHU™

o IIpoekt Ne HN®.02.61/13.12.2005
“HoBa TexHoOrus 3a IOYUCTBAHE Ha
MeTaJlHU MOBbLPXHUHHU Ha JAeTailin 1 cOOpKH
OT  3aBapbyHM  KOHCTPYKUMH  Tpeau
Gosinuceane” (dwur. 4).

Kpaen pesyarat ot pa3padorenns

npoekt:  HampaBen e  ananu3  Ha
MOYUCTEHUTE W3ACIUS THUIl ,,KOJOHU  TO
HOBaTa TEXHOJIOTUS BBPXY CIElUaNIn3upaH
ABTOMATU3WpaH YYacThbK — 3HAYUTENHO €
MOBHUIIEHO KA4eCTBOTO M Ca HaMalleHH
nedeKkTUTe Ha METallHUTe TOBbPXHUHU
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npeau GosiqucBaHe a0 MUHUMYM (okosio 0,9 ydeOHaTa W Hay4HO-M3cleJoBaTescKaTa
%) npu 30 % no crapara texHosorus. Ce-  AeiHOCT.

OecroitHocTTa ¢ HamaneHa ¢ 17,35 [nB.], T.e. e Orpa3seHu ca MEPCNEKTUBHUTE HA pas-
oxoio 2,95 %. BUTHE Ha KaTejapaTa.

e [lpuBeneHu ca 4acT OT pe3yJTaTUTE

4. H3600u 3a pa3paboTeHnTe MPOESKTH MO JIMHUS HA Ha-

e AHanM3uMpaHa € JeHHOCTTa Ha KaTe€l-  I[HOHAJIHWS WHOBAIIMOHEH (DOHI.
pa AJIIl mpe3 mocnenHuTe MeT roOgUHM, KaTo
ca OTpa3eHM NOCTHXKEHHATAa B KaapoBara,

{\

¢ur. 4 dparMeHT OT aBTOMATH3UPaH y4acThK 3a MOYUCTBAHE HA METAIHHU MOBbPXHUHU
Ha U3JeNus THI ,,KOJIOHH
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METaJIHh MOBBPXHUHU U C60pKI/I OT 3aBapbyHU KOHCTPYKILUU NpEaU 60$I,Z[I/ICBaHe “.

npod.a-p.unxk.JIumuo Yakbpeku — Texauueckn YHuusepcutet-Codus

40 DEPARTMENT OF AUTOMATION OF DISCRETE MANUFACTURING
ENGINEERING -ACHIVEMENTS AND PERSPECTIVES

Dimtcho Tchakarsky

Summary: The current article features the accomplishments of the Department of
Automation of Discrete Manufacturing Engineering (ADP) in the process of its 40-years exis-
tence in the field of training mechanical engineers specialized in the field of automaton as
well as in the scientific researches and practical implementation area. The article accentu-
ates on some typical achievements: education of more than 2000 engineers, further qualifica-
tion of more than 2700 specialists from manufacturing enterprises. The Department has de-
veloped over 130 research projects, of which at least 80 % are implemented in the real engi-
neering practice and the rest — in the training process. The article deals in more detail with
some researches involving the author’s participation.

Key words: automation, automation of discrete manufacturing engineering, Depart-
ment, projects, engineering practice, achievements and perspectives development, automatic
complex
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B.Ilenues

ACIIEKTH 3A PABBUTHUETO HA ABTOTEXHHUYECKATA
EKCIIEPTU3A B BBJII'APUS — gacr 1

vasil penchev@tu-sofia.bg

Bacun Ilenues

B HacmoAawama pa60ma € HanpaeeH eoun npeeﬂe() Ha akmyajinume C6emoeHou3eecmnu me-
moou 3a AHAIU3 HA NBbMHO-MPAHCNOPMHU NPOUSULECMBUAL. Memooume noonomazam pa60—

mama Ha aemoekcnepmume u 60051M 00 NO — MOYHU Kpaleu pesyaimamu u U3600U.

Kntouosu oymu: Ananus na ITTII, Memoou 3a ananus, ,, delta V', momentum 360°, Teopus na miomon

1. Bwveeoenue

Pa3BuTHETO HA TEXHOJOTHUTE B aBTO-
MOOUJIOCTPOCHETO B IIOCICAHHUTE TOJUHH
JOBEI0Xa JIO MO0sBaTa Ha MHOI'O MPEBO3HHU
CPEICTBa C BUCOKHM MOIIHOCTHH ITOKa3aTeIn
Ha TEXHHUTE IBUTATENIM U HOCTUTAIIHA BHCO-
KM MaKCHMAJHH CKOPOCTH Ha IBH)KCHHE.
[IpecTpiHOTO HapylIaBaHe HA IpaBUIIaTa
Ha TBTHOTO JBIKCHUE € 3HAYUTEITHO pasil-
POCTPaHEHO U € C IMOBHINEHA OOIIeCTBEHA

onacHOcT.ChIIlO Taka W HapacHalHs JIaBH-
HOOOpa3HO Opoli aBTOMOOWIIM IO ITHTHUIIA-
Ta, HSJIMCIUILTHHUPAHOCTTA HA BOJAYUTE HA
MPEBO3HUTE CPEJICTBA, HAIMYUETO HA He-
J0CTaTh4HA MOATOTOBKA y CHIIATE U JAPYTH
OOCKTHBHA W CyOEKTUBHH (DakTOpH IOBe-
JI0Xa JI0 HEKOIKOKPAaTHO YBEIWYaBaHE Ha
MbTHOTPAHCIIOPTHUTE  NPOU3IICCTBUS B
rocienHuTe ToauHu (Tadmn.1 ). [1]

Tabmn. 1
[TBTHO-TPAHCTIOPTHH TIPOU3IIECTBHS.

Bpoit youTu u panenu mmo Bua Ha npowm3iiecTBusiTa 2006
YBUTU U PAHEHU 110 BUJ HA ITPOUBILLIECTBUSATA

Buiz Ha IDOM3INCCTRISTA 2006 roz. 2007 roz. 2008 rox. 1 2009 rox.
IITIL | vouru | panerul TITIT | voury [ panenu] TITIT [vOouru paneny  IITIT Ivowru [panenu
Opost_| 6post Opos | Opost | Opos | Opos | 6post |6pos Opos | Opost | 6pos | Opos
O6mo 8222 | 1043 | 10215 8010 | 1006 | 9827 | 8045 | 1061 | 9952 | 7068 | 901 8674
ConpekBane Mexay MIIC 2242 | 309 | 3512 | 2168 | 279 | 3265 | 2246 | 314 | 3468 | 1862 | 257 | 2778
Birbckane B aBmkelo ce ornpey MIIC | 277 46 371 290 30 419 276 31 378 273 27 366
Brbckane B cipsiio MIIC 250 28 304 227 16 313 213 14 259 205 14 242
ITpeobprmane Ha MIIC Ha nbTst 178 7 211 168 14 218 173 11 208 191 18 244
ITpeo6pwutane Ha MIIC u3BbH MbTs 697 101 954 706 92 962 817 126 1095 | 723 123 972
babckaHe B IpensATCTBUE HA IBTS 34 2 40 28 1 38 31 6 35 23 2 24
Birbckane B cThI0 278 36 382 256 48 328 264 35 334 275 45 370
BirbckaHe B J1bpBO 573 140 771 529 131 687 553 145 743 491 131 634
babsckane B mpeAnasHa orpajga 277 31 367 262 39 333 313 38 375 275 34 313
basckane Ha MIIC ot Brak 4 3 3 10 4 17 7 2 12 2 0 2
Birbckane Ha nemexozen 2504 | 268 | 2344 | 2465 | 265 2340 | 2369 | 268 2225 | 2024 175 1949
Bribckane Ha BEIOCHTIEANCT 430 37 402 442 45 409 347 32 326 347 25 333
babckane Ha Kapyna 109 9 148 106 16 124 88 109 50 5 79
BibckaHe Ha JKHBOTHO 26 1 30 22 3 21 24 5 33 24 9 20
Tlagane Ha THTHUK 106 6 105 96 6 92 88 3 87 90 0 97
JIpyr By 237 19 271 235 17 261 236 23 265 213 36 251
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Bunno ot Tabn. 1 e, ye mpousuiecTBuUs-
Ta ca pa3lIM4yHU M0 MPOU3XOJ U C pa3INuHU
YYaCTHHUIM, HACTBHIWIM NPH PA3IUYHU YyC-
JIOBUS HA IIBTS U BOJEINU 0 Pa3IMYHU Ma-
TEpUATHU ¥ HEMAaTePUAIIHU LICTH.
YcnemHoTo — pascielBaHe Ha  IIBTHO-
tpancnioptau npousmectsus (IITII) u ycb-
BBPIIEHCTBAHETO M MPENMU3UPAHETO HA JIEH-
HOCTUTE OT OpPraHUTE Ha MPEABAPUTEITHOTO
CHJICOHO IPOU3BOACTBO 3aBUCST A0 rOIsIMa
CTENEeH OT BB3MOYKHO Hail-TOYHOTO MpeJc-
TaBsiHE HA (PaKTHUYECKHUTE YCIOBHSA U 00CTO-
ATEJICTBA, IPY KOUTO Hal-uyecTo ce Hapylla-
BaT IpaBWjaTa Ha IBTHOTO IBIJKEHHE U ca
npuuuHa 3a [ITIL

2. H3znoxmcenue

Ilenta Ha W3rOTBSHETO HAa aBTOTEXHU-
YECKU EKCIIEPTU3H € TEOPETHYHOTO BSPHO
paskpuBaHe Ha (pakTHUecKaTa OOCTaHOBKa
3a HACTBIIBAaHE HA KOHKPETHO MPOMU3IIECT-
BUE, C TIOMOIITA Ha TIpUJIaraHe Ha 3HAHHS OT
MaTeMaTHhKara, GU3uKaTa. MeXaHUKaTa, Teo-
pUsiTa U KOHCTPYKIUITA HA TPAHCIIOPTHOTO
cpencTBo (aBTOMOOWIBT, TpakTopa, MOTO-
[IUKJIETa, MOTOTIEIA U T.H.).

M3xoxmailky oT TOPHOTO c€ Hajara Ja
Ce Ch3Ja/IaT HAYMHKU U METOJIU 33 pa3KpuBa-
HE Ha PEIICHUATA HA TIOCTABCHUTE 3a]a4d B
YHCTO TEXHHYECKH ACTIEKT, KOUTO PEIICHHS
Jla ca JOCTaThbYHO OJM3KU IO UCTUHHOCTTA
Ha TPOUBIIECTBHUETO U Jla Ca JOCTAThUHO
W3YEpIaTEHU ChC 3aKIIFOYCHUETO CH.

B cBeroBHaTa ekcrnepTHa MpakTHKa ca
W3BECTHU HSKOJKO METO/Aa, KOUTO B TIOC-
JICTHO BpEME HaMHpaT MUPOKO MPUIIOKESHUE
B MPaKTUKaTa Ha HAIUTE CIHEIHaINCTH —
aBTOCKCIIEPTH.

[IBpBUAT OT TAX €:

2.1 Memoo “/lenma Be” (Delta V;AV)
Metonst [2,5] mpencraBisBa eHeprueH
METOJ 3a OIpEeNeJITHE Ha CKOPOCTTa B MO-
MEHTa Ha yJapa B 3aBUCHUMOCT OT I'OJI€MU-

HaTa Ha }.'[C(i)OpMaL[I/II/ITe BCJIICACTBHUEC HA TO3HU

ynap.(dur. 1 u dur. 2)

/

Havama cxopoct (pemn
MOMEHTA Ha yaapa)

¢wur.1 I'paduuno npencTaBsHe HA METOAA

TIpoMsaHa Ha CKOPOCTTA

(delta-V)

Kpaitza ckopocrt (caen
MOMEHTA Ha yZapa)

B ocnoBara MYy € 3aJiICTHaJI 3aKOHa 3a
3ala3BaHC Ha IIbJIHATA MCXaHHWYHA CHCPIUA

(1

KBJIETO IM; — Maca Ha aBTOMOOMJINTE, y4acT-
BaJIM B CBIIPUKOCHOBEHHETO, [N]; Vpgj, Vi -
CKODOCTH Ha MAacOBHUTE IEHTPOBE Ha
aBTOMOOWIIUTE CHOTBETHO MPEAM W CIIeH
MOMEHTa Ha yjapa [m/s]; J; — MacoBu uHep-
MUOHHA MOMEHTH Ha aBTOMOOWIIUTE, CIIpsi-
MO WHEPUIHOHHHM OCH MUHABAIlld Tpe3 Maco-
BUTE MM IICHTPOBE W MEPICHIUKYJISIPHU Ha
paBHMHATA Ha JBWXKEHHETO M [kgm’]; o; —
BIJIOBH CKOPOCTH Ha aBTOMOOWIIUTE CIIEI
ymapa [sec’']; Epj — eHeprusi cbOTBETHO Ha
eTacTUYHa W IUIaCTUYHA  JiedhopMarus
BCJICJICTBUE HA yapa.

B mpakTrkara ca u3BecTHU peauna pak-
TH, KOUTO C€ TIPHEMAT C IIeJ OIPOCTsIBaHE Ha
MaTEeMaTHYECKUSI MOJICT Ha OITUCAHUS METO]T
Karo B pPE3yJdTaT ce MOoJydaBaT CIEIHUTE
(hopMajIHH 3aBUCUMOCTH :

AV, = /Zmz(El +E2);AV2 _ /Zml(El +E,)) )
m, (m; +m,) my (m, +m,)
KBAETO O3HAYCHUATA CHOTBETCTBAT Ha TE3U
ot ¢popmyna (1).
3a ;a ce onpenenar IpOMEHUTE B CKOPOCTHU-

T€ Ha MaCOBUTC IICHTPOBE Ha IIPEBO3HUTEC
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CpEeJICTBA 32 BPEMETO Ha yaapa ¢ HeoOXOoIu-
MO JIa Ce€ ONpPEIEIT CHePrusITa Ha elIacTuy-
HAa H IUTACTHYHA JedopMaiusi Ha JBETe
ydacTBalll B CHIPUKOCHOBEHHETO IPEBO3-
HU CpENICTBA.

Towmka ma cxmpiKocHoB exIte
(stovtent sa yxapa)

b |
ApTonobrn 2 y
R
\Y
Apronofuur 1

¢wur.2 [IpomsiHa Ha CKOPOCTTa KaTO BEKTOP-
Ha BEJIMYUHA

Hapmnane &
s0mata sa IITIL

/delta-v
/

—
V<

Aptovofmn 1

[Ipuema ce, ye MHTEH3WBHOCTTA Ha yIapHU-
T€ CWJIM € B JIMHEWHA 3aBHCHMOCT OT IIjiac-
TAYHATA JaeopMantys

ar =q=A+Bc 3)

dl
kpnero F e ymapHata cmma [N]; ¢ — cToii-
HOCT Ha IUTaCTUYHATa AeQopMarus, MepeHa
MIEPIICHNKYJISIPHO HAa CHOTBETHATA pPaBHU-
Ha, TOJUIOXKEHAa Ha yjaapa /IblI0OYMHA Ha
nedopmariusata/m]; 1 0C, TEPICHIUKY-
JSpHAa Ha W3MepeHara nedopMarus U Jje-
JKallla B ChOTBETHATA paBHUHA, OT KOSATO CE
OTYMTa TUIACTUYHATa Jedopmarus. Makcu-
MaJlHaTa CTOWHOCT Ha KoopauHaTtata | e
mupuHaTa Ha gedopmanuara L. Koedunu-
euTpT A [N/m] xapakrepusupa eaacTHy-
HOCTTa Ha KOHCTPYKIUATA, & KOSPUITUCHTHT
B [N/m’] xapakTepusupa THHEHHOTO Hapac-
TBaHE .

Jluneiinata 3aBucuMocT (3) € eKcIepu-
MEHTAIIHO OIpEJeIcHa W TPUIOKCHHETO U
BOJM JO KpalWHU PE3yNTaTH C JOCTaThYHO
roisiMa ToaHocT. Koedurmenture A u B ce
napuuat “Crash coefficients” - “kpari koe-
dunmentn” wim “Stiffness coefficients” —
“koeunmienTr Ha KopaBuHa”, Te ce ompe-
JIETIAT €KCIEPUMEHTAIIHO TpU T.Hap. “Kpalll
TECTOBE” Ha aBTOMOOMJIA CHIVIACHO yCTaHO-

BCHM 3a 1enrta Metoauku. Koeduimenrure
A u B ce onpenenar 3a knacose MIIC upes
EKCIIEPUMEHTH /Kpalll-TeCTOBE/ IPH dYeJIcH,
CTpaHWYEeH W 33JIcH yJap B HEMOJBH)XHA
nperpaga — creHa. B nuteparypara ca 000-
cobenu 12 kimaca MITC OCHOBHUAT mapame-
THP, HA YMATO 0a3a ce ompeaessT Koehuim-
SHTHUTE, ¢ Ha/UTkKHATa 0a3za Ha MPEBO3HOTO
CpPEZICTBO.
VYnapnara cuia, npeJU3BUKBAIIa elacTUYHA
nedopmaryst ce mpueMa 3a pasnpeiesicH To-
Bap C MHTEH3UBHOCT (;, YUATO UHTEH3HB-
HOCT ce TIpueMa, Y€ ce M3MCEHs 10 JIMHECH
3aKOH

q,, = dar =B.x, “)

dl

KBJIETO X € TEeKyllara eJlacTHYHa Jiedopma-
[UsI, YUSATO MaKCUMallHa CTOMHOCT € C To-

JICMHHa

§=2= (5)

¢ur. 3 [ledopmaliuu Ha aBTOMOOMIA U U3-
MEpBaHe B 4 TOUKU

OTHOCHTEHATa CHCprusgd Ha CJjJacThU4Ha U
mIacTu4Ha ;[e(bopMaLu/m OTHacsma ¢C€ 3a
CAWHUIIA IHUPUHA CC OIPEACId OT UHTCrpa-

na:
, 2

dE = {G + Ad.c + B ‘2 }dl; (©)

KbaeTo  _ B2 _ A’ a G npencraenssa

2 2B
MHTETpallMOHHA KOHCTaHTa aKO CE€ MHTETPHU-
pa camMo MO IIacTUYHATA JedopMaIius.
[IpHaTa 3aryba Ha eHeprus ce onpeaess 3a
[sUIaTa IupruHa Ha JOedopmanusara L upes
MHTErpana:
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2B

B mnait obummsa cioywaid gedopmanusta e
¢yHKUMS Ha HampedHaTa KoopauHaTta 1. B
IpaKTHKaTa Haif-uecTo ce u3MepBaT 6 TOUKU
npe3 paBeH HHTEpBaI (aHAIOTMYHO KaTo
¢wur. 3). Cren pemaBane Ha MHTErpana 3a 6
TOYKH Ce MoTydyaBa popMyiara

L 2 2
E:J' A.c+B%dl+AL @)
0

i;(cl +2¢, +2c,+2c, +2c,+¢,)+

®)

E=(1+tg29s)£; +§(q2 +20 +26; +26 +26 +¢ +

54
+ 6, +66 66, e +csc6)+5

KBJICTO SSC BI'BJIBT MCXKIAY HOpMAaJaTa Ha

NOBBbPXHHHATA HA YAapa M yIapHUS UMITYJIC;
L — mmpunata Ha nedpopmauusta B [m]; c;
/i=1..6/ - ronemuHata Ha aedopmaruaTa
/nbII00OYMHATA/ B IIECT PABHOMEPHO pasIipe-
JIeJICHH 110 UIMPHHATA TOYKH, KOUTO € YH00-
HO Ja ce 3amamaT B [cm]; A u B — kparm-
KOCQHIMEHTUTE, KOUTO C€ 3aJaBaT ChOT-
BetHO B [N/cm] u [N/em?].

TowyHOCTTa HA METO/A 3aBHCH OT IPABUIIHO-
TO W TOYHO U3MEpBaHe Ha JehopMaLUUTE TIO
aBTOMOOHITUTE, a CHIIO TaKa W MPABHIHHAT
n300p Ha “Kpai KoehUuIreHTH” — Te.

2.2 Memoo “Momentum 360”

To3u meron ce 0Oasupa Ha 3aKoHa 3a
ChXpaHCHHUE Ha KOJIMYESCTBOTO HA JBHIKCHUE
Ha CHCTeMaTa OT JBaTa aBromobOmia. B cse-
TOBHATa €KCIIEPTHA MPAKTUKa TOH € U3BeC-
TEH ¢ HauMeHoBaHHeTo “Momentum 360”.
3aKOHBT 3a ChXPaHEHHE Ha KOJIMYECTBOTO
Ha JBIDKEHME Ha CHCTEMA OT JIBa aBTOMOOH-
J1a UMa BUIA

R 2 - 2 _
Q = Z mi,VBi = Z mi.VAi, (9)
i=1 i=1

KpJACTO m; Cca MaCHUTC Ha aBTOM06I/IJII/ITe;

VsVgsi=12- cxopoctu Ha MacoBure

[IEHTPOBE Ha aBTOMOOMIIUTE CHOTBETHO CIIC]
U TIpeau yaapa.
Crnen mpoexTrpaHe Ha BEKTOPHOTO PABEHCT-
BO (9) BEpXY KOOPIWHATHU OCH CE TOJIyJaBa
anreOpuvHa CUCTeMa OT JIBE YpaBHEHUS OT-
HOCHO CKOPOCTHTE Ha aBTOMOOWJINTE TIPEIu
yaapa.
coso,.m .V +cosa,.m, .V, =cosPB,.m.V, +cosB,.m,V,,;
sinoL,.my Vy, +sino,.m, Vy, =sin,.m V, +sinf,.m, V,,,
(10)
KBJIETO O € BI'BIBT, U3MEPEH OT ablLHCHATa
0C JI0 CKOPOCTTa Ha MAaCOBHS LIEHTHP Ha Ch-
OTBETHHs aBTOMOOWII IpeaH yaapa; fBj — Cb-
VST BI'BJI, ©3MEPEH CJIeI MOMEHTA Ha y/a-
pa.
Cren pemraBane Ha aireOpuyHaTa CHUCTEMaA
YpaBHEHUSI HEM3BECTHUTE CKOPOCTH Ha aB-
TOMOOWIINTE TIPS yJapa ce ONMPEACAT IO
dhopmynuTe

v = sin(B, —a,).m V, +sin(B, —a,).m, V|
| 5

sin(a, —a,).m,

v, = sin(B, _al)'njll'VAl +sin(B, —a,).m,V,, .

sin(at, —a.,).m,

(1D

MeToabT MOXe Aa ce M3I0M3Ba, aKO CE 3Hae
TOYHOTO HAIpaBJICHUE Ha JIBUKCHHE HA aB-
TOMOOHMITUTE TIpenu yaapa (KOeTo B 9acT OT
clyyante € Heu3BecTHO). HampaBienuero
Ha CKOPOCTUTE HAa MAacOBUTE LIEHTPOBE CIIE]
yaapa ce mpueMa IO TpaBara, CBbp3Baiia
MacoBHsI LIEHTHD Ha JaJICHUs aBTOMOOWI B
MOMEHTa Ha yzaapa u to3u cien IITII. Axo
TpaeKTOpHATa Ha MAacOBHUS LIEHTHP € KpUBa,
BI'BIBT Ha CKOPOCTTA MY CJIEIl yapa TpsoBa
Jla ce KOpHUrHupa.
CkopocTuTe Ha MacoOBHUTE IIEHTPOBE CIEN
yaapa ce ompenessT OT u3pasa

V,= (12)

KpaeTo S/ 1 =1,2...n/ ca U3MMHATUTE ITHETH-
ma ot MacoBus IeHThp Ha MIIC 3a Bceku
YYaCThK C PA3IUYHO CIMPAYHO 3aKHCHEHHE,
Ji - CIIUPAYHOTO 3aKbCHEHHUE 32 BCEKHU OTIIE-
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neH y4yacTbK. To ce ompenens mo gopmyna-
Ta

J; =lo,.cosa,; tsina,].g,

(13)
KbJeTO ¢; /i=1,2...n/ ca cpeqHUTE MpHUBEe-
HU KOS(UIIMEHTH Ha CHIIPOTHBICHUE 32 Ch-
OTBETHUTE YYacCThIM /KOS(UIIUCHTH, 3aBH-
Cely OT Koe(UIMeHTa Ha CIeTUICHHEe Ha KO-
jenata 3a JAAJCHUSA MBTCH YyYacThK, MPH
TAXHOTO €IHOBPEMEHHO THPKAJISHE U TLTH3-
raHe/; O,;- BI'bIBT HA HAKJIOHA HAa IbTA B

17341

1”-Tus y4acTbk, [Ipyu Hanuuue Ha €IUH XO-
PU3O0HTAJECH Yy4YacThK C XOMOT€HHA I'bTHA
HACTHJIKa CKOPOCTTa Ha MAacOBHUS IIEHTHD Ha
MIIC cnen ynapa ce ompezeis o Gpopmy-

nata
Vi=y20.,85S, (14)

KBJETO P, € CPEJHUAT NPHBE/IEH KoeuIm-
€HT Ha CBIIPOTUBJICHHUE; S — MBTAT, U3MUHAT
OT MacoOBHUS IIEHTHP Ha aBTOMOOWJA Clel
yrapa; g=9,81 m/s> — 3eMHO yCKOpEHHe.
TpaekTopusiTa Ha MacOBHUS LIEHTBP 3a BCEKH
OT aBTOMOOWJIMTE CIIE/ yaapa Mpu JUIca Ha
clieu OOMKHOBEHO ce IpHueMa 3a mpaBa Jiu-
HUSl, KaTO TPaKTHUKaTa 1OKa3Ba, Ye TOBa He-
BUHarum ¢ Ttaka. KoraTo TpaekTopuute Ha
MAacCOBHTE I[ECHTPOBE Ha aBTOMOOWJIHUTE CJIE]
ylapa He ca MpaBHW, W3MHHATUTE ITHTHINA
TpsiOBa J1a ce MpHEeMAaT 3a I0-IbJITH.
TouHOCTTa Ha TO3U METOJ C€ ONPEaeys OcC-
HOBHO OT W300pa Ha CpeaHUS KOCPUIIMCHT
Ha CBHIPOTHBIICHHE W M JOCTOBEPHOCTTA Ha
BbBeleHUTE BITH. CpeaHumsIT KOePHUITHEHT
Ha CBIPOTHBIECHHUE (P, 3aBHCH OT BIJIOBATA
CKOPOCT Ha BCSKO OT KoJieJlaTa M OT I0JIO-
JKEHUETO UM CIIPSIMO CKOPOCTTa Ha COOCTBe-
HUTEe UM I1ieHTpoBe. OT Apyra cTpaHa bIJo-
BaTa CKOPOCT Ha BCSAKO OT KoJjiejiaTa 3aBHUCH
OT TIPUBEJICHUS MY WHEPIMOHCH MOMEHT U
HATOBAapPBAaHETO BHPXY HETO /HOpPMaliHA pe-
aKIIYs, 3aJBH)KBAIll MOMEHT, CIIHpaYeH Mo-
MEHT/.

[IpuBenenusaT mMeron, 6a3upani ce Ha 3aKOHA
3a ChbXpaHEHHE Ha KOJIMYECTBOTO Ha JBHKE-

aue /"Momentum 3607/, moxe na Obae us-
MOJI3BaH TPU HM3BECTHU TPACKTOPUU Ha Ha
MacOBHTE LIEHTPOBE HAa aBTOMOOWIIUTE IIpe-
I U CIIe]] yiapa, HalpuMep 3a U3CIeaBaHe
Ha [ITII, Bp3HUKHANMO HA KpbhCTOBUIIE. Me-
TOABT € TMIPAKTUICCKU HETPUIIOKUM TIPH TIO-
BEUETO CIIyYaW Ha YeJICH WM 3a7cH ynap u
JUICa Ha CIUPAYHU CJICIU TpeAd yjapa,
Mopajv HEM3BECTHOTO TOYHO HAIIPABIICHUE
Ha CKOpPOCTHTE TIpean yaapa.B te3u ciydan
BI'BIBT MEKY CKOPOCTUTE HA aBTOMOOMIIH-
TE MpeAH yJapa € MHOTO MalbK U € Bb3-
MO)KHa TOJIIMarperika B pesyirature. Pe-
MIEHUETO € W3KIIOYNTEITHO YYBCTBUTEIIHO

KbM pasnukara (o, —0,),.Ilpu pasmuka B
braute (O, —0L,) ~180° /4enen ymap/ unu
(o, —a,) =0° /3aneH ymap/ mpomsHaTa Ha

HSIKOH OT BIJINTE camMo ¢ 1°=2° BomM 1O
3HAYMTEIHO H3MEHEHHE B CTOMHOCTUTE Ha
ckopocture Ha MIIC npemu ymapa. Ilpu
JIMIICAa Ha JAaHHHM 3a TOYHOTO JBIJKCHHE Ha
MIIC mpenu 4eTHOTO WM 33JTHOTO COTBCK-
BaHE TIOJyYEHUTE BH3MOKHU PEIICHHS Ha
CKOPOCTHTE MPEau yaapa Iie Obaar B TOISIM
BB3MOXKCH JHAMa30H.

2.3 Teopus na yoapa [4)

To3n meron Hamupa e(QeKTUBHO mpu-
JIOKECHUE TIPU M3CIICABaHE Ha YeNieH WU 3a-
JeH yjaap MeXIy aBTOMOOWIM, KOraro €
HETPUIIOKUM METOIbT, Oazupanl ce Ha 3a-
KOHa 3a ChbXpaHEHHE Ha KOJIWYECTBOTO Ha
JIBIDKEHHE B IPOEKIMU Ha IBETE€ KOOPIU-
HaTHU ocu /Merox “Momentum 360”. Toit
MOJKe€ J]a ce TMpHiiara 1 BbB BCHUKU OCTaHAIN
cllyuam.

IIpu To3u MeTon, 3a pasiuka OT MPEAXOA-
HUSI, BMECTO MPOEKIUATa Ha BEKTOPHOTO
ypaBHenue (9) Bbpxy octa ’y” ce mpuiara
U3pa3bT 3a OlpelelsiHe Ha KoeUuIueHTa Ha
BBH3CTAHOBSIBaHE. AHAJOTHYHO C€ TOIydYaBa
anreOpuyHa cHCTEMa OT JIBE YpaBHEHHs C
JIB€ HEU3BECTHU — CKOPOCTUTE HAa MACOBHUTE
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nenTpoBe Ha MIIC HenmocpencTBeHo Mpenu

ynapa.

3aKOHBT 3a CHXPAHEHHE Ha KOJIMYECTBOTO

Ha JBIDKEHME Ha MEXaHM4YHAaTa CHCTEMa OT

JBaTa aBTOMOOWMIIa 32 MHTEpBaja OT BpeMe-

To Ha ymapa (10) B mpoeKIus BBpXy KOOp-
(Y34

JWHATHaTa oc “X”’ MMa BUJa

cosa,.my Vy +coso,.m, Vy, =
(15)
KBJETO 0/i=1,2/ € BI'bIbT, H3MEPEH OT 0CTa
X JI0 CKOPOCTTa Ha MacOBHS LIEHTHP Ha Ha
CHOTBETHUS aBTOMOOWII IIpeu yaapa;f; -
aHaJOTHYCH BI'BJI CIICH yaapa.
Cnopen [2] ocHOBHa KOJIMYECTBEHA Xapak-
TEPHUCTHKA 32 3ary0aTa Ha CHeprHs IIPH yaap
ce sBsiBa T.Hap. “KOe(UIMCHT Ha BH3CTaHO-
BsBaHe” — k

=cosP,.mV,, +cosP,m,V,,

_ AV,
AV

KbJIeTO AV, - TIPOEKIMs Ha pelaTUBHATA
CKOPOCT BBPXYy JMHHATA Ha JEWCTBHE Ha
yAapHUS UMITYJIC U3MEpPEHA MEXIy KOHTaK-
THUTE TOYKH Ha aBTOMOOWJIMTE CIEI yaapa,
AVp aHanoruyHa CKOpoCT, HO IPeAx yaapa.
Koopaunaraara oc “x” e yqo0OHO na ce u3-
Ompa 1Mo ocTa Ha TIATHOTO 32 JIBIKCHHE Ta-
Ka, Ye BIIUTEC Tpeau ynapa Ja ca MaKCH-
MaHo Omm3km 10 0°, pecm. mo 180°.
Jlupektpucara Ha ymgapHUS UMIYJIC CE U3-
oupa cropes AehopMalMuTe Ha aBTOMOOH-
JUTE ¥ TAXHOTO TIOCJIENBAIIO JBIDKEHHE.
ITocokara Ha moy4eHaTa poTanus Ha aBTO-
MOOHIIUTE ciiell yaapa TpsaOBa CTPOro Ja Chb-
OTBETCTBA Ha TIOCOKaTa Ha MOMEHTa Ha
YAapHUS UMITYJIC CTIPSIMO MacOBUTE IIEHTPO-
Be Ha aBTOMOoOMmTe. ETO 3a1110 BEB BCUUKH
Clyyad TIpH aHaIW3a € HeoOXOJUMO Ha Ma-
mabHaTa CKHIIAa Jla C€ HadepTasT JIBeTe
MIIC B moMeHTa Ha yaapa, Ja c€ HMMar
npeaBH] TEXHUTE AeopMaliy 1 Ja ce moc-
TaBU AUPEKTPHCATA HA yIAPHUS UMITYJIC.

(16)

OO0pa3syBa ce cucTema JIMHEHHH YpaBHEHUS C
JBe Hew3BecTHH OT 15 u (16) , KosiTO Cce 3a-
IIACBA B CICIHUS BU:

A, V,+A4,V,=B;
Ay Vi + 4,7, =B,
KpAeTO Aj M Bi ca wu3pasm, umMamm mpsika

BpB3Ka cbe ypaBHeHusTa (15) u (16)
Pemennero Ha cuctemMaTa ypaBHEHHS €

(17)

— Ay,.B, — 4,.B, .
1 ’
4. Ay — 4y, 4 (18)
A,.B, - 4,,.B,

2= ;
A11-A22 - A21'A12

Henoctatbk Ha maneHUs METOJ € TOJIEMUST
BB3MO)KEH MHTEPBAJ HA CTOWHOCTHUTE Ha KO-
epuueHTa Ha BB3CcTaHOBsBaHEe. ETO 3armio
METOABT aBa €IHO CPABHUTEIHO TOYHO Ch-
oTHomeHue Ha ckopocture Ha MIIC mpemu
yaapa, HO UMa M3BECTHa T'pelka mpu adco-
JMIOTHUTE UM cToMHOCTH. [loHsIKOTa ce Hana-
ra ¢ oryieJ Ha MO-TOJIIMa TOYHOCT METOABT
Jla ce Mmpujiara 3aeHo C IPYTUTE METOIM.

2.4 Memoo “Expertcar [3,5]

B Mmeroma ce m3momsBa Teopemara 3a
M3MEHEHNE Ha KMHETHYHHS MOMEHT 3a BCe-
KA OT aBTOMOOWJINTE BMECTO TeopeMaTa 3a
M3MEHCHNE Ha KUHETHYHATA CHEPIusi, KOATO
ce MU3Mo3Ba B eHepruiHus Metol. Ilo To3u
HauuH ce M304TBa ONpeeITHETO Ha 3aryoa-
Ta Ha eHeprus, Tpanchopmupana B nedop-
MalMOHHA €Heprus, peci. ynorpebara Ha
koeuuueHTUTe Ha KopaBuHa (stiffness co-
efficients) mpu ynap.

Cucremara ypaBHEHHs, XapaKTepH3HU-
paiua mporeca Ha ynapa, iMa BHJIA!
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¢ur. 4 ABTOMOOHI ¢ IPUIIOKEH KbM HETO
yJIapeH UMITYJIC

moyi, - m,V, =8§;

madi, —m,V, = -8;
Il.mlzxAl.Sy—yA‘.Sx; (19)
Iywy=—xy .S, +y, S

X4, =Cos @ xly —sin @yl

Ya, = sin (pj.x’A/ + cos (pj.y'A/,

KbpACTO My, M, Ca MacH Ha ABaTra aBTOMO-

ouna, ﬁj,Vj,jZ 1,2 - ckopoctH Ha Maco-
BHTE LIEHTPOBE Ha ABTOMOOMIIUTE CHOTBETHO

Cllell ¥ TIPEIM yaapa; S - yAapeH UMIIYJIC Ha
IspBUS aBTOMOOWIT; 1, I, - MacoBu uHEpIH-
OHHM MOMCHTH Ha aBTOMOOWIIUTE CHPSIMO
LUEHTPAIHUTE UM OCH, MEPICHANKYISPHU Ha
paBHHHAaTa Ha ABWXKEHHUE; ®1, M) - BIIOBU
CKOpPOCTH Ha aBTOMOOWIUTE Clell yAapa;

4 .v4.j=12 - KOODJIMHATH HA TMPUIOK-

HaTa TOYKa Aj Ha yJapHaTa CHJIa CIPSIMO
TPAHCITAIIMOHHO JBIKEIIA CE KOOpIWHATHA
CUCTeMa C HAyal0 MAacOBHsS LICHTHP;

®;.J= 1,2 - BI'bJl Ha 3aBbPTAHC Ha BCCKH

aBTOMOOMII B MOMCHTA Ha yapa;
- KOOpIWHATH Ha TPHIOKHATA

. '
Xa4,-V4,

j

TOYKA Ha yAapHHS MMITYJIC, KOUTO CE€ OIpe-

Jlumepamypa
1. http://dokkpbdp.mvr.bg
2. Bonnett, G. Understanding Delta-V from Damage.

Reconstruction Specialists, 1996, .

JISJIAT B ITBPBO MPUOIMKCHUE CIIE]] OTJIET Ha
nedopMalMiuTe Ha JaICHUs aBTOMOOWIL.
[TocnencTBue KOOpAMHATUTE CE YTOYHSIBAT.

[IpoexkumuTe Ha yaapHUS UMITYJIC U CKOPOC-
TUTE Ha MAacOBUTE IICHTPOBE HA aBTOMOOU-
JUTE TIPEIU yAapa ce ONpeneaT OT U3pasu-

TC

Chopxy, + 1 oyxy,
S, = ;

Xu - YVa, = Xu,-Va, (20)
3 Il,a)l.yA2 +12.w2.yA‘ )
! X4, Ya, = Xa,- Va4, '
Vi =uy =Sy/my Vy o=up =S8, /my;
Vo =uy +8,/my; Vo =uy, +8,/m,.
21)

3. 3aknrouenue

OmnucaHuTe B HACTOAIIATa CTaTHS METO-
IIA, W3MOJI3BAHU 3a EKCIIEPTHO H3CIICBAaHE
Ha IITII ca Hal-M3M0A3BaHNUTE B CBETOBHATA
eKCTIepTHA TIpaKTHKa. Pe3ynrarure moiyde-
HU OT TAXHOTO MPUIIOKEHHUE Ca C TOCTaThY-
HAa TOYHOCT 32 HYXJIUTE Ha ChJCOHOTO U JI0-
ChICOHO MPOU3BOJICTBO M IAHHUTE TPEACTa-
BEHH B TSIX MOTaT Jla Ce M3IOJI3BaT ¢ nobpa
JIOCTOBEPHOCT TPHU pelIaBaHe Ha ChICOHU
cniopose. HeoOxoaumo e obade, Bce oBeue
aBTOEKCIIEPTH B bhirapus ga npuiaraT Te3u
METOAM, 3a Ja C€ IOBHUIIM KavyeCTBOTO Ha
U3TOTBSHUTE aBTOTEXHUYECKU EKCIIEPTU3U B
boirapus.

Professional Accident

3. KapanerkoB Cr., KommioTspna mporpama "Expertcar" 3a ekcrepTHO cbaeOHO H3C-
JIe/IBaHE Ha yAap Ha aBToMoOmIn. Mexanuka Ha MarmmanTe No 38, 2001.
4. Tlucapes, An., I1. [Tapackos, C. bruBapoB. Kypc mo teopernana mexanuka Il gacr,

C., Texunka, 1988
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SOME ASPECTS IN DEVELOPMENT OF ROAD ACCIDENT
INVESTIGATION PROCEDURES IN BULGARIA - part I

Abstract: In this paper the author makes a revision of current actual methods for road acci-
dent investigation procedures. These procedures experts use in the whole world. The most
modern and famous methods for reconstruction of road accidents are described here. Using
these methods automotive engineers (experts) can make very precise expert conclusions and
can solve the problems, which are supposed.

Keywords: road accident investigation, methods for investigation, delta V, momentum 360°,
Newton theory
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B HacmoAawama ny6]lul<a14wz asmopume ca Hanpasuiu npeZJlec) u aHaiuz Ha

covujecmeysayu KOMNIOMvbpPHU

npoepamu  3a

uszcneosane  na  IITIL

HpuﬂoofcuMocmma Ha 6CAKA eOHA Om MmsX ce 01’1}76()6.71}1 Ha bazama Ha éxooHume
napamempu, Kakmo U Mexanuvnume u mamemamudyecKu noCmanOo6KU 3al0dHCEHU

npu paspabomxama Ha npoOyKmume.

Kntouoeu oymu: [1TI1, Ananuz u uzcreosane na IITII, copmyepnu npoepamu 3a uzcieosarne na IITIT

1. Buveeoenue

ExcrieptHuAT aHaiM3 < HAa  TBTHO-
Tpancnoptaute mnpoumsmectsus (IITII) e
BAXEGH  €IeMEeHT OT  (I0)chaeOHOTO
npousBoAcTBO B PenyOnuka bbarapust.
3aKIroueHUsITA Ha ABTOCKCIIEPTUTE 4YECTO
IBTH Ca PelIaBallly 3a ONpenessiHe Ha BUHA.
HeobxomumocTTa OT afeKBaTHU €KCIIEPTHU
3aKJIFOUEHUST JI0 ToJisiMa CTENeH HamallsBa
NPOABDKUTEIHOCTTA  HAa  Ipoleca |
YCKOpsIBa OKOHYATENHUTE pEIIeHHs Ha
MOCTaBEHUTE B (mo)cvaeOHOTO
MIPOM3BOJACTBO 3amadn u kazycu. B [1] e
HampaBeH 0030p Ha ChHLIECTBYBAIIUTE
CbBpeMEHHU MeToaM 3a aHanu3 Ha [ITII. B

MOCIeHO BpemMe ce  HalOmiomaBa U
MpuUiarane Ha BH3YaTH3aIlin Ha
MONyYEHUTE  PEe3ylTaTH  TOCPEICTBOM
copryepHn  mpmioxkeHus. Te  maBar

BB3MOKHOCT 32 aHUMUPAHO MPE/ICTaBSIHE Ha
npoueca Ha IITII u mpocnensBane Ha
HETOBHUTE (a3H.

2. M3nooscenue

B cBera ca u3BecTHH nocTa codryepHU
nporpamu 3a aHanus Ha IITTI, kourto ce pas-
JTUYaBaT MOMEXIY CH IO Pa3IuIHH Xapak-

TEPUCTUKH M CHCTEMHH PECYpCH OT KOHUTO
Ce HYXIasAT 3a TAXHOTO (YHKIIMOHHUPAHE.
Haii-pasnpocTpaHeHu u U3BECTHU MPOrpaMu
3a cumynanud Ha [ITII ca cneguure:

2.1  CARAT (Computer Aided
Reconstruction of Accident in Traffic) [2] —
TOBAa € CHMYJAllMOHHAa  KOMIIOTHpPHA
mporpama, pa3paboTeHa Ha 0Oaszara Ha
Microsoft Windows omeparmonHa cuctema.
[ToTpeburensaT Moke Aa ch3gaBa pa3iIMIHU
BHIIOBe ITTHU TNpeBo3HHM cpenctsa (IITIC):
aBTOMOOWIIM — JICKH M TOBapHH, pEMapKeTa,
Biaekaun. C HeifHa momony B rpaduyHa
cpela MOXe Ja C€ M3TOTBH CHMYJAIMOHHO
MOJICIIMpaHe HA UHAMHKATa TP U CIIeH
MOMEHTa Ha CHIIPUKOCHOBEHHUETO.
CodryepHHIT  TPOAYKT  MPEACTaBIISABA
KMHETHYHA CHUMYyJAlisl Ha Ipoleca Ha
promsiiectBuero. ChIIO Taka MOXe JAa ce
M3II0NI3BA U 32 KHHEMAaTUYHHU W3YHCICHHUS B
npeau — U clex - ¢Gasure Ha CHOUTHETO.
OcHoBHara 0a3za Ha U3YUCICHUATA € METOJIa
,»MohlpotyaniGa O‘é[hﬂ:]naﬂeﬂa U pa3BUTA
mpe3 90-te ot X. bypr. B mepBuTe Bepcuu
Ha TPOAYKTa, MEXaHO - MATEMAaTHYCCKUSAT
MOJIEJ 3aJI0KCH B HETO € KIIACHYECKH MOJECT
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Ha aBTOMOOWMI ¢ 3 (TpH) CTENEeHU Ha CBOOO-
Jla, a MAaTEeMAaTUYCCKUTE W3YUCICHUSATA CC
W3BBPIIBAT 32 paBHUHATA HAa JIBUKCHUE HA
aBTomMoOmia u ce mpeacraBit B 2D (uBy-
MepHa) rpaduka. YIapHUTE CHIM MOTaT Ja
ce Mojaenupar camo B paBHMHaTa X — Y (
¢ur 1) 1 He ce OTYUTAT TUHAMUYHHUTE BIIKS-
HUS U SIBJICHUS Ha ¥ B aBTOMOOWJIHATA TyMa.
B cnenpamara Bepcus Ha poOrpaMHUs IPO-
nykT (CARAT — 4) ce Habro1aBa HaH4ane-
TO HAa MPOCTPAHCTBEH MEXaHO — MaTeMaTH-
YECKU Mojiel. MOJCIMpaHeTo MOXKe Ja ce
U3BBPIIBA C MOMOINTA HA MHOTOMAacOBH MO-
JIeJIM, KaTo 3a JIeKHM aBTomMoOuiau tTe ca ¢ 10
(mecet) crenenu Ha cBOOOJA, a 32 aBTOBIIA-
KOBH KOMIIO3HMIIMM MOTaT Jia JIOCTUTHAT JIO
26 crermeHW Ha cBOoOoja. MHOTOMacoBHTE
cuctremu npu CARAT-4 ca cbhcTaBeHH OT
SJIMHUYHH, CBBP3aHH TMOMEXIY CH TBBPIU
tena. J[nHamMukaTa (TpaHCIIAUsS W POTAITHS)
Ha TejlaTa B CHUCTEMaTa, C€ OIpenens OT
BBHIIHA CWJIW, BKJIIOYHUTEIIHO U BPB3KUTE
MEXJy TellaTa, CBbP3aHH B CHCTEMAra ,a Te
OT  CBOSI  CTpaHa  BIMSAT  BBPXY
KMHEMaTHUKaTa Ha  Te3W  Mach. 3a
OTPOCTSBAaHE HAa MOJIeNa TPUCHETO BEHB
BpB3KHTE ce mpeHeOpersa. [Iporpamara He
U3II0NI3Ba, AUQEPEHITNATHU YpaBHEHUS, Ch3-
JIAJICHU 32 BCEKHU €IMH aBTOMOOWJ WIH pe-
MapKe, a YHHBEPCAIHH, ChCTaBEHH BBH3 OC-
HOBaTa Ha oOON] MOJIEN OTHAcSN] ce 3a
BCUYKH  BHJIOBE TMPEBO3HH  CPEICTBa
(Fittanto, 2002). CarSim (Gillespie, 1999) e
OCHOBATa Ha MAaTeMaTHYECKOTO OMHCAHUE Ha
OKa4BaHETO Ha aBTOMOOMIa. MoJien Ha TymMa
oT ArcSim, (1997) ce wu3mom3Ba 3a
NPEBO3HUTE CPEJICTBA. YJIapHUTE CHIHU
MoraT aa ObAaT pasriiexKIaHu B TPUTE paB-
HUHU. (dur. 1).

2.2 MADYMO (MAthematical DY-
namic MOdel) [3]. C nporpamara Moxke Aa
CUMYJIHpa TUHAMHYHO MOBEJCHUE HA MeXa-
HUYHU CUCTEMH, C aKIIEHT BhPXY aHaIH3a Ha
cOMBCHIM MeXay 4 — KOJNECHH IMPEBO3HU

cpenctra (pur.2) u HapaHSIBaHHS HA TCIIC-
X0 ¥ bTHULM ( ur.3).

¢ur.1 Cunu 1 MOMEHTH JTEHCTBAIIN
BBPXY aBTOMOOWII

MADYMO e MHOT0 TOAXOASAIIA CHIIO
M 33 aHaiW3 Ha TPOM3IICCTBUA C
MOTOIIMKJIETH, MOTONEIN ¥ BEJIOCHIIEIH,
KaKTO ¥ 3a 32 IpOoy4YBaHe W W3CJelBaHE Ha
e()eKTUBHOCTTa HAa CHCTEMH 3a NacHBHA
0e30MacHOCT KaTO TMPEANa3Hd KOJaHW U
BB3AYIITHN BB3MIaBHUIM. Tol e pa3zpaboreH
or , INO Automotive” XomaHaus B
HauajgoTo Ha 80 — Te M 1O HACTOSIIUA
MOMEHT TIOCTOSHHO C€  aKTyalau3upa.
MADYMO chueraBa B cebe cu ynorpedara
Ha TEXHUKH 3a U3CJIe/IBaHE HA MHOTOMAaCOBH
cucreMrd (32 cUMyNanmusg Ha  OOIIOTO
JIBMKCHHE Ha CHCTeMaTa WM CBBP3aHUTE C
Hes MacW) W Ha METoJla Ha KpalHUTe
eIeMEHTH (32 CHMYJAllMs Ha TIOBEJCHUETO
Ha KOHCTpykmusaTa). CHMmynamusaTa |
MOJIEJIMPAHETO MOXeE J]a Ce€ HAaIpaBU CaMo C
MOMOILITa Ha MoJeNa ,,KpallHU eleMEeHTH
WM MOJeNa ,,MHOrOMacoBa CHUCTeEMA’ WU B
komOuHanus ot asere (¢ur 2). [Iporpamara
ce JmgaBa BB3MOXHOCT 3a 2-D u 3-D
MOJICIHpaHE.

23 PC - Crash ¢ mnporpama 3a
KOMITIOThPHA CHUMYyJanus, pa3paboTeHa B
Hayanoto Ha 90-re or DSD (Dr. Steffan
Datentechnik) - U3cjeI0BaTeICKa
KOMITaHHS B ABCTpHSI.
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N
¢wur.2 Cumynanust Ha cOTBCHK B HEMOIABIK-
Ha [perpaja 4pes3 ABaTa MOJEIa

W

¢wur.3 Cumynanus Ha yaap Ha Hemexoerl

IMporpamara ¢ Ha 6azara Ha Microsoft
Windows. [Torpeburensar moxe aa MoIeIH-
pa  KOIH, KaMHOHH, peMapkera u
HoJypeMapKeTa, BJICKaud, KaKTO H € Bb3-
MOYKHO J]a CUMYJIHpa Mpe] - U cliel - aszute
Ha katactpodara, kakTo U (pa3ara Ha caMus
combebk B 2D (¢ur.4) unu 3D (dur. 5).

CuMynanuure MOXKe Ja Ce H3BBpIIAT
KaKTO PETPOCIIEKTHBHO, Taka W XPOHOJIO-
THYHO. Codryepbt M03BOJISIBA
Bb3CTAHOBSIBAHE HA MPEOOPBINAHUS, KAKTO U
CONBCHIM ¥ 3JIOMOJNYKA ChC CTPaHHUYHU
nperpajau Ha nbTs. B mocineqHuTe Bepcun Ha

PC- Crash, xouto ca AOCTBIIHU OT Kpas Ha
2004 e BB3MOXKHO NpPUJIAraHETO Ha
TEKCTYPH, C KOETO C€ yBEJIMYaBaT Bb3MOX-
HOCTUTE 3a JAM3aliH W Ha OKOJHa cpena

(¢ur.6).
© | [ D

¢wur.4 2D monen Ha aBTOMOOHI

=

e i bt e b

¢ur.6 Cumynauus Ha [1TII

PC-Crash uznon3sa auckpeTeH Bpeme-
BH TIOJIXO]] 32 ONpECITHE Ha TPACKTOPUATA
Ha TPEBO3HOTO CPEICTBO C MOTPEOHUTENCKU
nepuHUpaHU HaYaJTHU YCIIOBHSL.
JuHamuKkaTa Ha TPEBO3HOTO CPEICTBO CE
ompezenss OT BTOpUs 3akoH Ha HrotoH
(F=m.a), kaTo KHHEMaTHKaTa Ha MPEBO3HOTO
CpPEeICTBO M AaBTOMOOWJIHATa Tyma ce
aKTyaJIu3UpaT BB BCEKH CIICABAILl BPEMEBU
WHTEpBaJ. MOAECTBT HAa CONTBCHKA € MMITYII-
CHO — MOMEHTOB. JIMHEWHMS U BIJIOB
MOMEHT ce 3ara3BaT, a 3ary0aTa Ha eHeprus
0 BpeMe Ha cOIbCHhKa ce OLeHsIBa C
W3MO3BAaHETO Ha KOC(UIIMEHTUTE HA KOpa-
BHHA W KOC(QHUIIMEHTUTE HA BH3CTAHOBSIBAHE
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(stiffness coefficients, coefficients of restitu-
tion). CTpaHW4YHH Yy#apu C HajJu4yle Ha
MIPUILTH3BAIIO B3aMMOJACWCTBUE CE€ CUMYIH-
paT TOCPEICTBOM paBHMHATa Ha KOHTAaKT
MEXKIY MPEBO3HUTE CPEACTBA U KOS(UIHEH-
THT Ha TPUEHE MEXIY YJ4acTBAIIUTE B ChII-
PUKOCHOBEHHETO. B3 OCHOBa Ha BXOJIHUTE
JaHHW, CE€ W3YHCISIBA WMIYJICHUST BEKTOP,
KOMTO BOIM O MpOMsHA Ha JIMHEHHaTa U
BIIIOBATa CKOPOCT Ha MPEBO3HUTE CPENICTBA.
B PC-Crash morat na 6b1atr cuMynupaHu U
MHOTOKPaTHH B3aUMOJICHCTBUSI.
OrpaHu4eHHeTO0 Ha MoOJella Ha yIapHHA
UMITYJIC €, Y€ HAMa MPOIBIDKUTEIIHOCT Ha
camus cOTBCHK, KAKTO M, Y€ COTBCHINTE ca
Oasupanu Ha eaHa W china (popma Ha ymap-
HUS WMITyJIC. Bbhopekn TOBa, MOJENBT,
OCHOBaBalll Ce Ha CHJIM ChHIIO € BKIIOYCH,
KOETO JaBa BB3MOXHOCT 32 HaMHpaHe Ha
CHIINTE Ha KOHTAaKTHO B3aMMOJEWCTBHE B
TedueHue Ha Bpemero. Ilpen - u cnen - ynap-
HOTO JIBW)KEHHE Ha IIPEBO3HOTO CPENICTBO CE
M3YHUCIIBA C TPAEKTOPEH MOJIEI, OCHOBABAII
ce Ha XPOHOJOTMYHA KMHETHYHA CUMYJIAITHs
Ha JBW)KEHUETO Ha TPEBO3HOTO CPEICTBO.
[Ipu cumynanusTa ce U3NON3BAT: CHIUTE HA
B3aMMOJIEHCTBHE MEXIy r'yMara W IIbTHOTO
NOKPUTHE, KOPMWJIHOTO YIpaBlIeHHE H
WHJAWBUIYATHUTE CIIUPAYHU W YCKOPSBAIIH
(akTopu, mpepasmnpeie]eHHeTO Ha MacHTe.
IIporpamata  maBa  BB3MOXKHOCT  3a
ONTUMH3HpAHE Ha U3UHMCICHUTE JaHHU 4pe3
MpujlaraHe Ha €IWH OT CIIETHUTE METOIU:
JTUHEHHN, TEHETUYHH (WUIH EBOJIIOITMOHHM).
Onrumuzanugara B PC-Crash uma 3a 1ien ga
CBele 10 MHUHMMYM TIpelikara. 3a BCsKa
CUMYJIAIFs, C€ N3YUCIIABA MpEeTereHa oo1a
rpelika, KOSTO Ce OCHOBaBa Ha Pa3IMKHUTE
MEXIY JEHCTBUTEITHUTE MO3ULIUHU U BIIIM HA
MIPEBO3HO CPEACTBO M TE3W, MOTy4YeHH NPHU
CUMYJIAIHITA.

B PC-Crash ca unTerpupanu mozen Ha
meTHUK U menrexonery or MADYMO. Brer-
PEIIHOCTTa Ha aBTOMOOMIIA € ONpOCTeHa JI0
paBHWHA, [WIUHABD ¥ CIHWICOUI U

mporpamaTa TO3BOJIIBA Ja C€ CHUMYJIMpa
B3aMMOJICHCTBUE MEXIYy ITbTHHKA "
uHTepropa. Ha pasnonoxeHue Ha MoTpeOu-
TeNs ca JIBE pa3IMYHA CUCTEMH 32
oOe3omnacsBaHe, (KOMTO MOTraT na ObaaT u
KOMOWHUpaHW): TPUTOYKOBH TIPEIITa3HU
KOJIaHU ¢ WiH 0e3 peHaTAraHe U Bh3AyIIHH
BB3MJIABHUIIM.  BXojgHwte  gaHHM  3a
MADYMO cumynanusta € pe3ylaTaHTHUAT
umrrysc n3uuciieH ot PC-Crash.

2.4 CRASH [5] Ipe3 70-Tte roguau Ha
MUHQINS BEK € Ch3/IaJicH KOMIIOTBPEH all-
ropuTbM, HapeueH Crash (Calspan Recon-
struction of Accident Speeds on the High-
way), KoiiTo e paszpaboteH ot ,,Calspan” mo
nopbuka Ha TpaHcnopTHuUs [lenapraMeHT Ha
CAIll. Ta3m mporpama MOKe Ja CE OIICHH
cKopocTTa Ha yaapa u Delta-V Ha npeBo3HO
CPeICTBO B KaracTpodaTa, Bb3 OCHOBa Ha
uHpOpMAIUST  TIOJyYeHa OT TPEBO3HOTO
cpenctBo u karacrpodara. CRASH e Ouna
aKTyaJu3upaHa HIKOIKO IMbTH. B Havamoto
Ha 80-re, CRASH 2 ¢ mpenMeHyBaHa Ha
CRASH3 upe3 akTyanu3upaHe Ha KOe(UIIH-
EHTHUTE Ha KOPaBUHA HA MPEBO3HUTE CPEJICT-
Ba. [Ipe3 suyapu 1997 r., CRASH3 ce npo-
MeHs Ha SMASH (Simulating Motor Vehi-
cle Accident Speeds on the Highway), kato
ca aKTyallu3UpPaHU OTHOBO KOCPHUIIMCHTUTE
Ha KOpaBHHA U JIa TMO3BOJISBA U3IOJI3BAHETO
Ha crenuUIHN KOSPUIIMEHTH Ha KOpaBUHA
3a mpeBo3HO cpenactBo. SMASH chuio Taka
TI03BOJISIBA BHBEXKIAaHE Ha crielupuIHn pas-
MEpH Ha TpeBO3HOTO cpeactBo. B Crash
(SMASH ) nma aBe BB3MOXHOCTH 32 OIICH-
Ka Ha CKOPOCTTA - CaMO IIETUTE U TPACKTO-
pen meron. B pesynrtar Delta-V, nzuncnen
OT aJiTOpUThMa Ha TOBPEAUTE, TPEACTABIIS-
Ba NPOMSHA B CKOPOCTTa Ha MacOBHS IICH-
Thp Ha TPEBO3HOTO CPEICTBO IO BpeMe Ha
MaKcHMaHaTa JeopManus U TS He BKITIOU-
Ba CKOPOCTTa Ha OTOBCKBaHe. M3umncieHu-
eTo ce Oasupa Ha 3arma3BaHeTO HA MOMEHTH-
Te W 3arybaTa Ha eHeprus. Eneprusra ce u3-
YHUCIISIBA, KATO CE M3MEpBa Ha OCTaThYHATA
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nedopMmaliisl Ha TPEBO3HOTO CPEICTBO U
MpujiaraHe Ha Koe(pUIMEeHTUTE Ha KOPaBHHA.
Koedunuenture Ha kopaBuUHa ce ompese-
JAT OT 3aBUCUMOCTTa MEXIY JIMHEHHa cuia
— nedopMarus U ce OTHACAT 32 OINpPEEICHN
KaTeroOpuH MPEBO3HU CpeACcTBa (MUHH, KOM-
MakTeH # T.H.). [lo —KbCHO aNTOpUTHMBT Ha
IIETUTE € W3MEHEH, 3a J1a CE OTYETE 3aBbp-
TAHETO Ha MPEBO3HOTO CPENCTBO MO BpeMe
Ha yiapa. 3a MpUIOKeHNEe Ha TPACKTOPHUSIT
aNropuThM (BTOPU BapHUaHT) C€ H3HCKBA
nonpoOHa WHPOpPMALUSA OT MECTOIPOU3-
[IIECTBHETO M MHOXXECTBO MPEIMOIOKEHUS
OTHOCHO 3ary0WTe Ha €Heprus B HaIp. TPH-
€HEe MEeXIy T'yMa — IbTHO NOKpuTHe. M3unc-
JIIBAHETO Ha CKOPOCTTa B MOMEHTA Ha yaapa
ce OCHOBaBa HA 3aKOHMTE Ha 3ala3BaHeTO Ha
UMITyJICa.

2.5 EXPERTCAR [6] — nporpamara ¢
paspaboreHa B bwarapus. MsmonsyBa ce
cpena Ha mporpaMmeH mnpomykT Matlab Ha
0azaTa Ha TEOpETHYHA IIOCTAHOBKA €
W3roTBeHa mporpama 3a aHanu3 Ha IITIL
[Ipouenypara craptupa ciex 3amaBaHe Ha
MacoBUTE u TCOMETPUYHUTE
XapaKTePUCTUKH HAa  aBTOMOOWIIUTE C
moMoInra Ha otaeneH M-daiin. M3xomgHu
JAHHW 3a peIIaBaHETO Ha 3ajadvara ca
MOJIOKEHUSITA HA aBTOMOOWINTE B MOMCHTA
Ha ynapa u cinen IITII. Upe3 koMmoThpHA
aHUMAIHS Ce 3a]]aBa HAaYaTHOTO TMOJIOKEHUE
Ha aBTOMOOWITUTE, KOETO pH
HEOOXOIMMOCT Ce KOperupa, H3MEeHIHKU
00001IIeHUTEe KOOPJIUHATH Ha BCEKH OT TSX
3a MoMeHTa Ha ymapa. C momoimnra Ha
ch3ganeH upe3 toolbox Simulink MDL-
¢daiin, mnpM 3amaJeHd Bede  HAYaIHU
MOJIO’KEHUST Ha aBTOMOOMIINTE, CE BHBEKIAT
0000IIEHNTE UM CKOPOCTH M C€ CTapTHpa
YHUCIIEHA CHUMYJIAllusl Ha JBW)KCHHETO UM
cinen  ymap. OOOOIIEHUTE CKOPOCTH Ce€
KOpETupaT JI0TOraBa, JOKaTO aBTOMOOMINTE
JIOCTUTHAT JEUCTBUTEIHUTE CH KpalHU
nosiokeHusi. CuMymnamusTa ce ChIPOBOXKIA
c aHuMamus upe3 M-gaiin, KoATO

OHarneAsBa  Npoleca U B3aUMHOTO
MOJIOKEHUE MEXAY aBTOMOOWIHTE BBB
BCcekH eanH MoMeHT. [lomydenuTe maHHU ce
M3BEXKJAT B CHEUHAIHO cb3gageH MAT-
(haiin, KOWTO TOCIEC CE aHATU3UpPAT UYpe3
crapTupaHe Ha oTaeaHn M-daiiose criopen
JKETAaHWeTO Ha MOTpPeOWTeNns — aHWMAaIusd,
U3uepTaBaHE Ha JUCKPETHU MOJIOXKECHHS Ha
aBTOMOOWJIUTE TpU JaJeH WHTEpBal OT

BpeMe, TpPAacKTOPUUM Ha ILIEHTPOBETE Ha
KoJIenara, MIPOU3BOJTHH rpadu4HU
3aBHCUMOCTH. JlocToBepHOCTTA Ha

MOJICJIUPAHETO C€ J0Ka3Ba ChbC CIEIUTE OT
CTpPaHUYHO IUTB3raHE Ha T'YMUTE, HAMEPEHU
Ha ITbTHATA HACTWIJIKA, KOMUTO TOYHO TpsiOBa
Jla KOIUpAaT TPAeKTOPUHUTE Ha ILIEHTPOBETE
Ha KoJjeJaTta cijiell aHUMaIusTa.

CrenBaiusT eTan € ChIIMHCKAaTa 3aj]a-
Yya Ha yAapa — IIpH Beue U3BECTHUTE 0000-
IIEHd CKOPOCTHM Ha aBTOMOOMJIHUTE CIel
yaapa ce W34YHCIIBar 1mo (GopMyiInd CKOpoc-
TUTE Ha MAacoOBHUTE LIEHTPOBE Ha aBTOMOOH-
nute npenu yaapa. Ilpu pemaBanero Ha Ta-
34 3ajjaya ce 3a/1aBaT KOOPAUHATUTE Ha JBE
TOYKM OT JAUPEKTpHcaTa Ha YAApHHUA HM-
nyic. Kato pesyarar ce momydaBaT cKopoc-
TUTE Ha MAacOBUTE LIEHTPOBE Ha aBTOMOOU-
JUTE TIpend ynapa, YMUTO BEKTOPU HMaT
HaNpaBJICHUETO Ha HAIJIBKHATA OC Ha ChOT-
BETHHS aBTOMOOMJ KbM MOMEHTA Ha yzaapa.
AKO TOBa HE € Taka, ce KOpUTUPaT KOOPAU-
HATHUTE Ha JABETE TOYKH OT JUpPEKTpUcaTa Ha
yIapHUS UMITYJIC.

Ha ¢wur. 7 ca moka3anu 1Ba aBTOMOOHIA
B MOMEHTa Ha yjAapa, TSIXHOTO MOJ0XKEHHUE
cnen IITII u nupexTpucata Ha yoapHUS UM-
mysic. M-¢dainsT mo3BoiIsBa OBP30 U yH00-
HO KOperupaHe Ha U3XOJHHUTE JAaHHU N0 TO-
Jy4aBaHETO Ha AOCTaThYHO TOYHHU pe3yiTa-
TH.

3. 3akniwouenue
KowmmiorspHHTE TIpOrpamMu 3a aHAIU3 U CH-
mynupane Ha [ITII karo usno ca noTBbpJe-
HU 32 JOCTaThYHO TOUYHU U TEXHUTE 3aKIIO-
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YUCHUA MOTaT Ja CC NprueMart B Cb/Jia 3a JOKa- Baxxuu 3HaueHus o0aue MMaT OCHOBHHU
3aTCJICTBCHA 4YacCT. napamMeTpu (Har[p.: Mno3ulr Ha MPCBO3HUTC

cpezcTBa, KOSPUIIMEHTH Ha TpueHe, Koedu-

IIMEHTH Ha KOpaBWHA U Ap.), Thil KaTo ¢ He-
00X0uMO Ja OBJAT TOYHO OMPEJCICHU C
TEXHUTE HAH-OJM3KHU 10 PEATHUTE — CHETH U

OTHACSIIY C€ 10 MECTOIPOU3IIECTBUETO —
cToiiHocTH. Karo pesynrar B mporpamute

e ce Mojiy4aBaT MO — TOYHHU KpalHU pe-
3yJATaTH.

CRASH , MADYMO u PC-Crash ca
IIUPOKO YTBBPJCHU B CBETOBEH Mamab. B

xm boirapus ce uznonssa nporpamara “Expert-

¢ur. 7. [lomoxxeHue Ha aBTOMOOHITUTE B car”’ , kakto u ,,PC - Crash”.

MOMeEHTa Ha yaapa u cien ITTII,
TUPEKTpHUCa Ha yapHUS UMITYJIC
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ASPECTS IN DEVELOPMENT OF ROAD ACCIDENT
INVESTIGATION PROCEDURES IN BULGARIA - part 11

V. Penchev, B. Tudjarov

Abstract: In this paper the authors revise the present actual computer programs for road
accident investigation. These programs experts use all over the world. The most modern
models for reconstruction of road accidents are described here. Using these methods automo-

32



B.IlenueB b.Tymxapos

tive engineers (experts) can make very precise expert conclusions and can solve the prob-
lems, which are supposed.
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JI.JIa3oB

AHAJIN3 HA TAHTEHIIUAJIHU HAITPEXKEHUS B I'PEJIN OT
CTAHIAPTHU CTOMAHEHMU ITPO®UJIN

Jlenun JIazoB

H3yucnasanemo na maneeHyuarHume HANpexceHus 6 epedu, nooaodiCeHu
Ha eOHOBPEMEHHO 02bBAHE U CPA3BAHE 8 HAKOU CYHAU e HANONCUMETHOo. B
CMOMAHEHU KOHCMPYKYUU, UNBIHABAHU OM CIAHOAPMHU NPOPuUIU, Mo ce
u38bpULEaA MHO2OKpamHo. 3a da ce yckopu npoyedypama npu onpeoesaHe-
mo um, ce npedaazam OnpocmeHu npudbIuzumenHu memoou. Te mooice oa
dogeoam 00 3HAYWUMENHU 2PewKU U npeopasmepssarne, Koemo onpeoeisi
u3nUMen pazxo0 Ha mamepuai. B pabomama ce npasu cvnocmaexa Ha pe-
3YIMamu, npecmMemHama no mMemooa Ha NpuedeHume HanpelCceHus, npu-
em no Eepoxoo 3 u knacuuecxus nooxoo.

Kniouosu 0yjnu: TAHTCHIIUAJTHU HAIIPCIKCHUSA, IIPCCMATAHC, TPCIIKU, CTOMAHCHU T'PCHN.

1. Memoou 3a uzuucnaeamne Ha mamu-
2CHUUATITHUME HANPEICCHUA

PasmpeneneHrero Ha TaHTEHLIUAIHUTE
HaNpEeKEHUsI Ty, B HANPEYHO CEYECHHE Ha
rpeaa, MOAJIOKEHAa HA €JHOBPEMEHHO OIb-
BaHe 0T My u cpssBaHe oT Q,, ce onpeaenar
1o U3BecTHaTa (hopMyna

_Q8,() W

* b(2)I,
KBJIETO S,(z) — cTaTH4eH MOMEHT Ha 4acTTa
OT CEUYCHHUETO, OT/EIICHA C ITPaBa MepIeHI1-
KyJsipHa Ha ,, MUHaBallla Npe3 TOYKaTa B
KOSITO C€ ThPCH HAIPEIKEHUETO; b(z) — miu-
pOYHMHATA HA CEYCHUETO IO HANpaBIICHUE HA

Tasu npasa; J, —
CEYEHHETO.

Tazu opmya e u3BeeHa MIPH OTIpeIe-
JICHW TPEANOCTABKH, MO-BaXHH OT KOUTO
ca: HAIPEYHOTO CEUEHHE € MPABOBIBIHO; Q,
= const. Ha npakTuka HellHaTa TOYHOCT c€
MOTBBPKJIABa, aKO CTpaHaTa Ha MPaBOBIBI-
HuKka h, mo HampasieHuero Ha Q,, € 1Ba ITb-
TH TIO-ToJisiMa OT mupounHata b. ITpu h=b
(kBampaT) ACHCTBUTEIIHOTO MaKCHMAJTHO
TaHTCHIMAITHO HAIPEXKEHUE HaJIBHUINABA W3-
yuciIeHoTo ¢ 12,6 %, anpu b:h=2 -¢ 39,6
% [1].

[Ipunarana ¢opmymnara 3a mnpecMmsTaHe
Ha HANpEKCHUATA B HANPCYHU CCUCHUS B
rpenu oT cTaHmapTHU nBoiHO "T" oOpasHu
CCYCHUS IT03BOJIABA J1a CE MIPECMETHAT Hall-
pexeHuaTa ¢ HeoOXOoAMMaTa 3a WH)KCHEpHa-

WHCPOHMOHCH MOMCHT Ha
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Ta MPaKTUKa TOYHOCT, TIPH YCJIOBHE, YE HAll-
paBienuero Ha Q, € MO HAmNpaBICHHEC Ha
cTeHara (cTH0JI0TO) Ha IIpodua.

3a SKOCTHOTO Opa3MepsiBaHE MPaKTH-
YECKO 3HAYCHHE UMAT MAaKCHMAJTHUTE TaH-
TCHIIMATHU HANpPEXKEeHUs (TOYKHUTE OT JINHH-
sata CC) u HampexeHusATa B mpexogHaTa 00-
JACT MEXIY CTHOIOTO U (iaHena — TOUKUTE
no muaunte K-K u K;-K; (¢wur. 1).

b

|
- |
'T‘ W_i_r —
Slile
|
_._clije_ .=
= =
K1 Kl
-H V_
[ xlx |
vQ,
¢ur. 1

[Ipu u3uuCIABaHETO UM € HEOOXOIUMO
Jla ce TPecMETHEe CTOWHOCT Ha CTaTH4YeH
MOMEHT Ha YacT OT C€YEHHETO, KOETO BHACS
ompeJiesieHa TPYAHOCT, 0COOEHO TpH Tpec-
MsTaHE Ha CJIOKHHU CTPOUTENHU KOHCTPYK-
nuu. llopagn Ta3m mpuumHa ce mpesiara
npubawkeH merol, mocoueH B Eurocod 3
[2], [3] (Eurocod 3 Bnm3a B cuma ot 2010 r.
3aIBIDKUTENHO B cTpaHuTe oT EC — B Hama-
ta crpana c¢ mopemurnia bJIC). Ilpu To3m
MOJXOJI Ce MpHUJlara MeTo/ia Ha MPUBEICHUTE
HAIPEXEHHs, CIOPE KOHTO Cce Mprema:

1) Cps3Bamiara cuiia ce moema camo OT
cTenata xosTo mma mwiom; An=sh’. IIpemo-
pBUBa ce B TIOCOKA Ha 3amac J1a ce U3KIII0UYH
4yacTTa OT CT€HAaTa, OTpaHW4YeHa OT 3aKpPBI-
JICHUATA ¥ M3YMCIMTENHATa IUIOL] Ce TpHe-
Ma Ag=sd. PasmepsbT d 3a HsIxOM TpodmH €

MOCOYEH B MPOAYKTOBUTE CTaHIapTH [4],
[5].

2) Ilpmema ce, 4Ye TaHTEHIIHATHUTE
HaIPEXEHHsI ca pa3lperesieHH PaBHOMEPHO
B CTCHATA.

WHTepec 3a wWHXEHepHATa TPaKTHKA
MIPEJICTaBIIABA TPEIIKaTa, KOSITO ce AOIMycKa
P TO3U MOJXO.

2. Cwvnocmaeéka mna u3uucieHume
HAnpesceHus

MakcuMaaHOTO TaHTEHITUATHO Harpe-
KCHHUC €

sz - -
b(2)1, sI,

KbJeTO Sy(0) € CTaTHYHHAT MOMEHT Ha HO-
JIOBUHATa CEUCHHUE.

b
V | |
/\Iq_i .
C
1=
K
W

¢wur.2

IMpaxtnyeckn Sy(0) ce m3umcnsgBa MO
cxeMaTH3upana (opMa Ha HAMPEUYHOTO Ce-
yenue. /lefictBurenHara Gopma ce 3aMeHs C
paBOBI'bIHA (hOpMa Ha cTeHaTa U (IaHIIHU-
te (¢ur.2), 6e3 Aa ce OTYUTAT 3aKPBIICHHSA-
Ta () ¥ HaKJIOHA Ha (IaHIuTE.

B 1a6n. 1 ca mocoueHn CTOWHOCTHUTE Ha

ﬂeﬁCTBHTeHHHﬂ Sy (0) U Ha cXeMaTtusupa-
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*
HUA Sy (0) CTaTU4YCH MOMCHT Ha ITOJIOBHHA-

ta npodui 3a IPE npodum.

ta6n./ [Ipopun IPE, makcumanno Hampe-
KEHHEe —Cc I 1 6e3 T.

No Sy(o) Sy(O) A
cm’ cm’ %
IPE100 | 19.7112 18.81| -4.57
IPE140 | 44.1698 42.88 | -2.92
IPE200 110.36|104.7378| -5.09
IPE240 | 183.2772|173.0729 | -5.57
IPE300 |315.1325|302.0064 | -4.17
IPE360 |509.4036|485.3904 | -4.71
IPE400 | 653.7204| 619.219| -5.28
IPE450 | 850.8402|812.1168 | -4.55
IPE500 | 1096.862|1053.708 | -3.93
IPE550 | 1393.263|1331.054 | -4.46
IPE600 | 1700.612|1632.892 | -3.98

3amsHaTa Ha JEHCTBUTENHUSA CHC CXEMa-
THU3UpaH MPO(HI JOBEKAa 10 MaKCHMaJHA
rpemka ot A = 5,57 % B mocoka Ha 3armac.

[Ipu xumnotesa 3a paBHOMEPHO pasnpee-
JICHUE Ha Ty, IO LSIOTO CEYCHUE Ha CTeHATa

. =2 _Q )
A, hs
TAXHOTO OTHOILIEHUE €
VI S, (On’ (3)
Tezh L

B rtabmuna 2 e mocoueHa rpemkara, u3-
YHCJIEHa MO0 Ta3W 3aBHCHUMOCT, KOSITO Ce JIO-
MyCcKa TpH TPUEMAHETO HAa PABHOMEPHO
pasmpenencHn HanpexkeHus. Ts goctura 1o
Anc=7,03 % u He € B mocoka Ha 3amac. 3a
MO-MAJIKUTE MPOQWIH TS € B MPUSMIIUBUTE
rpaHuIy 10 5%.

IIpu xuroTe3a 3a paBHOMEPHO pasIipe-
JieJIeHre Ha T,, II0 YacTTa OT CTEeHaTa C BH-
counHa d, To ce ompeneis MO CIeaHATA 3a-
BUCHMOCT:

Tab11. 2 Ipodun IPE, mMakcumanHo Harmpe-
KEHUE

SO [ b [ Iy [ v, [ Aw
Ne 3 4
cm cm cm T %

xz,h
1.0213| 2.13
44.1698 | 12.62 541]1.0304| 3.04

110.36| 18.3] 1943|1.0394| 3.94
183.2772|22.04| 3892]1.0379| 3.79
315.1325]127.86| 8356[1.0507| 5.07
509.4036|33.46| 16266|1.0479| 4.79
653.7204| 37.3| 23128|1.0543| 5.43
850.8402142.08| 33743]1.0611| 6.11
1096.862 | 46.8| 48200|1.0650| 6.50
1393.263|51.56| 67120]1.0703| 7.03
1700.612| 56.2| 92080]1.0379| 3.79

szd_&:& (4)
T A, ds

T, 5,04
I

xz,d y

IPE100
IPE140
IPE200
IPE240
IPE300
IPE360
IPE400
IPE450
IPE500
IPE550
IPE600

19.7112| 8.86 171

)

T

B Tabnuma 3 e mocodeHa rpemkara Agc
KoATO ce gomycka. Ts qoctura no 14,01% B
Mmocoka Ha 3amac. Tst Moxke Ja ce mpueme 3a
mpUeMIIFBa 3a TPO(QHIN TO-TOJIEMH OT
IPE240.

Ta6a.3
SO) | d | S(0)d | Adc
Ne 3

cm cm I %
IPE100 19.71| 7.5| 0.8599| -14.01
IPE140 44.17|11.2| 09161 -8.39
IPE200 | 110.36(15.9| 0.9031 -9.69
IPE240 | 183.28(19.0| 0.8966| -10.34
IPE300 | 315.13(24.9| 0.9376 -6.24
IPE360 | 509.40(29.9| 0.9351 -6.49
IPE400 | 653.72(33.1| 0.9356 -6.44
IPE450 | 850.84[37.9| 0.9552 -4.48
IPE500 | 1096.86 [42.6| 0.9694 -3.06
IPE550 |1393.26 (46.8| 0.9706 -2.94
IPE600 | 1700.61 |51.4| 0.9493 -5.07

B rtoukute ot mpexoma K-K (¢pur.l)
TaHTCHIUAITHOTO HAIPEKCHUE €:
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_ sty (ZK) (6)

¥ bz )l

K%y
IIpu 3amstHa ¢ paBHOMEPHO pas3mpene-
JICHO HaAIIpCXKCHUC B CTCHATA I10 IJIOI A4 ce
J0myCKa rpe€iika B Ty, W 3a OTHOIOCHUETO

XZ

TS € B [IOCOKA HA 3arac, JOCTUrala 10
sz,d

46,26% mpu npodun IPE100 (tabn.4). 3a
OCTaHaJIUTE MPOQHIN M3UYUCICHOTO TaHTCH-
IIMAJIHO HAIIPEXEHUE HaJBUIIABA JEHCTBU-
TesHOTO ¢ okosio 1/3. ToBa rpybo npubim-
JKEHHE € OTPaBAaHO B CTPOUTEIHUTE KOHCT-
PYKLUH IPU OTHOCUTEIIHO IBJITH IPEIH, Kb-
nero u B mpexona K-K, ompenensiu ca
HOPMAaJIHUTE HAIMIPEKCHUSI.

Tabn.4

NQ Séf;l() d S ( ZK ) d AdK

cm’ cm I, %
IPE100 12.32| 7.46 0.54| -46.26
IPE140 33.52(11.22 0.70| -30.48
IPE200 81.39|15.90 0.67| -33.40
IPE240 135.36|19.04 0.66| -33.78
IPE300 232.16|24.86 0.69| -30.93
IPE360 374.9129.86 0.69| -31.18
IPE400 469.60 |33.10 0.67| -32.79
IPE450 603.90|37.88 0.68] -32.21
IPE500 774.40|42.60 0.68| -31.56
IPE550 962.2446.76 0.67| -32.96
IPE600 |1214.29|51.40 0.68| -32.22
Paznukata Mexay OeWCTBUTEITHUTE

HalpPEe)KEHUsI U W3YHMCIICHUTE, 110 METOoJa Ha
IPUBEACHUTE HAIPEXKEHUs, HapacTBa IpU
HE npodumu. ToBa ce OBpKM Ha OTHOCH-
TEJIHO IO-TOJIEMUTE pa3MEepu Ha IIOSICHUTE.
OT exHa cTpaHa TOBa OIpEZENs IO-ToJsIMa
yact oT Q,, KOSTO ce moeMa OT TAX, a OT
Jpyra cTpaHa HamaJlsiBa BUCOUYMHATa Ha CTe-
Hata B cpaBHeHue ¢ IPE mnpodumu. B
Tabnuma 5 e mocoueHa Ta3u pasjuKa 3a Mak-
CHUMAaJHOTO TAaHTEHIHMAJIHO HalpeKeHHe.

Maxkcumannara rpemka € 41,32 % B moco-
ka Ha 3amac (npodun HE120). Ta e Tpu mb-
Td mo-rosisMa oT Tasu npu IPE mpoduiun
(npodun IPE100).

Paznmukara Mexay NeHCTBUTEITHUTE
HAIPeXEHUs] W W3YMCICHWTE HaMaisiBa C
HapacTBaHeTO Ha BucounHara Ha HE mnpo-
(una w BIM3a B MPUEMIIMBUA TPAHHUIM 32
npodunu no-ronemu ot HE700. Tosa ce
JIBIDKU Ha (hakTa, 4e MIMPOYMHATA Ha Iosica
ce 3ama3Ba, paBHa Ha 300 mm, 3a mpoduIu
no-rotemu oT HE300. Paznukara ot 29,53
% mpu HE300 nmamamsBa mo 6,01% mpu
HE700.

3HauuTeNHA € pa3lInKaTa B MPEXOHATa
o0iracT. MakcumaiaHaTta cToiHOCT e 62,28 %
B IIOCOKA Ha 3arac. Bucoka CTOWHOCT ce 3a-
Ma3Ba W 3a OCTAaHAIWTE NMPO(UIN — MUHU-
ManHaTa ctoitHocT € 37,21 %.

Karo ce B3eme B mpenBui, 4e TaHTEH-
[[UATHUATE HAMPEKECHUS OKa3BaT CHIIIECTBEHO
BIUSHUE BBPXY SKOCTTAa HAa KBbCH TPEIH,
Opa3MepsIBaHETO MM Ce MPernopbhyBa ¢ Ipec-
METHATH HAIPEXEHHS M0 KIIACHYECKHS Me-
TOJI.

3.3aknrouenue

1) MeToabT Ha NPUBEICHUTE HAaIpe-
JKEHUS OTIpeZieNisl TIpeopa3MepsiBaHe Ha Tpe-
v ot "T" — mpodwm.

2) Tlo Hero ce M3YUCIABAT MAaKCUMAJ-
HU TaHTCHIIMAJTHU HAMPEKCHUS 3aBUIICHU C
2,94+14,01 % 3a IPE-npodunu u c
0,02+41,32 % 3a HE — npo¢uu.

3) Ilo meTona Ha MpPUBEACHUTE HATpE-
JKEHUS Ce OMPEIeNAT HEJOIMyCTUMO BHCOKHU
CTOWHOCTH HA TAHTEHITMAITHUTE HAIIPESIKESHUSI
B IIpexojia cTeHa (pIaHIM, KOSATO € B IPaHu-
mure ot 30,93 % gmo 46,26 % 3a IPE-
npopmwmm u ot 37,21 % no 62,8% 3a HE —
npoQHIH.
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ta671.5 [Ipopun HE, MmakcumanHo HanpexeHue

Ne ly S(0) h/ d Txe/ Trzs Asc Txo/ Txzd Agc
cm’ cm’ cm cm - % - %

HE120 864 82.62 9.8 7.4 1.07 6.71 1.41 41.32

HE140 1509 122.65 | 11.6 9.2 1.06 6.07 1.34 33.73

HE200 5696 321.3 17| 134 1.04 4.29 1.32 32.29

HE240 | 11259 526.72 | 206 164 1.04 3.77 1.30 30.34

HE300 | 25166 933.99 | 262 ] 20.8 1.03 2.84 1.30 29.53

HE360 | 43192 | 1341.25] 31.5] 26.1 1.02 2.23 1.23 23.38

HE400 | 57681 | 1615.86 | 352 | 29.8 1.01 1.41 1.20 19.79

HES00 || 107176 | 2407.88 | 44.4 39 1.00 0.25 1.14 14.13

HEG600 || 171041 | 3212.52 54| 48.6 0.99 -1.40 1.10 9.55

HE700 || 256888 4163.7 | 63.6 [ 58.2 0.97 -2.99 1.06 6.01

HESO00 | 359084 | 5114.62 | 73.4 [ 674 0.96 -4.35 1.04 4.17

HE900 | 494065 | 6291.34 83 77 0.95 -5.38 1.02 1.99

HE1000 | 644748 | 7426.74 | 92.8 | 86.8 0.94 -6.45 1.00 0.02

o Ta6:.6 ITpopun HE, npexon crena-duanen

Ne Ab2 Zo Sb3 sz.K/ Tzz,s AOSQK AYA

cm” | cm | cm % %

HE120 | 13.20 5.45| 71.94 1.23| 22.55 1.62] 62.28
HE140 | 16.80[ 6.40[ 107.52 1.21] 20.99 1.53] 52.56
HE200 | 30.00] 9.25 277.50 1.21] 20.74 1.53]  53.19
HE240 | 40.80[11.15| 454.92 1.20[ 20.15 1.51]  50.92
HE300 | 57.00[14.05 800.85 1.20 19.93 1.51] 51.08
HE360 | 67.50{16.88[1139.06 1.20] 20.38 1.45 45.29
HE400 | 72.00[18.80[1353.60 1.21] 21.07 1.43]  43.00
HES500 | 84.00[23.60[1982.40 1.22| 21.76 1.39] 38.62
HE600 | 90.00[28.50[2565.00 1.23| 23.49 1.37] 37.21
HE700 | 96.00[33.40(3206.40 1.26| 25.98 1.38] 37.67
HE800 | 99.00[38.35[3796.65 1.29| 28.85 1.40, 40.33
HE900 [105.0043.25[4541.25 1.31 31.08 1.41 41.28
HE1000 {108.0048.20[5205.60, 1.33| 33.46 1.43] 42.69

sz.K/sz,d
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SHEAR STRESS ANALYSIS IN STANDARD SHAPE STEAL BEAMS
L. Lazov

Abstract: In some cases it is necessity to Calculate the shear stress in beams subjected to
transversal loading. In steal constructions made of standard shape profiles it is done many
times. To increase the speed of this process a simplified methods are used. This may cause
significant errors in the calculation and unnecessary increase in the dimensions of the beams.
In this work is made a comparison between the results received by the method reduced
stresses and the classic approach.

Key words: Shear stress, calculation, errors, steal beams.

Assoc. Prof. Lenin Lazov, Ph.D, Technical University — Sofia

39



P.Huxonos JI.KoueB

IMMPOEKTHO PASMEPHO-TOYHOCTHO U3CJIEABAHE HA
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B pabomama ce npeonaca ananuz ma pezyimanmnama HeCbOCHOCHM HA HAKPALHU-
yume npu Koaxkcuanen suckosumemvp. Hznoasyean e omuocumenex QyHkyuonaieH
Kpumepuil u CbOmeemHo npugedcoane U peuenue Ha ypasHeHUuAma Ha pasmepHume
8PB3KU 6 OMHOCUMENHA PopMa, ¢ OMYUMAaHe Ha MeXHON02UYHU o2panudeHus. B pe-
3YIMAm HA eman NPUHYUnHA cxema ca 00OCHOBAHUU MOYHOCHHUME USUCKGAHUS.
KbM elleMeHmume u ca onpeoeneHu U3UCKEAHUAMA KbM KOHCMPYKMUSHOMO peule-

Hue.

Kntouosu 0ymu: pasmepHo moyHocmeH anaiu3, KoakcuajeH eucKkoumemvpp

MeToANYHO KOPEKTHUTE YCIOBHS 3a
U3MepBaHe C pPOTALMOHEH BUCKO3MMETHP
npeanoiaraT 0COCHMETPUYHO M TMOJSIPHOM-
30TPOIMHO Te4YeHUe Ha TecTBaHara cyOcTaH-
ust B XxJlabWHaTa MEXIy OTHOCHTENHO Bbp-
TSLIMTE Ce rpaHuin. [locTHraHeTo Ha HyX-
HaTa ChbOCHOCT 00aye He MOXe Jla ce pellu
TBBPAO W €IHO3HAYHO, TOKOJIKOTO OOCTyX-
BAHETO Ha ypena TMpeanojiara JOCThI 3a
cMsiHa Ha npobara u HakpaitHunute. Cieno-
BaTeJIHO KOHCTPYKIIMSATA cliefBa Ja € MO-
OunHa, a ChOCHOCTTA Ja ce obe3meyaBa C
MHUHHMAJIHO U JI0pH 0e3 peryiupaHe u moj-
HacTpoiBaHe.

Ilpu HsAKOM KJIacMUYeCKW ypelu ce pazuura
Ha CaMOlEHTpOBaHe — e(eKThT € aHaJIOTH-
YeH Ha TO3W MPH XUAPOAUHAMHUYHO Ma3aHe.
ToBa ce peanusupa Mpu BUCOKA CKOPOCT Ha
TeueHWe M Majka OTHOCHTeNHa XJaOuHa.
MHOro BaXKHO € ¢bIO mpobdara Ja € XOMo-
reHHa W Jia € ¢ xapakTepucTiku Ha HroTo-
HOB uryn .

3a uscienBaHe Ha cyOCTaHUMM TIPH MaJKH
CKOPOCTH Ha TeYeHHWe TaKbB MOJXOJ] € He-

JOCTaThYEH W C€ Hajara reoMeTpuyHa, Ch-
OTBETHO KMHEMaTH4yHa craOmim3anusa. Taxa
c€ IOCTHTa O HEOOXOAMMOCTTA OT M3CIel-
BaHe Ha pa3MepHa MHOTO3BEHHA CTPYKTYypa,
B KOSITO 3aTBapsiliMIT MapaMeThp € CbhOc-
HOCTTa Ha HaKpalHULUTE.

IIpyHuMNHATa KHHEMATHYHA cXeMa € ToKa-
3aHa Ha Qur.l. ¢ oTpaseHH TreOMEeTPUYHO-
TOUHOCTHUTE MapaMeTpu Ha 3BeHata. B pe-
3yJTaT ce omnpenesss CyMapHUs €KCUEHTPH-
LHUTET MEXY LUJIAHIPUTE:

6
e, = chi (la)
i=1
OT paguaJIHUTE CbCpaBJisdBalllv, U
& h
- e
ep =2 iy (1)
i=1 1

OT BIJIOBUTC CBHCTABJIABAIIH, KbM KOUTOCE
no0aBs xj1abuHaTa OT LEHTpOBalllaTa Criioo-
Ka J KakTo cieaBa

6 4
h.
e=chi+an,-H’+J (1)
i=l1 i=l1 i
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Taka ompeneneHata CTOWHOCT 3a €KCIIGHT-
punMTeTa € mo mMeroaa min-max. OTKIOHe-
HUSTA OT MEPNEeHAMKYISPHOCT Ny ca HOp-
MHUpaHU CHOPSIMO HOMHUHAIHWUTE AMaMeTpall-
HU pa3Mepu D; mpu oTcTOsSIHUE O reoMer-
pUYHHTE LIEHTPOBE Ha MPUCHEAMHUTEITHUTE
wukn h;.

OueHKaTa 3a BIUSAHUETO HA OTKJIIOHEHHETO
OT ChOCHOCT BbPXY TOYHOCTTA Ha U3MEpBa-

\ﬁ

He ce mpeacTaBs BbB Buja [1,2]

A, _1f e
ne=il) @

KbIeTO R € paanychT Ha M3MepBaTEIHHUS
HaKpaiHMK, a € OTHOCHTE/IHaTa W3MepBa-
TejHa XJ1abuHa.

- | < T
Nce el B I’ﬁg
N —
o N,
g} ® ]
(] N
Nctl P3
Py
(L]

¢wur.1

OueBUAHO C OrpaHMYaBaHETO Ha € Ta3u
CbCTaB/IsBallla Ha rpelikara ce HaMalsBa,
HO OT KOHCTPYKTHBHHM M T€XHOJOTHYHHU Ch-
oOpaxeHus: He Moxe Oe3kpaitHo na ce mo-
HkaBa. JlokonkoTo obaue e moponeHa OT
F€OMETPUYHM OTKJIOHEHHWS, TO HelHaTa
CTOMHOCT clieqBa Aa ce JUMHUTUpPA CHPSIMO
rpelkara oT OCHOBHHSI ()YHKLMOHANEH reo-
METpUYeH MapamMeTbp Ha H3MepBaTelHaTa

cucteMa R , OCHOBHHUST YJICH Ha KOATO CE€
onpeaciis KakTo ClieiBa:

M_R:(4+lj£z25ﬁ (3)
n €) R R

KBJETO 4+£z25 (ot 4.1) e oueHkata ¢
€

TOYHOCT JI0 MOPSAABK TNPH KOHCTPYKTHBHO
n3bpana € ~ 0.1. Cnen mpupaBHsBaHE U pe-
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IIABAHE Ce JIOCTHTA JI0 6 " 4 [ h
p 4 W s 3\/E+ 3 3/&—’+3x1.623/& AR
Y.t X npiHl“LJ Keli=1VR =1V R D, k)R
=l Tl T s BF ) AR
R R R

Hopwmupamoro otHomenne AR/R mpenc-
TaBJsABa TEXHOJOrMYHO MOCTH)KMMAaTa TOY-
HOCT Ha OTKIJIOHEHHsTa OT GopMa, KOSATO ce
npuemMa MpelcTaBUTENHA U 3a OCTaHaIUTe
noJJoOHU 3BeHa OT pa3MepHaTa Bepura — oT-
KJIOHGHHUSITA OT KOHILEHTPUYHOCT, TepIeH-
JUKYJIIPHOCT U ChBMajaHe Ha ocute. Ha Oa-
3a HalpaBeHW W U3MEPEeHU NPOOHHU JeTaiiy,
KaToO TeXHOJOTHYHO MOCTH)KMMA ce TphuemMa
OTHOCHWTENIHA TeOMEeTpUYHa CTeNeH Ha TOodY-
Hoct B, otkpaero mo ISO 3a xiabunara J
npu 1eHTpoaiia criobka H/g ce monyuaga:

JmaX:E+T2+Jmin: (5)

=1.6%n,, +1.6°n, +T = 3x1.6n,,
KaTo ce M3MOJ3yBa METO/A Ha MpHUpaBHEHA-
Ta 32 OTBOpA W Bajia CTEMEH Ha TOYHOCT [3].
OTKJIOHEHUSITa Ce MPEJCTaBST 4pe3 JOMyC-
KOBUTE €IWHHUIM Ip; HA HOMHHAJHUTE CH
pa3MepH KakTo cliefiBa

KBJETO K € OpOSAT JIOMYCKOBU €IUHHUIM (KO-
edHIUEHT Ha TOYHOCT), MPUBEAEH KbM OTK-
JIOHeHHsATa OT (opMa, pas3mnojoKeHHe U
Hanpaienue. Cien 3amecTBaHe U npeodpa-

AR
3yBaHe Ha JIsIBaTa 4acT CIPSIMO 3 ce Joc-

THTA 10
® [ Qb § i li gy 2ini [AR
Kpli=1tr =1 & Ig
z3g4£
\ R
(7

U cjlell MpeaCcTaBsiHe Ha ip; U i upe3 OCHOB-
HUs WIEH B OMNpPEAENICHHeTO 3a JOMyCKOoBa
eauHuna [3,4] mocpencTBOM HOMHUHATHUTE
pasMepu ce Tojy4aBa

®)
IIpn pa3mepHn oTHoLIeHMs (cxemaTta Ha
¢wur.1. e mpormopunoHaNHO GMU3Ka 10 KOHC-

R R
1,2 3,4
> ~4’ > ~|’

TPYKLHUATA) 2

R
36 ~0.75,
R

h;

— X 1 , CJIca HpeCMS[TaHe nonyanaMe

i

3
3edfcn (i) 4
K =ﬂ(’i] Ye1258fk, (9)

25 R
KOETO, NpH 6-M KBaJUTET 32 R 1 oTHOCHTEN-
Ha reomerpuuHa ToyHocT Tin C (koeduiuu-
EHTBT Ha TOYHOCT CE MoJyuyaBa Kp =2.5),

CBHOTBETCTBYBA Ha 9-M KBAJIUTET 3a TOYHOCT-
Ta Ha pazmepute  ( KOePUIMEHTHT HA TOU-
HOCT Ha pa3MepHuTe MpH OTHOCUTENHA Teo-
MeTpUYHa TOYHOCT THUT B e
Kp =Kk1.67 ~39).

Taka mosaydeHara OLeHKa MO3BOJIABA MpHe-
TaTa KOHLEMLHKS 1a Ce CUMTA 33 MOCTURKUMA.
IIpu ToBa TS € ompeneneHa MpU MO-CTPOTH
OTrpaHWYEHHs] KbM TOYHOCTHHUTE N3NCKBaHMS
MO CJIEJHUTE NPUYUHMU;

|.®OyHKUMATa HA OTHOCUTENHATa TOYHOCT
NpH M3MOJI3yBaHE Ha CHCTeMara OCHOBHH
JIOMYCKH e HeJIMHelHa

(i @ <0VO =const , IpU KOETO, OT-
dR\ R

YUTAWKK pagvaiHUTe KOMIOHEHTH, B JHa-
METpaJIHO M3paKeHWe IIe ce MoJydyar To-
MaJIKi IPUBEJICHN TPAaHUYHU OTKIOHEHHUSI.
2.CbCcTaBHUTE 3BEHA ca BEKTOPHHM BEIMUMHU
U TSXHATa OpHUHTaAUMs e chydvaiiHa. Crneno-
BaTeJIHO TPHJAraHEeTO Ha BEPOSITHOCTEH
MO/XOJ € HaIbJIHO 00OCHOBAHO, OIE MOBe-
ye, ye ChCTaBHMTE 3BeHa ca moseye oT 10
Oposi.
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3.C HamalisgBaHETO Ha OTHOCHUTEJHATa XJa-
OMHA TOYHOCTHUTE W3MCKBaHMS KbM R ce
yBeJIMUYaBaT 3HAYUTENHO TO-CHUJIHO, OTKOJI-
KOTO KbM OCTaHAJIMTE TapaMeTpH.

[Ipu Te3m mpeAmnocTaBkM U MoJyuyeHaTa To-
rope olleHkKa, ¢ oryes obJeKkuaBaHe Ha KOHC-
TPYKLMSITA MOXE Jla c€ BJIOXKAT JOMbIHH-

TEJIHU eJIEMEHTH (3BeHa) KaTo, OCHOBAaBaMKH
Ce Ha HAJIMYHHUTE TEXHOJOTUYHU BB3MONK-
HOCTH, Jla ce MpeJInuile NpupaBHeHa CTeneH
Ha TouyHocT 7-a. Karto mpencraBu nsBata
yacT Ha (8) choOpa3HO BEpOSTHOCTHHS Me-
TOJ TIPX €JHAKBM 3aKOHM Ha pasnpejele-
HUe, ce JOCTHTa JI0:

6 4 2

i+ Y |n h—l
ci ]
i-1 =i\ ' D

2 2
+2T7 + p| ng, +| ny,

2
h
4| £2x1.6*02, |+ Join

R
KbIETO p € OposT NOMBIHUTENHH 3BEHA C
OTKJIOHEHHMsI OT CHOCHOCT M MEPHEHHKY-
JAPHOCT Ng, = Ny, CbOTBETHO. XjabuHa ce
OTYMTA 4pe3 JOMYCKUTE Ha pe3MepuTe Mpu

d [AR
~34== (10
(i (10)

npeasuaeHo npuckeannssane H/h . Karo ce
U3M0JI3yBaT TaOJMYHUTE CTOMHOCTH Ha 1 3a
BeYe YTOYHEHUTE pa3MepH, Ce JOCTUTa JI0

2
6 4 h. ARV R Y3 (R, )3
2y 2+ y L +2x1.64i12+M 14 2 |" 4| =2 || £
i=1  i=1 \D; (< F R R\ Pp
(11)
1
- 38R(—)4 - R
R
OTKBACTO, CJCA pellaBaHE CIIPIAMO P ce
JIOCTHTA 10
2
6 4
) e )T i X i | +2xleti}
kS (ARY 2 J; i=1  i=1 ;
w2 el B 2
K7 K71IR IR
p= (12)
e Pl1as| P
R Dp
Rp hp PYKTUBHHU C€CJIEMEHTHU, a4 U TCOMETPUUHO-
[Tpu nponopuyu ?zz u —=~1cemno-  1oyyocTHn (akTOpH MO CMHCHIA HA Che-
P

nyyaBa pzlxlO2 , KOETO rapaHTtupa Bb3-

MOJKHOCT 3a KOHCTPYKTHBHA peajn3auus
4ype3 crioMaraTesiHu JeTalian u Obp3ocMeH-
HU (ukcaTopu Ha HakpailHMUMTe. B ciyyas
nojyueHaTa OLleHKa Kacae He caMO KOHCT-

TaBHM 3BEHA B pa3MepHa CTPYKTypa.

o 6mu3bK pesynraT ce JOCTUra MpH Npeac-
taBsiie Ha (10) u (11) BBB opma Ha OTHO-
CUTENIHU TOYHOCTH, ONpEeAeNIeHH CIpPsSMO
HOMHWHAIHUTE pa3MepHu:
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6 2 4 2 2 2 2 i 2
\3 N3( A 3 R Y3 (R, )3
K_72&3+Z R34 +2x1.64&3+p—p I kv ) 0 2 )
kEViZ(\R)  Z1\R . R R R)|D
) ) : P7) a3
_3
_ag[ARY) 4 4R ¢
R R K6C
CHOTBETHO
Coon N PPN SR
3g K%[ARJ 4_ 033& - s (RZT D (le3 i +2x1_64(R1j3
K7 kp VR 2R S\RJ D, R
p= 5 (14)
R,)3 h
(pJ 1+ 7]7
R D
p

KBJIETO C € KOHCTaHTaTa Ha OCHOBHOTO OTK-
JIOHEHWE TIPH IOTyCKOBA 30HAa g.

[TonyueHaTta oreHka He O3Ha4yaBa BBH3MOXK-
HOCT 3a CBOOOJHO M HEOTTOBOPHO OTHOIIE-
HUE KbM TOYHOCTTA Ha pa3Mepure. B koHCT-
PYKTHBHO acIieKT HSKOM OT JeTaiinuTte ca
pa3paboTeHu ¢ orjie]] Bb3MOXKHOCT 3a KOM-

NEHCHUpaHE Ha F€OMETPUUYHUTE OTKJIOHEHUH,
HO OCHOBHHUTC CJIICMCHTHU H3HMCKBAT €IHO3-
Ha4YHO MPUCBEAMHSABAHE. B T03m cmucwn e
Ba’XHa MW OII€HKaTa 3a 61()05[ CJICEMEHTHU NpHn
MPOBEPOYHO MpeCMATaHE MO METOAa min-
max : T.C.

6 4 hz’ 4
3 > i+ Y i —+2x1.67
_2 3R i i
K6 (ARY4 Sy =1 =1 D
K7B R KfiR ijzg
- T ~6 (15)
R \3
(pj 6+7p
R D
p

KOETO OmpefeNs 3HAYUTEIHO TMO-CTPOTH
M3UCKBAHMS KbM pa3MepHaTa CTPyKTypa, HO
M JOCTaTbuYHO KOHCTPYKTHBHHM BB3MOXKHOC-
. OKOHYaTeNHATa OllEHKAa Ha cymapHara
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ANALYSIS OF DETAILS BASING IN MECHANICAL STRUCTURES
R. Nikolov, L. Kochev

Abstract: Main topic of the presented paper is an analysis of the complex non-
coaxiality of the working surfaces of a viscozimeter. A solution is presented in a
relative form with considering technological limitations and according ISO concep-
tions.
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H.Huxkomnos

YUCJIEHO U3CJIEJABAHE HA BJIMSAHUETO, KOETO OKA3BA
JIEAKOBATA CUCTEMA BBPXY OCTATBYHUTE HAIIPEXKEHUSA
B MACUBHA CTOMAHEHA OTJ/IUBKA

Hwuxonait Hukoios
nyky(@tu-sofia.bg

B masu cmamus ¢ nomowima Ha KOMniomvpHa CUMY1ayusl ca nojay4eHu ocmamvy-
HUmMe HanpeMsCeHus 6 cnupadHa watiba 3a ACaHcbop, onuisima om CmomaHa 6 nsi-
Cb4Ha d)OpMa. HpeCMﬂmaHuﬂma ca Hanpaeeru ¢ osa pasiudnu eapuanma jlesikoeu
cucmemu u ca CpaeHeHu ¢ xunomemuiern Cfly’-lalj Ha omauexa 6e3 1esaKosa cucm e-
Mma. Yemanoseno e, ye jieakoeama cucmema ejiuse cnabo 8bpDXY pa3npedeﬂenuem0
U cmotHocmume Ha OCMAamvyHume Hanpestcenusd, ¢ u3KioverHue Ha 3onume, pas3-

nonodcenu 6 bauzocm 00 numamenume.

Knrwouosu Oymu: Jestkoea cucmema, Memoo Ha Kpaﬁnume ejnemenmu, ocmamviHU HanpesceHus,

cCmomaHeHa omiaueka

1.Bveeoenue

Enua ot (dakropure, KOMTO OKa3BaT
BIUSHUE BBPXY OCTATHYHHUTE HAIMPEIKECHUS
MpH BCSKA OTIUBKA, € KOH(QUTYpalusiTa |
Pa3IoIOKEHUETO Ha JIeAKoBaTa CHCTEMa.
OcBeH 4e IpOMEHs 3HAYHUTENHO (hopMaTa Ha
OTIIUBKATA, TS ChABPKA TOJeMH 00eMU Me-
TaJl, KOUTO CJI€J HAJMBAaHE CE OXJIAKIAT C
OTJENISIHE HA 3HAYMUTEIHO KOJIHMYECTBO TOII-
muHa. [Ipu TOBa ce moarpsBa KakTo camara
OTJIMBKa, Taka M (OpPMOBBUHATA CMEC B
OKOJIHOCT Ha JIEIKOBaTa CHCTEMa M HaMas-
Ba CKOPOCTTa Ha OXJIaXJaHe B Te3W olJiac-
Td. Taka jgedaxoBaTa CUCTEMA BIUSE HA TEM-
MepaTypHUTE TPATUCHTH U CKOPOCTH Ha OX-
JaxJaaHe B OJMU3KO pa3IoNIOKEHUTE 00eMU
OT OTJIMBKaTa, a C TOBAa — U BHPXY (popMupa-
HETO W pa3NpeleCHHETO Ha BPEMCHHHUTE
TEMIICPATYPHU HAMPEKEHHSI U OCTaThUYHUTE
HATIPEKCHUSL.

IMpumepHa cxema Ha JeSKOBa CHCTEMa 3a
MacHBHA CTOMaHEHA OTJIMBKA € ITOKa3aHa Ha
¢wur.1.

Aesk

MuHumanaHo ceueHue
Ha Aenka

LLinakoyaoBumen

MpogbaxkeHue Ha
waakoyAoBumenn
AenkoB knaagereuy
KaageHeu Ha
waakoyAoBumenn
Bpwaka c
waakoyAaoBumenn

Mumamea

HanpeuHo ceuexue
Ha numamean

¢ur.1 Cxema Ha JesKOBa CUCTEMA

Ts ce ChCTOM OT HAKOJIKO 3aIBJDKUTENHU U
HSKOJIKO JOITbJIHUTEIHU €IEMEHTA, KOUTO CE
BKITFOYBAT U 0(OPMST 10 TEXHOJIOTUYHH Ch-
obpaxenus. Hali-chIliecTBEHO  BIHSIHHE
BbPXY TEMIIEPATypHOTO MOJIEC MPHU HU3CTUBA-
HETO Ha OTJIMBKATa OKa3Bar:
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® [UIAKOYJOBHUTCISAT — OOWKHOBEHO ¢
OJIN3KO PA3MOJIOKEH JI0 OTJIMBKaTa U UMa
CPaBHHUTEITHO TOJISIM 00eM;

® [IUTATEJIUTE — T¢ KOHTAKTYBaT ¢ OTJIHMB-
KaTa, SBSIBAT C€ 30HU Ha MHTEH3UBEH TOILIO-
0o0OMEH M KOHIICHTpAIMs Ha HaNpe)KCHUATA;
OT JBIDKMHATA UM 3aBUCH Pa3CTOSHUETO
MEXIy OTJIMBKaTa M OCTAHAJINUTE CIEMEHTH
Ha JIEIKOBAaTa CHCTEMA;

® JeAKbT M JIESKOBUAT KIIaJeHel — OT
3HaueHue ca Gopmara, 00EMbBT U OIU30CTTa
IO OTJIMBKATa.

2.Ilocmanosxa na 3adauama

OOeKT Ha HACTOSIIOTO H3CIEIBAHEC €
pealTHO TPOM3BEXKIAAHO U3/CIINE — CIIMPAYHO
KOJIEJIO 33 aCaHChOp, TTOKa3aHo Ha Gur.2.

¢ur.2 CriupayHo KoJIeao

Konenoto ce ornmMBa OT HHCKOBBIVIEPOAHA
CTOMaHa, [0 METOJa T'PaBUTALIOHHO JICEHE
B msickuHa (opma. bpyrHara maca Ha OT-
JUBKaTa (C JIeTKOBa CHCTEMa U MBPTBH TJla-
BH) € okoio 120 kr.

[MocraBs ce 3amgauara ja ce TpPECMETHAT,
CPaBHSAT M aHAJM3UPAT OCTATHUHHUTE HAIpe-
JKEHUS, KOUTO ce (POPMHUPAT MIPH OXJIAXKIaHE
Ha OTJIMBKAaTa OT TeMIlepaTypara Ha Haju-
Bane Ha Merana (1580°C), no craiiHa Tem-
nepaTypa, KaTo ce M3MOJ3BaT CIeIHUTE Ba-
pUAHTH Ha JISIKOBa CUCTEMA!

e XwumotetnuHa KOH(QUTypamus Ha OT-
nuBKa 0e3 sesikoBa cuctema (pur.3A). Tozu
BapUaHT MPEJICTABIISIBA WICATH3AIUs, KOSTO
IIe MOMOTHE Ja ce OLICHW Kak Biusie a00a-

BSHETO Ha JIESKOBA CHCTEMa BBPXY OCTa-
THUHHUTE HAIIPEIKCHNUS;

e JleskoBa cucTeMa C €IUH MHUTaTel
(¢ur.3b). Ta3u neskoBa cucTemMa ce Xapak-
TEpU3Upa € KbC IIJAKOYJOBUTEN M MUHH-
MaJIHO Pa3CTOSIHUE MEXKAY Jieska M KOJejo-
T0. ONTHMHU3UpPaHa € OT IJIeJHA TOYKa MKO-
HOMUS Ha MeTaJl.

e JleskoBa cucTeMa C TpHU THUTATENS
(¢ur.3B). Toa e kacuyecka cxema, MpoeK-
TUpaHa B MaKCHMallHO CBOTBETCTBHE C
HpeANycaHuaTa B CIelualu3upaHaTa JuTe-
patypa [1,2]. 3a Hes e XapaKkTepeH ABITHUAT
HIJJAKOYJIOBUTEJ C TONSIM 00eM, C U3IbIDKe-
HO IpoabKeHHE 0e3 kinaneHel. JIesakbT e
3HAYUTENHO II0-Jajled OT KOJIEJIO0TO, OTKOJI-
KOTO B MPEIUILIHUS CITy4ai.

W npu Tpure BapuaHTa € W3IOJ3BaHA KOH-
¢urypamus ¢ eaHa OCHOBHAa MBPTBa IJIaBa
(Ha ¢maHena) v MIECT CIIOMAraTeIHd MbPTBU
r71aBu (Ha couuuTe). Bcmuku MBpTBU rinaBu
ca IOKPUTU C €K30TEePMHYHM BTYJIKH Ha
¢upmata FOSECO. OtnuBkara e pasmnoso-
JKeHa BBB (hopMa OT KBapLOB ISICHK, KOSTO
KOHTAaKTyBa OT BCHYKHU CTPaHU ¢ aTMocdep-
HUSL BB3IYX.

W3uncnenusara ca HanpaBeHHn ¢ ANSYS —
YHHUBEpCcaleH cOpTyepeH MPOAYKT 3a MHKe-
HEpHH aHaJIM3H [0 METOJ Ha KpallHUTe erne-
MEHTU. M3MON3BaHUAT KOMITIOTBPEH MOJIEIN
e omucal moapoOHo B [3].

3. Ocmamvunu HanpedxyceHus 6 om-
JIUBKAMA NPU OMCHCHEUE HA J1eAK08A CUC-
mema

Ha ¢ur.4 ¢ nokazaHo pasnpeaeacHHETO
Ha TPUTE TJIABHU HAMPEXKCHUS CIIC]] U3CTHU-
BaHETO Ha oTnuBKara ( Ha ¢ur. 4A — oy, Ha
¢dur.4b — 6,, Ha Gur.4B — o3). Buwxna ce, ue
B OTJINBKAaTa MMa TPYU 30HU C BHCOKU CTOM-
HOCTH Ha HAITPESIKEHUsITA — TOpHATA YacT Ha
nepudepusaTa csc o3 = 285 MPa (opuenra-
1y Kkato Ha ¢ur.4B); ppboBeTe MO OTBOPH-
T€ Ha CIIAIUTE ChC 6; = 295 MPa u o, = 20
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MPa; npexoabT OT COMLUKTE KbM IJIaBUHATa TOAPOOHO OOSCHEHHE Ha MEXaHW3MHUTE Ha
cbe 61 = 300 MPa u 63 = 95 MPa. (hopmupaHe Ha TE3U HAMIPEKEHUS € JaJIeHO B
CellocTaBKkaTa Ha TpPUTE TJIaBHU Hampexe- [4].

HUSI TTOKa3Ba, Y€ KaTo ISUI0 nepudepusra e

MOJJIO’KEHa Ha HATHCK, CIIUIUTE — HA OIbH,

a HaIPEerHaToOTO CHCTOSIHUE B MPEX0Ja MeX-

Iy TJaBUHATA W CHHIUTE € cIoXHO. [lo-

Sigma3
Type: Minimum Principal Stress.
Unit: Pa

Time: 200000

Max: 4.34517

Sigmat
Type: Maximum Principal Stress

Sigmaz
Type: Midde Prindpal Stress
Unt:a

Time: 200000

Max: 3.0984e8 Max: 1255168
Min:6.1086e7 Mint-1.137168
38 2768 248 265 1ed LSed 1268 97 667 37 0 667 12566 1e8 67 67 467 267 0 267 A7 667 87 -led 4347 0 367 667 -Se7 -1.2eB -1.5ed -1.9sG 2163 2.4eD -2.7e6 3t

¢wur.4 I'maBHN OCTATHYHU HANPEXKCHUS B OTJIMBKA O€3 JIeIKOBa CHCTEMa

Equivalent Stress (vorises) [E.osese+07

) o

[2.60522-+005_3

041104007 3 \ X % <

¢ur.5 EKBUBaJIEHTHN OCTaThUHHU HAIPEXKEHUS B OTIIMBKA O€3 JIeTKOBa CUCTEMa
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Ha ¢wur.5 ca mnoka3zaHu eKBHBaJCHTHUTE
HanpeKeHus (Gq), MO KpUTepHs Ha (OH
Musec.

B eTukeTun ca noxkazaHu KOHKPETHHUTE CTOM-
HOCTH Ha HalpeKeHHsATa B OOLIO celeM 30-
HU — 10 iepudepusTa, ppbOOBETE HA OTBOPH-
TE 3a CIHUINTE W TiaBuHara. M30panu ca Ta-
KMBa TOYKH, B KOMTO HAalpeXEeHHUsATa UMaT
MaKCHMaJIHU CTOMHOCTH 3a CHOTBETHATa 30-
Ha. CTOMHOCTUTE Ha HAIPEKEHHUATa B TE3U
30HM LI ObJAT MPOCIeACHH! U TIPU CIydauTe
C JIBa pas3iIWyHH BapHaHTa Ha JIESIKOBa CHC-
TeMa.

4. Cpasnenue na ocmamvunume Han-
pedxceHus npu U3non3éaHe HA pPaziuyHu
eAKo8U cucmema

Ha ¢ur.6 B nBa usriena ca moka3aHu
CKBUBAJICHTHUTE HANPEKCHUS, KOUTO CE
(dopmupaT B OTIUBKATA MPU U3MOJ3BaHE HA
JIBaTa BapHaHTa JICTKOBU CUCTEMH (B JISBO —
JISTKOBA CHCTEMA C €/IMH MTUTATEN, B JIICHO —
JIeSIKOBA CHCTEMA C TPU MTUTATEN).

Ot ¢ur.5 u 6 Morar Ja ce HampaBsIT CICTHU-
T€ HAOIIONECHUS:

e XapakTepbT Ha pasNpe/IcIICHUE Ha HAIl-
peXCHHATA € C€IHAKBB W B TPUTE CIIydas.
W3kimrodenne mpaBsAT 30HATE B OKOJIHOCT Ha
MUTATEIUTE;

e HamnpexeHustTa mo ropHara MOBBPX-
HOCT Ha repudepusiTa UMar sICHO U3pa3eHU
MakCHMyMH B 30HHTE CpEIly CIHUIUTE |
Cpelly cpeiaTra Ha OTBOPHTE 3a CIIHIIHTE.
[Ipu BapmaHTHTE C JEsIKOBa CHUCTEMa TE3U
MaKCUMyMH BapupaT B rpanurure 253-275
MPa. Ilpu pemenueTo 6e3 JesKoBa CUCTEMA
Te3u HampexxeHus ca 275-283 MPa. Oxa3Ba
ce, 4e HaJWYUETO Ha JICSIKOBAa BOJHU JIO JIEKO
HaMaJIIBaHE Ha HAIPE)KEHUITa B Te3W 30HU,
KOETO C€ JBJDKH Ha M0-0aBHOTO W ILIABHO
W3CTUBaHE Ha OTJIMBKata. B chIoTO Bpeme
o0ade, HEPAaBHOMEPHOCTTA B MaKCUMAITHUTE
CTOWHOCTH Ha HANPEKECHUATA B €THOMMEHHHI
TOYKH C€ YBEINYaBa.

e 3a ppOOBETE Ha OTBOPUTE HA CITUITUTE
MOTAaT Jia Ce HaNpaBAT CHITUTE HAOIIOICHUS,
KaKTO 3a TOpHAaTa MOBBPXHOCT Ha mepude-
pusita. Hanpexenusita o Te3u prooBe moc-
TUTAT CTOWHOCTH OT CBHIIHS MOPSAIBK, KAKTO
1o nepudepusra.

e JlomHara yacT Ha niepudepusra e ci1ado
Hanper"ara. Hanpexenusra He HaBUIIIaBAT
55 MPa, u 10 camMo B 00JIaCTHTE CpeIry
criurute. TakuBa CTOMHOCTH c€ TOJydYaBaT
HE3aBHCUMO OT HAJIMYUETO W BHJIA HA Jies-
KOBaTa CHCTEMA.

e JlobaBsiHETO Ha JIESIKOBA CUCTEMa BOJHU
JI0 TIosIBaTa Ha PbOOBE B MecTaTa Ha Bpb3Ka
MEX]ly MUTATEIINTE ¥ OCHOBHUS MeTall. Te3un
pb0OOBE ce ABSIBAT KOHIIEHTPATOPH HA OCTa-
THYHU HampexeHns. KoHIeHTpanusra e mo-
CHINECTBEHA MPU BapUaHTa C TPH MMHUTATEIIS,
KBJIETO HANpEeXEHHUATA AOCTHTaT CTOMHOCT
ot 94 MPa. Ilpu npyrus BapuaHT MaKCH-
MaJHUTE HaMpeKeHUs B Ta3u 30Ha ca 67
MPa.

e [lo mepudepusTa Ha TIABHHATA HAaIl-
pexeHusita ca B rpanuiure 152-154 MPa
IpU OTCHCTBHE Ha JIESIKOBa cucteMa u 135-
149 MPa npu Hanm4ue Ha JesKOBa CHCTEMA.
Kakto u mo mepudepusita Ha KOJEIOTO, U
TyK 100aBSHETO Ha JIEIKOBa CHCT€Ma BOIU
JI0 JIEKO TIOHW)KaBaHE Ha MAaKCHMAJTHUTE
CTOWHOCTH, HO YyBeIH4YaBa HEpaBHOMEp-
HOCTTa HA HANpPEXEHHUITa B €IHOMMEHHUTE
TOYkH. BapuaHThT Ha JesKOBaTa CUCTEMa HE
BIIUSIC Ha Pa3NpeieliCHUETO Ha HalpeKCHH-
ATa B Ta3 30HA.

e ['opnara moBBpxHOCT Ha (hraHema He €
YyBCTBUTEIHA KHbM HAJIUYMETO W BHAA HA
JeskoBa cuctema. be3 neskoBa cucreMa
HampekeHusaTa Tam gocturat 111 MPa, e
Mpy HaJIWM4We Ha JieskoBa cucrema — 107
MPa.

e HepaBHOMEpHOCTTa, MOpOJEHA 10 JO-
0aBsSHETO Ha JISIKOBA CUCTEMA € CXOJHA MPHU
JIBaTa pasriieJjaHu Bapuanta. Hampexxenusta
UMaT MaJIKO TMO-TOJIeMU CTOWHOCTH TIPU Ba-
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puaHTa C TpH MUTATCIIA, KOCTO CC ABJIKU Ha
ABaTa JOMBbJIHUTCIHU 3aTBOPCHU KOHTYpa B

Equivalent Stress (von-Mises)

Unit: Pa
2.7572¢8
2.4e8
28

1.6e8

f
. . 2.6249e+008 &
/)
[13s87e008
«-._.»/’

[2.6114e+005 o
1.3517e+005 23

\ 4

TO3HU CIy4ail.

N
[27465e+008 g

2.5751e+005 o

2.70076+008

2.0738e+008 b
07856+

932+008 &

¢ur.6 ExBuBaneHTHN OCTaThYHU HAIPEKCHNUS NIPH /IBA BApHAHTA Ha JISSIKOBA CHCTEMa

5. H3600u

1. XapaktepbT Ha pasmpeielieHHe Ha
OCTaTHhYHUTE HAIIPEXKEHHUs 1o obema Ha OT-
JUBKaTa ce 3alma3Ba, HE3aBUCUMO OT Haju-
YHEeTO W KOHQUIypalusaTa Ha JiesKkoBara
CUCTEMaA.

2. Haii-ronamMo BIUsSHHE BBPXY OCTa-
THYHUTE HANIPEIKEHUS CE TIOJyYaBa B 30HUTE
Ha BpB3Ka MEXAY MATATEIUTE U U3IEIUETO.
B Te3u obmactu ce momy4aBar pr0OOBE U OT-
paHudeHn 00eMHU C KOHIICHTpAIHs Ha OCTa-
ThYHNTE HampexxeHus. KoHmentpammsra e
MO-TOJIsIMa TIPH JIESTKOBA CHCTEMa C TMOBeue
OT €JIMH MUTATEJN, 3alll0TO B TE3U Clydau ca

I0JIy4aBaT CTAaTHYHO HEONPEICIICHU 3aTBO-
peru koHTypu. CTOWHOCTHTE Ha Halpexe-
HHsITa 00aue OCTaBaT 3HAYUTEIHO [TO-HUCKH
OT MAaKCUMAJTHHUTE 3a OTJIMBKATA.

3. KoHupwurypamnusra Ha JesKoBaTa
cucTeMa OKa3Ba 3a0elie)KMMO BITUSTHHE BBP-
Xy CTOWHOCTUTE Ha OCTaTHYHHTE Harpexke-
HUS 110 TOPHUTE PHOOBE HA Mepudepusira Ha
KOJIEJIOTO, PHOOBETE HA OTBOPHUTE HA CIUIH-
Te, ppOOBETE HA IIABMHATA — MAKCUMATHUTE
croHocTH HaMaisBat ¢ 5-10 MPa, Ho cbiIo
C TOJIKOBA CE yBEJINYaBa HEPABHOMEPHOCTTA
Ha CTOHMHOCTHTE B E€JHOMMEHHHMTE TOYKH.
ToBa BiMsSHHE ¢ clab0 W HE MOXE Ja Ce
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OYaKBa, 4ye IIe MOBJIHUSAC HAa KayeCTBOTO HA
OTJIUBKATA.

4. ExBUBaJeHTHUTE HANpeXeHUI B
Hali-HaTOBapeHUTE 30HW UMAaT TBHPIE roe-
MU CTOWHOCTH, ONM3KM OO TpaHHIaTa Ha
MpoBJauBaHe Ha Marepuaia. Te3m Hampe-
JKEHUSI ca HEJOMYCTUMH OT TJlelHa TOYKa Ha
eKCIUI0AaTallMOHHOTO HaroBapBaHe. Crieno-
BaTEJHO, HE3aBUCUMO OT M30paHaTa JesIKOBa
CHCTEMa, Ce Hajara JOIBJIHUTEIHA TepPMUY-
Ha 00pa0oTKa 3a TAXHOTO HaMaJIsiBaHe.

B o0mus cinyvaii, mpy MacMBHHUTE OTJIMBKU
MUTATETUTe WMAT MHOTOKPATHO IT0-MaJIKH
HaAIPEeYHH CEYEHHUS OT ChCEAHUTE UM O00eMH
M ca MHOTO IO-TIOAATIMBH OT OCTaHauara
4acT OT OTIMBKaTa. MeXIy MacHBHHTE
€JIEMEHTH Ha JIeIKOBaTa CHCTeMa U OCTaHa-

Jlumepamypa

Jara 4acT OT OTJIMBKAara MMa Je0en Iuiact
¢dopMoBBUHa cMec. B pesynrar BiIMsSHHETO
Ha JIesKOBaTa CHCTEMa BBPXY pasmpererie-
HHMETO U CTOMHOCTUTE Ha OCTATHYHHUTE Hall-
pexenust e cnabo.

6. 3aknwouenue

[Ipy MacuBHHMTE OTJIMBKU JIeSKOBaTa
cucTema BiHsAe c1abo BbPXY CTOHHOCTUTE U
pasnpeneneHueT0 Ha OCTAThYHUTE Hampe-
xenus. llopagy Tasu mpuUYHMHA SIKOCTHHUTE
cboOpakeHHs He ciieaBa na ObaaT Qaktop
IpY IPOEKTHPaHE Ha JIesKOoBaTa cucTeMa. B
KOHKPETHHS NpUMEp TOBAa O3HAYaBa, 4e 3a
MPOM3BOJCTBO TpsAOBa Aa ce m3bepe KOHCT-
PYKTHBHO M TEXHOJOTMYHO Hal-mipocrara
CXeMa — Ta3! C eIMH MHUTaTell.
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NUMERICAL STUDY OF THE GATING SYSTEM INFLUENCE ON

THE RESIDUAL STRESSES IN MASSIVE STEEL CASTING
N.Nikolov

Abstract: In this article, using a computer simulation, the residual stresses in eleva-
tor brake wheel are obtained. The brake wheel is cast steeled in sand form. The cal-
culations were made with two different versions of gating systems and compared
with the hypothetical case of casting without gating system. It was found that the gat-
ing system has little influence on the distribution and values of the residual stresses,

with the exception of areas near the gates.
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METOJAUKA 3A U350P U IPECMSATAHE HA I'VMEHU BY®EPU
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Ha 6azama na cvwecmaysawyume memoou u 0anHu 3a u360p u npecmsmane Ha 2ymeHu OyQ e-
PU e U36bPUleH aHAIU3 U NPeONIONCeHU AHATUMUYHU 3A6UCUMOCIU 3 ONpedelsiHe Ha 0edo p-
Mayuama u YyCKOPEHuemo npu yoap na cymen 6ygep ¢ meovpdo m;ano 6 3aUcUMOCH OMm HAYAl-
HAMAa cKOpocm Ha yoapa, KoeuyueHma Ha Macume u GUCKOCIACMUYHUME C80licmed Ha 6 )-

depa.

Kntouoeu oymu: Yoap, ecymen 6ygep, uzoop u npecmamane, oegpopmayusi, yckopemue, Koepuyuenm

Ha macume, UCKoelacmudHu ceolicmea

1. Bveeoenue

B ToBapomoseMHHTE MaIIMHA CHIIECT-
ByBa Ipylara Ha Mpelna3sHuTe yCTPOMCTBa.
KoM Hes ce otHacsaT u Oydepure 3 (dur. 1),
KOUTO C€ MOHTHpAT BBPXY pamara Ha Kpa-
Ha/KpaHOBaTa KOJMYKa | WM BBPXY Kpak-
HUs orpannuuten 6. [Ipu nBmkeHne Ha Kpa-
Ha/KpaHoBaTa KoJW4Ka | HAASCHO MO pell-
COBHUS ITBT 5 ChC CKOPOCT Vy U KPAUHUSAT U3-
KJrouBaten 4 He cpaboTH, TOH 1Ie ce yaapu
B KpaitHus orpanuwuuten 6. Ilpm numnca Ha
Oydepa 3 me ce moay4yd yaap Ha CTOMaHa
M0 CTOMaHa M Bh3HUKHAJaTa CHja OT yJapa
M OTKaTa Ha KOJHW4KaTa me ObaaT chbC 3Ha-
YUTEITHA TOJIEMUHA.

Vv +G,
v |26 5 3 4 s
2
! Vo
L~ —
N |E}’
7///T////////////////// A o

K K © 058,

¢ur. 1. Yaap na 6ydepa B orpaHHUUTEIS
1. Kpana/kpanoBa koiuuka; 2. Bxirousaiia
muHa; 3. bydep; 4. Kpaen uskmousarer; 5.
Pencos nieT; 6. Kpaen orpannuuren

Tyk Haii-uecTo ce M3I0JI3BaT ryMeHu Oyde-
pH, YMHTO MaTepHal ce OTHACS KbM Ipyrara
Ha BHCKOENACTUYHHTE. Te TpeacTaBisBaT
BHCOKOMOJICKYJISIPHA ChCAMHCHUS, KOUTO
MIPUTEXKAaBaT roJsIMO BBTpelTHo TpueHe. [Ipu
ylapa UM C KpalHUTE OTPAaHUYHUTEIH, TC Ce
nedopmupar, kato aeopmanroHHATa pa-
0oTa 3aBHCHM OT KHMHETHYHATa €HEprusi Ha
KpaHa/KpaHoBaTa Koindka. B cienctBue Ha
BHCKO3HOCTTa Ha Marepuaja (IIOBUIICHO
BBTPEUTHO TPHEHE), YacT OT EHeprusirta Ha
yaapa ce MpeBpbhIla B TOIUIMHA, KOSTO CIET
TOBa ce OOMEHa C OKOJHara cpeia. B To3m
ClIy4ail ce TMoJlydaBa IO-MaJIKO YCKOpPEHUE
Ipu yIapa W TO-MaTbK OTKaT Ha Kpa-
Ha/KpaHOBaTa KoJmyka. Mspkara 3a HEroBa-
Ta TOJIEMHUHA € Koe(DUIIMeHTa 3a Bh3CTaHOBS-
BaHE Ha CKOpOCTUTE k,= V;/ vy, KBICTO V) €
HavajHaTa CKOpPOCT MpH yAapa, V; - CKO-
poctTa ciien yaapa B o0paTHa IMocoKa.

ETo 3amo, 3a ma ce HamMamsaT gUHA-
MUYHHTE HATOBapBaHHWS OT OCOOEHAa BaX-
HOCT € MpaBWIHUSA 1MOA00p Ha Oydepure 3a
JIAJICH KOHKpeTeH ciydail. B nmurteparypara
CBINECTBYBa OTpaHWYECHA HHQPOpPMAIHS II0
TO3M BBIpOC. B karanmozure Ha GupMuTe
MPOU3BOAUTEIKN U300PBT CE W3BBHPINBA OT
Tabnuma wim TrpadudHO, B IOCIICIOBATEI-
HOCT, pa3rieaaHa mo-aoiy.
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2. Hsnoxcenue

OmnpexensiHeTo Ha AeopManusTa u U
cuiara Ipu ynapa Bbpxy Oydepa F ce
U3BBPIIBA IpadudHO, CIe] KaTo TOil Beue e
n30paH.

K, N
—_ —
~N
Vi Vs AN
\
Vi<V, a
u, m
— —
/ vy V2
/
R\ o
EpJ F,N

¢ur.2 I'padpuueH MmeTom 3a IpecMsTaHe Ha
cwiata Ha yaapa F u nedopmarmsra u B 3aBu-
CHMOCT OT KHHETUYHATa eHeprusi Ha yuapa Ey

Ha @ue. 2 e mpencraBeHa NpUHIMITHATA
quarpamMa 3a rpauyHO TpecMsaTaHe Ha
Oydep, nmameHa B Kkartajora Ha QupmaTa
Rheinische  Isolierwerke ~ GEMB. B
KoopauHaTHata cuctema a (Que. 2),
napaMeTpUYHO € MPEICTABEHO N3MEHEHUETO
Ha KWHETHYHATa eHeprusi F; B 3aBHCUMOCT
OT HayajHaTa CKOPOCT V) M ABIDKEIATa ce
maca M =2K/g  (HatoBapBaHeTO  Ha
XOJIOBUTE KOJIeNla Ha KOJIMYKAaTa BhPXY €IHa
penca 2K). B crmemBamaTta KoopaWHATHA
cuctemMa 6, € IOKa3aHO HM3MEHEHHETO Ha
negopManusTa % B 3aBHCHMOCT  OT
KMHETUYHaTa eHeprus npu yzaapa E;. B
nocjieqHaTa KOOpJAMHATHa CHUCTEMa 8, ¢
NpEACTaBEeHO W3MEHEHHETO Ha CHjara Ha
ynapa F' B 3aBUCUMOCT OT JiehopManusiTa Ha
Oydepa u. Ot nmpencraBeHaTa cxema Ciie/Ba,
Ye 3a Ja ce ONpeneny KUHETUYHATa EHepTus
npu ynapa E;, nehopmariusata Ha oOydepa u u
cunaTta mpu ynapa F e HeoOXoIuMo aa ce
3Hae HayaJlHaTa CKOPOCT Ha ynapa Vv, U
HATOBAapPBAHETO OT XOJIOBUTE KOJIeJIa BHPXY

enHa oT pencure 2K (d4acTra OT Macara,
KosTO TOBapu Oydepa). [lvpsama cmwvnka
Ja Cce Ompenesid KHHETHYHATA CHEPrus

2
E, - Mvy

, kKosito HaToBapBa Oydepa. Tosa

ce M3BBPIIBA C TIOMOINTA HA Trpaduka a OT
gue. 2. CrnieBa smopama cmvnKka, KbJIETO C
noMomTa Ha rpadpuka 6 ce Oompeaens
nedopmariusata Ha oydepa u. I mpemusm —
MIOCJIEJICH €Tall € J1a Ce ONpE/AeH CHilaTa Ha
ymapa F. HeliHoTo ompenensHe ce
OCBIIIECTBSIBA C TIOMOIIITa Ha TpaduKa 6.

IIpu MeTommkata Ha (upmara
Demag 3a manenus Bua Oydep ce M3mon3BaT
rpadpukure O W 6. 3a ompemeisHe Ha
KMHETHYHATa €Heprus TMpH yAapa ce
mpejyiaraT  OpUTMHAIIHM — 3aBUCHUMOCTH, C
KOUTO C€ KOpHTHpa HavyaaHata CKOPOCT Vj ,
Mopaay HAIMYMETO Ha CHIPOTUBICHUS TPU
JBIDKCHHE HAa KpaHa/KpaHOBaTa KOIUYKA.
Tesu 3aBHUcMMOCTH ca pa3paboTeHH B
CHOTBETCTBUE c pazrnopenoute Ha
Emportetickust cranmapt EN 13001-2 Crane
safety — General design — Part2: Load effects,
KBJICTO CE MPEMOPhUBa CKOPOCTTA NP yIapa
na ce mpuema B rpamunute (7,0...0,7) vy.

[Ipu pasraexgaHe Ha ygapa MeXIy
JIBE elacTUYHU Tena [2, 3] € yCTaHOBEHO, Ye
OC X B MSCTOTO Ha yaapa (x=0) cTane paBHa

—u|x=0 =0]. Oka3Ba ce, 4e Ta
X
3aBHCH CJIUHCTBEHO OT Koe(dUIMeHTa Ha
macure k,,, TMPEACTAaBISABAIL OTHOLICHHUETO
Ha MacaTa Ha HEMOJBW)KHOTO TsJIo (Macara
Ha Oydepa) m KM Macarta Ha YIPSIIOTO
TBBPIO TSIIO M (ky=m/M).
[IpoxgemwkurenHocTTa  Ha  yAapa H
MaKCHUMAaJTHOTO HalpEXCHUE, Bh3HUKBAIIO B
MACTOTO Ha 3akpenBaHeTo Ha Oydepa,
3aBHCAT OOpaTHO NPOMOPLHOHATHO OT
KOe(UITUCHTa Ha MAaCUTE K,,,.

IIpu pemasane Ha mpobiiema [1] 3a
yaap Ha TBBPAO TSAJIO C BUCKOENACTHYHO
(ryma) ce ycTaHOBsIBa, Y€ KOS(HUIIMEHTHT 32

Ha HyJla
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BBH3CTAHOBSIBaHE Ha CKOPOCTHTE k, 3aBUCH OT
BHCKO-CTACTUYHHUTE CBOMCTBA HA rymara U
OT KoepHWIMeHTa Ha Macure k,. Te3n
CBOWCTBa Ha MaTepuaia ce MpeJCTaBAT upe3
A0POMO HA penakcayus, y4acTBallo B T. H.
cumyc u Kocunyc npeobpaszyeanus. To B
JNECTBUTETHOCT Ce SBsiBA OICHKAa 3a
BBTPEITHOTO TPUCHE HA MaTepuaia, T. €. 3a
rojeMuHaTa Ha npeo0pa3yBaHOTO
KOJIMYECTBO €Heprusi B TomuimHa. KoikoTo
TOBa KOJUYECTBO € MO-TOJSIMO, TOJIKOBA KO-
epuIMEeHTa 3a BH3CTAaHOBSBAHE Ha CKOPOC-
TUTE k, CE TIOJTyYaBa IMo-MaJrbK.

OT W3HECEHUTE Pe3yJTaTH Ce BYIK-
Jla, 4€ ca JIBa OCHOBHHTE (DaKTOPH, XapaKTe-
pU3MpaIly yaapa Ha TBBPIO TIIO ¢ TyMEH
oydep (BHCKOEIACTHHO TSIIO), & UMEHHO KO-
e(pUIUEHTHT HA MacuTe k, W BUCKOEIACTHY-
HUTE CBOWCTBAa HA Marepualia, OT KOWTO €
u3paboren Oydepa. OT mpeacTaBeHUTE Me-
TOMUKH Ha (pUpPMHTE, MPOU3BOTUTCIKH Ha
rymeru Oydepu, Te3u QakTH HE ca OTpase-
HU, KOETO JIOBEXK/IA JI0 HETOYHOCTH.

[enra Ha HacTosmiaTa pabora € na
ce Ch3l1ajJe METOJMKa 3a U300p U mpecMsITa-
He Ha Oydepu, croOpa3eHa ChC CHIIECTBY-
BalllUTe TCOPETHYHHM aHAIM3H 32 yJaap Ha
TBBPJIO TSJIO C TyMeH Oydep.

Ot aHanm3a 3a xapakTepa Ha U3Me-
HEHUETO Ha rpaduKuTe, MOKa3aHu Ha ¢hue. 2
ce BWXZIa, e 3aBUCHMOCTTa u=u(E)), mma
Buaa Ha QyHKumATa y; (gue. 3), T. €. T Mo-
e J]a ce MPeJICTaBHu BbB BUJIA!

M
a 3aBucuMocTTa F=F(u), MOXXe J1a ce mpec-
TaBW ChC 3aBUCUMOCTTA V; (hue. 3):

u=a,E", 0<n,<l1,

2
Kunernunara eHeprus Ha yApsILOTO TSUIO €:
Mvé
K= : 3)
2
Cnen 3amectBane Ha (3) B (1) u ym-
HOXKaBaHe, W JIeJICHHE Ha JisicCHaTa 4acT Ha

F=apu"", ngp>l.

E

ypaBHEHUETO ¢ Macara Ha Oydepa m, ce
MOJIy4aBa ClIeIHATA 3aBUCUMOCT:

2 "
4 B = Mvg m)
u=a,L," =a, — =
2 m
ny 2 My 2 My
m V, V,
— 0 _ 0
"4l ) k) TME ) T @
m m
2n, n,,
— 4 Vo _ Vo
uogn, u gy’
kﬂl kﬂ’[

m
Kprero A, =a, B} e KoedHIMeHT, 3a-

BUCEIl OT BHCKOCIACTUYHHUTE Ka4yecTBa,
(dhopmara u Macata Ha Oydepa.
YcKopeHHeTo TpH ymapa MOXe Ja

ce MpeacTaBu karo a = F / M u xaro ce us-
mosBart (2) u (4) ce moryvasa:

F a
a=—= —FunF =
M M
n 2 n, r
ag (m] “I'vo
=—| A _— —_— =
u
M 2 km
N (5)
— () §MMr np "F-1l Vo _
- 0’5 aFauFm nynp -1 -
m
H“VIF
2 Mgy
=4 Vo _ Vo
— “a nynp—1 a k"ak b
m m
nyng
kprero A, =0,5"" apam e cpmo

KOS(UIMEHT, 3aBUCEII] OT BUCKO-EIACTHYHHTE
KadecTBa, (opmMara u Macara Ha Oydepa;
R=20,1F, Ng=nnp-1.

3a mpoBepka pabOTOCIOCOOHOCTTA
Ha TpeAsiaraHusi MoJel ca U3IMON3BaHu JaH-
HUTEe OT rpadukute Ha ¢pupmara Rheinische
Isolierwerke GEMB 3a Tpu Ttumopasmepa
Oydepn, UYMHUTO MJaHHM 3a KHHETHYHA
eHeprus, ngedopmanuss W cmiIa  ca
MIpeaCTaBeHu B maoba. 1, 2 n 3.
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yi Y2 JVs3
A(l, 1)

tabn.l1 Jauuu 3a Oydep NO 16954/45;
m=0,6 kg

uymm| 0 | 5 [ 10| 15|20 |25 |30
EpJ 0 [ 153565 [140[260 480
FKN| 0 |15]175[12 123142 |75

X
¢ur. 3. Bunose crencHHN (yHKITUH:
y=ax", 0<n <1; y,=a,x", n,>1;

Y3 =X

tab61n.2 Jlanuau 3a Oydep NO 16954/80; m=2.4 kg
u, mm 0 5 10 15 20 25 30 35 40 45 50
Ei,J 10 40 60 150 | 240 | 380 | 600 | 900 | 1300 | 1800
F, kN 0] 25175 12 18 26 38 51 74 100 130

(e}

Tab.3 dauuau 3a 6ydep NO 16954/100; m=4,9 kg

u,mm |0] 5 10| 15 | 20 | 25 | 30 | 35 40 45 50 55 60
E,] 40| 140 | 200 | 360 | 560 | 800 | 1080 | 1500 | 1900 | 2450 | 3000
F, kN 0] 6 [11] 19 | 28 | 35 | 45 | 58 70 90 118 150 | 190

[e)
[\
[e)

Tabm. 4. Pe3ynaraTu oT perpecMoHHHS aHATN3

bygep Jlegpopmayus u, m cnopeo Cuna F, N cnopeo (2)
()
au.]03 n, o Pu ar nr or PF
16954/45 12,4233]0,4139(1,7139|0,9918|5,5372|2,7922|2,5964|0,9975
16954/80 |3,0488]0,3766|1,4551|0,9971|12,970|2,3509|3,1922|0,9983
16954/100|2,0137] 0,425 10,9759 0,999 |33,497|2,0990|7,3784/0,9948
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¢ur. 4. 3aBucHUMOCT Ha AedopmMalmaTa U OT KHHETHYHATa eHeprus npu yaapa E, 3a Oydep
16954/45

C momomra Ha MOAyJa 3a PErpecHOHEH
ananu3 B MathCAD, nonyyeHuTe JaHHU ca
00paboTeHH WM ca TOJyYeHU OIICHKHUTE Ha
koehuIeHTuTe OT 3aBUcUMocTH (1) u (2).
PesynratuTe OT Te3u mpecMsTaHus ca MOoKa-
3aHu B maba. 4. IlpaBu BrmeyatjeHue, 4e u
3a jBara ciaydas (IedopMarus u U Cuiia nmpu
ynapa F), cTernieHHUTe MOKa3aTelu 1, U Hp
uMaT OJU3KH CTOHHOCTH MO MEXKIY CH, J0-
KaTo 3a KOe(DUIIMEHTHUTE a, U ar HE MOXKE Ja
ce TBBPAHW, Y€ CHIIECTBYBa TakaBa 3aKOHO-
MEpPHOCT.

3a KOpPEKTHOCTTa Ha MPUETUTE MOJIENH TO-
BOpHU (HaKThT, Ue 3a BCHUKHU CiIydau, Koedu-
IIMEHTHT Ha Kopenmamusa ¢ p>0,99. Kato
WIFOCTpAIMs Ha TOBa TBBPJACHUE € IMOKa3a-
HaTa TCOMETPUYHA WHTEPIpPETAIUsI Ha TE3U
pe3ynTaTH 3a €OUH OT pasriekAaHuTe Oy-

depu (16954/45). Ha ¢pue. 4 ca mokazaHu
rpadukuTe 3a U3MEHEHUE Ha aedopmanusTa
# B 3aBHCUMOCT OT KMHETUYHATA eHeprus £
criope]] rpadukara, peicTaBeHa OT KaTalo-
ra Ha QupMaTa-npou3BOJUTEN U TpeJyIara-
HUsL MOJieN (perpecroHHo ypaBHeHwue). [lo-
n00CH € M pe3yiTaThT 3a MpelICTaBsiHE Ha
W3MEHECHUETO Ha cujara npu yaapa F B 3a-
BUCHUMOCT OT Jedopmanusira Ha Oydepa u,
MIpeJICTaBEeH Ha (hue. 5 3a chius Oydep.

Ha 6a3ara Ha monydeHHTEe 3aBUCHMOCTH
(4) m (5) 3a U3MeHEHHE CHOTBETHO Ha Jie-
(hopMmarmsTa ¢ ¥ Ha YCKOPEHHETO TIpU yaapa
@ B 3aBUCHMOCT OT HayaJHaTa CKOPOCT Ha
ylapa vy 1 Koe(UIMEHTHT Ha Macute k, ca
OTIpE/ICTICH! CHOTBETHUTE KOCS(UIMEHTH Ha
PETPECHOHHUTE ypaBHEHHS M ca MpeAcTape-
HU B maon. 5.

Ta61.5 CTOHHOCTH Ha KOE(PUIIUEHTUTE

byghep Hepopmayus u, m (4) Vekopenue a, m/s” (5)
Au- ]03 Nuk Ny Aa Nak Nay
16954/45 1,4723 -0,4140 0,8278 27,1780 -0,1557 2,311
16954/80 3,2655 -0,3766 0,7533 87,2968 0,1146 1,771
16954/100 2,9470 -0,4250 0,8500 66,0800 0,1080 1,784
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¢ur. 5. 3aBUCUMOCT Ha cunara pu yaapa F ot nedopmarusta Ha 0ydepa u 3a Oydep
16954/45

Karo wiroctpanust 3a IpHIIOKAMOCTTA
Ha TpejajiaraHaTa METOJUKAa Ca W3BBLPIICHU
MPECMSTAHUS TP HAYAJTHA CKOPOCT Ha yaa-
pa vp=1 m/s u 3a Tpute THma Oydepu.
Pesynratute ot Te3m mpecMsATaHHA ca
MoKa3aHu B mabn. 6, KbACTO € JajacHa
Macata Ha YAPAOIOTO €€ TBBPJAO TSIIO
(kxpanoBa xonmuka) M U CHOTBETHUTE CTOM-
HOCTH 3a JedopManusTa u# ¥ CHiaTa NpU
ynapa F, oT4eTeHH OT rpadUKHUTe 32 ChOT-
BeTHHA Oydep M MpecMETHATH C TOMOIIITa
Ha npeyiaraaute 3apucuMocta (4) u (5). Ot
TaOJMIIATa CE BWXKIAT HE3HAYMTEITHUTE OTK-
JIOHEHHS OT TIOJyYSHHTE IO JBaTa METoJa,
KOETO 32 WHXXEHEPHHW IpecMATaHHS € Ha-
IIBJTHO TPUEMITUBA TOYHOCT.

T1abn. 6 OmnpenensHe Ha u u F mo aBara

METoAa
bypep M, kg| u, mm F, kN
I'pa- |3asuc.| I'pa- |3asuc.
Ppuu-| (4) | uu-| (5)
HO HO
16954/45 | 600 | 26,5 | 25,7 149,80|47,80
16954/80 | 2000 | 41,5 | 41,1 |80,00| 80,80
16954/100| 5000 | 56,0 | 56,1 |150,0|156,3

Jlumepamypa

3. 3aka0ueHue

OT cChIIEeCTBYBAIIUTE B JIUTEpaTypaTa
W3CICeBaHUS 3a yJap MEXIy J[BE Tena
(emactuueH ymap), ce OKasBa, 4e OIpemems-
IIMs TTapaMeThp 3a pe3yiTara MpH yaapa €
KoeUIMEeHTa Ha Macurte k,, a IpU yaap Ha
BUCKOGJIACTHYHO TSIO (B Coydass — TyMeH
Oydep) U TBBPIO TSIO, OCBEH HETO OT Ch-
IIECTBEHO 3HAYCHUE Ca M BUCKOCITACTUYHATE
kauecTBa Ha Oydepa. Te3u Bpb3KU ca mpee-
TaBEHW 4Ype3 HEIMHEHHWTE 3aBHCUMOCTH 32
u=u(Ey) u F=F(u).

Ha 6azara ot cwiectByBamute (up-
MEHH METOJMKH 3a U300p W TpecMsaTaHe Ha
ryMeHH Oydepu € HM3BBPIICH aHAIN3 W Ce
npeiaraT 3aBucuMoctd (4) u (5) 3a aHam-
TUYHO OIpENeIsiHe Ha JedopManusaTa u u
cuiiaTa Ha yjapa F' B 3aBUCUMOCT OT Hayall-
HaTa CKOPOCT Ha yaapa vy U KOSPHUIIMECHTHT
Ha MacuTe k,. 3a 1a ce U3M0I3Ba Ta3u METO-
JIMKa TIpY H300p W MpecMsATaHEe Ha TYMEHH
Oypepu TpssOBa J1a Cce  ONpPEACIAT
KOC(UIIMECHTHTE HAa PErPECHOHHHUTE 3aBUCH-
MocTH (4) u (5). HeoOxomumara 6aza qaHHH
MOXeE JIa CE TMOJIyYd EKCIIEPUMEHTAITHO WIN
Yype3 MoJeITUpaHe.

[1].JTaBenmen O. D., AGpocumos I'. 3. KoeddunmeHnt BoccraHoBneHus B 3a7adue yaapa
JKECTKUM TEJIOM II0 BA3KOYNPYroMY CTEP>KHIO KOHEUHOW IJIMHBEL. Bompockl AMHAMHUKH U

npounoctH, 1980, 1. 36, c. 192-196.
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A METHOD FOR MODELING AND COMPUTION OF RUBBER
BUFFERS

B. Penkov, N. Mitev

Abstract

It is made analysis for the methods of selecting and computing of a rubber
buffers on the basis of the existing data in the literature. Analytical relation for the
determination of the deformation and acceleration by impact of rubber buffer with
rigid body depending on initial velosity of impact, coefficient of mass and viscoe-
lasticity properties of buffer.
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UTILIZING AUTODESK INVENTOR FOR DYNAMIC SIMULATION
OF HEAVY DUTY LOADING MANIPULATOR

Bojidar Grigorov
b.grigorov(@tu-sofia.bg

The present article describes the usage of the Dynamic simulator of Autodesk In-
ventor for solving the task of investigating the dynamic behavior for 5 DOF, hy-
draulically driven loading manipulator. Among the scope of possible research di-
rections, two basic simulation problems are presented — determining the driving
forces for transporting the load along the desired spatial trajectory, and dynamic
of the manipulator when sudden closure of the hydraulic valves appears while in
motion. In the second case considerable dynamic low frequency forces are ob-
served which can affect the mechanical construction stability.

Key words: INVENTOR, dynamic simulation, hydraulic, articulated beam, trajectory generation

1. Introduction

Heavy duty loading manipulators repre-
sent type of equipment capable of lifting
considerable payloads (1000 — 10000 N) and
transporting them on relatively short dis-
tances (although there are constructions ca-
pable of reaching as far as 20 and more me-
ters). Such machines are usually hydrauli-
cally driven and are designed with links
connected by revolute joints forming open
kinematic loop with 4 to 5 degrees of free-
dom (DOF). Such class of machines in-
cludes many different types of gear such as
hydraulic automobile cranes, concrete
pumps, excavators, front loaders, mining
manipulators etc.

When in exploitation, constructions of
this type are subjected to combinations of
considerable, spatial static, and inertia
forces. These are imposed partly by the
gravitation (the links own weight could not
be neglected) and accelerations of the links
during the working cycle, partly by the

specificity of the hydraulic driving system
and other kinematic excitations (for example
swinging of the load during the transporta-
tion). Such combinations of forces and
torques must be taken into account as early
as on the stage of conceptual design where
optimal solution must be sought with the
necessary strength, stiffness and fatigue sta-
bility of the mechanical structure achieved.
The problem of multibody system dy-
namic is classical and now it is part of every
essential textbook in the field of robotics.
Two major tasks are usually considered: the
inverse problem which is essential for the
computed-torque control of robotic manipu-
lators, and the forward problem, which de-
termines the motion of links under some
combination of external loads and driving
forces in the joints. The approach to the
simulation of dynamical behavior is based
on using the Newton — Euler [1] (usually for
the forward problem) or the Euler-Lagrange
[2,3,4] equations for mechanical systems of
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rigid bodies. In any case, to describe the mo-
tion of an n-axis manipulator, a system of
second-order ordinary differential equations
is derived. These equations however tend to
be very complex with increasing of the
DOF, and forming and solving them nu-
merically is a process unique for any design
and requires considerable knowledge and
skills which could not be available in small
design bureaus.

Recently, the modern, integrated high

level CAD systems provide a tool to over-
come such a problem by giving the designer
abilities to perform dynamic investigations
of assembled constructions using the geo-
metrical models created in virtual environ-
ment. Packages such as PTC Wildfire, Uni-
graphix NX6, Solidworks and others incor-
porate powerful kinematic and dynamic
simulators capable for solving considerable
scope of problems without the necessity of
“in depth” knowledge and skills in theoreti-
cal mechanics.
The present work describes the utilisation of
the Autodesk Inventor Dynamic Simulator
for investigating the dynamics of 5 DOF
loading manipulator with revolute joints. In
order to illustrate the considerable capacity
of the software to solve different tasks, we
shall consider the inverse dynamic problem
(finding the desired driving torques in the
joints for transporting the payload along
some spatial trajectory) as well as a variation
of the forward problem.

2. Geometrical model

Geometrical model of 5 DOF loading
manipulator is shown in Figure 1. Creating
the geometrical model is done utilizing the
respective tools. In order, however to sim-
plify the task of dynamic simulations some
rules must be taken into account:

e The manipulator links must be pre-
sented as rigid bodies, which in the case of
Inventor means that the assemblies forming
them must not be “flexible”.

e The links should be modeled using
the appropriate materials (steel). The dy-
namic simulator will further automatically
use the physical properties associated with
each part, that is, mass, inertia matrix, and
position of the mass center.

e The assembly must be as simplified
as possible. In the present case we consider
only the kinematic loop without dealing with
the hydraulic actuators. The latter for exam-
ple will add additional 13 — 15 joints (Figure
2). With the simplified model we can obtain
only the forces and the moments in the
joints. The actual forces in the hydraulic ac-
tuators could be found on a later stage by a
computational procedure or simulating the
only one joint. Thus the elasticity and damp-
ing in the actuators must be reduced to the
joint in advance.
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3. Preparing the dynamic simulation

The dynamic simulator discards any
mating constrains set for the assembly and
replaces them with joints which could be de-
fined automatically or manually. The latter
allows more flexibility in definitions and
ability to set the joint parameters one desired
way. Thus, for example, we can set the local
coordinate systems in such a way as to
match the Denavit-Hartenberg’s notations
for better understanding the output results
and ability to check them by other (me-
chanic-mathematic) computational models.

The manual definitions of the joints,
which is used in the present investigation,
requires two main steps:

¢ Defining the joint type. The simula-
tor offers a number of standard joint types to
match different case of link connections —
prismatic, revolution, cylindrical, planar etc.
The joint type determines the degree of free-
dom for the joint. As it is clear from the
Figure 1, the model under consideration re-
quires 5 revolution joints each with 1 rota-
tional degree of freedom. The load (modeled
as a block with appropriate mass) is attached
to the last link by a planar joint, the three
DOF of which are locked;

e Setting the joint coordinate systems.
For each joint a pair of coordinate systems is
required — for the parent and the child (the
component selected second during joint
creation) components. The coordinate sys-
tems are defined by specifying the direction
of the Z axis (along the axis of relative mo-
tion between components) coordinate sys-
tem origin and the direction of X axis re-
spectively (Figure 3). These directions are
set using existing model geometry — straight
edges, work axes/work points.

4. Simulating the reverse problem of
manipulator dynamic

In the inverse problem, a time-history of
either the Cartesian or the joint coordinates
is given, and from knowledge of these histo-
ries, the architecture and inertial parameters
of the system at hand, the torque or force re-
quirements at the different actuated joints
are determined as time-histories as well.

fig.3 Joint coordinate systems

In the present investigation the time-
history for the joint coordinates is chosen as
third order polynomials. The load is trans-
ferred from one initial point to an endpoint,
passing without stopping through a certain
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via-point, consequently forming two trajec-
tory segments. These trajectory points are
given by the coordinates of the origin and
the orientation of a local coordinate systems
expressed in terms of some base frame (Fig-
ure 1). Thus the trajectory point could be
specified using the well known transforma-
tion:

cosp; —sing; 0 x;
sing; cosp; 0
Op | S0P SRR iy 5
0 0 1z
0 0 0 1

The transformation reveals that the
only rotation possible is rotation about Z
axis (the load must stay close to horizontal
during the transportation). Simulation of the
inverse problem is done following several
steps:

e Solving the inverse kinematic prob-
lem for all the trajectory points and finding
values for the initial, middle, and end points
of the joint variables;

o Calculating the coefficients of the
third-order polynomials representing the
time-history of joint variables values for
each trajectory segment given the duration
of motion [5];

e Computing the time-history of joint
variables using the coefficients obtained on
the previous stage;

e Entering the computed values for
each joint of the dynamic model as “im-
posed motion”; The trajectory values are
read from respective text files;

e Performing the simulation.

The results from the simulation are rep-
resented graphically by the Output Grapher.
Figure 4 shows the necessary driving mo-
ments obtained via simulation for a period of
12 seconds. In the same graphic the static

moments (computed separately outside In-
ventor) are given for comparison.

0
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curve2
S —--oanrved
-4000 , m—— curved

-2000 (=
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-10000
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fig.4 The necessary driving forces in joints 2
and 3: curvel — static moment in joint 2;
curve2 — dynamic moment in joint 2; curve3
— static moment in joint 3; curve4 — dynamic
moment in joint 3

5. Simulating the forward problem

The forward problem could be easily
simulated setting values of the joint coordi-
nates and their first time-derivatives as
known at a given instant. The Inventor simu-
lator allows entering time histories of the
applied torques or forces being also known.
The latter depend of the control system used
and probably the worst case is the case of
sudden opening and closing of the hydraulic
valves which leads to considerable accelera-
tions and inertia forces because of the sud-
den rise of fluid pressure. On the other hand,
the fluid in the actuators and pipelines being
compressible acts as a spring and reduces
the rigidity of the system, causing low fre-
quency vibrations. When a spatial move-
ment of multiply arms is considered, there
always is a risk of resonance and further in-
creasing of dynamic loads. To avoid this,
designers usually choose low speeds which
on other hand decreases the efficiency of the
machine as a whole.

In the present investigation we con-
sider the problem of sudden closure of hy-
draulic valves at particular moment along
the trajectory. The actual situation is pre-
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sented in Figure 2. The compressible fluid
acts as a spring and the force in the hydrau-
lic actuator resist the weights and dynamic
forces. In order to simplify the model how-
ever, we eliminate the actuators from it. In
such a case the elasticity of the fluid, and the
linear damping factors must be reduced to
each joint as a rotational elastic stiffness,
and rotational damping using third order
computational routines [6,7]. Such values
are computed at a desired instant, and de-
pend on the adopted design of the driving
system. Figure 5 shows the necessary in-
formation to be inputted for each joint.

Position:
35.04 deg [JLocked
Velocity:
-7.246 deg/s ] Computed
: pamping:
0.000 N mm > 197820.000 N mm ¢
Spring
Free position: Elastic stiffness:
35.50 deg > 6961245722 N mm  *

fig.5 Data input window

Here the elastic stiffness, and the
damping factors in the linear actuators are
determined using published data for similar
constructions and interpolating experimental
results. It is important to enter the so called
“free position”, or angle between arms
where the imaginable spring exerts zero
force . The difference between the actual po-
sition and the free position can be initially

computed as AO=M /c, or the static

moment acting in joint divided by reduced
elastic stiffness.

The results from the simulation for
the first three joints are presented in Figure
6.
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fig.6 Dynamic moments in joints

6. Conclusions

The presented investigation allows sev-
eral conclusions to be drawn:

e Autodesk Inventor Dynamic simula-
tor is a package capable of solving wide
range of dynamic investigation tasks, and
particularly in the case of heavy duty
equipment featuring articulated beams;

¢ Given the virtual geometrical model,
designers can run any number of simulations
in order to estimate the capability of the
driving system to realise different trajecto-
ries in space, providing the necessary mo-
ments and speed (pump capacity);

e Given the moments at the joist, the
necessary forces in the actuators can be
computed by the third order routines (even
incorporated as applied programs in Inventor
itself), or additional simulations can be run
for each joint separately including the actua-
tors;

e The simulated forward problem re-
veals considerable dynamic forces (with dy-
namic factor up to two) at the breaking
processes, even with relatively low arm
speed. In order to intensify the processes us-
ing higher velocities such loads must be
taken into account when designing the ar-
ticulated arms;

e The results of the simulation are
proven by numerically solving set of differ-
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ential equations describing the same prob- lem.
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OTHOCHO I'BBKABUSA TPBBOITPOBO/J HA
HNEPUCTAJITUYHUTE ITIOMIIN

Banentun lBanos

vgi(@tu-sofia.bg

B pabomama e pazenedano namogapeanemo Ha 2beKAGUS MPBHOONPOBOO,
KOUMO e OCHOGHUsL pabomeH Op2aH, GIuU3aw 6 KOHMAKm ¢ Qayuoa, Koumo ce

mpancnopmupa.

Knrouosu oymu: nomna, nepucmanmuxa, odemen 003amop, uHQys3us, 2b6xKas mpvbonposoo

1.Bveedenue

[TepucranTuyHaTa moMma MpeCTaBIISABA
yCTpOIicTBO, paboTaTa Ha KOETO € OCHOBaHa
Ha TIPUHIMIA Ha mepucranTtukara. llepuc-
TaJTHKATa € BBhIIHOOOpa3Ha aedopmanus Ha
TPHOOMPOBOJHN OpPraHU, CIIOCOOCTBAIA 3a
NpUBIKBAHE Ha (UIYHIH B ONPEACTICHO
HampaBJicHHUE.

OCHOBEH €JIeMEHT Ha TEepUCTAITUIHATA
momIa ¢ paboreH oprad, uMami ¢popMara Ha
TpbOa, MO KOSITO Ce MpeHacs BEemecTBO, MO-
JIAJICHO OT CTpaHaTa Ha HATHETSABaHE C IO-
Momra Ha gedopmupaniy ememeHTH. Cien
negopMupaHe W TpeHacsHe Ha (ayuna,
TPBOOMPOBOJHMSI €IIEMEHT BBH3CTAHOBSBA
CBOSITa TbPBOHAYANTHA QopMa.

Haii-ronsiMo npusnoxeHrue ca HaMepuiin
MEPUCTANTUIHUTE TIOMITH, B KOUTO KaTo pa-
0OTEH OpraH ce M3M0JI3Ba eIACTUYCH IAYX,
pasmnonoxkeH U-o0pa3HO B KOpITyca Ha IIOM-
maTta. 3a TpeHacsHe Ha pa3InyHU BEIIecTBa
Mo IuIayXa Ce HM3MOJ3BaT HAW-4ecTO JBa W
U Tpu aedopMupaiiy ereMeHTa, KOUTO ca
PONKM WM TaNI{, TPEMEecTBAIld Ce II0
nuiayxa ¢ TPUCHE.

[lepuctanTuyHUTE MOMIHN, CPaBHEHH C
TPaIUIIMOHHNTE TUIIOBE TOMITM MIMAT CIIeN-
HUTE MPEINMCTBA!

— TIBbJIHA XEPMETHUYHOCT;
— OTCBCTBUC HA YIUTHTHCHHUS;

— BB3MOXKHOCT 3a MPEHACsIHEe Ha arpeCUBHU
cpenu;

— BB3MOXKHOCT 3a IPEHACSIHE Ha QIyHIIU C
BHCOKO ChIbpKaHWE HA TBBHPJIU U abpa3uB-
HU YaCTHIIH;

— crabunHa paboTa ¢ Ta30-HACHTEHH Cpe-
Au;

— BB3MOXKHOCT 3a IbJiTa paboTa MpU OT-
CBHCTBHE Ha (IIyH B TOMIIATA;

— BB3MOXKHOCT 32 PeBepCUBHA paboTa;

— OTCHCTBHE Ha KJIAllaHU;

— JIMTICa HA KOHTAaKT MEXAY IMPEeHACSHOTO
BEIICCTBO M JIBIDKCIIUTE CE YaCTH HA TIOM-
nara.

OCHOBEH HENOCTaThK Ha CHIIECTBYBa-
[IUTE TEPUCTAITHYHN TIOMITH C€ SIBSIBA HHC-
KHS pecypc Ha paboTa Ha eIacTHYHUS IIa-
yX, KorTo ¢ He moBeue oT 2 000 gaca [4].

JbarorpaiiHOCTTa Ha €JaCTUYHUS TPb-
0OITPOBO 3aBUCH OT YCTOMYMBOCTTA Ha Ma-
Tepuaja, OT KOWTO € HalpaBeH, Ha JACHCTBU-
eTo Ha neopMUpaInTe eIeMEeHTH U MTpeHa-
csHATa Ccpelia, a ChINO Taka M OT YCJIOBUSATA
HAa HAaTOBapBaHE, 3aBUCEIU OT KOHCTPYKITU-
sTa Ha mommara [1].
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2.Ilpunyun na deiicmeue

Ha ¢ur.l e nokasana mnpuHOHUIHATA
CXeéMa Ha NEePUCTAITHYHA IIOMIIa C JABE POJl-
ku. Emactuynata Tpeba 2 ¢ mocTaBeHa B
ckobata 1. Ilo emactuunata Tpwba ce THp-
KaJISIT POJIKUTE 3, KOUTO C€ 3a/BMXKBAT Hai-
YecTo JUPEKTHO OT ejnexrpozasuraren. [lpu
JIBIDKEHHETO CH POJIKUTE MPUTHCKAT eJac-
TUYHATa TPphOa M KAaTO ce OBWXKAT MO Harl-
paBlieHHE Ha OCTa W IpeMecTBaT TEYHOCTTa
4 B yKa3aHaTa IOCOKa.

¢wur. 1 [lpuHuun Ha gelicTBUE HA IEpUCTAII-
TUYHATa [IOMIIa

Koraro mppBarta ponka noime 10 Kpas
Ha KaHaJa, BTOpara MPUTHUCKA Tph0aTa B Ha-
4ayoTo M OTCHYa J103aTa. 3a MpaBUIHATA pa-
00Ta Ha MOMIIaTa OT TOJIIMO 3HAYCHHE €
XJIabuHaTa MEXIy pojkuTe u ckobara. [Ipu
no-rojisiMa xJiabuHa JeOUTHT HaMalsBa, a
NIPY TIO-MaJiKa eacThyHara Tpbba Obp30 ce
u3HOCBa. J[eOWTHT Ha mepUCTANTHYHATA
MIOMITa C€ PETyupa Ype3 U3MCHEHHE Ha Yec-
TOTaTa Ha BBPTCHE HA POJKUTE 2 MpH (HUK-
CUpPaH MaMeThp Ha TphOaTa U Cuiia Ha TpH-
THCKaHE.

OcHOBHA XapaKTepPHCTHKA Ha TIEpUCTAN-
THYHUTE TIoMIH € aeburta [2]. OO6emMHUAT
pa3xoJl 3aBUCH OT MHOXXECTBO IapaMmeTpH,
HSIKOH OT KOWTO ca:

Q :f(p) np, z, N, p) dP; D, dT, 5, kd) (1)

KBJIETO P € CH3AaBAaHOTO OT IOMIIATa HAaJs-
raHe;

n, — Opoii Ha ponkure aepopmupa-
MY 1I1ayXa;

z — XJ1abMHa MEXKIy CTCHHTE B HAll-
peuHo ceueHne Ha AeGopMHUpaHUs NIIayX;

n — 4eCcTOTa Ha BBPTEHE Ha poTopa
Ha MMOMIIATa;

p - IUTBTHOCT Ha TPAHCIIOPTHPAHOTO
BEIIECTBO;

dp — TMaMeTwp Ha POJIKHUTE;

D — muameThp Ha ckobara;

dr — BBTpEIICH THaMeThp Ha IIay-
xa;

0 — nebenrHa Ha CTEHATa Ha ILIAY-
xa,

K4 — KOC(HIICHT Ha nedopMalus ce-
YEHHETO Ha Nuiayxa (OT KPBIJIO JO eIHII-
THUYHO).

3.I'véxaé mpvoonposoo (winayx)

OcHOBHUAT pa0OTEeH OpraH Ha IEpHUC-
TITUYHUTE TOMIIM, BJIM3al] B KOHTAKT C
(bnyunna, KOMTO ce mpeHacs € TbBKaBUS TPb-
6onposoa. Toil ce n3paboTBa OT pa3nUYHU
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MaTepHajd B 3aBUCHMOCT OT cpelaTa, KOsiTO
ce TpaHcnoptupa. M3non3saT ce nNoJuMepHU
MaTepuay ¢ MPHUMECH B Pa3IMYHU CHOTHO-
IICHMS.

Ha ¢ur.20 e moxazano aedopmaruon-
HOTO CBCTOSIHHME Ha IIIayXa IPHU KOHTAKT C
nedopmupaiara poika. Ha ¢ur. 2a e namen
Henedopmupan nuiayx. CuMmynanusTa € u3-
BBbpIICHA NpPU CICAHUTE HAYaJHU [aHHU:
Marepual Ha TphOONPOBOAA-BUHUI, BBTpE-

IIeH TUaMeTbp Ha TpbOompoBoga - 20 MM,
BBHIIICH JTUaMeThp Ha TphOomposoma — 30
MM, IsTHOCT Ha duynaa 1 kg/m’, ckopoct
Ha npemectBade 0,03 m/s u ap. Jedopma-
[UsTa Ha IUIayxXa € MOJENHpaHa 3a LUK
ot 1,5 s. IlpemMecTBaneTo Ha poikara € S B
HA/UTEXKHO HampaBlicHHE Ha IiayXa U Z B
HANPEYHO HaNpaBJICHHUE HA IIIayXa.

Z

a)

6)

¢ur. 2. [leopMaIiMOHHO ChCTOSHHUE HA IIIIayXa

[pu cnenpamara ¢ur.3 e mokazaHo roJje-
MHHATa M TOCOKaTa Ha CKOPOCTHOTO MOJIe
Ha (ayuaa B IUIayxa Ipyu MOJCIUPAHE C U3-
MoJI3BaHe Ha ypaBHeHUsTa Ha HaBue-CTokc
3a HecBuBaeM (aywua. [loxydeHoTO cKOpoc-
THO TIOJIC CE B3WMa IMPEABHJl, KOTAaToO Ce
TPAHCTIOPTUPAT OMOJOTMYHU TEYHOCTH, KO-
UTO Ca YyBCTBHUTEIHH HA BCSIKAKBH MPOMEHHU
Ha TpaJMeHTa Ha cKopoctTa. Tpure Gpurypu
ca monydenu 3a Bpeme: 0,3s, 0,7su 1,2 s.

JIBIroTpaiHOCTTa Ha T'bBKaBHs TPHOOMIPO-
Boa [3] ce ompeneis OT Oposi LIMKIIK BOje-

A 10 pa3pyliaBaHeToO MYy,
hopmyia:

0 cJ€aHara

U
n.n,.60

KkpAeTo T e apAroTpaiiHOCTTa Ha mulayxa (B
JacoBe);

U — Opoil nukau Ha HaTOBapBaHE, BO-
JIeIId 70 pa3pylleHue Ha I'bBKaBHs TPHOOI-
POBOI;

n — 4ecToTa Ha BbPTEHE Ha POTOpa Ha
nomnara (B 000poTH 3a MUHYTA);

2)
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np — Opoil Ha poNKUTE, KOUTO AeHOpMH-
par nuayxa.

¢ur. 3.CxopocTHO mosie Ha QIryn
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(ur. 4. IbAroTpaiiHOCT Ha IuTayXa

Ha ¢wur.4 e namena 3aBucumocTTa
Ha T oT z mipu Opoi Ha ponkurte 2. 3aBUCH-
MOCTTa ¢ TIOJTydeHa OT JaHHHW OT MPOBEACHA
cuMynanus. MHOTo sICHO ce BUXJa, 4e MpHU

Jumepamypa:

yBeNIMYaBaHE Ha XJIa0WHATAa z JIBJITOTpaii-
HOCTTA Ha IIayXa HapacTBa MPHOIH3UTEN-
HO IO EKCIOHEHIMAIHA 3aBUCHMOCT. XJia-
OmHaTa OCBEH TOBa BJIMsE U Ha jeduTa (Ios-
BSIBAaT ce 3aryou) u TpsAOBa J1a ce ThPCHU OIl-
TUMAaITHO CHOTHOILCHHE MEXAY JIBJITOTpaii-
HOCTTa ¥ 00OEMHUS Pa3xo.

4. 3akniouenue

W3cneapaHeTo Ha OCHOBHHS paboOTeH
OpraH Ha TMEPUCTANTHYHUTE TOMIHU € OT
0COOCHO 3HAYCHUE KAKTO 33 YBEIMYCHHUC HA
HETOBHUS JKUBOT, TaKa ChIIIO U 3a MpHIIaraHe-
TO Ha TO3W BUJ J03aTOPHU B PA3JIMYHH CIIy-
Yyau OT MpaKTUKaTa.

1. UBanoB B. Ocobenoctu Ha nepuctantuaaute nommnu, Cr. MammHOCTpOeHE U eNEeKTPO-
TEXHHMKa — Hay4eH Opoii, 7-8/2005, ctp. 26-29 c.

2. UBanos B., Onpeznensae Ha oOeMHHS pa3xol Ha nepuctanTuaaute mommnu, X VI- tu Ha-
[UOHAJIEH HAay4YeH CHUMIIO3MYM C MEXAYHapOJHO ydacTHe “MeTposioTusi U METPOJIOTUIHO
ocurypssane 20067, Cozomoir, 12-16 cenremspu, 2006.

3. NBanoB B. M3cienBane Ha rbBKaBUS TPHOOIPOBOA HA TTepUCTAITHYHUTE TTomrH, Ci1. bbi-
rapcKo CHHCaHUe 3a HHXKEHEPHO MpoeKkTupane, r.11, opoii 3, HoemBpu 2009, ctp.40-43.

4. NHTepHeT cTpaHuy: www.ismatec.com, www.masterflex.com, www.instechlabs.com

I'n. ac. mmk.Banentnn NBanos, Texandecku yauBepcutet-Codust

RESEARCH OF FLEXIBLE TUBE IN PERISTALTIC PUMPS

V. Ivanov

Abstract: In this work pressure was investigated of the flexible tube.

Keywords: pump, peristaltic, volume proportioning device, infusion, flexible

tube

Assist. prof. Valentin Ivanov, Technical University-Sofia
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K.Ctonukos

JI.Koues

CHUHTE3 HA PABOTHHU NOBBPXHUHMU 3A ®PPUKIIMOHEH
BAPUATOP C MUHUMHU3NPAHO T’EOMETPHUYHO IIJI'b3-
I'AHE ITIO METOJA HA TU®PEPEHIIUAJHUTE ABJKUHU

Koctanun CTOUYKOB
kks@ tu-sofia.bg

JIvuesap Koues

lkochev(@ tu-sofia.bg

B pa6omama e nanpasen cunmes na pabomuu nOEbPXHUHU 3d PpPUK-
YUOHEH 8APUAMOP C MUHUMUSUPAHO 2€OMEMPUYUHO NAB32AHE, KAMO €
U3NON38AH MemoOoa Ha OugepeHyuaiHume ObANCUHU ONUCAH 6 HACMO-

awama paboma.

000CHOBKAa Ha
MeToaa ,,AU(PepeHNNATHN IbJIKH-
HU” HU3MO0J3BaH TMNPH CHHTe3 HAa
bpUKIHOHEH BapuaTop ¢ MUHUMMU-
3UPaHO TeOMETPHYHO MJIBb3TaHeE.

B crarusra ,, TeopeTUYHU OCHOBHU
3a chb3maBaHe Ha QPUKIMOHEH Bapua-

1.Teoperuuna

1
X2
Y1

i

Y1

e
S

TOp C HYJIEBO TEOMETPHUYHO ILIB3Ta-
He” Oelle MOKa3aHO 4Ye 3a MUHUMMH3A-
Us Ha TEOMETPHYHOTO IIJIB3TraHe
KOHTYpPUTE KOHMTO ca oOpasyBalld Ha
GPUKIMOHHUTE TOBBPXHUHHU TpsOBa
€IHOBPEMECHHO Jla M3MBbJIHIBAT CJEI-
HUTe aABe yciaoBus (¢ur.l);

Yz

St

X1

Xls

¢ur.1
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1.06mata TanreHTta(t —t) B TOY-
kata Ha KoHTakTta (M) ma MuHaBa
npe3 IpeceyHara TOYKa Ha OCHTE Ha
potanus I-1, 1I-11.

2.I3MeHeHHeTO0 Ha B3aHMMHOTO
MOJIOKEHHWE Ha JBETE TeJia MpH Mpo-
MsHa Ha Ha NpeJaBaTEIHOTO OTHO-
IIeHWE Ja Ce M3BBPHIBA 4Upe3 00THp-
KaJBaHE.

N3nbpiHEeHWETO Ha JBETE yCIOBUS
KaKTO € J0Ka3aHO B ropemocouycHara
CTaTUsl Ce rapaHTupa OT YIOBIETBO-

psSBaHETO Ha cleaHaTa CcHCTEMa
ypaBHEHHSA:
x5y = .yl cos(B —a)
sina
Vh = _yl sin(B (x) (1.1)
sina.

B ypaBueHnusrta (1.1) ¢ y); e o3Ha-

Y€Ha opAuvHaTaTa Ha T.M kaTo TO4YKa
OT KpuBaTa Fi B KOOpAMHATHATa CUC-

tema O),X|,y; HEIOABMXHO CBbp3aHa
¢ tanoto 1 (pur.1). C x5,y, koopau-

HaTUTe Ha T.M KaTto TOYKa OT KpHBa-
ta F, 3amucaHu B cuctemara S,x5,),,

YHEeTO Hayallo ChBMaja C TOYKaTa Ha
npecuyaHe Ha POTAHUOHHHUTE OCH H
TaHreHTaTa B TOYKaTa Ha KOHTAKTa.
B Ttpetoto ypaBuenume Ha (1.1) yuac-
TBAT JIBJUKMHUTE Ha TU(CPEHIHATHU -
Te IBTCH BBPXY OBETE KPHUBHU, YHUETO
paBEeHCTBO TrapaHTHpa OOThpKalBa-
HETO IPH HM3MEHEHHE Ha B3aMMHOTO
pa3mookKeHue Ha ABeTe PPUKIHOHHHU
Tena.

KakxTo ce Buxaa ot (1.1) B xoop-
JUHATHO MapaMETPUYHUTE ypaBHCHHS
3a X,y ydacTBaT JABa mapaMeTrspa -

o uf, KoeTo O3Ha4yaBa, 4e €NUHUAT

TpsiOBa na OBJle KOPEKTHO CIMMHUHU-
paH unu na OBae HaMepeHa Bpbh3Ka
MEXIy JABaTa mapaMeTbpa, TakKa ue
eAMHUAT aa ObJe M3Pa3CH upe3 Ipy-
rusit. TakaBa Bpbh3Ka MOXE Ja CE W3-
BeJ€ BBH3 OCHOBa Ha pPaBEHCTBO Ha
aIudepeHnnansHuTe OBTU, KaTo dSp,;

U dSp, O6bIaT U3pa3zeHU, KAKTO € U3-

BECTHO 0T audepeHIHaniHaTa Treo-
METpHS Ype3 paBeHCTBaTa:
2
d
Sy, =1+ 2L dx, (1.2)
dxl

2 2
dx’ dy’

dSpy = =2 | +|=2| da. (1.3

F2 (dj (docja (1.3)

(0

I[IpousBomgHUTE yyacTBAIlyd B JsiCHA-
Ta crpaHa Ha (1.3) WMalku TpeaBHT
nNbpBUTE nBe ypaBHeHus Ha (1.1)
Morart aa 0bJaT 3alHCaHU KaTo;

dg _d LJCOS(B —a)-

do do \ sina
(1.4)
- .yl sin( —oc)(ﬁ— j
sino da
5
L =i _yl sin(B —oc)+
do  do \ sina
(1.5)
.y—lcos(B —a{ﬁ— j
sino do.

I[Ipu moBmuraneTo Ha KBajpaT U Ch-
oupane Ha (1.4) u (1.5) ce monydaBa
nmogKopeHHaTa BenmunHa Ha (1.3)
cien koeto B cueactsue or (1.2),
(1.3), (1.4), (1.5) ce ctura no:
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K.CtouukoB Jl.Kouesn
d (| y ’ y = sin( —o)
wl1+tg20t= —[ -1 j + 72 sino
do \ sina
: h h da
5 5 1 (1.6) Idejda++I (1+tg2 I—)—
J{ N J (ﬁ_ j 2 0 0 0 dx
sina do 1
2 . 2
B i( .yl J sina | ©
Ot (1.6) ce moisydaBa BpbB3KaTa do  sina M
=B():
B=B) i
go =——
B o o dx1
_ 2 do.
IdB _Ida++I{(l+tg QIEJ_ IIpousBomHara —a, KOSITO y4acTBa B
0 0 0 (1.7) Xy

1
e ] 2
da \ sino »

Jo Tyk M3BEACHHUTE 3aBUCUMOCTHU Ja-
BaT KOOpPJAMHATHUTE YpaBHEHHS Ha
KpuBaTa F, B KOOpJMHATHaTa CHUCTeE-

Ma Sx5y5, ZOKATO 3a PEaJHOTO MOJIY-

JyaBaHC Ha F2 € HCO6XO,I[I/IM3 TpaHC-

¢dopmanusara B O,x,y,. Kakto ce
BUXkaa oT ¢ur.l B cuma ca paBeHCT-

BaTa

, h
x2 = x2 +—
sin 3 (1.8)
’
V2 =Y2-
OkoHYATENHO 3a ToJydaBaHE

Ha TbhpCCHATAa KpUBaA F2 YAOBIECTBO-

psABama W3WCKBAaHHUITAa IOCOYEHH B
HAYaJlo0TO ca HEOOXOAMMHU ypaBHEHH-
s[Ta

Xy =X5+——
2772 sinB (1.9)
Y2 =5

xj =—"—cos(B ~ot)
sina

TOPHUTEC pPaBCHCTBaA MOXE Ja CC HU3-
pa3u 1Mo CICAHUAT HAYUH !

dy,  do
o=arctlg—=>—=
dx;  dx 10
L (1.10)

- 2 52

1+ (dy, /dx, ) dx
Oznradenuetro h mimonu3BaHo B (1.9) e
pasctosHueTo (pur.l) oT HEMOABUK-
HaTa TOYKa OKOJIO, KOSITO Cc€ 3aBbpTa
TSAJIOTO C KOHTYp F, 10 ocTa Ha po-

tanusa I-1.

2.H3600u

1.3Benenn ca mnapaMeTpUUYHHUTE
YpaBHEHHS Ha KPUBH, KOUTO CE€ SBA-
BaT oOpa3yBamy Ha pOTAMOHHU Teja
JaBalld Bb3MOJXHOCT 3a Ch3JlaBaHC Ha
(GpUKIMOHEH BapuaTop ¢ MUHHMHU3HU-
paHo MJIB3raHe.

2 MUHUMH3UPAHETO Ha TEOMET-
pPUYHOTO MIB3raHe JaBa BH3MOXKHOCT

3a HM3MOJ3BaHE Ha MaTepHald C To-
TIM Koe(HUIHEHT Ha TPHEHE.
3.¥YBennyaBa ce JOomycTUMara

HOpMalHa peakius B 30HATa Ha KOH-
TaKT MEXJy QPUKIIMOHHUTE Tela.
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4.B pe3yJaTaT OT HUIMOJ3YBAHCTO yBCJIHN4YaBa TOBApOHOCHUMOCTTA Ha
Ha MaTcpuajlnu C Trojlsam KOG(l)I/IL[I/IeHT (pr/IKLII/IOHHI/ITe BapuaTopHu.
Ha TPHUCHEC W NMOBHIIaAaBAaHC HOpPpMAaJHa-
Ta p€aKlud B 30HAaTa Ha KOHTaKTa C€

Jdumepamypa
1.Ilepenatounsie mexanu3Mbl.Coopuuk crareit. MAIIT'U3 1983.
2.Marematudyecku popmynu.bapu X., Hayka u uskycro.Cocus 1990.
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SYNTHESIS OF TREAD FOR C.V.T. WITH MINIMUM
GEOMETRICAL SLIDING BY METHOD OF DIFFERENTIAL
LENGTH

Abstract: This work make synthesis of working surfaces for friction CVT
with minimization geometrical sliding.

Key words: C.V.T., method of differential length
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M.JIenapos

MOJAEJIMPAHE HA EBPUCTUYHMU 3AJAYHN

Muxaun Jlenapos
mleparov(@tu-sofia.bg

Iocmassanemo na 3a0aua cam no cebe cu e MHO20 GAJNCCH 6bnpoc, muil Kamo upes

HeliHomo onpeodesine ce:

- 0CB3HABA HANUYUEMO HA NPobaeM, Kolimo mpsabea 0a 6voe peuwiasan u

- cmapmupa npoyecvm Ha HellHOmo peuiasame.

Eona ev3moorcna 3adaua 3a pewenue e mvpcenemo Ha espucmuynu 3a0auu. Tosu 6uo
3a0aua e 6adcHa 3a uzobpemamen, payuoHAIU3AMOpPU, KOHCMPYKMOPU, CbCmagu-
menu na 3a0auu 3a obyuenue u camoobyuenue u op. Llexma na nacmosawama pabo-
ma e 0a ce U3ACHU CMPYKMypama Ha eGpucmuyHa mexHuiecka 3adaia u oa ce npeo-
JI0JICU HAYUH 3a HELIHOMO MOOeNUpaHe ¢ yel mvpcene Ha 6apuanmu Ha 3aoavama.

Kniouosu oymu: espucmuxa, espucmuynu npoobiemu, e6pUcmudHy Memoou

1. Bveeoenue

ITocraBsiHeTO Ha 3ajgaya caM 1o cede cu
€ MHOTO BaXKeH BBIIPOC, Thil KaTo upe3 Hell-
HOTO OmNpeJesHe ce:

- OCh3HAaBa HAIMUYUETO Ha TMpodieMm,
KO#TO TpsiOBa na ObJe peliaBaH U

- CTapTHpa MPOLEChT Ha HEUHOTO pe-
[IaBaHe.

Enna Bb3MOKHA 3afaya 3a pelieHue e
ThpCeHEeTO Ha eBpucTHUHU 3axaqu (e3). To-
34 BUJ 3ajlaya € BakHa 3a M300peraTeliu,
palMOHANTH3aTOPH, KOHCTPYKTOPH, ChCTaBHU-
TeNM Ha 3ajaud 3a oOyueHHe U camoodyde-
Hue u ap. Chb3aaBaHeTO HA OMMT B ThPCEHE
Ha 3a/la4d € BaXKHO 3a Pa3BUTHETO HA TBOP-
YeCKH JIMYHOCTH, KAKTO U 34 OBJIAAsIBaHE HA
TBOPYECKUTE METOAM. ThbPCEHETO M IMOCTa-
BSHETO Ha 3aJaud € BaKHA uepTa 3a BCEKH
uscnenosaten. OT apyra cTpaHa METOAWTE
3a ThpCEHE Ha eBPUCTUYHHU MPOOIEeMH MOrat
IO M3BECTHA CTENEH Jia CE CUMTAT M 33 Me-
TOJM 3a pellleHhe Ha eBPUCTHYHHU Tpobie-

MH, TbH KaTo (HPOPMYJIMPAHETO HA KOHKPET-
Ha 3aJla4ya B HEMAJIKO cllyyau MOJCKa3Ba H-
KO€ OT Bb3MOXHUTE PEIICHHUS.

ChIIecTByBaT H3CIEIBAHUS TIO TEOPHSs
Ha 3agauute [1-5 W Ap.], HO Te ca Haco4YeHU
npeau BCUYKO KbM (popManu3upaHuTe 3aa-
yd. MeToaM 3a CbhbCTaBsSHE Ha 3aja4yd 3a
MPOM3BOJIEH TEXHUYECKH O0EKT He ca M3Bec-
THH.

Lleara Ha HacTosiiata padoTa € Ja ce
U3SICHW CTPYKTypaTa Ha €BPUCTUYHA TEXHU-
yecka 3ajlaya U Ja ce TPEeAJIOKU HAuuH 3a
HEIHOTO MoJeNupaHe ¢ IeNl ThpceHe Ha Ba-
pWaHTH Ha 3a/ayaTa.

2. U3noocenue

2.1. Moaenupane

2.1.1. CTpykTypeH Mojea Ha 3a1a4a

AHanM3bT Ha MHOXECTBO H3CIEN0Ba-
TeJICKM 3a/Jadd, 32 KOMTO Ce O4YaKBa, He ca
Haii- I'BJIHO M MPeUn3HO GOpMYyIUpaHH, MOo-
Ka3Ba, ue Beska €3 Moxe aa ObjJe mpeacra-
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BEeHA Upe3 CTpyKTypara
3=(A,B,C,D,E, F,G) (1)

KBJETO A € pasmopeauTenHo AeHCTBUE 3a
pelaBaHe Ha 3ajadaTta; B- peueHuero Ha
3ajayaTa; TOBa, KOETO TpsOBa Aa ce MoyuH
B pe3yJiTaT Ha pellaBaHeTo Ha 3ajgauyata, C-
00EKTBT, KOHTO MOAJIEKH Ha BB3IACHCTBUE
Npu peliaBaHeToO Ha 3ajadara; D — ompene-
JIeHHe, Ype3 KOeTO ce AOU3SCHSBA HIKOW OT
CTPYKTypeH eneMeHT; E- npuHaniexHocT Ha
CTPYKTYpeH €JEeMEHT KbM BKJIOYBALL TO
obekT; F- ycnoBue, mpu koeto TpsOBa na ce
U3BBPIIM pelieHneTo; G- oyakBaH pesynTar
OT pellIaBaHeTO Ha 3ajadvara.

Paznopenurennoro neiicteue A e ria-
rojl WM OTIJIArOJHOTO ChHLIECTBUTEIHO,
Yype3 KOUTO ce MOCTaBsl 3ajauyata, Hanp. 0d
ce paspabomu, oa ce nocmpou, paspabom-
eane, nocmposgare u Op. B Hikou ciyuau
TO JIMTICBA M C€ 3aMeCcTBa OT PELICHHETO Ha
3ajadata B, xoero He ce mpexacTaBs Karto
CBIECTBUTENHO, a KaTo JAEWHOCT, KOSTO
cleiBa Ja ce M3BbPIUW, HAMNp. Kiacuguyu-
pame, mooenupate u op.

Pewenuero B kato mpaBuio ce npunu-
pyxaBa oT onpeneinenue (D), koeTo ro aou-
3sICHSIBA, KaTO OMpeAeTIeHUEeTO MOXe Aa Ob-
Jie TIpeay WU Cliel KOHKPETHOTO pellleHue.
Uzkmouenue ca cimyyante KOraTo perieHne-
TO € KOHKPETU3MPAHO Ype3 eqHa Ayma.

I'opHoTO ce oTHacs u 3a obekra C.

OnpenesNieHNETO YeCTO € BBB BUA Ha
npuiaraTtejHo UMe M ce HaMupa Mpeu ene-
MEHTa, KOroTo ompeznens. B Hsakou cnyuan
TO € clie/l eJleMeHTa BbB BUJ Ha CHIIECTBU-
TenHO uMe (MMEeHa), KOeTo Moxke jAa Obae
JOMBJIHEHO € MNOAXOISIIO MpUJIaraTesHo
(mpunaraTenHun) uMme.

PesyararsT G mou3sicCHSIBA U KOHKPETH-
3upa pelieHnero B, T.e. moka3Ba KakBO KOH-
KPETHO C€ OYaKBa OT PEIeHWEeTO Ha 3aJaqa-
ta. B Hixon cnyuam G e ompeneneH B B.
Moxe na ce kaxe, ye uecto G yka3Ba U Mo-

cokaTa 3a JIBHXKEHHe NPU ThpPCEHEe Ha pelle-
HYE Ha eBpUCTHYHATA 3ajiaya.

3a1b/DKUTETHUTE CTPYKTYPHHU €leMeH-
TH Ha 3ajayaTa ca: pelieHuero B, ompene-
neHueto Ha pewenuero D/B (ako To He e
KOHKpeTHn3upaHo upe3 B), obextsT C, ompe-
nenenueto Ha obekta D/C (ako Toii He e
KOHKpeTH3upaH upe3 C) u pesyntarseT G
(axo To¥i He € KOHKpeTH3MpaH upe3 B).

[lo- nony ca nageHu 3amauu 3a U3cien-
BaHE Ha JaJieHa TemMa, MOBEYETO OT KOUTO ca
(dhopMynHMpaHu B KOHKPETHH JOKTOPCKH AHU-
cepraunu. Te3u 3a1a4uu TyK ca aHalIu3upaHu
OT IJIefIHA TOYKA Ha CTPYKTYPHHUTE UM elle-
MEHTH, a MOJ BCsKa OT TsIX e 0000LeHo
HEHHOTO CBCTOSIHME [0 OTHOLIGHHE Ha
CTPYKTypHHUTE eneMeHTH. TpsbBa na ce
nojueprae, ue B MOBEUETO 3aJaud JIMICBA
uen G, HO 3a OMcepTalMHuTe TOBAa MOXE Ja
ce TpueMe 3a AOMYCTUMO, ThH KaTo B TAX
npeau 3aJaunTe 3a M3cieABaHe e oOsBeHa
HejiTa Ha W3CIEeNBaHETO, KOSATO B OOLIMs
cilydail ce OTHacsl 10 BCHYKM pelllaBaHM 3a-
Javu.

[6]

1. PaspaGorBane (A) Ha MeTOmONOTHUS
(B) na npoektupanero (D/B) npu npunara-
HETO Ha MpOIEeAypHO- T'bBKABHS MOJEN 3a
npoektupane (F) na wmexarponuun (D/C)
cucrtemu (C).

(ananuz) nuncea G,

2. Onuceane (A) Ha TEXHOJOTHYHU MO-
nynu (B) 3a noBrapsiiin ce paGOTHU CTBIKH
(D/B)

(ananus) nesacua 3aoaya (muncea C, G),

3. PaspaGotBane (A) Ha mporeaypa (B)
3a uHTerpupano npoekrupane (D/B) Ha me-
xarponuus (D/C) npoaykt (C) u npousBoa-
cteenara (D/C) cuctema (C).

(ananus) nuncea G;

4. Ilpennarane (A) Ha noaxon (B) mpu
MonyJiHO OazupaHo npoektupane (F) Ha me-
xatponHa (D/C) cucrema (C).

(ananuz) nescna 3aoaua (nuncea D/B,
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G);

5. Tlpennarane (A) Ha MEHUIKMBHT
(B) n opranmzauus (B) mpu pazpaborBane
(D/C) na nponykra (C).

(ananuz) nescna 3aoaua (muncea D/C,
G), Haruyue Ha 06e 3a0ayu;

6. Uscnenpane (A) Ha metonute (B) 3a
cumynauuss (D/B) na mexarponnu (D/C)
cucremu (C) u cpasuurtenes (B/C) ananus
(B) Ha xonBenuuonanuata (D/C) u kommo-
TbpHO- noanomornartara (D/C) mnpoueaypa
(©).

(ananuz) auncea G, obedunenu 06e 3a-
oavu;

7. llpoextupane (B) u usrpaxnane (B)
Ha MoHTaxHa (D/C) cucrema (C) B pamkute
Ha peanieH mpou3BonacTBeH npouec (F), mpu
npuilaraHe Ha MpPOLEeNypHO- T'bBKABUS MO-
nen (F) m ananus Ha ocHoBHUTE BB3NH (F).

(ananus) nuncea G,

[7]

8. Jla ce cw3mane (A) cucrema (B) 3a
eKkcrepuMeHTanio onpeaensie Ha (D/B)
awarotpaidHoctTa (C). Ha ce mpeanoxu (A)
metoanka (B) 3a w3mepBane u cnbOupane
(D/B) na undopmanus (D/B) 3a Hampexe-
aHusta (C) u gedopmanuure (C) B mporeca
Ha HatoBapBaHe (F) u obpabotkara (D/B) i
cbhoOpasHo nocraBenara e (F).

(ananus) nuncea G,

9. Ha ce paspabotu (A) metoguka (B)
3a ompejessHe Ha HEelleCTUUHUTE CBOMCTBA
(D/B) na cbBpemenuu (D/C) KOHCTPYKIIH-
onnn (D/C) marepuanu (C) npu nmpoMeHITH-
BU HanpexeHus (F).

(ananus) nuncea G,

10 a ce mpocneau (A) sausinueto (B)
Ha daxropu (D/B), oka3Bamu Bb3aeiicTBHE
BbpXxy mnoBenenuero (F) Ha u3cnenBanuTte
(D/C) marepuanu (C) mpu paspyiaBaHe OT
ymopa (F).

(ananus) nuncea G,

11. a ce monenupat (B) paznuunute
(D/C) tunoe (D/C) reometpun (C) ¢ uen ga

ce aHalM3Mpa YUCIEHO e(eKTa OT KOHLEHT-
pauMsTa Ha HampexeHHsTa BbpPXY IbJIrOT-
pafHOCTTa TpHW TMPOMEHJIMBH HAMpPEKEHUS
(G).

(ananus)
(m.2.1.3);

12. Jla ce nedunupa (A) dusnuecku
obocuoBan (D/B) enepretnuen (D/B) mna-
pametsp (B) u  meroxn (B) 3a onpenessiHe
Ha jpwiarotpaitnoctra (D/B), ocHoBaBamn ce
Ha moaxonsu eHepretuueH kputepuit (F),
BaJMJIeH 3a W3CJCJBAHUTE MAarHe3ueBH
crnaeu (F).

(ananusz) nuncea G; obeduneHu 0ge 3a-
oayu;

13. [la ce mpoBepu (A) aneKkBaTHOCTTa
Ha npeyioxenute (D/B) wmeronuku (B) u
npouenypu (B) ekcnepumenTanHo u uucie-
HO(F) BBpxy mpoGHu Tena u moxenu (F) Ha
koHcTpykiroHHH (D/C) enementn (C).

(ananus) nuncea G;

HOpManu3upana  3a0aia

[8]

14. Topcu ce (A) HoB (D/B) BbHIIEH
(D/B) Bux mmm gpyra (D/B) peanuzaumst
(B) na dynkuus (E), unu nonsaaurenna (D)
¢yukuus (B) na TO- “xumukanka (C)”.

(ananuz) nuncea G,

15. Tepcu ce (A) nosa (D/B) peanu-
3anus (B) na noxuna (C).

(ananus) nuncea G;

[9]

16. Jla ce cucrematusupar (B) mone 10
000 (D/C) paznuuaBamu ce no Hemo (F)
obektn (C) u nma ce onumar (A) Tpu HOBH
(D/B) petienus (B).

(ananusz) auncea G, obedunenu 0ge 3a-
oayu, auncea C Ha emopama 3a0ava;

[10]

17. U3cnenBane (A) Ha B3aMMOBpPB3Ka-
ta (B) ¢opma- koncrpykuus (D/B) B cbB-
pemennuTe Mmoauu teaeHuun (F).

(ananus) uescna 3aoaua (nunceam C,
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G)

18. Knacuduuupane (B) Ha cunyetrute
(C) B mamckoro (D/E) ropuo (D/E) obnex-
no (E), na dopmoobpasyBaneto (B) um u
nedunupane (B) wa munumanuute (D/C) u
makcumanuute (D/C) npudasku (C) 3a cBo-
6oma (D/C).

(ananuz) auncea G; obeounenu mpu
3q0avu;

19. PazpabotBane (A) Ha cucrema (B)
3a koHctpyupane (D/C) na mamcko (D/C)
ropuo (D/C) ob6aekino (C).

(ananus) nuncea G,

20. HUacnenpane (A) Ha dopmoobpa3sy-
BaHeTO Ha jetaitiu (B) B mamckoro (D/C)
ropuo (D/C) obnexino (C).

(ananus) nuncea G,

21. YcbBbplueHcTBYBaHe (A) Ha cuc-
temuTe (B) 3a KOHCTPYKTHBHO OOpMSHE U
monenupane (D/B) na sku (C) ¢ pesepu
(D/C) wman (D/C) sxu (C) Ha ocHOBaTa Ha
u3cle/BaHe Ha B3aUMOBPB3Ka Mexay ¢op-
M0o0Opa3yBallld U KOHCTPYKTUBHU €JIEMEHTH
(F).

(ananus) nuncea G;

22. Tlpoektupane (B) Ha HOBM Moaenu
(D/B) mamcko (D/C) ropuo (D/C) obnekio
(C) c u3nonzyBaHe Ha pe3yJaTaTUTE OT M3C-
JieIBaHUSATAa Ha B3aUMOBpB3kaTta Gopmood-
pasyBaHe- koHcTpyHnpane (F).

(ananus) nuncea G,

[11]

23. Jla ce HampaBu (A) anamm3 (B) Ha
cbinectByBamute (D/C) Bapuaropuu (D/C)
mexanusmu (C) .

(ananruz)- HescHa 3aoaua (MUNCeam
D/B, G);

24. Jla ce cunteszupa (B) u koHcTpyu-
pa (A) Bapuartopen (D/B) mexanuswsm (B),
pabortel Ha npuHiIKUna Ha 3auenBaHeto (F)
C BB3MOXKHOCT MPENaBaTeIHOTO OTHOILICHWE
Jla ce M3MEHs KaKTO PbYHO, TaKa U aBTOMa-
truno (F).

(ananuz) auncea G, obedunenu 0ge 3a-

oauu;

25. la ce uzBenar (A) reoMeTpUYHUTE
(D/B) u kunematuunute (D/B) 3aBucumMoc-
T (B) 3a Bapnaropuus mexanuzwm (C).

(ananus) nuncea G;

26. la ce mu3pabotu (A) nmelicTBain
(D/B) mogen (B) na ycrpoiicteoto (C).

(ananus) nuncea G;

27. Ha 6a3a TeopeTuyHMs aHalM3 U eK-
cnepumeHTanHuTe pesyiararu (F) ma ce mo-
mudunupa (B) u ontumusupa (B) koHcr-
pykuusita (C).

(ananusz) nuncea G; obeouneHu 0ge 3a-
oavu;

[12]

28. Cunresunpane (A) na Hosu (D/B)
ctpykrypau (D/B) cxemu (B) na Hanpasns-
Bamu (D/C) u ypasuosecsBamu (D/C) me-
xaau3mu (C) 3a crpenosara cuctema (E) Ha
noptaiHu kpaHose (E).

(ananuz) nuncea G,

29. Cw3pmaBane (A) Ha KOMIIOTBPEH
(D/B) monen (B) 3a onTUMHU3allMOHEH CHH-
te3 (D/B) mo GeskpaitHo OJM3KkM MOJIOKe-
Hus (F) Ha detupussenen (D) HampaBns-
Bai (D) mexanuzwvm (C) Ha mopTaneH KpaH
(E).

(ananuz) nuncea G,

30. Cw3maBane (A) Ha KOMITIOTHPEH
(D/B) monen (B) 3a onTUMHU3alMOHEH CHH-
te3 (D/B) Ha uerupuzsenen (D/C) ypaBHo-
BecsBaul (D/C) mexanuzbMm (C) Ha moprajieH
kpan (E) ¢ u3nomsyBaHe Ha KjacwdeckaTa
KMHEMAaTUYHA TeOMETpHUsl Ha ChCEIHUTE T0-
noxenus (F).

(ananus) nuncea G;

31. Usrpaxxgane (A) Ha KOMOIOTBPEH
(D) mognen (B) 3a ekcrpemen cunrtes (D/B)
Ha ocem3BeHeH (D) nanpasnssamg (D) mexa-
Hu3bM (C) 3a mopranen kpaH (E) mpu chue-
TaBaHe ¢ onTuMu3aurMoHeH noaxon (F).

(ananus) nuncea G;

32. Usrpaxaane (A) Ha KOMMIOTHPEH
(D/B) monen (B) 3a onTHMH3allMOHEH CHH-
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te3 (D/B) Ha ocem3Benen (D/C) ypaBHOBe-
csaBany (D/C) wmexanuzbpm (C) Ha mopraleH
kpan (E) ¢ wsnomsyBane nHa @ E-
knuHemaTtnuHaTa reomerpus (F).

(ananus) nuncea G;

33. Usrpaxnane (A) nHa moaxon (B) 3a
mHorokputepuanen (D) ontuMuzaunonexn
(D) reometpuyen (D) u cratuued (D) cun-
te3 (C) Ha mexanusma (E) 3a crtpenoBara
cuctema (E) 3a moptanen kpan (E).

(ananus) nuncea G,

3anucsT (1) mpeacrapisiBa CTPYKTYpeH
MoJen Ha e3.

2.1.2. T'padoB Moaena Ha 3a1a4a
G3 =< V33U3 >3

KpJeTo V = {V;} ca MHOXECTBOTO BbPXOBE,
KOUTO c€ SIBSIBaT reOMeTpHyYHa MHTeprpeTa-
LS Ha 337aIEHOTO MHOXKECTBO CHIECTBEHH
JymHu;

U = {w}- MHOXecTBO pebpa, KOHUTO
CBBP3BaT MHOKECTBOTO JIBOMKH OT V;

<> - cbyHKumlTa HA WHIOWIOCHILIUSA Ha
pebpata cnpsMo BbpXOBETE, T.€. Hapeadara.

2.1.3. Hopmaaun3upaHa 3aauia

Hopmanuzupana 3agaua e 3agaqa, Kos-
TO MPHUTE!KaBa BCUYKH CTPYKTYpHU eJIeMeH-
1 0T (1). Hsikon HOpManu3upanu 3aaauu OT
pasrienaHuTe Mmo- rope ca:

1. PaspaGorBane (A) Ha MeTOMONOTHUS
(B) na npoextupanero (D/B) npu npunara-
HETO Ha MpPOLEAypPHO- T'bBKaBHS MOJEN 3a
npoektupane (F) wa wmexarponuun (D/C)
cuctemu (C) ¢ en moanomaraHe Ha padbora-
Ta Ha MPOEKTAHTUTE HA T€3W CUCTEMHU.

25. la ce m3Benar (A) TreoMeTpUYHHUTE
(D/B) n xunematuunute (D/B) 3aBHcHMOC-
™1 (B) 3a Bapuaropuus mexauuznsm (C) c
[eN- YTOUHsIBaHE Ha TeOMeTpHusiTa M KHHe-
matukara (G).

3a orOens3BaHe e, ue MpU HaIMYHME Ha
o0e/IMHEeHN 3aJlauM, aKO Te HE Ce M3BbPIIBAT
€IHOBPEMEHHO, ChIIMTE CleJBa Aa ce pas-
JeJIAT.

Han u3xonHa eBpucTuyHa 3ajauu ca
BB3MOXHHU OMepaluu, 4pe3 KOUTO Ce MOoJy-
YyaBaT HOBM 3aJlaud WM MOAM(UKALMU Ha
U3xoJHaTa 3agada. EqHa BB3MOXkHA omepa-
uus e najaeHa no- nonay. Ts e monydeHna upes
JIOTUYEH aHaJIu3.

2.1.4. Onepanuu HAJl eBPUCTHYHH 321241

[Ton onepanus B HacTosiaTta pabora ce
pa3bupa mpoMmsiHa Ha 3aJa/ieHa 3ajayva ¢ el
nojiyyaBaHe Ha B3aMMO3aMeHseMa 3ajaya
WJIA HOBA 3aJa4a.

B3aumMosameHsieMu 3amauM ca 3aJayu,
KOMTO:

- ca MpeJCTaBeHU YaCTUYHO WIIM U3IIs-
JI0 MO pa3iuyeH Ha4uH U

- pemiaBar eivH M ChIIH Mpodiiem.

OnepanuuTe MpeNCcTaBisiBAT HHCTPY-
MEHTH, Ype3 KOUTO ce MaHUITYyJIHpaT ChIec-
TBYBAIl[M 3a/1aud 3a HaMHUpaHE Ha B3aWMO-
3aMeHsEMHU WJIM HOBHU 3aJauH.

Hskou Bb3MOXKHU Omepanuy ca:

- TpaHchopmaius Ha e3- mpomsiHa Ha
€3 upe3 MpoMsHA Ha YacTH OT OIMHCAHUETO
i1; TpaHchopmMupaHaTa €3 M3MbBIHSIBA ChIIa-
Ta eBpUCTHYHA (YHKIMS KaKTO M3XOJHATa
e3;

- Moaudukanus Ha e3- mpoMsHa Ha e3
ype3 ThpPCeHE HAa MHOXXECTBO BapHaHTH Ha
4acTH OT OTIMCAHUETO I,

- MYJTUIUTKAIUS HA €3- MOoa MYJITHII-
nukanuss Ha e3 B Hacrosimara paboTa ce
pa3dupa NpUIOKEHHETO Ha €3 B Jpyru
00EKTH, pa3JIMUYHHU OT U3XOAHHUS TaKbB;

[To- nony e pasrienana mbpBara onepanus.
Omnepanus “TPAHC®OPMALUSA HA
EBPUCTHUYHA 3AJTAYA”

ANroputbm

1. ®opmynupane Ha mpobiema.

2. Onwucaa ce €3.

3. OnpenensitT ce CbllleCTBEHUTE (KJIHO-
yoBu) aymu Jl; oT onucanuero. Tezn nymu
ce SIBSIBAT ChIIECTBEHUTE ChbCTABHHU YaCTH Ha
e3.
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4. Pa3znuuHa cTemeH HAa KOHKpeT-
HOCT:

4.1. Besika cpiecTBena ayma ot 1.3 ce
npeCcTaBs:

4.1.1. C mo- oOuIx TepMHUHU, KOUTO Ce
3aMecTBaT B pa3iMyHU KOMOWHAIMU B W3-
X0JHOTO onucaHue. Ilo To3u HA4YWH ce Mmo-
Jy4aBaT HOBM ONKCaHUs Ha e3.

4.1.2. C mo- KOHKpeTHH TEPMHHH, BCe-
KM OT KOUTO C€ 3aM€eCTBa B M3XOJHOTO OIlHU-
caHue.

4.2. KomOuHupaT ce 3aMeCTeHHUTE Chb-
[IECTBEHU JyMH.

3a0. [Ipu HEeobxomuMoOcCT ce N3BbPIIBAT
ChOTBETHH MPOMEHU B OMUCAHUETO.

5. CHHOHMMH M CPOXHHU XYMH:

5.1. 3a Beska [1; ot 1.3:

5.1.1. YTouHsgBaT ce CHHOHWUMHHU WU
Onm3ku o 3HaueHune naymu Ci., BKI. W 4pe3s
ThpCEHE HA CAHOHUMHHM MJIM OJIM3KH 110 3Ha-
YeHHWe [yMU HA CHHOHUMHUTE UK OJM3KUTE
no 3HadeHue aymu. llpenopwuBa ce u3moi-
3yBaHETO HA CHHOHUMEH PEUHHK.

5.1.2. 3amens ce nymarta [I; B u3xonHa-
Ta ujes nociaenoBaTesHo ¢ Besika ayma Ci.

3a0. [Ipu HEoOXOMUMOCT ce W3BBPIIBAT
CHOTBETHH MPOMEHH B OTIMCAHUETO.

6. PazmsaHa Ha MecTa Ha AyMHTe:

6.1. 3a Besika nyma Jl; ot T.3:

6.2. Pasmensr ce mecrara Ha [[; m cb-
CeHUTe W OyMHM M C€ CBBP3BAT TaKa, e
KOMOWHaIUsATa A3 € TpaBUJIHA B TpamMaTHy-
HO M CMHUCJIOBO OTHOILLIEHHE.

3a0. [1pun HEOOXOIUMOCT Ce M3BBPILIBAT
CHOTBETHH MPOMEHH B OMTUCAHUETO.

7. MeTtadopnu:

7.1. 3a Besixka myma Jl; ot T.3:

7.1.1. 3aMmecTBaHe ¢ MOAXOAdIIa METa-
thopa.

7.1.2. TwakyBa ce metadopaTta B MOJy-
YEeHOTO CIOBOCHUETAHME, HAMp. upe3 3aja-
BaHEe Ha MOJXOMASIIN BBIIPOCH.

7.1.3. Tlo TbJIKyBaHETO ce TpPOMEHs
OINHCAHUETO Ha e3.

8. CumBoau:

8.1. 3a Besika nyma JI; ot 1.3:

8.1.1. [IpencraBsi ce CHUMBOJIHO.

8.1.2. TpnkyBa ce MOJTYYEHUAT CHMBOI
B CJIOBOCHYETAHHETO.

8.1.3. Ilo TbAKyBaHeTO ce MpPOMEHS
OMHMCaHUETO Ha e3.

9. Ip. BHA BKJIIOYBAHHUS:

9.1. TbpceHe Ha APYTr BUA AyMH, Hamp.
AQHTOHMMH, OMOHUMH, MAPOHUMH, XUMEpOO-
I, aJIeTOPUH, aHTUTE3H U JP.

9.2. 3a Besika ayma JI; ot T.3:

9.2.1. 3amecTBaHe ¢ nymara ot T.9.1.

9.2.2. TeakyBa ce MOJTYYEHOTO CIIOBO-
CbUETaHHe.

9.2.3. Ilo TBJIKyBaHETO ce MNPOMEHs
onucanueTo Ha e0.

Ipumep
1. Tvpcu ce mpancgopmayus na 3aoa-
ua.
2. Tvpcu ce HO8 6U0 ycmpoiicmeo 3a
nogoucane Ha mexicecm.
3. Yempoiicmeo, noeouzane, me-
Jcecm.
4.1.1. Yempoiicmeo- navun, noeouza-
He npemecmeane; mejcecm- mosap, msiio
Haxou nosu gpopmynuposxu ca:
Tvpcu ce:
- HAYUH 3a NOGOU2aHe HA MOBAD,
- YCmpoucmeo 3a npemecmeane Ha mo-
eap;
- YCmMPpOTCEO 3a NOBOULAHE HA MSLIO;
- YCmpOoucmeo 3a npemecmsane Ha msi-
J0;
- HQUUH 30 Npemecmeane Ha mosap,
- HAYUH 30 NpemMecmeane Ha msio.
I'paghosomo moderupane na zadavama
e oadeno Ha ¢ue.l u 2, kamo epagpom G =
<V,U> om ¢ue.1 cvovpoica kamo evpxose V
= {v)} cmpyxmyprnume eremenmu Ha U3X00-
Hama 3a0aua, a kamo peopa U = {u;}- cevp-
3eauyume OymMu Medxncoy gvpxogeme, < > e
Hapeobama. Opuenmayusama Ha pebpama e
no onpedeieHuemo Ha sadauama, m.e. om
no- 1580 PA3NONONCEH — eNeMEeHm KbM No-
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OSICHO PA3NOI0JCEH MAK LS.

Hexka ycnoBHO ce mpueme, 4e MbpBUST
eJeMeHT (BpbX), ¢ KOHTO 3amodvBa 3ajadaTa
e ot | HuBo, BropusT- oT Il HUBO U T.H. [o-
0aBsiHETO Ha BbPXOBe U pedpa ce W3BbpLIBA
0 CleAHus

Anroputbm

3a BCSIKO HUBO:

1. YrounsiBatr ce mo-o0mure (mMo- KOH-
KPETHUTE, CHHOHMUMHHUTE W Jp.) JyMH Ha
U3XO0JHATa AyMa, KOUTO cje/[Ba Jia ce Joda-
BAT.

2. Ompepenst ce peOpara W TAxHATa
HACOYECHOCT, MHIIMJICHTHH C BbpXa- U3XO/HA
nyma. PeGpaTta cBbp3BaT M3XOAHUS BPBX M
CHhCEeTHUTE My BbPXOBE.

3. JlobaBst ce HoBHUTE BBpPXOBe (IO-
oOmuTe, MO- KOHKPETHUTE, CHHOHHUMHUTE,
ap.).

4. Bceku HOB BpPbX Ce CBBbp3Ba upes
pedpo cbc ChCEAHWTE HA WM3XOIHHS BPBX
BbpxoBe. HacoueHocTTa u TexcTa Ha pedpo-
TO € ChlllaTa KaKTO HacOYeHOCTTa Ha pedpo-
TO W TEKCTa MEXAY M3XOAHHUS BPbX U ChOT-
BETHUS ChCEJICH MY BPBX.

Ha ¢ue.2 e npeocmasen 3a paszenedic-
oanus npumep epadvm, UsNviHeH NO 0dade-
HUSL AN2OPUMBM.

ThpceHOTO Ha 3amauu ce CBekJa [0
ThpCEHEe Ha HACOYEH MBT OT BbPXOBETE, KO-
UTO ca OoT | HUBO 70 BCEKHM BB3MOXKEH JpyT
BpBX. 3a epaga om ue.2 nomuwama ca:

1-2-6-8;

1-2-6-4;

1-2-6-7;

1-2-3-8;

1-2-3-4;

1-2-3-7;

1-5-6-7;

1-5-6-4;

1-5-6-8;

1-5-3-7;

1-5-3-4u

1-5-3-8.

4.1.2. Yempoiicmeo- nocmosa cucme-
Ma;, HOGOUAHE- ObPNaHe, MeHcecm —

meuHoCH.
Hsxou npegopmynupanu 3a0auu ca:
Tvpcu ce:
- I0CMo8a cucmema 3da nogou2ame Ha
meoicecm,
- YCmpoucmeo 3a Obpnane Ha me-
alcecm;
- Iocmosa cucmema 3a ,,0vpnave’” Ha
meunocm;
4.2.
Tvpcu ce:
- JoCmo8a cucmema 3a nogoucame Ha
moeap;,

- YCmpOoucmeo 3a Obpnane Ha msio;

- HAUUH 3a ObPRAHe HA MeHCech.

I'pagposomo mooenupane e aHaro2uyHo
Ha mosa 3a m.4.1.1 (Que.3).

5.1.1. Haxou C; ca:

nOGOU2AM- nNpeMecmeam, 80u2am, uz-
oueam, Haoueam, UNpaesIm,

npemecmeam- npexsvpiam, 08udxca,
NPUOBUNCBAM, 8bPEs, X005, HOcd ce, Mbp-
oam, wagam, nPemsimam, nPeHacsim, npeoo-
PuUam, npexeopisim,

5.1.2. Tepcu ce ycmpoiicmeo 3a npe-
Mecmeane uiu eoucawe, Ui usouzcame, uiu
usnpassHe, Ul Npexevpiine, Ul 08UdICeHe,
UNU NPUOBUINHCBAHE, UL 8bpEeHe, UIU XoOe-
He, UlU HOCeHe, UNU MbpOaHe, Wil ulasawe,
UnYU npemsmane, UNU NPeHacsHe, Unu npeoo-
pvuyane, Uil NpexevpiiaHe Ha mexcecm.

I'pagosomo moodenupane e anaro2uyno
Ha moga 3a m.4.1.1.

6.1. Tvpcu ce HO60 ycmpoiicmeo c
8b3MONHCHOCH 30 NOBOUZAHE HA MEHCECH.

Tvpcu ce Hog 6u0 nogouzame 3a ycm-
POIIcmeo 3a medxcecmu.

Tvpcu ce HO8 6uUO ycmpoucmeo 3a
mesrcecmno noeouzame.

7. 1.1. Haxou ewv3modxcnu memagopu
ca:

(ycmpoiicmeo) yapcmeeno ycmpoucm-
80
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(nogouzare) cmeuno nogoueare

(medicecm) cmena medxcecm

7.1.2. (yapcmeero ycmpoticmeo) ycm-
poticmeo, 1836aujo ce 0boduenue Ha MHO-
alcecmeo opyau ycmpoucmaeda;,

(cmeuwtHo noeoucane) HeouaKkean GuUo
nosouzare (NPeoussUK8AW0 No Maszu npu-
YUHA CMAX)

(cmena meodicecm) mesicecmma e 3ax6a-
Hama no HauuH, cvb30a6auy neuamieHuemo,
ye GCeKU MOMEHM uje naowue,

7.1.3. Tvpcu ce oo ycmpoiicmeo, Ko-
emo e 0000weHue Ha MHO20 Opy2u YCMm-
poiicmea, ¢ Koemo 0d ce peanru3upa Heouak-
8aH U0 NOBOULAHE HA MedCecm, medtcecm-
ma e 3axeanama om YCmpoucmeomo no Ha-
YUH, Cb30asaw eneyamieHuemo, ue 6CeKu
MOMeHm ms. e naowe.

8.1.1. (ycmpoticmeo) 6w3ModiceH Ccum-
6o: “06e 3bOHU KONeNa, 3aYeneHu NOMexNC-
oycu’;

(nosoueare) “nocm”;

(meacecm) “meoicecm 3a 6e3na’”’;

8.1.2. (“0se 3vOHU Koneaq, 3ayeneHu
nomeodicoy cu’’) copymcasanu  enemeHmu
(mviaKyeane: 3vOHUME KONELA CA CUMBON HA
COPYHCABAHU elleMeHm);

(“nocm”) Oymawne (mvixyeawe: upes
npvm ce 6yma npeomem);

(“‘meoicecm 3a ee3na’”) “eodeHuuen xa-
MuK” (medcecmma HANOMHA 3d 800€HUYEH
KaMbK HA 8pAMA HA Y08EK),

8.1.3. Tvpcu ce Ho6 6uo copyxcasanu
ejleMeHmy 3a N08OUeAHe HA MedHcecm,

Tvpcu ce HO8 6U0 ycmpoiicmeo 3a Oy-
mawe Ha mececm;

Tvpcu ce HO8 8UO YCMPOUCBO 3d NOG-
ouearne Ha medcecm mun‘‘@o0eHUYeH Ka-
MK}

Tvpcu ce HO8 6UO COpyHcasanu ene-
Menmu 3a bymane Ha medcecm mun “‘8oode-
HUYeHn Kamvk’;

9.1. Haxou 8b3MOJCHU AHMOHUMHU OY-
MU ca: ycmpoucmeo- 0emaiil, nogoucaHe-
ceansne, mececm- NeKoma.

9.2.1. Tvpcu ce Hog 6u0 Oemaiin 3a
nogouzaHe Ha medxicecm;,

Tvpcu ce Hog 8U0 ycmpoiicmeo 3a céa-
JISIHe Ha medicecm,

Tvpcu ce HO8 6UO YCmMPOTICMEO 3a NOG-
oueane Ha iexoma,

Tvpcu ce HOG 6uO Oematin 3a C8aNsHe
Ha Jexoma,

9.2.2, 9.2.3. Tvpcu ce npocmo ycm-
DOUCGO 3a NOGOULAHE HA Medcech,

Tvpcu ce HOG 6UO YCmMpPOUCMEO 3a céa-
JSIHe Ha medicecm; HA CbWUs NPUHyun oa
0v0e ycmpoucmeomo 3a nogoueare Ha me-
aHcecm;

Tvpcu ce HO8 6UO YCmMPOTCEO 3a NOG-
oueane Ha Jexu npeomemu;

Tvpcu ce npocmo ycmpoucmeo 3a c6a-
JISIHEe HA JeKu npeoMemu, Ha Couusi NPUHYUN
0a Ov0e Yycmpoucmeomo 3a nogouzaHe Ha
meaicecm.

TEPCH Ce

HOE EBMI

YCTPOMCTED
za

IIOEIHMI aHe

Ha

TeXeCcT

¢wur.1. 'pad-mMonen Ha u3xoaHaTa 3a1a4a

81



M.JIenapos

TEPCH Ce
HOE EMI
opeMecTEaHe HOE EMI
HaYMH =2
Ha o H .
YCTPOMCTED
TOEap

TEeXeCT

2a

IIOEBEIMI aHe

¢ur.2. I'pacd- Mmoznen Ha 3amavyara, BKIFOYBAIL ¥ MTO-O0IH 1yMHU-BbPXOBE

TEPCH Ce
HOB BMXI IIOEXMIaHe
HOE BMX
=a
=
FCTPOMCTED Ha e
nocT
TeyHOCT

TeXeCcT

Que.3. I'pagh- moden Ha 3a0avama, 8KIOUBAW U NO- KOHKPEMHU OYMU- 8bPX0BE
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3. 3axawuenue Pesyarartute ot paborata morat ga ce
[Ipennoxenu ca CTpyKTypeH W rpadoB MOJE3MDI3BAT 3a MPOBEpKa Ha ChIIECTBYBAIIH

Ha Ha EBPUCTMYHA TEXHHUYECKA 3a]aua, KAKTeBPHMCTUYHU 3aJaud, KaKTO M 3a aBTOMATH-

omepauus Haj 3a 3ajaava ,, Tpanchopmanus Ha eRPAHO ThpceHe HA HOBH U MOJUGDUIIMPAHU

Onepanusita € TpeAcTaBeHa 4pe3 €BPUCTUYCH CRPUCTHYHU TEXHUUSCKHU 3aauu.

TOPUTBM U € WIIIOCTPUPAHA C IPUMED.
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MODELING HEURISTIC TASKS
M. Leparov

Abstract: The definition of a task is in itself a very important issue, because its determina-
tion allows:
- to realize the presence of a problem which must be solved and
- to start the process of its solution.

One possible task is the search for heuristic tasks. This kind of task is important for
inventors, innovators, designers, compilers of tasks of training and self training etc. The aim
of this work is to clarify the structure of the heuristic technical task and to propose a way for
its modeling in order to search for variations of the task.

Key words: heuristics, heuristic tasks, heuristic methods

Prof. Mihail Leparov, PhD, Technical University — Sofia
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MATHEMATICAL MODELING OF TRANSLATIONAL MOTION OF
RAIL-GUIDED CART WITH SUSPENDED PAYLOAD

Rosen Mitrev
rosenm(@tu-sofia.bg

In this paper modeling of the translational motion of transportation rail-guided cart with
rope suspended payload is considered. The linearly moving cart, driven by a travel
mechanism, is modeled as a discrete six degrees of freedom dynamic system. The
hoisting mechanism for lowering and lifting of the payload is considered and is included
in the dynamic model as one degree of freedom system. Differential equations of motion
of the cart elements are derived using Lagrangian dynamics and are solved for a set of
real-life constant parameters of the cart. A two-sided interaction has been observed
between the payload swinging and the travel mechanism. Results for kinematical and
force parameters of the system are obtained. A verification of the proposed model is

performed.

Key words: Transportation rail-guided cart, Travel mechanism, Payload swinging, Discrete dynamical

model, Mathematical model

Introduction

An important element of mass line
production of reinforced concrete and steel
part is a transportation of half-finished
product between different production facili-
ties. There are known lots of different
structural variations of machines used for
performing of this operation (Valev,1988).
One widely used solution, especially suitable
in case of heavy elements, is a spe-
cial-purpose transportation rail-guided cart
with rectilinear motion and rope suspended
payload. A general view of such transporta-
tion cart is shown in Fig. 1. Operating prin-
ciple of the transportation cart is as follows:
load-handling device 1, which carries the

payload 2, is suspended from the transporta-
tion cart 4 by polyspast system 3.

The cart moves on rails between two adjacent
production facilities PF and is driven by a
travel mechanism 6. The payload is trans-
ported vertically by drum type hoisting
mechanism 5. The experimental and theo-
retical research, as well as simple visual ob-
servations shows, that the rectilinear transla-
tional motion of the cart is accompanied by
vibrational processes, such as payload
swinging, cyclic increasing and decreasing
of linear velocity of the cart, vibrations in the
travel mechanism elements, etc. These proc-
esses result from interaction between the cart
travel mechanism and payload swinging.
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fig.1 General view of the transportation
rail-guided cart with rope suspended payload

There is deep concern of creating a
mathematical model that can be used for in-
vestigation of such problems like: transient
processes in driveline kinematics, kinemati-
cal and force parameters of the travel
mechanism, maximal dynamical loading of
the elements etc. Particular interest could be
paid to the investigation of the influence of
the payload swinging on the kinematical and
force loading of travel mechanism and con-
versely — influence of the travel mechanism
parameters on the payload swinging. This
two-sided interaction between travel
mechanism and payload swinging affect
positional accuracy of the payload, safety in
operation, strength and fatigue of the ma-
chine elements, etc.

Short literature review and objective of
the study

To our best knowledge, the described
problem has not received sufficient attention
in the accessible literature. Very few studies
consider mathematical modeling of rectilin-
ear motion of the cart and envisage the pa-
rameters of travel mechanism kinematics and
its interaction with payload. The majority of

published studies (Abdel-Rahman et al.,
2003; Corriga et al., 1998; Eksarov et al.,
1981, Al-mousa et al., 2003; Omar, 2003;
Pauluk et al., 2001) present models which are
suitable for control of movement of different
kind of cranes and crane carts and resultant
payload swinging, but without considering
detailed modeling of the travel mechanism
kinematics. Some works (Petkov et.al, 1980;
Scheffler et al., 1977) consider simplified
models of the travel mechanism and as-
sumption of small angle of payload swing-
ing, which models are suitable only for
qualitative estimation of the two-sided in-
teraction between payload swinging and the
travel mechanism. Other works (Jerman,
2006; Ju, 2006) are devoted to investigation
of influence of the payload swinging on the
cranes steel structure behavior.

The way of detailed modeling of the
driveline has known (Petterson, 1996; Rah-
nejat, 1998, Damyanov et al., 2008, Vraz-
hilski, 2009) and is used in the present work.

For solving the problems listed above,
the main objective of this paper is: to propose
a mathematical model of rectilinear transla-
tional motion of the rail-guided cart with
suspended payload, by which to investigate
the two-sided interaction between the pay-
load swinging and kinematical and force
loading parameters of the travel mechanism.

Kinematics of the travel mechanism

The kinematics of the travel mechanism
of the cart under consideration and some of
its parameters are shown in fig.2.

The electric motor 1 exerts a driving
moment, which is transferred to the driving
wheels 5 by a central mounted two stage
gearbox 4 and a slow-speed shaft 6, which
consists of two sections with length L,. The
electric motor is connected with gearbox by
an elastic coupling 3. Stopping of the cart is
realized by jaw brake 2.
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fig.2 Kinematics of the travel mechanism

Modelling of The linear motion of the
cart

1. Dynamical model of the cart

The real cart is a complex mechanical
system, which consists of several subsys-
tems: travel mechanism, hoisting mecha-
nism, different auxiliary mechanisms, etc.
All subsystems mutually affect each other.
The proposed discrete dynamic model of the
cart (Fig.3) includes only systems and parts,
which affect the translational motion of the
cart and has six degrees of freedom (DOF).
The bodies are connected by springs and
dampers and perform rotational and transla-
tional motions under the applied forces and
moments. The motion of the bodies is de-
scribed by the generalized coordinates,
shown in Fig.3. The vector of the generalized
coordinates of the system has the following
form:

{0} =la192 3 9545 96" (1)

Generalized coordinates ¢;, ¢, and ¢; are
associated with motion of the driveline
components (see Fig.2); g, represents the
linear motion of the cart; g5 represents the
rotation of the hoisting drum and g4 repre-
sents payload swinging.

The following notations are used:

e mass and inertia parameters of the
system

J; — sum of the reduced mass moments of
inertia of the electric motor rotor and the
coupling driving disk; J; — sum of reduced
mass moments of inertia of the coupling
driven disk, driven and driving gearwheels of
the first gear stage; J;— sum of reduced mass
moments of inertia of the driving and driven
gearwheels of the second gear stage. All
mass moments of inertia are reduced to the
driving slow-speed shaft 6 (Fig.2), mass
moments of inertia of the gearbox shafts are
added to corresponding discrete rotational
masses; m; — sum of mass of the cart and
reduced to it mass moments of inertia of the
driving wheels; m, — sum of mass of the
payload and operating element; J, — sum of
reduced to the driving drum mass moments
of inertia of the hoisting mechanism ele-
ments;

e geometrical parameters of the system
L — initial length of the suspending rope,
measured from the common mass center of
the payload and operating element; R — ra-
dius of the hoisting mechanism drum; r —
radius of the driving wheel of the cart;

e clastic and damping parameters of the
system
c;,b; — equivalent coefficients of angular
stiffness and damping of elastic coupling and
electric rotor motor; c,b, — coefficients of
angular stiffness and damping of shaft with
length L; (Fig.2); c3, b3 — equivalent coeffi-
cients of angular stiffness and damping of
slow-speed  shaft (Fig.2); parameters
cn,bcob, are reduced to the slow speed
shaft; bs — coefficient of angular damping of
the payload swinging.

o force parameters
M ,(q,) -reduced to the slow-speed shaft
torque of the travel mechanism electric mo-
tor; M,(g;) -torque of the hoisting mecha-

nism electric motor, reduced to drum of the
hoisting mechanism; W — resistance of the
cart movement.
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Damping of the oscillations of the pay-
load has a complex nature and various ori-
gins (Ely,1997). In the present work we
consider, that damping of the oscillations is
proportional to its speed by damping coeffi-
cient bs. By reason of insignificant influence
of most of the parameters of the hoisting
mechanism on rectilinear motion of the cart
and payload swinging, it is represented by a
single DOF mechanism. Its purpose in the
model is to consider variation of rope length
(and accompanying change of the amplitude
and the frequency of payload oscillations)
when the linear motion of the cart is com-
bined with payload lifting or lowering.

fig.3 Dynamic model of the linearly moving
cart

There are several assumptions accepted
in the proposed dynamical model: payload
and rope behave as a mathematical pendu-
lum; the rope is mass-less and non extensi-
ble; there is no slipping between the driving
wheels and rails (holonomic constraint);
stiffness of the steel frame of the cart is much
bigger then stiffness of the elastic joints; the
relative oscillations of the bodies are small;
the damping forces are proportional to the

velocity; gearwheels are considered as ab-
solutely stiff, the shafts are elastic; air resis-
tance is neglected by reason of low speeds of
motion of the cart.

2. Mathematical model of the cart

The differential equations of motion of
the mechanical system are derived using
Lagrange’s equations of the second kind

i=1.6 (1

d(arj oT U oD
- + + =

E 04, 0q; 0Oq; 0q; '

By {j} and {} are denoted the vectors of

generalized accelerations and velocities re-
spectively:

lil=ldqrddnisisl” @

{0} =1d142 45 d. 45 4} (3)
The total kinetic energy of the system T in
terms of generalized coordinates and veloci-
ties is

I oo 1o 1 s 1 5 1 5
T=—Jqi +—=Jq5 +—=J3q5 +—=J4q5 +—mqj +...
> 191 ) 292 5 393 5 495 2 194

1 . . . .
...+Em2(cosq6q6(L —Rqs) —singggsR +q4)2 +...

1 . . .
ok 5 ma(sin gde (L — Rqs) = cos q6dsR)’

4)
The total potential energy of the system U is

1 2 1 2
U=—c - +—c - +...
5 (41— 42) 5 242 —q3) (5)

1
+EC3(43 —%)2 —myg(L —Rqs)cos g
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The total dissipation energy of the system @

is

1 . . 1 ) )
q):Ebl(‘Il ~d,)° +Ebz(f12 43"+

1, . 7 .
~-~+Eb3(‘13 _q74)2 +bgqs (6)

The generalized forces O, corresponding to

the generalized coordinates (1) are derived
by means of virtual work method.

Obtained six second order nonlinear differ-
ential equations are complex and for con-
venience they are represented in matrix form

[ald}+[Blg}+[Clla}+ N} =10} (D

The following notations apply in (7):
[A]6x6 — mass-inertia matrix of the system

with variable coefficients, which has the
following form:

itk

(0L,
(0L, } ®

[4:]5.5

where: [4,]; ; = diag(J;,75,73),

[A2]3x3 = laijos ,i=1.3, j=1.3

ayy =my+my;ay =a;, =—mysingeR ;

Ay =J4 +1112.R2 ;

ay1 =a;3 =my.(L—R.qs5)cosgg

a3y =ay3=0;a33 =my.(L —R.q5)2 )

[0]3x3 - Zero matrix; [C ]6x6 - matrix of elas-
ticity, which has the following notation:

[Cloes =lejl - i=1-6, =16 (9

where: C11 =C5Cy1 =Cp =—C15

Cpp =€ 16563 =Cp3 =—Cy ;5 C33 =Cy +C3;

. 2.
Cp=Cy=—C3/1; cyy=0c3/775.
[B]6x6* matrix of damping, which has the

following notation:

[Blows =5}, .- i=1.6. /=16 (10

where: by, =b; by =b, =-b;;

byy =by +by; byy =by3 =—by; by3 =by +b3;
byy=byy =—by /1 byy =by /% bes = by.
{N},s - vector which consists of coriolis
and centrifugal terms

Ng =i fe,> 1=1..6 (11)

where:

ny =m, sin q6q'g (L—=Rqs5)—2myRcosqsqsqs

ns = mydeR(L— Rqs)
ng =—2myq¢qsR(L — Rqs)

All elements in (8), (9), (10) and (11) with
indexes different from pointed above, are
equal to zero.

The vector of generalized forces {O} has the
following form:

a) for starting period of the cart, combined
with lifting or lowering of the payload:

o=l 0, 0; 0, 05 O} (12)

where: Oy =M (1) ;04 =-W;

Qs =M;(gs)—mygRcos qe;

Os =myg(L—Rgs)singg; O, =03=0

b) for stopping period of the cart, combined

with lifting or lowering of the payload, vec-
tor (12) has the same form, except
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0, =-M,,, , where by M is denoted re-

duced to low-speed shaft stopping moment
of the brake.

The system of differential equations (7) is
suitable for investigation of the mechanical
system parameters in case of large payload
swinging. If the angle of payload swinging is
small, system (7) can be simplified. In this
case we can suppose that sing; =gq; ,

cosg; ~1 and vector {N}, which consists of
higher order terms, can be dropped.

Numerical example and discussions
The proposed system of differential
equations is nonlinear and suitable for its
solving is a numerical method. Solution is
realized by fourth-order Runge-Kutta
fixed-step method and all initial conditions
are set to zero. There is considered a case of
starting of the cart with lifting of the payload.
Calculations are performed for set of con-
stant parameters of the real-life cart and lin-
ear laws of motion of the travel and hoisting
mechanism are considered.
16 T

I
Y

torsional moment (N.m)

As results of realized solutions, there are
obtained changes in time of the force and
kinematical parameters of the mechanical
system and they are shown in Fig.4, Fig.5,
and Fig.6.

It is obvious (Fig.4), that the force
loading in the elastic coupling at the starting
period of the cart is considerably larger than
its static value — about 2.5 times. This fact is
a result of elasticity of the travel mechanism
parts, which introduces high frequency vi-
brations, and payload swinging, which in-
troduces additional low-frequency force
component in the travel mechanism. This
fact must be considered in design, life dura-
tion and reliability calculations. The payload
swinging (Fig.5) has noticeable influence on
the linear velocity of the cart, which in-
creases and decreases cyclically dependent
on the frequency of the payload swinging.
The amplitude and the frequency of the
payload swinging (Fig.6) depend on the
current rope length and law of motion of the
rotor of the electric motor and they have
damped character.

— L=2m.

static value

0 03 0.6 09 12

15 18 2.1 24 27 3

time (sec)

fig.4 Torsional moment in the elastic coupling

0357
steady value
0.28 T
02171

01471

linear velocity of the cart (m/sec)

N
0077 K

— L=2m.
— L=10m.
L=18 m.

0 0.6 12 18 24

3 3.6 42 438 5.4 6

time (sec)

fig.5 Linear velocity of the cart
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— L=2m.
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fig.6 Swinging angle of the payload

Verification of the proposed mathe-
matical model

The verification of the derived mathe-
matical model is realized by a comparison of
obtained results for parameters with those
obtained by solving of the well-known
classical linearised 2 DOF model (Fig.7).

X

E—

A
)
P

fig.7 Classical 2 DOF model

Differential equations of motion of the bod-
ies of 2 DOF model are (Eksarov et al.,
1981):

(ml +m2)jé+m2L¢)' =F-W

9
X+Lp=-go ©)
where by F is denoted the driving force.
Direct comparison of the results is incorrect
by reason of different structure of the models

- in the two degree of freedom model kine-
matics of the travel mechanism is not con-
sidered and the rope has constant length. For
that, in both models are agreed constant pa-
rameters and laws of motion of the electric
motor rotor, so that the behavior of both
models is similar. This is achieved by setting
in the proposed model negligible values of
the mass moments of inertia of rotational
components of the travel and hoisting
mechanisms and rope with constant length.
The results of comparison of models are
shown in Fig.8 and Fig.9.

Apparently, results of the 6 DOF model
with small values of mass moments of inertia
of the travel mechanism components has
excellent agreement with the results obtained
from the classical model. Increasing of the
mass moments of inertia of the travel
mechanism components has noticeable in-
fluence on the parameters of motion of the
cart and payload swinging.

Conclusions

Author considers that the main contri-
bution of the study is the proposed and veri-
fied mathematical model of rectilinear
translational motion of the rail-guided cart
with suspended payload by which can be
investigated the two-sided interaction be-
tween the payload swinging and the travel
mechanism.
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As a result of the performed theoretical
and numerical investigations following con-
clusions have done:

1) The proposed six degree of freedom
model of the translational motion of the cart
is suitable for investigation of the two-sided
interaction of the payload swinging and
kinematical, force and other parameters of
the travel mechanism,;

2) The proposed mathematical model
could be used for analysis, synthesis and op-

o

%

8}
1

0.19

linear velocity of the cart (m/sec)

timization of machines with similar kine-
matics and structure.

3) Parameters of the travel mechanism
noticeably affect the motion of the cart and
payload swinging; also the payload swinging
introduces additional low-frequency force
component in the travel mechanism and af-
fects the motion of the cart.

— 2dof

— 6 dof J;=0.1kg.m’
6 dof J)=1kg.m”

— 6 dofJ|=IOkg.m2

— 6 dof J;=50kg.m”
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3 3.5 4 45 s
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fig.8 Results from verification of the proposed model — linear velocity of the cart
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POSSIBILITIES FOR POLLUTION
REDUCING FROM MOBILE SOURCES

Mihai - Constantin Clinciu, Diana C. Thierheimer, Florentin Popescu,
Cojocaru Vasile, Walter W. Thierheimer

Atmospheric pollution has often serious consequences to both man and environment,
occurring under various forms: home dirt, affected plant growth, diminished quality of
agricultural products, reduced visibility, unpleasant smells, and most importantly i m-
paired health. As an unanimous conclusion, all completed research highlight the effects
of atmospheric pollution as being a series of consequences on the climate, like: the
greenhouse effect determined by the increase of carbon dioxide, cooling generated by
an increase of particle concentration in the air, and modifications of the ozone layer.
Further, disturbances of the cycles of carbon, oxygen, sulphur may occur, the latter b e-
ing already well-observable by the increasingly acid rains. These immediate effects are
completed by other indirect categories of damage and expenditure due to atmos pheric
pollution, like replacement and protection of precision apparatus, new sanitary meas-
ures in food industry, medical costs, the cost of work time lost due to working incapa c-

ity of individuals suffering from consequences of atmospheric pollution.
The paper brings an analysis of future technologies and possibilities of diminishing

polluting emissions of heat engines.

Key words: pollution, catalytic converter, exhaust

1. Introduction

The amount of energy, the chemical,
metallurgical and cement industry, street and
aerial traffic are some of the causes who
made the pollution to be higher. This may
appear due the amount of the air components
(ozone, CO,), or due the apparition of the
radioactive elements and organic parts.

An important category, but not the prin-
cipal one, of pollution is composes from the
mobile sources, automotive, aviation, rail-
way and naval transports. The automotive
transport has the higher emissions of CO,
Nox and hydrocarbons. The studies show
that more than 80% from CO emissions are
made by the automotive transport.

The intense traffic from the cities, the
exhaust gases and the particularity of the
traffic in the congested zone, more or less
closed, all of that made the pollution to be
studied in an attentive way. In addition of
the pollutants reminded earlier, the thermic
engine exhausts other substances like aro-
matic hydrocarbons, benzopiren who is a
strong cancerous element.

2. Equipments for the limitation of the
pollution elements from the exhaust gases
The are more possibilities to process the
exhaust to aim the reduction of the pollut-
ants emissions:
e chemical system — by oxidation reac-
tions
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e physical systems — by keeping the
particles

e mixed systems

To achieve these systems, there are more

proceedings:

e the air injection in the exhaust gas
flow — to provide a sufficient quan-
tity of oxygen for the incomplete re-
actions

e by maintain a higher temperature for
the exhaust gases for a long time by
thermical reagents, for carrying on
the oxidation process from the burn-
ing chamber

e the neutralization of the polluants —
by catalytically reagents. For these
are used precious metals — platinum,
rhodium in thin layers on the ceramic
support.

e retaining the solid particles — Pb for
the Otto engines, SO4, NO;, and

These installations and equipments
works for the limitations of the exhaust
gases and another king of gases, like those
made by evaporation in the crankcase of the
engine or in the fuel tank. In this way is
achieved indirectly the efficiency of the fuel
consumption.

Insulation

Intake

[ Injector J [
system

Ignition ]

Converter

Oxygen

Burning
1
sensor

chamber

PbO4 for Diesel engines.
NOX/’—P;—_
Maximum | HC /,.
efficiency Air _’[ Air
zone flow
CcO
Fuel mixture
— >
Rich Poor

A)

Three way converter

B)

fig. 2

In this category, we included the cata-
lytic converter, EGR (the exhaust gas recir-
culation), EVAP (evaporative emissions),
PCV (positive crankcase ventilation), AIR
(air injection reaction), etc.

The catalytic converters are made to pro-
vide the effective control of emissions, espe-
cially the principal components CO, NOx
and HC emissions that are made by chemical

reactions in neutral components or less nox-
ious.

The catalytic is a chemical substance that
produces a chemical reaction between other
chemical substances, without his implica-
tion.

For the optimization of the performances
in a short time after the turning on the en-
gine, the catalytic converter is placed in the
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exhaust pipe, in proximity of the engine, so
that is heated in a very short time after the
turning on. This technical solution provides
heated gases from the burning process (more
thermic active).

The exhaust gases enter in the catalytic
converter — an iron case that has the chemi-
cal substances — aluminum oxides, platinum
oxides. These substances cover a porous ce-
ramics made like a honeycomb or little
spheres placed around exhaust pipe. The
chemical reactors transform CO in CO, and
hydrocarbons in CO, and H,O. Some cata-
lytic converters have a third layer with
chemical substances — platinum and rhodium
— who reduces NOx.

In figure 2B is represented the place of
the catalytic converter in the entire system
and in figure 2A in represented the mixture
zone for maximum efficiency.

In case of Diesel engines, the catalytic
converter has two functions: reducing the
polluants emissions and the control of sul-
phide forming in case of high temperature of
the exhaust gases. It use the dual converter,
in first phase (platinum) the hydrocarbons
are reduced and in the second phase (palla-
dium) are reduced the particles.

An optimum functionement is obtained
by oxygen sensors that realize the optimum
composition for the inlet gases and for those
burned — figure 3 a, technical solution that
use two oxygen Sensors.

The first one — placed in upstream of the
converter — show to ECU if the fuel mixture
has more or less air and the ECU realize the
necessary correction for the optimum func-
tionement.

The second one determines if something
is wrong in converter functionement. In this
case the converter has to be replaced.

The modern converters are made from
two parts: the first — the three-way converter
reduces hydrocarbons, CO and NOx and the
second part reduce supplementary and CO.

for this purpose, an amount of air is injected
in the center of converter from an air pump.

7y
2 EGR valve
="

>

Sensor 2

Sensor 1
0
77

Converter

Vacuum

Diaphragm

Qpen valve

Closed valve

_i_

Air admission » *

b)
fig. 3

EGR — exhaust gas recirculation — re-
duces the burn by inducing a little quantity
from exhaust gas in the fresh mixture of fuel
for the purpose to reduce the temperature so
that the NOx are not produced. At these
temperatures (1370C) the nitrogen from the
air mixture combines with oxygen and pro-
duce oxides. These with hydrocarbons made
the so-called smog. In this case the EGR is
not functioned.

There are two kind of EGR

o for internal recirculation of exhaust

gases — realized with correct timing
of the valves

o for external recirculation — realized

with EGR control by gas pressure.

The experiments shows that in case of
Diesel engines at 10% recirculation and 90C
cooling the NOx are falling down with 25%.

Figure 3 b shows the EGR controlled by
gas pressure.

The crankcase gas recirculation is neces-
sary because some of the gases produced by
burn process, especially in case of used en-
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gines, are slip out down the crankcase. They
have a corrosive action. For eliminate them
is used the system called PCV — Positive
Crankcase Ventilation who use a flexible
pipe who send them in the admission sys-
tem. The problem in this case is how to
manage the fuel mixture so that the optimum
composition not to be affected.

The amount of gas recirculated may
achieve 20% from total quantity of exhaust
gases. The problems that appear in this case
are that the gases are not exhausted properly.
For the control is used a circuit who manage
the gas trajectories to the intake manifold —
figure 4. The system has a valve — figure 5 —
who remove the negative effects of the ven-
tilation process.

- at low load the ventilation is high, in-
crease the oil fragments and fuel con-
sumption

- at high load the ventilation is not
enough

The valve is closed by an elastic element
when the engine is off. At the normally work
of the engine the vacuum in the intake mani-
fold opens the valves and the gases are
eliminate in the intake manifold. If the en-
gine produces misfire PCV is completely
closed because the high pressure and the
flame is blocked to access in the crank-
case.EVAP systems — reduces the emissions
resulted from the fuel evaporation and is
composed as shown in figure 6 from:

- carburetor

- valve for pressure control

- ventilation chamber

- switch

- vaporization valve

- tank

The vaporization valve E, has the open
motion modulate and permits to the exhaust
gases results from the ventilation chamber to
enter into the exhaust pipe when it is on the
position open. The low pressure from intake
manifold and the air pressure from the venti-

lation case that is a little bit high that has ac-
tive coal made the vapors flow.

\ Air filter

Intake manifold

PCV valve

fig. 5

AIR - air injection reaction - are neces-
sary because in the moment of burns inside
the engine a part of hydrocarbons are not
completely burned and in absence of oxygen
results CO. the exhaust gases are sufficient
hot to continue the burn process if is suffi-
cient amount of oxygen.

The AIR system aim to reducing the hy-
drocarbons no burned and CO from exhaust
gases by directly injects the fresh air into the
exhaust pipe. This supplementary air main-
tains the burning process for all the compo-
nents no burned in the engine cylinders.

The air pump sends compressed air in
the exhaust pipe and also to the converter in
some cases.

In figure 7 is presented an installation
AIR and the connectors.
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fig. 6
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fig. 7

The analyze of fake ignition is realized
by OBD II. The system uses a sensor that
determine the position of crankshaft so the
system determines the fluctuation of this
element due to none uniformly ignitions.
The problem is more important at high loads
and other kinds of solicitations (road,
shocks). The effect of this problem is higher
fuel consumption, higher polluants emis-
sions.

In figure 8 is shown two kinds of dia-
grams — normal ignition and false ignition.

Erors 16%

/\A/\ A[\AA / l\/\
T UU\/ il V

Time—> b)

fig. 8

3. The diffusion of pollutants

Discontinuous estimates of atmospheric
stability, respectively for turbulence inten-
sity, involve a discontinuous in the process
of numerical evaluation of concentrations.
Usually estimates one concentration — nu-

C 9 9 7t = Vi
(xyz ) (2n)2/36x6),02

s}

where

0 exp[—

merical value — for each one of the category
of atmospheric stability.

The relation in X, y, z coordinates, where
OX is oriented in wind direction and OZ is
vertically aligned, in case of instantaneous
emissions are:

et
=]

Q — quantity of the pollutant instantane-
ous emitted;

(1)
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o — the dispersion parameters along
those three axes of coordinates

U — the wind velocity m/s

The source is placed in point (o, o, H) —
in the origin of system

The center of smoke screen is displaced
along the parallel OX, at the H high with u
velocity. It must be noticed that in this rep-
resentation isn’t an distinct extremely, it is
all over the space. In resolving the equation
(1) it has been found that it decrease rapidly
at once with shifting from the center of the
smoke screen.

4.Methods for reducing the pollutants
emissions in exploitation

The only and effective method to reduce
the nocives emissions is to adopt technical
measures who provide the optimum way to
reduce the concentration of polluant emis-
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In many cases the maintenance of the
engine although they were made for reduc-
ing the polluants emissions provide a very
bad results and all the measures were unse-
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CUTTING FORCE IN HIGH SPEED MILLING OF ALUMINUM
ALLOY

Milena Folea
m.folea@unitbv.ro

In this paper are presented the experimental results of a study regarding cutting
force during high speed milling of aluminium alloy AA 6063-0. Aluminium alloys
are light alloys that generally cause little tool wear both in conventional and high
speed machining. On the other hand, at high cutting speeds stability and required
power of spindle speed could be a problem and interventions may be necessary to
reduce cutting force. In order to establish which parameter is affecting more the

cutting force during high speed end milling, its components were measured and
analyzed.

L.Introduction saw blade with large diameters. In his pat-
High Speed Machining is controversial ent, Carl Salomon described that, for all
concept since it was patented in 1931 by the  studied materials, increasing cutting speeds
German researcher Carl J. Salomon [1]. He made temperature to rise to a maximum
managed to machine steel, aluminium, cop- point and to decrease again after a certain
per and bronze by chip removal rate with cutting speed was exceeded (Fig.1).
high and very high cutting speeds using a

A

5)
> Consvemi?"a' Non Machinability Domain High Speed Domain
5 ee
% J ngain . (Transition Domain) ’ N
5 [« ple pl<t >
a
S
2
o
£
5
]
Tmax “VGHCY of
the Death”
Vmax conv. Vimin HS

Cutting speed [m/min]
fig. 1. Presumed behavior of metals at cutting speed variation

In Fig. 1 were used the following nota- speed for conventional speed domain; Vi,
tions: T.x — maximum accepted limit of cut-  yg- minimum cutting speed for high speed
ting temperature; Vimaxconv.- maximum cutting  (HS) domain.
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Carl Salomon defined two machinabil-
ity domains: one at usual (conventional) cut-
ting speeds) and the other at high cutting
speeds. These two domains are separated by
a very low machinability region where tem-
peratures are very high and cause rapid tool
wear. In US literature this region is named
“Valley of the Death”. To enhance the ad-
vantages of Salomon’s technology, the high
speed machinability domain was named the
“Promised Land” [1, 2].

It can be observed in the previous figure
(Fig. 1.) that the temperature T, limits the
machinability zones at high and conven-
tional cutting speeds. At this temperature,
tool life is aproximatevely the same and has
its lowest acceptable level. Any increase of
temperature would damage tools faster, so
above T,.x metals are no longer in the ma-
chinability domain.

There are two important issues regard-
ing the original concept of high speed ma-
chining patented by Carl Salomon:

e the term “cutting temperature” it was
not clearly defined, being interpreted by dif-
ferent researchers as “tool tip temperature”
and as “workpiece temperature” [2];

o the term “high speed” referred only at
high cutting speed, not at high spindle speed,
or high removal rate or high feed [1].

Even today, at almost 80 years after
High Speed Machining was patented, the
limits of conventional and high speed ma-
chining zones are disputed. One of mostly
known definitions of high speed domain is
proposed by Institute of Production Engi-
neering and Machine Tools of Darmstadt.
Specialists of this institute consider “high-
speed machining as being such that conven-
tional cutting speeds are exceeded by a fac-
tor of 5 to 10 “[1]. High speed machining
was also defined as machining with high
spindle speeds from 15000 to over 50000
rpm. Some specialists prefer considering
multiple and unspecified criteria definition

like “H.S.M. is a machining technique that
uses chip removal, and is characterized by
cutting conditions that are 4 to 10 times
more effective than conventional machin-
ing” [j]. Cutting conditions being generally
considered one of following: cutting speed,
spindle speed, cutting feed, removal rate
(productivity).

2. Machining Aluminium Parts

Aluminium was the first material indus-
trially machined by chip removal with high
cutting speeds. Due to its low melting tem-
perature, aluminium and aluminium alloys
have a strong tendency to weld on cutting
edge. Therefore they are usually milled and
turned with cutting speeds above 100 m/min
[3]. Aluminium and aluminium alloys are
highly involved in electronics, aerospace
and automotive industry.

High cutting speed allows milling alu-
minium thin walls down to 0.2 mm thick-
ness. This allows making machine parts in
one aluminium block instead of many as-
sembled parts. It is a great economic advan-
tage for aerospace industry and in the same
time the risk of disassembling is reduced
meeting aerospace requirements for safety.

In machining aluminium alloys, tem-
perature in the cutting zone does not rise to
dangerous values for the cutting tool be-
cause of the low melting point of workpiece
material. When using carbide tools, unlike
for harder materials, in case of aluminium
alloys, tool wear is low [4, 5]. Generally,
aluminium allos are considered having high
machinability. One possible problem is re-
lated to cutting force during machining. Ra-
dial component of the cutting force causes
deflection of small tools and tangential force
influences power and energy consumption
that are important at high spindle speeds.

3.Experimental Investigation
Workpiece material used during the ex-
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periments was an annealed aluminium alloy
codified as AA6063-O. Apart from alumin-
ium, this alloy has other elements in its
chemical composition:

Table 1. Chemical composition of
workpiece material

Al [OSAi] Fe[%]{Mg[%]|Cu[%]|Mn[%)]|Zn[%] | Ti[%]|Cr[%]
bal- 0;2 max |0.45+| max | max | max | max | max
0l 035 | 09 [0 | o1 [ o1 |01 |0l

Research showed that most of materials
can be machined by high speed milling, but
good results are only obtained by careful se-
lection of cutting parameters [6,7]. Ma-
chinability during end milling at high cutting
speeds of aluminium alloy AA 6063-O is
most influenced by following physical and
mechanical properties:
melting point at 600 °C
density of 2700 kg/m’
tensile strength over 100 Mpa
Vickers hardness of 25 HV
elasticity 69.5 GPa
thermal conductivity about 200 W/m-K
The set of experiments has been per-
formed in high speed milling domain on a
21 kW machining center equipped with a
spindle allowing maximum 24000 rpm. The
cutting tool was a Hitachi end mill (AHU-

Fy

Fa

1016R-2) with 16 mm diameter and two cut-
ting edges. Milling cutter was equipped
with PVD coated carbide inserts (Fig. 2).

fig. 2. Cutting tool and inserts in 3D
representation

Cutting force components were meas-
ured with a Kistler dynamometer connected
to a PC. Measured data was recorded and
processed using a LABVIEW application.
The dynamometer measured instantaneous
values of three cutting force components:

e F, on transversal direction of feed;
e F, on feed direction;
e F, the vertical component.

In practice, knowing these components
in the measuring device reference is impor-
tant because they allow finding tangential
and radial components (F; and F,) in the tool
reference. Instant values of F, and F, compo-
nents can be easily determined if cutting tool
position is defined by the cutter rotation an-
gle ¢. Axial component in tool reference F,
and vertical component in dynamometer ref-
erence F, are equal( Fig. 3).

fig. 3. Dynamometer reference system (F,, Fy, F,,) and tool reference system (F,, F, F,)
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Relations between the components of
cutting force in the two references systems
(Fig.3) are expressed with equations (1), (2)
and (3):

F,=F,cos(g)-F,sin() (1)
F,=F,cos(@)+ F,sin@)  (2)
F,=F, 3)

Components of cutting force are not
constant during milling because chip thick-
ness is variable from zero to its maximum
value (feed per tooth) and again to zero. For

Not Filtered | Filter E

static analysis average force components Fj,
Fy, and F, were calculated in the LabView
application.

Cutting forces were displayed on the
computer screen as they were measured in
real time by the dynamometer’s quartz
sensors. Due to vibrations, signal was
altered and had to be filtered in order to give
a correct image of measured cutting force
(fig.4).

3
v

fig. 4. Force component F, —unfiltered signal (above) and filtered signal (below)

All tests were carried on with spindle
speeds over 15000 rpm and cutting speeds
over 900m/min in dry conditions, no coolant

being used during the tests. Cutting condi-
tions during experiments are presented in ta-
ble 2.

Table 2. Cutting parameters range for experimental work

Cutting parameter Symbol Unit Values
Spindle speed n rpm 17914; 21894
Cutting speed Ve m/min 900; 1100
Feed per tooth f, mm/tooth 0.05; 0.15; 0.25
Radial depth of the cut a. mm 16
Axial depth of the cut a, mm 1;3

In order to estimate the influence of cut-
ting parameters on the cutting force, two sets
of experiments were done at 900 m/min and

at 1100 mm/min combining the different
values presented in table 2 for parameters
feed per tooth and axial depth.
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4. Results and Discussions

The purpose of this paper was to study
the impact of cutting speed, feed per tooth
and axial depth on cutting force. Consider-
ing that cutting force is the resultant of its
F,, F,y and F, (equation 4), the influence of
cutting parameters was analyzed separately

A
Fx [N]
300

250 A

200 1 —4—ap=3mm;

vc=900m/min

150 1 == ap=3mm;
vc=1100m/min
100
ap=1mm;
vc=900m/min
50
=>6=ap=1mm;

vc=1100m/min‘

for each component.

Fo= R+ 2+ F? “)

For better illustration, measured force
components were graphically represented
(fig.5 and fig.6).
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fig. 5. Transverse cutting force component Fx and longitudinal component Fy

For both horizontal components of cut-
ting force, Fy and F, , the most influent fac-
tor is axial depth of the cut. Values of these
components also rise when feed per tooth is
increased. As cutting speed is concerned, it
can be assessed that it slightly decreases cut-
ting force components F, and F,. In Fig. 5,
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W

curves of force components corresponding
to 1100 m/min are situated closely under
those corresponding to 900 m/min. The hier-
archy of cutting parameters affecting com-
ponents F, and F, is: axial depth of the cut,
feed per tooth and cutting speed.

=@®—ap=3mm;
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fig. 6. Axial (vertical) cutting force component F,

Regarding the vertical component F,, in
Fig. 6 is shown that raised values for axial
depth determined small increases of this

component. It can also be observed that for
low and high values of feed per tooth com-
ponent F, has a better behaviour that for me-
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dium values of feed per tooth. the other hand, tests showed that the less in-
fluencing parameter on the cutting force was
5.Conclusion the cutting speed.
Results presented in this paper show the
dependence of cutting force components on 6.Summary

Introduction

Machining Aluminum Parts
Experimental Investigation
Results And Discussion
Conclusion

cutting parameters cutting speed (v.), feed
per tooth (f,) and axial depth (a,). The tests
confirmed that in high speed milling of alu-
minium, as in conventional speed milling,
the most important factor influencing the
cutting force is the axial depth of the cut. On

DAL=
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RECONDITIONING OF SURFACES SUBJECTED TO INTENSE
WEAR, OF PALLETS FROM THE ROTORS OF COAL GRINDING
MILLS, USED IN THERMOELECTRIC INDUSTRY, THROUGH
LASER-HYBRID PROCESS

Adrian Galea Lucian Feraru Dan Floricel Iacob Nicoale Trif

This paper presents the reconditioning process, of surfaces subjected to intense
wear, of rotors from coal grinding mills, using an automatic Laser-Hybrid process.
The application’s purpose is to improve the lifecycles of these installations from

Thermal Power Plants.

Keywords: Intense wear, Coal grinding mills, Laser-Hybrid, Automation

1. Introduction

Electricity and thermal energy, ranks
charcoal fuels as the world's second energy
source, supplying today 25% of global en-
ergy needs. The use tendency of this energy
source is growing, being estimated to ac-
count about 28% in 2030.

fig.1 Coal grinding mill

This paper presents a study regarding
improvement lifecycle of coal grinding ac-
tive elements of a thermal power plant.

A key component of a, coal as fuel,
power plant is the grinding mill (Fig.1). This
installation acts as active link, drying, grind-
ing and sorting the fuel in one step.

Burning coal fuel occurs as coal powder
having a typical density of 285 g/m’.

2. Grinding mills

Feeding of each coal (fan) grinding mill
(fig2.1) is done using feeding conveyors
(fig2.2). Coal feeders are below coal bun-
kers (fig2.3) and can be disconnected from
them using manually operated sliders
(fig2.4) with wheels and chains. Dosing coal
flow is achieved through varying feeder’s
speed using a speed shifter with chain
(fig2.5). The feeder can be disconnected
from the boiler for repairing operations us-
ing the manually operated slider (fig2.6).
The aspirated burned gases (fig2.7) from
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fireplace are used to dry the coal before
milling. The burned gases together with
primary hot air (fig2.8), inserted to help
regulate temperature after separator, are also
used to transport the fuel.

Through the primary air channel is
mounted a manually or automatic operated
slider.

In case of overcoming of 180 °C after
the separator and if the primary hot air slider
is open, cool atmospheric air is inserted in
the mill using the manually or automated
operated slider (fig2.9). On mill’s suction it
is mounted a manually operated slider
(fig2.10) to isolate the mill for repairing op-
erations. After the coal grinding mill it is
mounted a coal powder sorting device
(fig2.11). On exit branch of sorting device a
slider regulate the coal powder quantity to
be recirculated. Burning coal powder is
made in six burners with slots (fig2.12).

12

|
|
]

R SRRT

I
v i i e el 5 i e 4 i

T
fig.2 The functioning principle of a prepar-
ing and burning charcoal powder

Each coal grinding mill feed two overlapped
burners. Coal powder feeding line is divided
in six branches (Fig2.13) after the sorting

device. On each branch an automatic oper-
ated mechanical slider (Fig2.14) is fitted
which is automatically closed on grinding
mill setting off. On main burner air supply
it is mounted a Pitot tube (Fig2.15) to meas-
ure the flow and a mechanically operated
fold (Fig2.16) to regulate the secondary air
flow. Each branch is fitted with a manually
operate slider (Fig.2.17) to manage the air
flow. These sliders are manually operated
using a flexible cable from a panel mounted
near to the inferior burners.

The grinding process is a mechanical
process which applies intense wear on a se-
ries of components of the charcoal grinding
mill.

The state of wear is the result of wearing
process which appears as a changing of di-
mensional characteristics, geometry and the
initial state of the afflicted part’s surfaces.

As consequence of the wear process the
physical and mechanical characteristics of
the shallow layers of parts are changing:
sometimes it is possible to have a reduced
harness of the superficial layer of the part
along with wear increase; it is also possible
to have an increased hardness as a conse-
quence of the strain of steel alloy causing
further an progressive increase of fragility
which finally amplifies the wear of the su-
perficial layer of the part.

3. Unit subjected to wear

In case of charcoal grinding mills, the
most afflicted by wear parts, are the rotor’s
pallets and the fixed counter pallets. The
wear process occurs during the feeding
process of the mill’s rotor (Fig.3), on the
lower side, and also in the same time during
the grinding itself on the upper side of the
rotor.

Giving the speed of the rotor, the short
distance between rotor’s pallets and the
fixed counter pallets, about 30mm, an in-
tense wear process occurs as result of the
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shearing forces involved in crushing the coal
conglomerates.

fig.3 The rotor of the coal grinding mill

The generated heat from the coal grinding
process along with the hot air used, about
120°C, to dry the coal before being grinded
lead to an increased wear of the pallets of
the rotor. An integrated safety device is acti-
vated when the temperature in the grinding
mill reach 200°C. The lifecycle of the typi-
cal pallets is above 1000 functioning hours,
making these parts the weakest link of the
entire assembly.

fig. 4 Worn surfaces of the pallets

The intense wear (Fig.4) of these parts after
completion of a lifecycle makes it difficult
to apply a reconditioning operation which is
time costly and expensive.

In Figure 4 it can be observed the in-
tense, unevenly distributed wear, of three,
side by side, mounted pallets. The most se-
vere wear occurs on the outer (Fig4.3) pallet
because the shearing force used to crush the
coal conglomerates occurs between fixed
counter pallets and rotor’s outer pallets. The
wear can lead even to piercing of the pallets
(Figd.2). The most common steels from
which these pallets are made of are:
P460NH, P460NL1, S355NL and other al-
ternatives.

4. Reconditioning process

Today’s wear reconditioning process of
the mill’s pallets is based on loading with
manual welding using SUPERBASE weld-
ing rods. In case of low wear degree of the
rotor’s frame the pallets are manually ex-
tracted to be processed. If necessary, the en-
tire grinding mill’s rotor assembly, weight-
ing in excess of 2000kg, is extracted using a
mobile pulley to be transported in the spe-
cialized repairing shop. The reconditioning
process, using manual electric welding of
such a great number of units (pallets) per
grinding mill is very time consuming and
implies a numerous involved personnel. As a
direct cause of uneven flow of the coal con-
glomerates from the feeder in to the mill’s
rotor, irregular cavities occurs on the pallets
surfaces. The surfaces of the pallets to be re-
conditioned must be prepared by leveling.
Still, the wear texture brings an advantage
by giving a better grip of the newly deposed
layer on the base material, preventing the
risk of exfoliation.

Adopting a new technological process
for reconditioning of coal grinding mill’s
pallets faster and along a cost reduction is a
necessity. A solution, based on the con-
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ducted experimental study, is implementing
of a new loading with welding technology
using a relatively new process: Laser-
Hybrid. This process is a blend between
electric-arc welding in a gaseous shielded
environment and Laser welding. High pro-
ductivity, small amount of thermal energy
induced in the system along other advan-
tages, recommend this process.

Figure 5 shows a Laser-Hybrid welding
head mounted on an industrial welding robot
manufactured by CLOOS from ROMAT se-
ries, controlled by an advanced numeric con-
troller of type ROTROL. Mounting flange
(Fig.5.1) holds the complex welding head on
the robot’s arm.

fig.5 CLOOS Hybrid-Laser welding head

Laser guiding connection (Fig.5.2) in-
sures a correct positioning of the laser beam
(Fig.5.3) featuring as shielding of the laser’s
optical system a transversal air jet (Fig.5.4).
The welding head positioning is made with
an actuator (Fig.5.5). The welding electrode

wire is actuated by a CLOOS Duo Drive
(fig.5.6) system and the gaseous shielded
environment welding head is of type
MIG/MAG (fig.5.7). Electrodes wire along
tubing for gas transport is shielded together
by the flexible tube (fig.5.8) and the connec-
tion (fig.5.9) insures the control of the entire
system. A major advantage of the Laser-
Hybrid process Laser-MIG/MAG is the high
deposition rate along a good penetration,
quality which may require a reduced number
of deposition layers implicitly a reduced
number of steps. Along a good welding
process it must be added a good quality ma-
terial. An optimal material considered for
this application, which can increase the life-
cycle of the parts subjected to intense wear,
was considered

STI-TIC. STI-TAC is a tubular electrode
wire with self-protection suited for hard
layer deposition using fully automated or
partial automated welding processes. It is
deposed a metal layer which contains a great
quantity of fine constituents having elevated
hardness. This layer provides excellent me-
chanical characteristics such as endurance to
severe abrasion, erosion and violent shocks.
The deposed layer is afterwards grinded.
Recommended applications for this type of
material depositions are: hammers for min-
erals grinding mills, milling rolls, excavator
bucket teeth, earth scraping blades, crusher
jaws and others.

Tablel Composition of the deposed material

C% [ Mn% | Si% | Ct% | Mo% | Ti%

1,80 | 1,70 | 0,30 | 7,00 | 1,50 | 4,50

Material hardness: 55-62 HRC
Table 2 Welding process parameters

Diame- | Tension | Welding | Advance
ter [V] Current speed
[mm] [A] [m/min]
2,4 24-30 250-350 4-6
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STI-TIC it is welded with a continuous cur-
rent power supply, with a rigid characteris-
tic, and the positive pole at the electrode
wire; the length of the free end is generally
20 — 25mm. To achieve a compact deposit of
material it is recommended a circular swing-
ing of the electrode wire. A maximum of six
layers is achievable. Before beginning the
reconditioning process of loading with weld-
ing of hard layers on the part, the afflicted
surfaces must be prepared, by removing the
tired layer of material and also of exfolia-
tions or impurities.

5. Process automating

Adopting the Laser-Hybrid welding
process was a major improvement of the pal-
lets reconditioning process, also for rotor’s
armor and of other components of the coal
grinding mills which allows further im-
provements to this process by automating it.
As the number of parts to be reconditioned
per mill unit and the short time avaible for
this operation, implementing of a flexible
unitary system as a fully automated welding
cell, enables achievement of optimum re-
conditioning efficiency.

fig.6 Automated welding cell

Such automate welding cell (Fig.6) it is
composed by a CLOOS welding robot, se-
ries ROMAT, equipped with a Laser-Hybrid

welding head and a twin rotating plate ma-
nipulator CLOOS ORBIT 5000, controlled
by a CLOOS ROTROL controller.

6. Experimental study

The purpose of this study was to im-
prove the endurance of intense wear pallets
(Fig.4) of a coal grinding mill (Fig.1) be-
longing to thermal power plant of city Bra-
sov. From the practical knowledge of the
grinding mill operators it was established
that the average lifecycle of the coal grind-
ing mill’s pallets was about 1000 function-
ing hours, having the shortest functioning
lifecycle.

fig.7 Laser-Hybrid reconditioned pallets

Based on this conclusion, a study was con-
ducted on one of the coal grinding mills that
were at that time in the repairing process.
The Laser-Hybrid process was conducted on
the rotor’s pallets using a CLOOS ROMAT
320 industrial robot fitted with an adequate
welding head.  After approximate 2000
functioning hours the STI-TIC reconditioned
pallets were still in satisfactory functioning
shape (Fig.7). The added wear layer compo-
sition is specified in Table 1. We can con-
sider that this application had the expected
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results, thus providing opportunities to im-
prove the reliability as well to other compo-
nents of the installation.

7. Conclusions

The experimental results obtained by the
combination of laser and MIG / MAG weld-
ing (Laser Hybrid) proved that it is a viable
option for reconditioning of products subject
to heavy wear and reduce the cost of repair-
ing with a minimum endowment can be
made by an average qualified personnel.
Loading worn surfaces by welding mecha-
nized / automated is applicable not only to
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RESEARCH ON DETERMINING THE HYDRAULIC ACTIVITY OF
ASHES FROM THERMOELECTRIC POWER STATION

A.Marmandiu R. Popescu C. Bancila M. Carstea

The present paper presents researches on determining the hydraulic activity of
ashes from thermoelectric power station. The ashes from thermoelectric power
station are in the present and future time the main important industrial waste
which due to its chemical composition and hydraulic properties can provide
source of raw materials for cement, concrete ceramic, etc.

Keywords: hydraulic activity, ashes, industrial waste, etc.

Introduction

The fly ash are silico-aluminous
materials are derived from combustion of
coal finely powered in thermal power
station The ashes from thermoelectric
power station are part of pozzolanic
category. The ashes from thermoelectric
power station are artificial pozzolanic -
results in the form of secondary products
— at burn in airborne of coal finely
crushed.

Hydraulic activity, called and the
activity pozzolanic represent the
capacity of materials active hydraulic to
react with calcium hydroxide and
include two sizes:

e the amount of Ca(OH), material
which can bind and

e speed with which this process
takes place.

Both quantities depend in important
measure of nature a material and
hydraulic active in its active phase.
Hydraulic activity of ash from thermal

depends both on their oxide and
mineralogical composition and the
shape, size and texture granules.

Knowledge of hydraulic capacity
respectively pozzolanic of ashes presents
a major interest to determining the
optimal processes activation, to assure
formation of the structure of resistance
and products durability, compatible with
the areas of use and with requirements
generated by operating. Depending
on the principle that underpins
determining hydraulic activity, methods
are classified in unit and combined.

Methods unit seek to express the
hydraulic activity taking as a criterion a
single test that can be mechanically,
physically or chemically.

1. Mechanical methods

The mechanical methods are based in
principle on testing the resistance to
compression of mortar made of binders
with ashes.
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One of the principals  mechanical
methods is the method Feret .

It was among the first tests studied
and consists of the evaluation of
hydraulic activity depending on the
resistance to compression. The resistance
to compression R, is deducted on cement
mortar with the formula proposed by

Feret:

c 2
RC_K{C+A+V} M
Where: C is the quantity of cement
without ash,

A - the quantity of water,

V- the volume of air,

K, - activity coefficient of the
binder at the time t.

The samples used for determining
the resistance to compression are made
of identical mortars with a maximum
compactness arranged through a proper
granulosity, volume of pore which is
constantly low can be neglected, and the

relationship (1) can be written as:
2

1

— ®
1+—
C

R =K,

With the relationship (2) is can
deduce the coefficient of hydraulic
activity K at different ages:

A 2
Kt :Rc|:1+E:| (3)

For evaluation of hydraulic
activity of ashes are determined the
mechanical resistances by cement mortar
with inert added in the first phase,
situation in which the value Kt remain
constant.

Feret method allows a comparative
assessment of the activity of hydraulic
materials and consists in determining
the mechanical resistances and drawing
diagrams of the type of figure 1.
Hydraulic activity of the material
examined is evaluated depending on the
size of the area located between the two
curves, which is in fact a contribution of
active hydraulic material to the
development of resistance structure.
After the chart in figure 1, it considers
that a hydraulic material is more active if
the curve of variation of mechanical
resistances of binders is more distant

than the curve associated with inert
material.
:
2
&
0 20 40 60 80 100 120

% Imert or Hydraulic material

fig.1 Diagram Feret

2. Physical methods
Complex thermal analysis method

Was applied using a apparatus designed
to trace the 3 curves simultaneously
depending on temperature:

o Differential thermal analysis curve
(ATD) which result
temperature difference between sample
and inert substance

o [AT=f(1)]
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o Gravimetric thermal curve (TG)
which metering the variations of mass
during heating

o [m=f(T)]

e Gravimetric derived thermal curve
(TGD) which expressing the derivate of
the variations of mass respectively the
speed changes of mass

dm
( = (t)j (©)
Samples analyzed are made of ash,
Ca(OH), and water for normal
consistency paste.

In the figure 2 are presented the
derivatograms for different types of
ashes.

Cenusa 1

Cenusa 2 Cenusa 3

fig. 2

Is established following:

o the first endothermic effect, submit
a maximum at 120-130°C, being more
pronounced for ashes 1, which means
that they made greater amounts of
calcium silicates, as compared with the
rest of ashes;

e the second endothermic effect are
at 500°C only appears at ashes 3 and
attests that a portion of the amount of
Ca(OH); not reacted with oxides of
ashes. In this way can be inferred that
this ashes is more reactive;

e the third endothermic effect is
determined by the phenomenon of
washing of the carbonates by CaCOs.

3. Chemical methods

The chemical methods leave to the
premises to establish a correlation
between chemical composition and
hydraulic activity of ashes. An important
role in these methods has the capacity
reaction SiO,, Al,Os3, Fe,O;, from the
ashes with CaO used as additive with the
formation of hydro-silicate, hydro-
aluminate etc.

Has demonstrated that there is a
close connection between  hydro
components of calcium and hydraulic
activity of ashes. This finding is rational
but by chemical methods becomes
difficult to assess, it is reach a wide
variety of them and some contradictions
and incongruity between the results.

Chemical methods depending on the
principle which is based can be
categorized:

e methods based on dissolution in
acid a ashes in natural state, and mixed
with lime (3:1) and braced a preset time.
Is determine the quantity of SiO,, Al,Os,
Fe,Os dissolved in natural ash and
strengthened with lime. Thereby is
determining the quantity of ash.

¢ methods based on measuring the
speed of reaction of ashes with CaO in
solution.

4. Conclusions

The fly ash are silico-aluminous
materials are derived from combustion of
coal finely powered in thermal power
station The ashes from thermoelectric
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power station are part of pozzolanic Hydraulic activity of ash from
category. thermal depends both on their oxide and
Characterization of hydraulic activity —mineralogical composition and the

can be made by chemical methods, shape, size and texture granules.
physical methods and mechanical
methods.
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ENGINEERING PROPERTIES OF FLY ASH

A .M.Marmandiu R.M.Popescu C.Ploscariu M.Mosneag

The principal component of most fly ashes is altered clays reflecting prominence
in the dominant mineral phase in coal. Optimum reuse of fly ash can be achieved if
the chemical and physical nature of the ash is known, thus allowing its end use to
be engineered to the proper end state. The mineralogical and bulk chemical co m-
position of fly ash there are key fundamental properties that the engineer can ma-
nipulate. This presentations is being delivered as a tutorial which will highlight
the characteristics of fly ash as they pertain to engineering applications and sound

environmental utilization.

Keywords: fly ash, coal flowable fill, asphalt concrete, Portland cement concrete, embankment or fill

Introduction

The fly ash produced from the burning
of pulverized coal in a coal-fired boiler is a
fine-grained, powdery particulate material
that is carried off in the flue gas and usually
collected from the flue gas by means of elec-
trostatic precipitators, bag houses, or me-
chanical collection devices such as cyclones.

In general, there are three types of coal-
fired boiler furnaces used in the electric
utility industry. They are referred to as dry-
bottom boilers, wet-bottom boilers, and
cyclone furnaces. The most common type of
coal burning furnace is the dry-bottom
furnace.

Coal-fired power plants produce
approximately 80 million tons of fly ash
each year. Efforts to use fly ash have
reached only a twenty to thirty percent
reutilization rate. A literature review was
performed to provide a consensus of the
available information regarding fly ash. Fly
ash is highly variable depending on the coal
source, plant operations and several other

parameters. The  various fly ash
characteristics are discussed including
classifications, physical characteristics,
chemical properties and chemical
compositions. Although extensive research
has been performed on the use of fly ash,
very little of this research has monitored any
environmental impacts.
Fly ash reuse
The reuse of fly ash as an engineering

material primarily stems from its pozzolanic
nature, spherical shape, and relative
uniformity. Fly ash recycling, in descending
frequency, includes usage in:

- Portland cement concrete

- Embankments and structural fill

- Stabilized Base

- Asphalt concrete

Engineering properties

Portland cement -The use of fly ash in
Portland cement concrete (PCC) has many
benefits and improves concrete performance
in both the fresh and hardened state. Fly ash
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use in concrete improves the workability of
plastic concrete, and the strength and dura-
bility of hardened concrete. Fly ash use is
also cost effective. When fly ash is added to
concrete, the amount of Portland cement
may be reduced.

Generally, fly ash Dbenefits fresh
concrete by reducing the mixing water
requirement and improving the paste flow
beh&Boare of the engineering properties of
fly ash that are of particular interest when
fly ash is used as an admixture or a cement
addition to PCC mixes include fineness,
chemical composition, moisture content, and
pozzolanic activity.

Fineness: The fineness of fly ash is
important because it affects the rate of
pozzolanic activity and the workability of
the concrete. Specifications require a
minimum of 66 percent passing the 0.044
mmPozzolanic Activity (Chemical
Composition and Mineralogy): Pozzolanic
activity refers to the ability of the silica and
alumina components of fly ash to react with
available calcium and/or magnesium from
the hydration products of Portland cement.
ASTM C618 requires that the pozzolanic
activity index with Portland cement, as
determined in accordance with ASTM C311,
be a minimum of 75 percent of the average
28-day compressive strength of control
mixes made with Portland cement.

Heat of Hydration: The initial impetus
for using fly ash in concrete stemmed from
the fact that the more slowly reacting fly ash
generates less heat per unit of time than the
hydration of the faster reacting Portland ce-
ment. Thus, the temperature rise in large
masses of concrete (such as dams) can be
significantly reduced if fly ash is substituted
for cement, since more of the heat can be
dissipated as it develops. Not only is the risk
of thermal cracking reduced, but greater ul-
timate strength is attained in concrete with
fly ash because of the pozzolanic reaction.

Class F fly ashes are generally more effec-
tive than Class C fly ashes in reducing the
heat of hydration.

Permeability: Fly ash reacting with
available lime and alkalies generates
additional cementitious compounds that act
to block bleed channels, filling pore space
and reducing the permeability of the
hardened concrete. The pozzolanic reaction
consumes calcium hydroxide (Ca(OH),),
which is leachable, replacing it with
insoluble calcium silicate hydrates (CSH).
The increased volume of fines and reduced
water content also play a role.

Stabilized Base - Fly ash stabilized
base courses are proportioned mixtures of
fly ash, aggregate, and an activator (cement
or lime) that, when properly placed and
compacted, produce a strong and durable
pavement base course. Fly ash stabilized
base courses are cost effective substitutes for
properly engineered full-depth asphalt,
cement-treated, and crushed stone base
courses. Fly ash stabilized base course is
suitable for both flexible and rigid
pavements.

Some of the properties of fly ash that are
of particular interest when fly ash is used in
stabilized base applications include water
solubility, moisture content, pozzolanic
activity, fineness, and organic content.

Pozzolanic Activity: One of the most
important properties of fly ash, related to its
use in PSB mixtures, is pozzolanic activity
or reactivity. The pozzolanic reactivity is an
indicator of the ability of a given source of
fly ash to combine with calcium to form
cementitious compounds. The pozzolanic
reactivity of fly ash is influenced by its
fineness, silica and alumina content, loss on
ignition, and alkali content. Besides the
gradation of the aggregate used, the
pozzolanic reactivity of the fly ash is the
major contributor to the strength of the base
mix. Pozzolanic activity of fly ash with
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either lime or Portland cement can be
determined using the test methods described
in ASTM C311.

Fineness: Fineness requirements in
ASTM C593 specify that 98 percent of the
fly ash should be finer than a 0.6 mm sieve
and 70 percent finer than a 0.075 mm sieve.
Most fly ash is capable of meeting these
specifications. =~ Minimum  compressive
strength requirements when fly ash is
blended with lime at 7 and 21 days are also
recommended in ASTM C593.

Strength: Closely controlled curing con-
ditions are important as both time and tem-
perature significantly affect strength. Use
standard proctor-sized specimens; normal
curing for lime/fly ash/aggregate mixtures is
at plus 38 degrees C (100 degrees F) for 7
days. Some states use different curing times
and temperatures.

Durability: It is important to ensure that
adequate resistance to freeze-thaw cycling is
achieved before the onset of colder months.
The vacuum saturation test is normally used
per ASTM C 593.

Embankment or Fill - Specifications
for fly ash structural fills and embankments
aresimilar to specifications for engineered
soil fills. Proper placement and compaction
of fly ash fills is required to achieve the de-
sired strength and compressibility character-
istics assumed for design.

The physical and engineering properties
of fly ash that will determine the behavior of
the embankment are grain-size distribution,
moisture-density relationships, shear
strength,  compressibility, permeability,
capillarity, and frost susceptibility. Labora-
tory tests designed for testing soil properties
may be applied to testing fly ash. The
chemical characteristics of the fly ash affect
the physical behavior as well as the quality
of the leach ate produced by the ash. The
utility company or its marketing agent can
provide information on the physical, engi-

neering, and chemical composition of the
ash and leach ate characteristics.

Shear Strength: Shear strength tests
conducted on freshly compacted fly ash
samples show that fly ash derives most of its
shear strength from internal friction,
although some apparent cohesion has been
observed in certain bituminous (pozzolanic)
fly ashes. The shear strength of fly ash is
affected by the density and moisture content
of the test sample, with maximum shear
strength exhibited at the optimum moisture
content. Bituminous fly ash has been
determined to have a friction angle that is
usually in the range of 26° to 42°. A test
program involving shear strength testing for
51 different ash samples resulted in a mean
friction angle value of 34°, with a fairly
wide range.

Permeability: The permeability of well-
compacted fly ash has been found to range
from 10* to 10°® cm/s, which is roughly
equivalent to the normal range of permeabil-
ity of a silty sand to silty clay soil. The per-
meability of a material is affected by its den-
sity or degree of compaction, its grain size
distribution, and its internal pore structure.
Since fly ash consists almost entirely of
spherical shaped particles, the particles are
able to be densely packed during compac-
tion, resulting in comparatively low perme-
ability values and minimizing seepage of
water through a fly ash embankment.

Asphalt concrete -Fly ash can be used
as a cost-effective mineral filler in hot mix
asphalt (HMA) paving applications. Where
available locally, fly ash may cost less than
other mineral fillers. Also, due to the lower
specific gravity of fly ash, similar perform-
ance is obtained using less material by
weight, further reducing the material cost of
HMA. Mineral fillers increase the stiffness
of the asphalt mortar matrix, improving the
rutting resistance of pavements. Mineral fill-
ers also help reduce the amount of asphalt
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drain down in the mix during construction,
which improves durability of the mix by
maintaining the amount of asphalt initially
used in the mix. Fly ash will normally meet
mineral filler specification requirements for
gradation, organic impurities and plasticity.
Also, fly ash is hydrophobic (non-water wet
table) , reducing the potential for asphalt
stripping; the presence of lime in some fly
ashes may also reduce stripping. The physi-
cal requirements for mineral filler in bitumi-
nous paving mixtures are defined in
AASHTO M17 and are shown in Table 5-3.
These requirements include gradation, or-
ganic impurities, and plasticity characteris-
tics. Other properties of interest include
fineness and specific gravity.

Gradation. Most fly ashes typically fall
within a size range of 60 to 90 percent pass-
ing the 75 um (No. 200 sieve).

Fineness. There is no fineness standard
for mineral filler beyond the AASHTO M 17
gradation requirements; however, whetstone
Matrix Asphalt (SMA) was first introduced
to the U.S. in1990, often a requirement for a
maximum percent passing the 20um (No.
635) sieve was specified. Typically, fly ash
has 40 to 70percent passing the 20 um sieve
and performs well in mortar testing and field
performance.

Specific gravity. The specific gravity of
fly ash varies from source to source; it is
typically 2.0 to 2.6. Most "non-fly ash” min-
eral fillers have a specific gravity ranging
from 2.6 to 2.8; Stone matrix asphalt. Table
1. AASHTO M 17 specification require-
ments for mineral filler use in asphalt paving
mixtures.

Table 1. AASHTO M172%* specification requirements for mineral filler use in asphalt paving

mixtures.
Particle Sizing Organic Plasticity
Sieve Size Perc'ent Impurities Index
Passing
0.006 mm
(Ro 30 i Mineral fill h
0.003 mm Mineral filler must be free ineral fifer must have
95-100 - . plasticity index not greater
(No. 50) from any organic impurities than 4
0.075 mm
(No.200) | 70-100

* Standard Specification for Mineral Filler for Bituminous Paving Mixtures

Organic Impurities: Some fly ash from
boilers that burn oil during start-up periods
may have some residual oil in the fly ash.
Although no standard for carbon content or
loss on ignition (LOI) is specified for fly ash
used as a mineral filler, it is probably more
practical to use a fly ash with a relatively
low LOI (less than 5 or 6 percent) to

minimize the potential absorption of asphalt
by carbonaceous particles.

Plasticity: Fly ash is a nonplastic
material with no plasticity index.

Conclusions

Fly ash is the fourth most abundant min-
eral resource , raking behind coal crushed
stone, and sand gravel. With use of coal as
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an energy source continually on the rise, the
disposal of fly ash will became more visible
as a real issue in our country.

The recycling of fly ash has become an
increasing concern in recent years due to in-
creasing landfill costs and current interest in
sustainable development.

Other environmental benefits to recy-
cling fly ash includes reducing the demand
for virgin materials that would need quarry-
ing and substituting for materials that may
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1.Introduction

The implementation of the statistics and
probability into the analysis of the
economical processes is essential to the
optimisation of the economical expectations,
and is directly related to the management of
the economical entities particularly into the
automotive claims domain.

The system identification analysis of the
factors that occur to the claims into the
automotive insurace provides an effective
way to the optimal prediction of the future
behavior of the market. Subsequently, the
optimal sales strategy are to be deduced
based on these predictions.

2.Direct Parameters Estimation in
Automotive Claims Field

The start-up into the analysis of the
complex structure of the autovehicle claims
is based onto the stochastic variable often
used in statistics and probabilities.

The average of a stochastic variabile
values, in the general case, is given by the
following expression:

zxifi
Y=

i

(1.1)

The variance (o°) and the square-root
deviation (o) are the basics to represent the
samples deviation  with respect to the
average and are represented as follows:

2 (=%’

and

(1.2)

respectively.

In addition to the parameters above,
other frequently used parameters are:

- the covariance of two stochastic
variables:

PEESI D!
cov,, = (1.3)
n
- the correlation coefficient i.e. the

numerical representation of the linkage
intensity between two or many stochastic
variables:
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The system identification approach may
produce optimal values of a model’s
parameters for the process under
investigation based on measured sampled
data from the real given process.

Among the commonly used
identification methods there are:

1. The Least Squares Estimation
Method

The least squares estimation methode is
widely used in the economical analysis due
to the quality of the estimates, its efficiency
and easy-to-use approach.

The basics into the

approach is to deduce a parameters 4d,,d,...

least squares

such as the sum of the squares deviations is
minimum with respect to the estimations.

The estimate (y) of the variable (x)
leads to a set of residuals that are the
deviations between the empirical values and
the estimate (y-p). The estimate is
consistent as the residuals (u,) do approache
to zero.

In the least squares estimation the
_); . at
different instances of time must differ t
=1,2,...n. The estimate’s parameters a,,d,,...

difference between observations y,

satisfy the minimum of the cost function as

follows.
Zutz = Z(yt _),}t)2
t t

To fulfill the condition above, the
partial derivatives of the sum to the right of
the equality with respect to the estimate

2.1.1)

(1.4)

o () [ (2]

parameters @, and @, have to be zero.

0 A a
5 Zutz =—2le(y, —Gy—-ax)=0 (2.1.2)

0 ¢

-2 2.13
XD 213)
The COl’ldlthl’lS into notations (2.1.2)
and (2.1.3) may be rewritten into the normal
form as follows:
= Z yt
t

na, +€112x,
t
=Y X, (2.15)
t

A A 2
Ay Y x,+a,) X,
t t

2.The Maximum Likelihood Estimation

In this approach the most probable
value of an estimate is obtained as a result of
a regression equation.

Consider a distribution of values of

yao al =0

(2.1.4)

»,; with respect to the values of x, such as
the average (x) is given by the expression
o - The

stochastic variable is normally distributed:
_(x-%)°

71:2
fx)= - \/—

The likelihood function consists in the
probability to concurrently obtain the values
x;,y, with respect to a parameter “a”. For a
single parameter the following equation
results:

(a, + a,x ) with the variance 6° =c

(2.2.1)

Lylay=]]f(v/a) (2.2.2)
i=1

The maximum likelihood is obtaines
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through the following condition:
, OL(y/a
L(y/a)=L=0 (2.2.3) o . | oy
. - oa . sInL=———t——3 (y,—ay-ayx,) =
With the factorial liniar regression, the  Jo ., Cyy O,r5

expression in notation (2.2.1) gives:

Z[)/i —(ag+ayx; ]2
B

e 2n zy-x

1
3 /x)=—"—
S G,V 21
(2.2.4)
The notation (2.2.2) may be written as

follows:

Ly/x)=]]rG/x) (2:2.5)
i=1
or,
Z[,V,’*(“ +”1xi)]
1 e
L=(m’,2n)2e 20 (2.2.6)

The maximum of the function “L” takes
place at the same instace as the maximum of
the function “InL”, as follows:

InL=
LS, - (ay +a)]

2
262 5

- %ln 27‘50')”‘2 -

(2.2.7)

The maximum of the function “L”, or
“InL” respectively the partial differentiation
of the function with respect to the given
parameters has to be  performed

2\,
(ay,a,,0,,):

0

day

1 —
InL= —TZ(% —ay—ayx;)- (_ 1)= 0
yx i

(2.2.8)

0 1 A A
—InL= —TZ(y—aO —a,x)-(— x)= 0

a yx i

(2.2.9)

=0
(2.2.10)
The results are on the following form:

na, +&12xi = Zyi
Ay Y x;+ad, ) x =Y xy, (22.12)

(2.2.11)

1 A A
ol =t -Gy +an ] 21

The two first equations are identical to
the equivalent equations into the least
squares estimation. The third equation
provides information about the deviation of
the values y, with respect to the values of

the variable x;.

For the liniar functions the results are
identical both with the least squares
estimation and the maximum likelihood
estimation.  Therefore, the maximum
likelihood estimation is usually used for the
non-linear systems estimation.

3.Implementation and Results

The purpose of the investigation has
been the statistical analysis of the claims ob-
servations during September 2008 into the
city of Brasov, Romania. The authors in-
tended to investigate the correlations be-
tween the claims amount and the following
factors: the age and the sex of the drivers,
and the amount the cars’ years of service.

The correlations between the claims
amount and age categories for men and
women have been separately investigated,
figure 1, figure 2. The correlation between
the years of service of the vehicle and the
amount of the claims is depicted into fig. 3.
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The correlation coefficients are given in
Table 1.

Follows that for the largest amount of
the claims are (1) for the male drivers cate-

gory- youth under 30’s and for the elders
over 60’s (2) for the female drivers category
the distribution has a maximum at the
among the 25-30 years old.

5 4x104
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fig.1 The correlation between the age of the male drivers and the per-unit claimes (to the
left); the absolute values of the claimes vs the age of the female drives (to the right).
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fig. 2 The correlation between the age of the female drivers and the per-unit claimes (to
the left); the absolute values of the claimes vs the age of the female drives (to the right).

From Table 1 follows that the age fac-
tors for both sexes have not significant cor-
relation factors with respect to the claims re-
lated to the route traffic.

Subsequently the correlation between
the amount of claims and the vehicle’s years
of service, Figure 3 has been investigated.
The maximum amount of the claims is re-

ferred to the new vehicles, of 1 to 3 years
duty service. The correlation coefficients are
significant too as seen in Table 1.

The probability density function of the
Claims with respect to the Vehicle’s years of
service is presented in Figure 3. As seen
from the plot, the probability distribution is
referred to the normal distribution with the
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average equal to one and the variance equal  to 0,25.

Table 1
Correlation between Male’s age Female’s age Vehicle’s years of service
The amount of claims 0.26854 0.041809 0.67839
The covariance 30091 6243 22598
0.3
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Figure 3. To the left: the exponential interpolation of the average values of claims with

respect to years of service of the car, and to the right: the probability distribution with respect
to the years of service.
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fig.4 The response of the estimate.

The possible causes lie in the actual that practice high prices for the spare parts.
stage of the road vehicles into Romania with ~ According to Figure 3 there is a relation be-
a large number of new cars and dedicated tween the years of service of the vehicle and
maintenance units related to the car makers the amount of claims, the representative
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group being from 1 to 4 years.

Subsequently the least squares estima-
tion has been used to estimate the parame-
ters of the dynamic model of the process.
The response of the estimate is presented in
Figure 4. The computations were performed
into the MatLab environment. The average
of 100 samples of the estimate provide a
value of 4709 RON very close to the empiri-
cal data.
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