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TUE-1.417-SSS-MEMBT-01

DEVELOPMENT OF A TECHNOLOGY AND FIXTURES FOR
MACHINING OF PARTS FOR GRAPPLE BUCKETS'

Rumen Konovski — Student

Department of of Machine Tools & Manufacturing,
University of Ruse “Angel Kanchev”

Tel.: +359 898 440988

E-mail: konovskl@gmail.com

Assist. Prof. Eng. Nikolay Stankov, PhD
Department of Machine Tools & Manufacturing,
University of Ruse “Angel Kanchev”

Phone: +359 886 707366

E-mail: nstankov@uni-ruse.bg

Abstract: The paper presents the developing of a technology and the designing of fixtures for machining of parts
for grapple buckets. The presented clamshell grapple buckets are designed for bulk materials and they are part of the
grapple construction. Grapples are installed on cranes, excavators and other specialized machines. The whole process
related to the production of the parts is considered - from the 3D model to the real product. A technology and a fixtures
for machining the parts have been developed. A control cards to control the dimensions of the production of the parts
was made. Programs for machining on a specific CNC machine have been developed. The 3D models are designed
using the CAD system SolidWorks. Complete design documentation is created for each of the fixtures and the process is
automated by using SolidWorks template files.

Keywords: Grapple Buckets, Grapples, Cranes, Excavators, Development, Design, Control, 3D Models, CAD
System, SolidWorks Template Files, Design Documentation

BBBEJIEHME

B noknana e pasrieaaH mpolieca Ha M3pa0OTBaHE Ha €IUH OT OCHOBHUTE KOMIIOHEHTH Ha
rpaiipepuute kodu, ToBa ca T.H. AeTailnu HoxoBe. ['paiidepure ce MOHTHpAT Ha KpaHOBE,
aBTOKPAaHOBE, TOHJOJU 3a CKpall, JIEKOTOBAPHU aBTOMOOWIM, Oarepu U JIpyrd cHerualn3upaHu
MamnHu. Te ce wW3moiA3BaT 3a TOBAapHO-
pa3ToBapHU JEHHOCTH Ha pa3IMuyHU MaTepUaIH.
I'paiipepute  mpencraBisiBaT  KOHCTPYKLHS,
ChCTOSIIIIA CE OT HSAKOJIKO KOMIIOHEHTa — KO(HU
(mABa W JOKCHA), IEHTPATHO TAIO (TSIIO KbM
KOETO C€ YCTaHOBSIBAT KOPUTE), pOTATOpP U HOCAU
(TA70, KOETO CIy)XM 3a YCTaHOBABAaHE Ha
rpaiiepa xbM MammHaTa). Ypes kodwure,
rpaiidepa 3arpebBa CbOTBETHUSI MaTepuall. Te ca
C Hal-pa3iuyHu KOHCTpYKIuH U (opmu. Tosa
MO3BOJISIBA TO-TOJIIM OOXBaT Ha JeiicTBUe U
pasmMpsBa BB3MOXKHOCTUTE Ha  rpaiidepa.
Potaropa, ocurypsiBa 3aBbpTaHeTO Ha KOPUTE 110
Bpeme Ha pabora Ha 360°. KoHcTpykuuure Ha

@ur. 1. I'paiicep 3a ToBapHO-pa3TOBAPHH AEHHOCTH pOTATOPUTE Ca pPasiniHi M 3aBUCAT OT BHAA

¢ rosisam 06em Ha kodute, Mmoea KM622, rpaiiep WM OT CHEUHATH3UPAHOTO 000pyIBaHe
¢dupma KINSHOFER. (xoy, TPOIIAYH, HOKUIIH, XHUIAPABIMYHA TyKOBE

U APYTH), KbM KOETO € yCTaHOBEH.

! JlokmambT e mpeicTaBeH Ha CTyjAeHTcKara Hayuda cecus Ha 07.06.2022 r. B cexnus MexaHuka u
MaITMHOCTPOUTEITHN TEXHOJIOTHH C OpUTHHAITHO 3arjaBue Ha Obirapeku e3uk: PASPABOTBAHE HA TEXHOJIOT'UA
U TTPUCIIOCOBJIEHU A 3A MEXAHNYHO OBFPABOTBAHE HA HOXXOBE 3A TINTBTHU KO®DU.
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Ha ¢ur. 1 e mokazan rpaiidep momen KM622 nHa dupma KINSHOFER ¢ uepynkoru
rpaiipepuu kou [18]. B noknana ce pasriexaa n3paboTBaHETO Ha JETAMIN HOXKOBE HA TE3U KODH.
[Tpunoxennero Ha rpaidepa € OCHOBHO 32 HACHITHU MaTEPHAJIH.

OcHoBeH mpobneM Tpu HW3pabOTBaHE HA MOAOOCH THN H3ACIUS € ClIokHara gopma u
KOHCTPYKIIHS, KOSITO uMat. Heo0XoMMo € IOCTHraHeTo Ha TOYHOTO PA3IOJIOKEHUE Ha JICTAIINTE,
3a J1a ce MoJTyyaT 3a/1aICHUTE B KOHCTPYKTOPCKATa JOKyMeHTaus (hopMa 1 pasMep Ha KOpure.

CprnacHO HM3HMCKBAaHMATA B YEPTEKUTE CE€ TMpaBH MEXaHWYHa o00paboTka Ha
(GYHKIMOHATHUTE TTOBBPXHMHU Ha HSAKOM OT JICTAMJIUTE, 33 Ja MOXE M3JCIUETO Jla M3IThJIHSABA
npeaHasHaueHne ch. 3a u3paboTBaHE HA JCTAIM HOXOBE IIE CE W3IOJ3BAT CICHUAIN3UPAHU
NPUCIIOCOOJICHHUS MJIH T.H. HECTaH/IapTHA TEXHOJIOTUYHA CKUITUPOBKA.

HN3JIOKEHUE
1. O6mu cBenenus 3a rpaiiepuurte kopu.

Ha ¢ur. 2 e mokazan obuusT Bux Ha Tpaiidepra koda ot moxen KM622. M3nenuero e yact
OT NMPOMU3BOJICTBEHA Nporpama Ha ¢upma ,,CJI Uuasctpuc EOO/, rpan Pyce [17].

I'paiipepan kopu KM622 ca Tpu pa3nuuHu Mojena, KOUTO C€ paszjinyaBaT caMo IO
mupuHata cu — 640 mm, 800 mm u 1000 mm. 3a Bceku equH Mojen TpsOBa ga ce u3padoTu
KOMIUIEKT OT JISIB U JIECEH HOX. ToecT HOXKOoBeTe, KOUTO TpsiOBa /a ce u3paboTAT 3a TpUTa MOJelna
Kopu ca 000 HIECT pa3luyHU BUjAa. Bcekn HOX € c ompeneneHa IbIDKMHA M ONpeseieH Opoi
otBopu. Ha Bceku eauH HOX ce n3paboTBaT acku C J1Ba pa3iuyHu brbja — 15° u 45°.

Ha ¢ur. 3 ca nokaszanu aeraitin HoxoBe Ha rpaidepna kopa KM622 — 1000 mm.

a) 0)
@ur. 3. Hoxxose Ha rpaiidepra kopa KM622 — 1000 mm.
a) HOX JIsIB, 0) HOX JieceH

CrriacHo pazpaboTeHaTa TEXHOJIOTHS 32 MEXaHUYHO 00pabOoTBaHe Ha IETAlIN HOXKOBE, ChC
CHeIHaTu3upaHu IPUCTIOCOOICHUS ce U3paboTBaT (hackuTe, KOUTO ca C ABA Pa3IMyHU Brbla 15° u

-11 -
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45°. Cnen m3paboTBaHE Ha HOXOBETE C APYTO CICIHAIM3UPAHO MPUCIIOCOOTIEHHE e CrIo0sBaT C
BCHYKH OCTaHAJIM JIeTailnu Ha rpaidepnara koda. CriobsiBar ce B U3enue, KakTo € MOKa3aHo Ha
¢wur. 2.

3a wm3paboTBaHe Ha (acKUTe HAa BCHUYKHM IIECT BHJA HOXKOBE IE€ CE H3IOJI3BAT JIBE
npucnoco6eHus. Ilpucnocodiaenne 3a MexaHuyHo odOpadorBaHe Ha ¢acka ¢ bIbid 15° u
npucnocodjieHue 3a MeXaHH4YHO oOpadorBaHe Ha (acka ¢ brba 45° Ilo-mankus Opoi
MPUCIOCOOICHHs] 3HAYUTENHO 1€ HaMmald BpeMeTo 3a pa3paboTBaHE W KOHCTpyHpaHEe Ha
HE00X0/IMMaTa TEXHOJIOTUYHA €KUITMPOBKA, KAKTO U PA3XOIUTE CBBP3aHU C IPOU3BOACTBOTO M.

MexaHnnyHOTO 00paboTBaHe Ha JIETAalIM HOXKOBE I1I€ C€ U3BBPILU Ha JIBE YCTAHOBKH:
- 'bpBa yCTaHOBKA — 00paboTBane Ha (hacka ¢ Brea 15
- BTOpa yCTaHOBKa — 00paboTBaHe Ha (packa ¢ brui 45°.

3a BcsKa egHa YCTAaHOBKA 1€ C€ M3MO0J3Ba CIEIHAIU3UPAHO TMPUCTIOCOOJICHUE 32

YCTaHOBSIBAaHE HA HOXKOBETE BbPXY MalllliHATA.

2. TexHos10oru4Ha MOArOTOBKA HA U3/1EJIHETO.

CeriacHo TOKyMEHTalUATa Ha u3aenuero, npeaoctaBeHa ot pupma KINSHOFER, ce nanara
MPEIBAPUTEIIHO Jla C€ MOATOTBIT TEXHOJOTHYHO JeTaiinTe My, 3a Ja ObJaT u3paboTCHH B
ycloBusiTa Ha (pupmara.

ETanure oT TEXHOJIOTHYHATA MOJATOTOBKA HA M3/IJIMETO CA CJIeTHUTE:

- Ch3JaBaHE HA TPUMEPHU MOJICIIH Ha JACTAUIUTE U HA U3/CIINETO;

- pa3paboTBaHE HAa TEXHOJIOTHTA 32 U3PAa0OTBAHE HA JICTAHIMTE U HAa H3/ICIUETO;

- Cb3/1aBaHE Ha HOBM YEPTEXKH HA JICTAWIINTE U HA U3JICITHETO;

- MOATrOTOBKa Ha (haiiyioBeTe 3a pa3KpoH HA IETAUIUTE OT JUCTOB MaTepHall;

- Ch3/1aBaHE Ha BH3JIU B M3/CIHETO;

- pa3paboTBaHE Ha TEXHOJIOTHUS 3a CTI00sBaHEe HA U3/ICTUETO;

- pa3paboTBaHE Ha TEXHOJOTHYHA CKUITMPOBKA 3a CIIIO0SBAHE;

- pa3paboTBaHE HA TEXHOJIOTHS 32 3aBapsBaHE HA U3JICIIHETO;

- pa3paboTBaHE HA TEXHOJIOTHS 32 MEXaHUYHO 00pabOTBaHE HA U3JICITHETO;

- pa3paboTBaHE Ha TEXHOJIOTHYHA CKUITUPOBKA 32 MEXaHUYHO 00paboTBaHE;

- u300p Ha MalllMHA 32 U3BHPIIBAHE HA MEXaHUYHOTO 00paboTBaHE;

- pa3paboTBaHE Ha METOJMKA 32 KOHTPOJI HA U3JICITHETO;

- pa3paboTBaHe Ha PEMOHTHA TEXHOJOTHUS Ha U3ACTUETO.

Cw31aBaHeTO Ha TPUMEPHH MOJISIH € BaYKHA CTHITKA OT Ipolieca Ha pa3paboTBaHe Ha JaJICHO
uznenue. TpuMepHUTE MOJENIM MOTaT Jia ce M3MOJ3BaT 3a Ch3JaBaHE Ha HOBAa KOHCTPYKTOPCKa
JOKYMEHTAIsl 3a HyxXaute Ha (upmata. B TpumepHuTe Momenu ce 3amaaBa HEOOXOaMMATa
uHpopmManus upe3 aTpulyTu, KOATO MOXKE Jia Ce M3IMO0JI3Ba 3a yIpaBlIeHNE Ha JOKYMEHTAIHITA IPU
HanuuHa PDM cucrema, kakTo U OT Jpyrure oTaenu BbB (pupmata npu HanuuHa ERP cucrema [4,
5,12, 13].

Ha 6a3a monenute ce onpezaens U TEXHOJIOTHATA 3a U3pabOTBaHE HA JAeTailinte — n100aBsiHE
Ha OTBOpH, MPUOABKU 3a MEXaHUYHO 0OpaboTBaHe, MpeaBapuTenHa 00paboTKa Ha ompeAeNeHU
MOBBPXHUHKU. TOBa Hajara Ch3JaBAaHETO HA HOBAa KOHCTPYKTOPCKA JOKYMEHTAIHs, KOSATO Ja Ce
U3MON3Ba B MPOU3BOACTBOTO. Clell yTOUHsSIBAaHE HA BCUYKH OCOOEHOCTH, TPUMEPHHUTE MOMAETHU
MOTAaT JIa Ce M3IOJI3BAT 3a Ch3/laBaHe Ha (pailyIoBETe 3a pa3Kpoi Ha JETAMINTE OT JINCTOB MaTepHUalL.

3a 1a ce HaMaIKM BPEMETO 3a U3padoTBaHe, MHOTO YECTO C€ MpHUiiara MeTo/ia Ha pa3JielissHe Ha
W3JICJIMETO HAa BB3JIM, KOWTO MPEABAPUTEIIHO Jia Ce M3padOTAT, Clie[ KOETO Jla C€ H3IO0J3Ba
MPHUCTIOCOOJICHHE 3a CTIIO0SIBAHETO UM B KPAWHOTO M3JIETHeE.

[Tocnenen eram e Ch3aBaHETO HAa HEOOXOMMATa SKUITUPOBKA 3a CTII00sSBaHE U 32 MEXaHHYHA
o0OpaboTka Ha u3genueTo. B cnyuas 3a rpaiiheprute kodu ca pazpaboTeHH TPUMEPHUTE MOJIEIH Ha
JCTAlIINTe, HANPaBEHH Ca TEXHOJOTHYHH IPOMEHU CBBpP3aHH C IPOU3BOJCTBOTO MM H ca
Ch3/1aJICHU HOBU BB3JIU OT M3JICIIHETO.

Tpumepuute mMomenu ca paspadorenn ¢ CAD cucremara SolidWorks [1, 2, 3, 6, 7, 19].
Jletaiinu HOXKOBE ce M3paboOTBaT CHINIACHO PabOTHHUTE YepTeku. M3ps3Bar ce OT JUCTOB MaTepuall
gpe3 JazepHo psa3aHe. OTBOPUTE MOTaT CHINO Ja Ce MOJIyYaT MO0 BpeMe Ha Pa3Kpos WU Ja ObJaar
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MexaHndHo oOpaborenn Ha mammua c¢ L[ITY. Cneasa mexaHmuHo oOpaOoTBaHe Ha JBaTa BHUA
(dacku ype3 U3Mnoia3BaHe Ha pa3paboTeHuTe nprcnocodaeHus Ha Mammna ¢ L{ITY.

3. TexHos0rus 3a MEXaHUYHO oﬁpaﬁoTBaHe HA JeTailid HOKOBEe Ha I'bpBa YCTAHOBKA.

Pazpabotena e TeXHOIOTHS 32 MEXaHUYHO 0OpaboTBaHE HAa HOXKOBETE HAa II'bPBA YCTAaHOBKA.
[lle ObmaT omucaHW oOIEpalMUTe M IOBBPXHHHUTE, KOUTO ce€ 00paboTBaT, M3MOI3BAHHUTE
METAIOPEKEIINTe HHCTPYMEHTH U peXUMHTE Ha psizaHe [8]. M3menumero ce Oazupa W 3akpernBa B
CIICIUATIM3UPAHO TIPHCIIOCOOJICHHE, TPEIBAPUTEIHO YCTAHOBEHO, LEHTPOBAHO M 3aKpPENeHO Ha
MallupHarta.

B Tabn. 1 e moka3aHa TEXHOJOTHATA 3a MEXaHMYHO 0OpabOTBaHE Ha HOXKOBETE Ha IbpPBA
YCTAHOBKA. Y CTAaHOBSIBAHETO € [0 YEPHU TEXHOJIOTHYHH 0a3u — 3aJIHO 4YeliO Ha JIeTaiia U J0JIHaTa
HNOBBPXHUHA. 3aKPENBAHETO € Ype3 OONTOBE 10 FOpPHATA IOBBPXHUHA HA HOXKA.

Ta6Jmua 1. TexHonorHusATa 32 MEXaHUYIHO o6pa60TBaHe Ha I[eTaﬁJ'IH HOKOBC Ha IIbpBa YCTAaHOBKA.

Onepanus, pexxens UHCTPYMEHT,

PEIKIM Ha pA3aHE HoxoBe rpaiipepuu kodu

Onepayus:

®pe3oBane Ha (acka ¢ rea 15° Ha yenHara
NOBBPXHMHA Ha JIETallyIn HOKOBE. M3mbiHsBa ce
Ha €JIH MPEXO/I.

Peoicewy uncmpymenm.

Yenna ¢peza D125 mm

Peoicum na pazane:

O6opotu 280 06/min,
ITomasaue 200 mm/min

) B ) - = | -

a) 0)
@ur. 4. MexannyHo oOpaboTBaHe Ha (acka ¢ Brea 15°.
a) mpeau oOpaboTka, 0) cinem 0OpaboTKa

4. TexHOJIOTHS 32 MEXaHUYHO 00padoTBaHe HA 1eTAJIM HOKOBE HA BTOPA YCTAHOBKA.

Pa3paboreHa e TeXHONOTHs 32 MEXaHMYHO O00OpaOOTBaHE HA HOXKOBETE Ha BTOPA YCTaHOBKA.
[lle OBmar omucaHu OMEpaMUTE U TOBBPXHUHHUTE, KOUTO C€ O00padOTBaT, H3IOI3BAHUTE
METAJIIOPEKEIINTe HHCTPYMEHTH U peXuMHTe Ha pszane [8]. M3menuero ce 6a3upa u 3akpernBa B
CHEIUATU3UPAHO TPUCTIOCOOICHUE, TPEABAPUTEIIHO YCTAaHOBEHO, IIEHTPOBAHO W 3aKpEneHo Ha
MalllfHaTa.
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B Tabn. 2 e mokazaHa TEXHOJOTHsTA 32 MEXaHMYHO O0OpabOTBaHE Ha HOXOBETE Ha BTOpa
YCTaHOBKa. Y cTaHOBSIBAHETO € II0 YCPHU TCXHOJIOTUYHU 6331/1 — 3aIHO 4Y€JIO Ha [[eTaI\/'IJ'Ia n aoJHaTa
MOBBPXHUHA. 3aKpENBaHETO € Ype3 O0JITOBE MO TOpPHATA MOBbPXHUHA HA HOXKA.

Tabnuna 2. TexHOJIOTUATA 32 MEXaHHYHO 00pabOTBaHE HA JICTAWIM HOXKOBE Ha BTOPA YCTAHOBKA.

Onepanus, pexxenl HHCTPYMEHT,

PEKUM Ha pA3aHe HoxoBe rpaiipepuu kodu

Onepayus:

®pe3oBane Ha (packa ¢ bI'ba 45° Ha yenHaTa
NOBBPXHMHA Ha JIETallyIn HOKOBE. M3mbiiHsABa ce
Ha €IUH MPEXO/I.

Peoicewy uncmpymenm.

Yenna ¢peza 9125 mm

Peoicum na pazane:

O6opotu 280 06/min,
ITomasaune 200 mm/min

I | B | - I i N L
a) 0)

@ur. 5. MexannuHo oOpaboTBaHe Ha (acka ¢ Brba 45°.
a) mpeu oOpaboTka, 0) cinem 0OpaboTKa

5. KoHTpoJI Ha JeTaiijin HOXKOBe cJIe]] MeXaHHYHOTO o0padoTBaHe.

Crnen mpuKIIIOYBaHE HA MEXaHMYHOTO OOpaboTBaHE HAa HOXKOBETE Ha JIBETE YCTAaHOBKU Ce€
HU3BBPHIBA [AJIOCTCH KOHTPOJ Ha O6pa6OT€HI/IT€ MOBBPXHHUHU CBITIACHO IOOKYMCHTAlMATAa Ha
mznenuetro. Kontpona ce usBbpiiBa oT KoHTposbop nmo kadectBoTo (OTKK), karo 3a menra ce
MOMBJIBAT pa3pabOTEeHNUTE KOHTPOIHM KapTH Ha JeTailu HoxkoBe. KoHTposiHaTa kapTa € HamnpaBeHa
Taka, ye pa3MepuTe, KOUTO TPsAOBa J1a ce U3MBJIHAT ChITIACHO YePTEXa Ce KOHTPOJIMPAT IO BpeMe Ha
IIPOU3BOJCTBOTO Ha jerannute. IIpu KoHCTaTMpaHe Ha OTKJIOHEHHs Ha KOHTPOJIMPAHUTE pa3MeEpH
U3BBH JIONyCKa, CE€ M3BBPILIBAT KOPUTHpAILIM ACHCTBUS, CHIVIACHO pa3paboTeHaTa pPEMOHTHA
TEXHOJIOI'UA.

6. Pa3paGoTBaHe Ha nmpucnocod/jeHue 3a MeXaHH4YHO 00padoTBaHe Ha ¢acka ¢ brba 15°
- IbPBA YCTAHOBKA.

3a peanu3upaHe Ha TEXHOJOTUATA 32 MEXaHUYHO 00pabOTBaHE Ha JETailsin HOXKOBE HA MMbPBa
yCTaHOBKa, € pa3paboTeHO TMPHCIOCOOJEHHE 3a YCTAaHOBSBAaHETO WM Ha MalllMHaTa.
[Ipucnocobnenuero e paspadoreHo ype3 CAD cucremara SolidWorks u Ha ¢ur. 6 e mokasan
o0IIHs My BU.
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®ur. 6. O01I BUI HA MPHUCTIOCOOJICHUETO 32 MEXaHUIHO 00paboTBaHe
Ha ITbPBA yCTAHOBKA.

Ha npucnocoGnenuero ce U3BbpIIBA MEXaHUYHO OOpabOTBaHE Ha IMOKAa3aHUTE C YEPBEH
BAT MOBBbPXHUHH (Pur. 6). C MeXaHHIHOTO 00pabOTBaHE ce MOCTUTAa TOYHOCT HAa pa3MEpUTe U Ha
B3aMMHOTO PA3MOJIOKEHHE Ha (PYHKLMOHAJIHUTE NOBBPXHUHM Ha MpHcrocobieHrero. dpe3osar ce
BBHIIHUTE TIOBFPXHIHM HAa XOPU3OHTAIHATA U BepTHKaJIHATa OcHOBa. [IpobduBar ce orBopute 20
(3a 3akpenBaHe Ha MPHCIOCOOJIEHHETO KbM Macara Ha MaiinHata) U @16 (3a meHTpoBaHe Ha
MPUCIIOCOOJICHUETO KbM MacaTa Ha MallliHaTa ¢ IeHTpOoBbInyU mudTose). dpe3oBar ce Oazuparmre
IUIOINAJKK Ha JeTalnu mo3. 2 (¢ur. 7), OCUrypsBalld IO3UIMOHMPAHETO HA HOXKOBETE Ha
CBHOTBETHUS BI'BIL.

Ha ¢wur. 7 e moka3aHO NPUCTOCOOJICHHUETO C BCHYKUTE MY CBCTaBHH €JIeMEHTH. 1o

OCUTYpsiBa ycTaHOBsIBaHe (0a3upaHe U 3aKperBaHe) Ha HOXOBeTe Mmoja BI'bda oT 15° 8§, 9, 10, 11,
14, 15, 16].

®ur. 7. CbCTaBHU €JIEMEHTH Ha MPUCTIOCOOIEHUETO.

1 — OcHoga, 2 — [Inanka 6a3upama, 3 — [Inanka ¢pukcupama,
4 — BryJka pe3ooBa, 5 — Peopo, 6 — boar M24x100
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Heraitnu no3uuus 3 u 4 ce 3aBapsABaT Ciel
MEXaHUYHOTO 00paboTBaHE Ha
MIPUCIIOCOOICHUETO.

[TpucnocoOaeHneTo OCUrypsiBa BUCOKA
MPON3BOIUTETHOCT, Thil KATO MOTAT J1a ce
00paboTBaT eTHOBPEMEHHO Tpu HOXka. He
€ CJI0HO 32 MaHUITYJIaIKs, C LIeN Ja ce
n30erHaT BCAKAKBH IPEUIKH OT CyOEKTUBEH
XapakTep.

[Tprucnoco01eHneTo 3aeAHO C yCTAaHOBEHU
JIeTalIu HOKOBE 3a rpaiidepHa koda
KM622 — 1000 MM e moka3zaHo Ha ¢ur. 8.
Ha ¢wur. 9 e mokazano u3paboTeHOTO
npucrocobIeHne 3a MEXaHUYHO
00paboTBaHe HA HOKOBE 3a rpaidepHu
Ko(H Ha TbpPBa YCTaHOBKA.

@ur. 8. IIprcnocoOICHHETO ¢ YCTAaHOBEHH ST HOXOBE 32
rpaiidpepna kopa KM622 — 1000 mm.

@ur. 9. [IpucniocobieHue 3a MEXaHUUHO 00paboTBaHe
Ha HOXOBe 3a rpaiidepHu KoU Ha IbPBa YCTaHOBKA.

7. Pa3paGoTBaHe Ha NMpUcnocod/eHNe 32 MeXaHMYHO o0padoTBaHe HAa (packa ¢ bIbJa 45°
- BTOpPA YCTaHOBKA.

3a peanM3upaHe Ha TEXHOJIOTHUATA 32 MEXaHUYHO 00pabOTBaHE HA JCTAMJIM HOXKOBE Ha BTOpa
yCTaHOBKa, € pa3pabOTeHO MPHUCIOCOOJIEHHE 32 YCTAHOBSBAHETO MM Ha MallMHaTa.
[Tpucnocobnennero e pazpaboreno upe3 CAD cucremara SolidWorks u Ha ¢dur. 10 e mokazan
obmus My Bua. Ha mpucnoco6ieHnero ce u3BbpliBa MEXaHUUYHO 00paboTBaHEe HA MOKAa3aHUTE C
yepBeH IBAT NoBbpXHUHH (Pur. 10). C mMexaHmuHOTO 00pabOTBaHE Ce TOCTHUTa TOYHOCT Ha
pasMepuTe M Ha B3aUMHOTO pA3MOJIOKEHHE Ha (YHKIMOHAJIHUTE IOBBPXHUHM Ha
MIPUCTIOCOOIEHHUETO.

®pe3oBar ce BbHIIHUTE TOBbPXHUHU Ha XOPU30HTAJIHATAa U BepTUKaIHaTa ocHoBa. [IpobuBar
ce otBopute D20 (3a 3aKpenBaHe Ha MPHUCIOCOOJICHHUETO KbM Macara Ha MamuHarta) u D16 (3a
LIEHTPOBAHE Ha MPHUCIIOCOOIECHUETO KbM MacaTa Ha MalllMHAaTa C IEeHTPOBBIIM mupToBEe). dpe3oBar
ce Oasmpamure IJIOMAIKK Ha naeTainu mo3. 2 (dwur. 11), ocurypsBany MO3WIMOHUPAHETO Ha
HOKOBETE Ha ChbOTBETHHUS BI'bII.
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®ur. 10. OO BUI Ha IPUCTIOCOOJICHUETO 32 MEXaHUYHO 00paboTBaHe
Ha BTOpA yCTAHOBKA.

Ha ¢ur. 11 e moka3aHo NPUCTIOCOOJIECHUETO C BCUYKUTE MYy CHCTABHH EJIEMEHTH. 10
OCUTYpsiIBa yCTaHOBsIBaHe (0a3upaHe U 3aKperBaHe) Ha HOXKOBeTe Mmoja BI'ba oT 45° 8§, 9, 10, 11,
14, 15, 16].

®ur. 11. ChCTaBHU €IEMEHTH Ha IPUCIIOCOOICHHETO.

1 — OcHoBa, 2 — [Tnanka 6a3upama, 3 — [Inanka pukcupama,
4 — Brynxka pe36oBa, 5 — Pebpo, 6 — bont M24x100

Heraiinu mno3ummst 3 u 4 ce 3aBapsBaT cjlel MEXaHUYHOTO 00paboTBaHEe Ha
npucrnoco0iaeHueTo. [IpucmnocobieHneTo ocurypsisa BUCOKa MPOU3BOAMTEHOCT, Thid KaTO MOTraT
Jla ce 00paboTBaT €THOBPEMEHHO TPU HOXka. He e clI0HO 3a MaHWIyalus, ¢ 1el Aa ce u3bernar
BCAKAaKBU TPEIIKH OT cyOekTuBeH xapakrtep. IIpucnocolnennero, 3aeIHO C YCTAHOBEHU JeTailin
HOXOBe 3a TpaiipepHa kopa KM622 — 1000 mm e nokazano Ha ¢ur. 12. Ha ¢ur. 13 e mokazaHo
M3pabOTEHOTO MPUCTIOCOOJIEHNE 32 MEXaHMYHO 00paboTBaHE Ha HOXKOBE 3a TpaiepHH Kopu Ha
BTOpa YCTaHOBKa.
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@ur. 12. [IpucniocobiieHnETO ¢ ycTaHOBEHH AeTaiin HoxxoBe Dur. 13. [Ipucnocobiienne 3a MexaHH4HO 00paboTBaHe
3a rpaiidepHa kodpa KM622 — 1000 mm. Ha HOXKOBE 3a rpaiiepHu KoH Ha BTOpa YCTaHOBKA.

8. Pa3paGoTBaHe Ha ynpaBJ/isiBallld MPOrpamMu.

3a MEXaHUYHOTO 00pabOTBAaHE HA JETAMIN HOKOBE 32 BCSKA €/IHA YCTAHOBKA ca pa3paboTeHU
yopasinsiBaiy nporpamu. M3monssan e nporpamen e3uk SIEMENS SINUMERIK. O6pa6otkata
e ce I/IBB'I)pHH/I Ha MaHII/IHaC]_IHy HELLER PFU 3, noka3zan Ha ¢ur. 14.

: [Iporpamute ca pa3paboTeHu dpes
M3IIOJI3BaHE Ha CICHUAIM3UPAH CcoPTyep
CIMCO Edit V6 [20]. IIporpamwure
CBHABPKAT KOOPAMHATUTE HA XapaKTePHU
TOYKH OT H3ACTUETO, METAIOPEKEIIUTe
WHCTPYMEHTH, IBWKCHHUATA UM U
PEKUMUTE HA psA3aHE.

Cp3maBaHeTo  Ha  ympaBisBalld
nporpamMM 4pe3 H3IOJ3BaHe Ha codTyep
BOIM /10 W30ArBaHE HA  TPEUIKHUTE,
JOTYCHATH B MMPOTPaMHUPAHETO, KOUTO OMxa
JTOBEJIH hi (o) paspyiaBaHe Ha
WHCTPYMEHTHTE WM TOBpPEXJIaHE Ha
00paboTBaHOTO W3JENHEe. 3HAUYUTEITHO CE
HaMaJIsiBa HY)KHOTO BpeMe 3a Ch3JaBaHE Ha
nporpamute. Codryepa pemaBa u
oOpatHatra 3amaya — OT  TOTOBa
yhOpaBisBalia Iporpama, ce H3BeXIaT
KOOpJIMHATUTE HA XapaKTEepPHH TOUKH OT
TPAaCKTOpHUATA HA JIBWKCHHSITA, KOUTO
W3BBPIIBAT UHCTPYMEHTHUTE, T.€. MOXE Ja
Ce CHMyJHMpa peaJHusi TMpolec Ha
MeXaHU4HO 00paboTBaHe.

Ha  ¢uwur. 15 €  II0Ka3aHo
YCTaHOBSIBAHETO Ha MPUCIOCOOJICHUSATA Ha
paboTHara Maca Ha MamuHara ¢ L[{ITY.

@ur. 15. YcranossiBaHe Ha npucriocodsieHusTa Ha paboTHaTa
Maca Ha MamuHara ¢ L{ITY.

9. OcobeHocTH MPH MOAETMPAHETO
Ha TpumMepHuTe Moaeau B CAD cucremara SolidWorks.

Benuku TpuMepHu Mozienu Ha JeTaiauTe Ha rpaiidepHuTe Kopu 1 Ha MPUCIIOCOOIEHUTA ca
Ch3Ja/leHN 4Ype3 KOMaHIuTe W (YHKIMHTE 3a TBBPAOJEIHO IMpoeKTHpaHe Ha monayia Features.
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Hsxon oT TpuMepHUTE MOJIEIHN Ha AeTaiyinTe Ha rpaiidepHuTe Kopu ca pa3pabOTeHH ¢ MOJyJIa 3a
muctoB marepuan Sheet Metal, mo ToO3M HaYMH ce MoJydyaBa pasrbBKaTa WM, HEOOXOIMMa 3a
pasKposi Ha JICTAMIIUTE OT JIMCTOB Marepuan. BCHUUkM CTaHIapTH3UpaHH ACTaiin, Kato 0OJTOBE,
1aiiou, Taliky U IpYyTH, ca ch3aaaeHu upe3 oubmmorekara Toolbox na SolidWorks.

[Ipu cb3maBaHETO HA TPUMEPHUTE MOJEIM Ha JETAlIMTEe M Ha CIJIOOCHUTE EAMHHUIM ca
U3M0NM3BaHu malnoHHKu QaitnoBe 3a Part m Assembly nokymentute. 3a BceKM €IUH TpUMEpPEH
MOJeNI Ha JeTailn wiMm criobeHa emuHuiia, oT MeHro File Properties, B mpo3opena Summary
Information, B cexuusara Custom ce uzbupar Heooxoaumure arpudytu. [Ipu paspaborBaneTo Ha
KOHCTPYKTHBHATa JOKYMEHTAIlMs ca M3IMOJI3BaHM mabiaoHHU (aiinoBe 3a Drawing ITOKyMEHTHTE,
KOUTO TPEJICTaBISABAT CTAHIAPTHUTE YepToKHU dopmatu — A4, A3, A2, Al u A0 [4, 5,6, 7, 12,
13].

B mabnona Ha BCeKH €MH TPUMEPEH MOJEN Ha JeTailyl MU Crio0eHa eIUHHIIA Cce 3a/aBa
HeoOXxoaumaTa uHpopmalus uype3 aTpuOdyTH — MOTPEOUTENICKH U Ciy)keOHu. Ta3zu uapopmanus e
HYy’KHa MPU Pa3pabOTBaHETO Ha KOHCTPYKTUBHATA JOKYMEHTAIHS, Thil KATO U3JIN3a aBTOMATHYHO B
TabmuImTe Ha Yeprexure. MHpopmanusaTa oT aTpuOyTUTE MOKE Ja Ce U3II0JI3BA 32 YIIPABICHHE Ha
JOKYMEHTaIusTa npu Hanuuaa PDM cucrema, KakTo M OT JIPYTUTE OTIACIU BHB (UpMara mpu
nannyaa ERP cucrema [4, 5, 12, 13].

[Ipu ch3gaBaHETO HA TPUMEPHUTE MOJICTH HA JCTAMIUTE ca U3TOI3BaHN MAOIOHHY (aiioBe
3a Part qokyMeHTuTE, KOUTO ChabpKAT cieanute aTpudytu — Description (Haumenosanue), PartNo
(O3nauenue), AssemblyNo (Crmobena emunumna), Weight (Termo), Material (O3naueHue Ha
Matepuana), Assortment (Bux nHa matepumana), Type (Onepauuu 3a uspaborBane), DrawnBy
(Pazpabotunn  nmokymenta), CheckedBy (IlpoBepun mokymenta), ApprovedBy (OmoOpun
nokymeHnTa) u Revision (PeBu3ust Ha ToKkymeHTa).

[TomrbHEeHNS m1a0JI0H 3a Jeraiin ,,OcHoBa® € mokaszaH Ha ¢wur. 16.

Summary Information - O X
Summary Custom Configuration Specific
BOM quantity:
Delete Edit List
Property Name Type Value / Text Expression Evaluated Value
1 Description Text [ OcHoBa OcHoBa
2 Parthlo Text || PMO Najove IV - 00 00 01 PMO Nojove IV - 0000 01
3 |AssemblyMo Text | PMO Nojove IV - 00 00 00, PMO Najove V - 00 00 00 PMO Nojowve IV - 00 00 00, PMO N
4 |weight Text |~ "SW-Mass@PMO Najove IV - 00 00 01.5LDPRT 43.859
5 Material Text |~ "5W-Material @PMO Mojove [V - 00 00 01.5LDPRT” 1.0545 (S355NM)
6 Assortment Text > NamapuHa 30x250x%00 NamapuHa 30x250x300
7 |TYPE Text >~
8 DrawnBy Text [ P.KoHoBCkK P.KoHoBCkK
9  |CheckedBy Text >~
10 |ApprovedBy Text | H.Crankos H.CTaHkoB
11 |Revision Text A A
12 | <Type a new property> 1~
OK Cancel Help

@ur. 16. [ToTpeOurescku aTpudyTH, KOUTO CE 3a]aBaT
B TPUMEPHUS MOJIeN Ha AeTaiin ,,OcHoBa®.

3amaBa ce BUJa U MapKaTa Ha MaTepHalluTe Ha JeTailinTe, KaTo 1o TO3U HaYMH Ce MOoTy4aBa
uHpopManus 3a Crneun(UIHOTO TEMIO 3a BCEKM €AMH OT TSIX M KaTo L0 3a camara CriioOeHa
enununa. Mupopmanusra ot norpeOuTenckute arpuOyTu € HeoOXxoauma MpHu pa3paboTBaHETO Ha
KOHCTPYKTHBHATA JOKYMEHTAIs, Thii KATO U3/1M3a aBTOMATUYHO B TaOIMLIUTE HA YepTexxute (¢ur.
17).
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B SI_ Industries LTD Mawaf [Terno, kr HauMeHoBaHKWE
_ Rouse, Bulgaria | 15 |48859 OcHoBa

Pasgpadorin | P KOHOBCKM 1452022 r. O3HavYeHWe Ha MaTepuvana Bua Ha MaTepuana nuect
Npoezpin - 1452022 r.
1.0545 {S355N) NamapuHa 30x250x800 141
04oCpin H.CTaHKkoB 1452022 r.
CrnobeHa eguHALa O3HaYeHue P eEuana

ﬂonycmTe Ha pasMepuTe, CbrnacHo:

EN 22768-1m PMO Nojove IV - 00 00 00, ; 3
PMO Nojove V - 00 00 00 PMO Nojove V-0000 01| A

®wur. 17. Ta6J'II/IIIa Ha 4CpTCiKa, aBTOMATUYHO IMOM'bJIHCHA Ha 0a3a I/IH(I)OpMaIII/ISITa, KOATO C€ CbABPIKA B
NOTpeOUTEICKUTE aTpHUOYTH Ha TPUMEPHHUS MOJIEJ Ha ieTain ,,OcHoBa .

[Ipu cb3naBaHeToO HA TPUMEPHUTE MOJIEIM Ha CIIIO0CHU €AMHUIIM Ca U3IIOJI3BAHU 111a0JIOHHI
¢aitnoBe 3a Assembly TOKyMEHTHTE, KOMTO CBHIBPXKAT CIEAHUTE NOTPEOUTEICKH aTpuOyTH —
Description (HaumenoBanue), PartNo (O3nauenue), AssemblyNo (Crimobena emunuia), Weight
(Terno), Type (Omnepanmm 3a u3paborBane), DrawnBy (Paspabotun nokymenta), CheckedBy
(ITpoBepun noxymenta), ApprovedBy (Onobpun noxkymenta) u Revision (PeBu3ust Ha TOKyMeHTa).

[MombnueHnss mabmoH Ha crioOcHa eauHMma ,JllpucrocoOneHne 3a MEXaHUYHO
o0paboTBaHe Ha HOXKOBE 3a rpaiidepHu Kopu - bI'ea 15° e mokaszan Ha ¢wur. 18.

Summary Custom Configuration Specific

BOM quantity:
Delete - None - v Edit List
Property Name Type Value / Text Expression Evaluated Value
1 Description Text [~ MpucnocobaeHne 3a MEXaHMYHO 06paboTBaHe Ha HOXOBE 3a rpaldepHu Kodu - brea 157 [MpucnocoBaeHWe 33 MeXaHUYHO
2 PartNo Text e PMO Nojove IV - 00 00 00 PMO Nojove IV - 00 00 00
3 |AssemblyNo Text -
4 [Weight Text || "SW-Mass@PMO Nojove IV - 00 00 00.SLDASM" 127.699
5 [Type Text [~ MpuxsawaHe/3asapasaHe/MexaHuyHa o6paboTka MpuxsawaHe/3asapasaHe/MexaH
6 [DrawnBy Text e P.KoHOBCKM P.KoHOBCKM
7 |CheckedBy Text -
8 |ApprovedBy Text || /H.Crankos H.CraHkos
9 |Revision Text A A
10 |<Type a new property> |v]
oK Cancel Help

@ur. 18. IToTpeburencku atpudyTH, KOUTO CE 3aaBaT B TPUMEPHHsI MOJIEJ Ha Crio0eHarTa eJuHuUIa Ha
I [prcroco0iieHre 3a MeXaHn4HO 00paboTBaHe Ha HOXKOBE 3a rpaiidepHu Kodu - Brua 15°¢

Ha ¢ur. 19 e nokazana Tabnunara Ha 4epTexa Ha IPUCTIOCOOJICHHUETO.
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L Mawab |Terno, «ri HaumeHosaHue
s L g‘:uussemgfﬂ“gria . ﬂ Mpucnocobnexune 3a mexaHu4Ho obpaboreave
’ 9 1:5 [127.699 Ha HOXOBe 3a rpandepHu kodpu - bren 15°

Paspationn | P KoHOBCKM 20.4.2022 O3HaveHne Ha matepuana Bua Ha matepuana Nuct
Moosepun | _ 27.2022r.
11
Oactpun H.Crankce 27.2022r,
Crnobexa egunHnuya O3HaveHue Pesuaus

[onyckure Ha pasMepuTe, CbrMacHo!

EN 22768-1m - PMO Nojove IV-000000| A

@ur. 19. Tabmuia Ha yepTeKa, ABTOMATUYHO MOMBJIHEHA HA 0a3a MH(POPMAIUITA, KOIATO CE ChIABPKA B
MOTPEOUTEIICKUTE aTPUOYTH Ha TPUMEPHUS MOJICI Ha CriI00CHATA eIHUIA
L[ Iprcnoco0ieHre 3a MEXaHUIHO 00pabOTBaHE HAa HOXKOBE 3a TpaiidepHu KOPU - Brba 15°,

10. Harpaau, rpaMoTH M cepTH(PHUKATH clieyeeHH ¢ pa3padoTeHus MPOEKT.

[Ipoekta — ,PazpaGorBaHe Ha TeXHOJOIMSI W MPHUCHOCOOJEHUSI 32 MEXAHHMYHO
oOpaborBaHe Ha Jaeraiuinm 3a rpaidepHu kopu®, ¢ npeacraBeH c¢ Aokjiaa Ha CryaeHTckara
Hayuna cecus CHC 2022, ma MammaHO-TexHONMOTHYHUS (akynter HAa PY | Anren KbHUeB®,
nposenena Ha 07.06.2022 r.

r i |
Pycencku ynusepcuret "AHresn KpHueB" S=CEUA

Hu 75 Tonuuu ¢ nuie KbM 3HAHUETO, MJIAZIOCTTa U GBJEIeTo

m MALLMHHO-TEXHONOWMEH QAKY/TET
CEPTHPHUHKAT

Ha Pymen HukoaaeB KoOHOBCKH

3a ydJacTHe
B CTyzaeHTCKaTa Hay4YHa cecus — 2022,
3a H3HECeH HaydeH AOKAaz B pamruTe Ha MAHCKHUTE ITPASHHIIM 2022.

Hexan MT®:
9.06.2022 r. [mon. n-p/muaxk. . AumuarTpoB/
Pyce
L =1
@ur. 20. Ceprudukar 3a yuactue B CtynenTcka HayuHa cecust CHC2022.
C pa3paboreHusi mpoekt — ,PaspaboTBaHe Ha NPUCIOCOOJEHHSI 32 MeXaHHYHO

o0padoTBaHe Ha aerailiu 3a rpaiidepun kopu“, e cneueneHo TPETO MACTO B koHKypca 3a
Hal-100bp CTYIAEHTCKU NpoekT, padpadoren ¢ CAD — cucremu ,JIlpoextupait c CAD/CAM...u ¢
MeH!”, Ha MammHHO-TexHONMoTnyHUS (pakynteT Ha PY ,, Anuren KbpHues®, mpoBeneH Ha 26.05.2022
r.
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Pycencku ynusepcuret "Anres KpHues"

H QJ 75 Toauuu c mmue KbM 3HAHUETO, MJIA/IOCTTA U GBAENIETO

M MALUMHHO-TEXHONOMWMEH AKYITTET
CEPTHPHKAT

Ha Pymen HuxkoaaeB KoOHOBCKH

TPETO MSICTO
Ha KoHKypca "IIpoerTupaii c CAD/CAM ... u ¢c men!”
3a HaH-Z00'BpP CTYAEHTCKH NPOEKT, paspaboren ¢ CAD-cucTemu/SolidWorks

N
c
>

Hexan MT®:
9.06.2022 r. [mou. n-p/AEXK. [I. AuMuaTPOB/
Pyce ‘
@ur. 21. CepTudurar ot KOHKYpca 3a Haii-T0O0Bp CTYICHTCKU IPOCKT,
pa3paboren ¢ CAD cuctemu — , IIpoextupaii ¢ CAD... u c men!”.
N3BOAN

B pesynrar Ha HanpaBEHOTO MOXeE J1a ce 0000IIH:
1. PazpaboTeHa e TEXHOJIOTUS 32 MEXaHWYHO 00pabOTBaHE Ha JETAIM HOXKOBE 3a rpaiepHH
Ko(u Ha JIBe YCTAaHOBKH — ()pe3oBaHe Ha (acka ¢ br'uj 15° u ¢ broa 45°.
2. Pa3paboTeHu ca MpHCIOCOOJIEHHs 32 YCTAaHOBSBAaHE Ha JIeTalIM HOXKOBe 3a TpaiipepHu kopu
IIPU MEXaHUYHOTO UM 00pabOTBaHE — MPUCIIOCOOJIEHNUS 32 YCTAHOBSABAaHE Ha bI'bJ 15° 1 bIba 45°.
3. Upe3 u3mon3BaHe Ha IMPHUCIOCOOJEHUATAa ce HaMalsBa BpeMeTO 3a Oa3upaHe, 3aKpenBaHe U
[IEHTPOBAHE Ha JETANIN HOXKOBE BbPXY MAaIlIHATA.
4. Ype3 pa3zpaOoTeHUTE TMPHUCIOCOOJIEHHUsI C€ IOCTUIa BHUCOKA IPOU3BOAMTEIHOCT, MOpaau
BB3MOXKHOCTTA 33 €THOBPEMEHHO 00pab0OTBaHEe HA TPHU HOXKA.
5. Ha pa3zpaboTeHure npucrnocoOeHusl MOrar Jia ce yCTaHOBSIBAT I[sylaTa rama OT HOXKOBE, KOMTO
Ce pa3In4aBatr camo I10 JbDKUHATA CH.
6. Pa3paboTreHu ca ynmpapisBally MpOrpaMu 3a MEXaHUYHOTO 00paboTBaHE HAa HOXKOBETE.
7. HampaBeHa e ITbJIHa KOHCTPYKTHUBHA TOKYMEHTAIUS HAa Pa3pabOTeHUTE MPUCIIOCOOICHHS.
8. Ilpoleca Ha cb31aBaHe HAa KOHCTPYKTHBHAaTa JOKyMEHTAlUsl € aBTOMAaTU3MpaH upe3
M3IOJI3BaHEeTO Ha 11a0IoHHU Qaitose 3a Part, Assembly u Drawing nokymeHTure.
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Abstract: This paper reviews the theory behind force induced deformations.It pays brief attention to the history
of the problem. It also presents some of the so far established methods for their prediction and some of the methods for
their control. Thus laying the foundation for a future research in to the problem.

Keywords: Turnning, Force induced deformations

BBBEJIEHUE

Cunosure nedopMaiuu ca pe3yaTaT OT B3aUMOJACHCTBUETO HA MHCTPYMEHTA (PEeXKEIIHs KINH) U
oOpaboTBanus MaTepuai. Te npean3BUKBAT IIACTUYHM Ae(popMaIuy U pa3pyliaBaHe Ha
MaTepuaia 1 OTAEISIHETO My BbB (popmara Ha cTpykka. OCHOBHUTE U3CIIECIBAHUS HA CUIIOBUTE
nedopmaliu ce U3BbPIIBAT IIPE3 CpelaTa Ha MUHAJHUS BEK, KOTaTo Te ca OUIM ¢ JOMUHHUPAILL J5T —
20-80% ot cymapHaTa rpeuika Ha o0paboTBaHeTo. Pa3BUTHETO HAa TEXHOJIIOTUUTE 32 TIOJyyaBaHe Ha
3arOTOBKHUTE, CpEICTBATa 32 00pabOTBaHETO UM C PsA3aHE BOJM JI0 3HAYUTEITHO HAMAJIsIBAHE Ha
TAXHOTO BiusiHHe. OCHOBaHKE 32 TOBA 3aKII0YEHHE € BH3MOXKHOCTTA IIPH ChbBPEMEHHOTO
0o0paboTBaHe /1a ce MOCTUTa ChC CTPYroBaHe 6-7 CTENEH Ha TOYHOCT.

N3JT0KEHUE

3a chIOCTaBsSIHE HA CHJIOBUTE HATOBAPBAaHUS U ChIPOTUBICHUETO HA TEXHOJIOIMYHATa CUCTEMA CEe
M3II0JI3BAT MOHATHATA “‘cTabuiHOoCT” U “nofariauBoct”. [Tox crabuimHocT ce pa3dupa cnocoOHOCTTa
Ha TEXHOJIOTUYHATa CUCTEMa J1a CE ChIIPOTUBIISIBA HA JIEHCTBAIIMTE B IIPOLIEC HA PSA3aHE CUIIOBU
HATOBAapBaHHUs. 32 HEHHOTO KOJIMYECTBEHO OLICHSABAHE CE€ U3I10JI3Ba U3pasa [12]:

j= Fy—y , N/mm (1)

KBIACTO Fy € HOpMaJIHaTa CbCTABHA Ha CHUJIaTa HA PA3AHE,

Yy — IPEMECTBAHETO Ha PEKELIHs pbO Ha MHCTPYMEHTA CIpsiMO 00paboTeHaTa MOBbpXHUHA B
CBILIOTO HAaIPAaBJIEHUE C MTOJIOKUTEITHA CTOMHOCT MpHU yBEJINYaBaHE HA pa3Mepa.

OTHOCHO TIOJIATIMBOCTTA, TO TS € BEJIMYMHA PELIUIPOYHA HA CTAOMIHOCTTA T.€.:
y
W == um/N (2)
F,
y
3a ycTaHOBsIBAHE Ha KOJMYECTBEHA BpPBH3KA MEXKIy CHIOBUTE AcPOpPMAlMd M OCHOBHHTE

TCXHOJIOTMYHHU (baKTOPI/I CC WU3IIOJI3BA MPYXKUHHUA MOJCIT (aHaJ'IOF) Ha TCXHOJOIrM4yHaTa CHUCTCMA.
HpI/I HETO MPEMCCTBAHUATA HAa BCUYKH CHCTAaBHU 3BCHA Ca MPCHCCCHU KBHbM BbHpPXa HAa HOXKa U CC

2 JloknmagbT € NpejcTaBeH Ha CTyAeHTCKaTa HaydyHa cecus Ha 07.06.2022 r. B cexuus MexaHuka u
MaITMHOCTPOUTEITHA TEXHOJIOTUN C OpUTHHAIIHO 3ariaBue Ha Obarapcku e3uk: OTHOCHO JE®OPMAIIMUTE ITPU
CTPYT'OBAHE.
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OTYUTAT B HalpaBjieHHE, HOpPMAJIHO Ha oOpaboTeHaTa NOBBbPXHUHA. CHIPOTUBUTEIHOTO
(emacTUYHOTO) MOBEIEHUE Ha TE3M 3BE€Ha OOLI0 ce Mojenupa ¢ npyxuHara. Ha 6azara Ha TO3M
MOJIeJI € YCTaHOBEHA U MpHUeTa Jia ce U3MO0JI3Ba CieIHaTa 3aBUCUMOCT:

t, 3)

_ cHB)Fy
j+C(HB) Fy

KBJETO:
HB — TBbpaocrra Ha Matepuaia;

J — CrabuiHOCTTa Ha TEXHOJIOTUYHATA CHCTEMA,;

C — KoncranTa oTunTaIa HOMUHAIHUTE TIOCTOSTHHY (DaKTOpH;
t; — JIpn0ounHa Ha psi3aHe.

PasceiiBanero Ha Te3M (pakTOpU OKa3Ba BIUSHHE BbPXY TOYHOCTTA M KQUECTBOTO Ha pa3MepuTe,
KaTo TO MO’KE J1a Bb3HUKHE IIPU BCEKU OT €TanuTe Ha 00paboTBaHe.

IIporno3upane Ha eqacTuuHUTE Hedopmanuu

KbM cpenara Ha MUHaAIIMS BEK ca 3allOYHAIM M3CJIEABAHUATA CBBP3aHU C OINPENEIITHETO Ha
eacTUYHUTE JeQOopMalMy MPU TPUTE XapaKTEpPHU CXEMH Ha YCTAaHOBSBaHE — B IATPOHHUK,
NaTPOHHMK-IICHTBp M Mexay uentpu [4,5,7,8,11]. Ha To3u eram c 1en OmpocTsBaHE Ha
pa3paboTBaHUTE MOJETH € pPa3INIekKIAHO OCHOBHO OOpa0OTBaHETO Ha TIAAKH UWIMHAPHYHU
3arOTOBKH. 3a NPHUOJM3HUTENHO W3YMCISIBAHE HA TEXHUTE JAedopMalluTe Cce Mpernopb4Ba
U3M0JI3BAaHETO HA TCOPETHYHM 3aBHCHUMOCTH W3BEIECHH B TeOopusl Ha enacTuuHocTTa. Haif-o01mo
3aBUCHMOCTTA 32 MAKCUMAJIHOTO IIPOBUCBAHE € :

_ Bl

= 4
ymax CE,l, ( )
KBACTO C € KOG(bHHHCHT 3aBUCCII OT CX€MaTa Ha YCTaHOBABAHC.

B [7] npu ananmu3upane Ha enacTHuHHTE AeopManuU MPU KOH30JIHOTO YCTAaHOBSIBAHE €
BKJIIOYUEHO M BIIMSHUETO HA BPETEHHHsA BB3€]l 3a€JHO C NATPOHHMKAa Ha MalllMHAaTa. KaTo
M3UYUCIIUTEIHUS MOJIEN BKIJIIOUBA JABYCThIIAIIHA 3ar0TOBKa. HElfHOTO MBpBOTO CTHMANO € ¢ pa3Mepu
d u L cb3gaBamy eKBUBAJICHTHATA IOJATIMBOCT MOPOJCHA CyMapHO OT BpPETECHHS BB3EN H
YCTaHOBSIBAHETO B MMATPOHHHUKA.

B [2] uzumcnsiBaHeTo Ha OTKJIOHCHHSATA HAa HAMPEYHOTO CEYCHHE HA JIETaiia MOpPOJEHO OT
BCHUYKHM KOMIIOHEHTH Ha CWJaTa Ha ps3aHe (paauaiHa, akCuajdHa U TaHTEHIIMAJIHA) C€ OMpeens Mo
METOJIa Ha KpailHuTe eneMeHTH. B Ta3u pabora ca pasrienaHu TpUTE MIMPOKO M3MOI3BAHU METO/a
3a yCTaHOBSIBAHE Ha JETAWIM Ha CTPyroBaTra MallMHAa: KOH30JIHO, MATPOHHUK-LIEHTHP U MEXKIY
LEHTPHU.

3a ompenersiHe Ha €IacCTUYHUTE AeopMalvy BbB (YHKIMS OT MO3UIMATA HA UHCTPYMEHTA
ce n3nonsBa FEM cucrema 3a IMHENHU CTaTUYHU aHAIMU3U. 3BeneHuTe 3aBUCUMOCTH C€ pellaBar
C IOMOIITa Ha IaKeTa 3a CUMBOJIHU pemeHus Maple, 3a na ce moiyuu peleHHeTo B 3aTBOpEHa
dbopma, 1opH 3a CTHIATHU JeTailiny. ToBa MO3BOJIsABA MOCIEIBAIINTE U3UHUCIICHUATA J1a OTHEMAT TI0-
MaJIKO BpEME U ChOTBETHO I10JIy4aBaT MO-JIECHO 0e3 Jja € He0OXO0AUMO AOIBIHUTEIHO U3I0JI3BaHE
Ha UHCTPYMEHTUTE HA KPANHUTE €JIIEMEHTH.

B crensama ny6nukanus [3] aBTopuTe pasmiupsaBaT pa3pabOTEHUs MOIX0/1, KaTO BKIIOYBAT U
MOAATIIMBOCTTa HA €KUIIMPOBKATA 32 YCTAHOBSBAaHE HA 3aroToBKaTa M MHCTpymeHTa. OCBEH TOBa
MIPU U3UYKCIISIBAHE HA OTKJIOHEHUATA OTYUTAT MPOMSHATA HA 3ajajJeHaTa JbJI0OYMHA Ha ps3aHE OT
eIIaCTUYHHTE JeOopMaIiu.
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Ha durypara 8y, 6,y Ca mpoMsiHa Ha JMaMeThpa OT MOJATIMBOCTTA Ha JeTaiina o ocure
X, Y,a Oy , Oy OT HOJATIMBOCTTA HA EKUITMPOBKATA 32 yCTAHOBSBAHE HA 3arOTOBKATA, Oy~ OT

UHCTPYMEHTA.

®ur.1. IIpenckasan quamersp Dy, Ha 06paboTBaHaTa MOBLPXHUHA
B wu3cnexBaHeTo Ha TpPEMIKUTE OT €JNACTHYHHUTE JeQOopMaluu ce M3IM0J3Ba CleaHara
KOH(UTrypaIys Ha 3ar0TOBKaTa 00pabOTBaHa MPH TPUTE CXeMHU Ha ycrtaHoBsiBaHe ((ur. 2-4). Cren
OKOHYATEITHOTO 00pa0oTBaHE AETAMIBT € C JBE CThIajlia, HO MO BpeMe Ha o0paboTBaHe ce
dopmHpaT TpU cThIala, Karo JABETEe MEXIAy ToukuTe 3-4 u 2-3 cu HNpOMEHAT IbJDKHHATa, a
CTBIAJIOTO MEXIY 3-4 M IuaMeTbpa, KOETO Ce OTpa3siBa Ha TAxHaTa KopaBuHa. CTenanoro 1-2 ce
M3II0JI3BA 32 YCTAaHOBSBAaHE M 3a NpeJaBaHe Ha BbPTALIMS MOMEHT.
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@ur.2. Mojen Ha KpaifHUTE eIEeMEHTH TP CTPYTOBaHe Ha NMPBHT (KOH30JIHO 3aKpereH)
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®ur.6 MozgenupaHe Ha 3aroTOBKa 3aKpeleHa KOH30JIHO

[Tpu mpunaraHeTo Ha MeTOJa Ha KpallHUTE €JIEMEHTH c€ M3I0JI3BaT Mojeiau Ha Qur.5 mo
¢ur.6. IlomatnuBocTTa B YCTaHOBBYHATA CKHIIMPOBKA € OTpa3eHa C JBa BUAA TPYKUHH —
BUHTOBATa XapakTepusupa JHHEHHHTE (Kox1, Keyxs3), a cmupannata — brioBata (ky,q) M
nojgatnuBoctd.  Ompenenst ce aedopManuute, BB3HUKBAIIKA B pPE3yaTaT OT JEHCTBHETO Ha
akcuanHara F, u pamuannara F. cunu Ha ps3aHe. [IpuinoxeHHeTo Ha Ch3IafeHHsS MOAXOMA ce
pasiMpsiBa 38 MHOTOCTBITAIHY [6] ¥ ¢ KOHYCHH MTOBBbpXHUHH [1].

3a nmporHo3upaHe Ha OTKIOHEHUATA OT eJaCTUYHUTE Ae(opMaluy P MHOTO-THAMETPATHH
3aroTOBKH 110 BpEMe Ha CTPYrOBaHEe Ce M3I0JI3Ba M METOIa 3a aHaIu3 Ha kpaitau pazmuku (FD) [9].
Pa3paborenu ca Moaenu ¢ KpallHU Pa3iMKH, 3a Ja ONUIIaT AedopMaiusaTa Ha JeTaiina, KoraTo ce
B3€MaT IPEeJBU]] YCIIOBUATA HAa CTPYroBaHe, KaTo CHilaTa Ha psA3aHe, MaTepualla Ha JeTaiiaa, KakTo
U pa3meputTe Ha (opMara M BHJIOBETE YCTAaHOBSIBaHUSA. 103UM METOJ € MO-JIECHO MPHJIOKHUM B
CpPaBHEHHE MeETOJla Ha KpallHUTE €JEeMEHTH, KOraro c€ TbpPCAT pELIEHUS 3a MEXaHWYHU
KOHCTPYKIIUU C TO-TIPOCTa T€OMETPHUs, KaKBaTO € OCOCHUMETpHYHATa KOH(UTypalus Ha CTPYTOBO
00pa0oTBaHUTE JI€TallIM UMaIIX KPBIJIO HAapeyHo cedeHue. ChIHOCTTA B MPUIIOKEHHE Ha METO/1a
Ce ChbCTOM B MAaTEMaTUYHO pa3JelisHe Ha JIeTaillla Ha paBHOMEPHO pa3MpeelieHH CEeKIIMH MMAaIlu
MIOCTOSIHEH MHEPLIMOHEH MOMEHT. 3a BCsIKa CeKLMs B AuQepeHnania Gpopma ce u3pas3siBa Bpb3Kara
Mexay nedopMalMuTe, HATOBAPBAHETO MOJYyJia Ha €IacCTUYHOCT M WHEPUUOHHHS MOMeHT. C
KOMITIOTBPHO peElIaBaHE Ha CUCTeMaTa OT IIOJIy4eHM YpaBHEHUs Ce€ OIpejaens KpuBaTa Ha
nedopMauuTe B 3aBUCUMOCT OT HAaYMHHUTE HA YCTAaHOBSBaHE —IMAaTPOHHUK, MATPOHHUK-LIIEHTBD U
Mexay 1eHTpu. B paboTara MeTOIBT € MPUIIOKEH 3a ONPE/ENIIHE HA OTKIOHEHHUETO OT opmara B
HAJJIBKHOTO CEYEeHHE OT BIHUSHUETO Ha eJacTUYHUTE AedopMmaluy 3a Ha jAeraiina oT ¢wur.7
Pesynrarure ca mosy4eHu npu yCIOBHITA HA CTAOUITHO YCTAaHOBSBAaHE M CTAOWJIEH MHCTPYMEHT.

20,

N

40 40 20 140

@ur.7. [lnarpama Ha CIIO)XKHOIPO(UIIHA 3aT0OTOBKA
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[IpenyioxkeHusAT METO/I € MPOBEPEH 3a ACTAMII C €JHAKBB TUAMEThP, Ype3 CPABHIBAHETO HA
TEOPETUUYHUTE PE3YITATH MOJYUYECHU OT MpEeCMsITaHE MO METOa Ha KpallHUTE pa3JIMKK U TTO3HATATa

Fx?
TEOPETHYHO M3BeIeHaTa 3aBUcuMocT y = — (x — 31).
6E1

U3BOIM

N310eHO0TO 70 TYK, SCHO TOKa3Ba, 4€ 3a Ja MOorar Ja ce u3paboTBaT JOCTaThYHO OBP30 U C
MUHUMAaJIEH Opoil KOpEeKIUH, TEXHOJOTMYHU IpOLeCH, TO T€ HMMAT HYXJIa OT sSICHA M TO4YHA
TeXHOJIOTUYHA HHpopManus. TexHonornuyHara nHGOpPMaIKs € BCHYKO OHOBA, KOETO € HE0OX0IMMO
3a MOJArOTOBKAaTa Ha IMpolecuTe 3a u3paboTBaHE HAa MAIIMHUTE, TIXHOTO YIpaBiCHHE U
opranuzanysi ¢ 1en e(eKTUBHOTO My H3nbiHeHHe. OCHOBHHTE W Hal-CIOXKHHM ca 33/Ja4uTe
CBbP3aHM C €TallUT€ Ha [POCKTUpPAaHE M YIpaABICHUE HA TEXHOJOTWYHUS IMPOLEC.
WHpOopMalMOHHOTO OCUTYpsIBaHE € CPEACTBOTO 3a MPEOAONSIBAHE HAa HEONPEIEeNeHOCTTa MpHU
B3eMaHe Ha e(QEKTUBHH TEXHOJOIMYHU pelIeHHsT OCOOEHO B YCIOBUSITAa Ha JeiicTBaiiu
OrpaHUYEHUs (BPEMEBH, MKOHOMHYECKH, HMBO Ha KBaJU(UKAIMI) XapaKTEpPHU 3a pEaTHUTE
MIPOM3BOJICTBEHH MPOLIECH(0COOEHO B IIMPOKO-HOMEHKIATYPHOTO MIPOU3BOJICTBO).
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Abstract: In this research the possibility of obtaining prototype models and castings by special methods of
casting in ceramic molds is considered. The created prototype model, designed with CAD system SolidWorks, was
made by 3D printing using the FDM method. Two types of models were made on the printer — the first one is functional,
made of PETG, and the second one is a prototype, made of PLA. The models were measured to check for dimensional
deviations. The obtained values were compared with the prototype CAD model, and the deviations were calculated in
percentages. The PLA model was used to obtain a casting in ceramic form by precision casting. The obtained metal
casting was re-measured, as the deviations from the dimensions were compared with those of the digital model and are
presented in percentages. The results show that there are contractions of the 3D printed models not more than 1.6%,
and in the metal model they do not exceed 4.1%. To avoid these problems, it is necessary to make dimensional
adjustments in the digital CAD model.

Key words: 3D printing, casting, CAD models, dimensional control, ceramic forms

INTRODUCTION

Precise casting in ceramic molds on a molten model is one of the special methods for casting
in disposable molds. Its main task is to ensure high accuracy and smoothness of the casting in view
of almost complete elimination of subsequent machining. The essence of the method consists in the
fact that after making the form the model is not taken out, but melted and drained from it. This
makes it possible to cast parts with a very complex shape and with very small thicknesses (0.5 mm).
There are no restrictions on the type of alloys. The main disadvantage of the method is the
prolonged and complicated technological process, which leads to a decrease in productivity and
increase in cost [1-6].

For the last 5 years, solutions have been sought to improve the productivity of the process,
using modern means to create prototype models [7-10]. One of the approaches is the creation of
CAD models with software products that are technologically studied before their development. The
approval is most often done by the client. After passing this stage, a prototype model is made using

3 JlokmagbT € NpejAcTaBeH HAa CTyAeHTCKaTa HaydyHa cecus Ha 07.06.2022 r. B cexuus MexaHuka u
MaITMHOCTPOUTENIHA TEXHOJIOTMM C OpWUTMHANHO 3armaBue Ha Owarapckum esuk: W3CJIEJIBAHE HA
TEXHOJIOTUYHA BEPUT'A 3A U3PABOTBAHE HA TIOJIMMEPHU U METAJIHU TTPOTOTUIIN YPE3 3D
IMPUHTUPAHE U ITPELI3HO JIEEHE.
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a 3D printer, which makes it possible to shorten the time for its production. The printed model can
be functional, made of materials with sufficient strength and resistance to external influences, and
the prototype is made of materials that decompose and melt easily. The main problems in making
models by 3D printing is the accuracy of the printing system, as well as the technological properties
of the materials after cooling. The most common problems are differences in size, established
practically after their placement in the assembled product. The prototype model is used to obtain a
cavity in ceramic molds that are filled with metal. Comparing the dimensions of the casting with the
digital model also reveals differences. In order to establish these differences and improve the
manufacturability of the process, a technological line for prototype models has been developed,
monitoring their change from the creation of the digital model to the production of a casting.

The sequence of the technological process is as follows: 1. Design of a CAD model, 2.
Production of a prototype model by 3D printing, 3. Production of the form, 4. Melting of the models
and baking of the form, 5. Filling of the form with metal, 6. Finishing operations.

METHODOLOGY OF THE TECHNOLOGICAL CHAIN

Model design

The SolidWorks CAD system was used for the design of the model, and the assignment of the
model is in the form of drawing documentation. Often the model can be a sketch on a sheet drawn
by a designer. Fig. 1 a) shows the 2D sketch of the model, and Fig. 1 b) shows the digital 3D model
with the CAD system.

Fig. 1 Bearing cap model a) drawing, b) digital model

Important dimensions for the cap are the external dimensions and connection holes. These
dimensions were used for inspection and control after printing and after casting. From the obtained
dimensions of the model, functional and casting, an analysis of the deviations completed in a table
was performed.

Creating a prototype and functional model

In order to print the models, it is necessary to save the digital model in a suitable format for the 3D
printing preparation software. In this case the software product "Creality” v.4.8 was used. For the
production of both types of models a 3D printer "Creality Ender 3v2" was used, which works by
FDM method. PLA material was used to make the prototype model, which is easily melted and
burned by special methods for casting in ceramic molds. The functional model was made of PETG
material, which is water and oil resistant, with sufficient strength and resistance to UV rays.

The creation of the model by 3D printing was done with the software product "Creality”, in which
the digital model saved in the STL file is inserted. The following necessary parameters were set for
the functional model: nozzle diameter - 0.4 mm, material - PETG, wall thickness - 1.2 mm, layer
thickness - 0.2 mm, filling - 85%, printing temperature - 230 °C, table temperature - 80 °C, printing
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speed - 60 mm/s, cooling of the nozzle area - 100% and supports - in the form of lines with filling
20%. The parameters for the creation of the functional model are presented in Fig. 2.
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Fig. 2 Preparation for printlng a functional model

With the parameters set in this way, the model will be made in 4 hours and 48 minutes. The
required amount of material is 49 g with the supports and a total of 97 layers, shown in Fig.3. The
printing strategy is to build the model lying on the work table with its largest area. For the
construction, supports are provided in the inner part of the central opening and in the side slits,
which are shown in blue in Fig. 3. The 3D printing program is generated using the "Slice™ button.
The created file is a code of movements along the x, y and z axes of the printer and is saved in an
SD card, which is inserted into the printer for its decoding. In order to avoid a problem related to
detachment of the model from the work table, it is set that the first layer is half the thickness of the
predetermined layer thickness, ie. the first layer will be 0.1 mm thick and the others will be 0.2 mm
thick. In this way, the amount of printed material in the first layer will flow more sideways than in
height. This will also affect the height dimensions.
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Fig. 3 Strategy for 3D printing of a functional model

For the development of the prototype model the sequence is similar, but with the following
changes: material - PLA, filling - 35%, printing temperature - 210 ° C, table temperature - 60 ° C
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and wall thickness - 0.8 mm. The purpose of thinner walls and less filling is to reduce the
consumption of material and easier melting in the ceramic form during firing. The parameters for
creating the functional model are presented in Fig.4. With the parameters set in this way, the time
for making the prototype model is 3 hours and 13 minutes. The required amount of material is 27 g
with the supports and a total of 97 layers, presented in Fig.5.

1
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Fig. 4 Preparation for printing a prototype model

The undertaken strategy for making the prototype model leads to a reduction of the printing
time by about 33%, and the material consumption decreases by about 45%. This creates a
prerequisite for improving the productivity of the process of creating a model through the exact
methods of casting in ceramic molds. Compared to the classic approach to getting a model, it would
take a few weeks with the equipment.
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The printed models - functional and prototype, are presented in Fig.6 a) and b), as external
differences are not noticed, but after control of the dimensions differences were found compared to
the digital model as well as differences between the two types of printing materials in the same
model. These differences are reflected in the "Results™ section of Table 1.

.“/I‘

Fig. 5 Strategy for 3D printing of a prototype model
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a)
Fig. 6 Models: a) functional, b) prototype, c) casting

Making a casting in ceramic form

The preparation of a ceramic form is carried out by making fusible models, attached to a
common runner with a pouring cup, forming a block of models. The models are attached to the
runner by ingates glued to the model shown in Fig. 7 a). A horizontal runner is provided for the
pouring cup, to which, through ingates additionally glued to the model, a condition is created for
filling by 5 ingates at once, guaranteeing nourishment of the cavity and reduction of the risk of
larger shrinkages. The resulting block is placed in a case, which is filled with liquid ceramics. The
ceramics are baked according to the requirements of the manufacturer from a provided diagram.
The initial stage of baking is raising the temperature to 240 ° C for 1 hour, ensuring smooth drying
of the mold and leakage of the material, which forms a cavity. It takes another 2 hours to dry, after
which the form switches to baking. The baking process proceeds smoothly, reaching a temperature
of 750 © C for 1 hour and 30 minutes and remaining at this temperature for another 2 hours. After
baking, the temperature should drop for 1 hour at 600 ° C and hold long enough until the pouring
process. This stage lasts about 4 hours. The whole cycle for obtaining the ceramic form lasts about
12 hours.

The melting of the metal was performed in an induction furnace "Emma", developed by
Laybold, and the metal was melted in a graphite crucible, shown in Fig.7 b). The molten metal is
poured into the heated ceramic mold, creating a vacuum in the lower part of the mold, which helps
to better fill the cavity. The vacuum is created by a pump set to the installation. The temperature for
making the brass alloy is about 1100 ° C and it should be poured into the mold in less than 15
seconds. The obtained casting in ceramic form is shown in Fig. 7 c).

b) o)

Fig. 7 Obtaining a casting: a) common block, b) pouring, ¢) casting with the gating system

The models are separated from the gating system by cutting with an angle grinder and a hand
saw. Traces of the gating system are cleaned to the level of the model. The resulting casting is
presented in Fig.6 c). Visible distortions and deviations at first glance are not noticeable, but after

measurement and control differences were found compared to the digital model. The differences
obtained are reflected in the "Results" section of Table 1.
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Results

In order to establish the manufacturability of the process and to obtain accurate models with
ceramic shapes and to create models by 3D printing, a comparative Table 1 was used for the
deviations between the obtained models and the digital 3D model.

Table 1 - comparative table of the controlled dimensions, indicated in Fig.8

A B C D E
mm mm mm mm mm
3D model 19,5 80 40 15 14

Functional model

. 19,2 79,74 | 39,92 | 14,96 | 14,08
(3D printer, PETG)

Prototype model (3D

. 19,21 | 79,87 | 40, 14,74 | 14,
printer, PLA) 9 98 0.08 06

Cast model

. 18,71 | 78,81 39,5 14,6 13,96
(casting, brass)

AT % 1,54 0,33 0,20 0,27 -0,57
Ap % 1,49 0,16 -0,20 1,73 -0,43
Ac,% 4,05 1,49 1,25 2,67 0,29

Fig. 8 Controlled dimensions

After 3D printing in the functional model there is a change in the nominal dimensions due to
shrinkage of the material when cooled, and in the rest, the change is within the tolerances of the 3D
printer (= 0.1 mm). In the prototype model, the same change in size is observed, but the internal
holes shrink more than the tolerance and reach 1.73%. The reason for this behavior lies in the PLA
material, which is characterized by greater compressibility than PETG. After casting, the deviations
increase compared to the digital model to 4.05%, mainly due to the shrinkage of the metal after
cooling. In order to achieve the desired casting with the set dimensions, it is necessary to adjust the
dimensions of the prototype digital model with a sign opposite to the change. To check the
technological chain in order to obtain an accurate casting relative to the digital model, it is
necessary to repeat the procedure again.

CONCLUSIONS

The developed technological chain for the production of polymer and metal prototypes
through 3D printing and precision casting allows for adequate evaluation of the acquired models
through additional study of the obtained dimensions and the possibility for their correction. The
possibilities for obtaining functional models within the tolerance of dimensional deviation
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according to the accuracy of the 3D printer, which do not exceed 1.6% for the overall dimensions,
have been established. In the prototype models, the deviations are larger in the internal sizes (holes),
which reach 1.73%, while the other sizes keep their trend. After casting, the deviations of the
overall dimensions reach higher values - 4.05%, due to the shrinkage of the metal during cooling or
the shrinkage of the ceramic form during baking. The internal dimensions reach a deviation of up to
2.67% compared to the digital model.

Additional studies are needed to determine the change in size of the various printing
materials, as well as the change in size after casting. In order to obtain an accurate model, it is
necessary to make adjustments to the dimensions of the digital model with a sign relative to the
change after printing and casting.
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Abstract: A vertical bungee jump is investigated in the proposed work. Numerical experiments were performed
in MATLAB to evaluate the dependence of the maximum of: the coordinate, the speed, the acceleration and the
overload of the jumper on his mass in an interval from 50 kg to 120 kg with three types of ropes (hard, medium hard
and soft).

Keywords: Bungee jumping, Dynamics, Modeling, Simulation, Matlab

BBBEJIEHME

3aponiI ce KaTo PeIUTHO3eH PUTYaAT Ha THXOOKEAHCKHS OCTpoB [leTaeceTHHIIAa IPEIU CTONCTHS
(Menz, P., 1993), cera 6bHIKH CKOKBT C€ € IPEBBPHA B eMoLnOHaIeH ekctpeMed cropt (Li, Y.,
Lu, Z., 2013). I1pu Hero ckayalnusT € 3aBbp3aH 3a CUHUS Kpail Ha TYMEHO BbXKe, IPYTUAT Kpail Ha
KOETO € 3aKpelcH Ha BUCOK MOCT MM Ha nofemen kpan (Kadry, S., 2015; Kockelman, JW. &
Hubbard, M., 2004). Ciex kaTo CKOYH, YOBEKBT Maja CBOOOIHO, JOKATO BBKETO CE OMbHE U
ellacTHYHATa My CHJIa 3aTI0YHE J]a HaMallsiBa CKOpocTTa. [10o-HaTaThK YOBEKBT U3BBPIIBA HAKOIKO
3aTUXBAIM TPENTEHHS U criipa. V3ydyaBaHeTO Ha MEXaHUKAaTa Ha TO3M CHOPT JaBa Bh3MOKHOCT J1a
Ce MPEIBUISAT OIMIACHOCTHUTE U JIa CE OCUTYPST OC3PUCKOBH CKOKOBE.

MATEMATHUYEH MOJEJI

B npemiaranaTa pa3paboTka ce pasriekia MoJieNl Ha BepTHKaleH ObHIXKH CKOK (Butnuemos,
B., boznyranosa B., 2015). HoBekbT ce MoJienupa KaTo MaTepraiHa TOUKa, ChBIaIalla ¢ MaCOBHS
My HeHTBp. [Ipu ObHIKU CKOKa ABM)KEHUETO MMa 2 eTara: CBOOOHO MajJaHe Ha YOoBeKa, JOKaTo
BBHKETO C€ OITbHE M MOCJIE/IBAIIIO TPENTEINBO JIBIDKEHHE, CBBP3aHO C €aCTUYHOCTTA HA BBHKETO.

| o[ |

@ur. 1. Cxema Ha BepTHKaJIEeH OBHIKH CKOK

4 JlokmagbT € NpejcTaBeH Ha CTyAeHTCKaTa HaydyHa cecus Ha 07.06.2022 r. B cexuus MexaHuka u
MaITMHOCTPOUTEITHN TEXHOJOTHH C OPUTHHAIHO 3ariaBue Ha Obnrapcku e3uk: KOMITIOTBbPHO MOJIEJIMPAHE HA
BEPTUKAJIEH BBHJI’K1 CKOK.
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[Ipe3 mppBUs eTar OT ABMXKEHHUETO JEHCTBAT cujaTa Ha TerioTo G U ChIpOTHUBUTEIHATA CHIIA
Ha BB3ayxa Fp, a BEB Bropus eTan ce BKJIIOUBA U enactuyHara cuia Fe (gur. 1). OcHoBHOTO
ypaBHEHHE Ha JUHAMHUKATA 3a IIBPBUS U BTOPHSI €TAIK HA JIBHDKCHUETO UMa ChOTBETHO BHUJA!

ma = G + Fo, (1)

ma =G + Fp + Fe. 2
B ropuaure ypaBHenus G =m.g, KpI€TO M € MacaTa Ha YOBEKa, a § — 3eMHOTO YCKOpeHHe. 3a
CHIPOTHBUTEIHATA CHJIa Ha BB3JyXa € MPUET JIMHEEH 3aKOH Ha U3MEHEHHWe BbB Buaa: Fo = — kv,

KbleTO0 K € KOe(pUIMEeHThT Ha aepOJAMHAMUYHO CHIPOTHBICHHE, & V — CKOPOCTTa Ha YOBEKa.
KoeguuueHTsT Ha aepoAMHAMUYHO CBHIIPOTUBJICHUE € ONPEAEICH Ype3 rpaHUYHaTa CKOPOCT Vrp Ha
YOBEK BBB Bb3/[yXa OT 3aBUCHUMOCTTa

k=m.g/ [Vrp. (3)

Enactuunara cuia Ha BBKETO 3aBUCH OT YABILGKCHUETO MY, Bb3HHUKBA CaAMO KOI'aTO BBIKCTO €
VABIDKEHO M € HacoueHa oOpaTHO Ha IMOCOKaTa Ha TOBAa yIbJDKCHHE. Bb3 OCHOBa Ha ONHUTHU
pesynratu (Menz, P., 1993) ronemunaTa Ha ta3u cuia (¢ur. 2) ce U3MEHs CIIOpeT 3aBUCHMOCTHUTE:

Fe = c1(y-b), r>y-b>0, 4
Fe =cir + co(y—b-r), y-b=>r,

KBJIETO

C1, C2 — KOPABUHHU KOC(QHUIMEHTH Ha BBKETO,

y—b — yabimkeHue Ha BBKETO,

I — XxapakTepeH MmapaMeThp B €IACTHYHATA XapaKTEPUCTUKA Ha BBIKETO,
b — mboKMHA HA HeneGOPMHUPAHOTO BBIKE.

c2

Fe, N

0 b b+r y, m

@ur. 2. 3MeHeHMe Ha eacTUYHATa cujla Fe Ha BBKETO
[Mpoektupame BekropuuTe ypaBueHus (1) u (2) Bepxy ocra Oy (¢ur. 1) u 3a mbpBUs eTan Ha
JBUKEHHUETO MOJTyyaBaMe
my'’= mg — kv, (5)
a 3a BTOpHS €TaIl
my"=mg — kv — ci(y-b) npu r>y-b >0, (6)
my"”=mg— kv — cir — Co(y—b—r) mpu y-b>r.

Heo6xonumute 3a pemasane ¢ MATLAB kanonnuHM popmu Ha cucteMaTa JudepeHInaaIHu
ypaBHenus (5) u (6) ca CbOTBETHO:

dy/dt =, y(0) =0, @)
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mdv/dt =mg — kv, v(0) =0,

dy/dt = v, (8)
mdv/dt = mg — kv — c1(y-b) npu r>y-h>0,
mdv/dt = mg — kv — cir — co(y—b—r) mpu  y-b>r.

Ies1 Ha U3cneABaHETO € C MPEIOKEHU MOJIEN 1a C€ YCTAaHOBH NP OBHIKM CKOK Ha Xopa ¢
maca B uHTepBaia ot 50 kg mo 120 kg ¢ Tpu Buza Bbxera (TBBP/O, CPEAHO TBBPJO U MEKO) UMa JIH
PHCKOB CKOK M KaK C€ NPOMEHAT MaKCHUMAJIHUTE CTOMHOCTH Ha YETUPU OCHOBHM XapaKTEPUCTUKH
Ha CKOKa: KoopauHaTata (Ymax), CKOPOCTTa (Vmax), YCKOPEHHETO (@max) M MPETOBApBAHETO (Pmax).
IIperoBapBaHeTo ce omnpenens KaTo OTHOIIEHHE HA FOJEMHHHUTE Ha YCKOPEHHETO Ha YOBEKAa KbM
3eMHOTO YCKOpEHHE.

YUCJIEHU EKCIIEPUMEHTU. U3BOIN

W3cnenBanus Ha 3a/1a4ara 3a BEpTUKAJICH OBH/KU CKOK criopen onucanus mozen (7) u (8) ca
u3BbpIieHu ¢ nporpamuara cucrema MATLAB (Chapra, S., 2018). 3a uncieHOTO HHTETpUpaHe Ha
cucTeMaTa OOMKHOBeHH audepeHnnaniy ypasHenus (5) u (6) e u3nonspana GyHkuusTa (T.H.
conebp B MATLAB) ode45.

3a BXOJHUTE BEIMYMHM Ca M30paHH CleJHUTe cToiHOocTH: b =25 m, H =50 m, r =5 m.
[onemMuHaTa Ha rPaHUYHATA CKOPOCT HA YOBEK MPH CBOOOIHO MajaaHe € Vip =53,6 M/S u upe3 Hest oT
3aBuCUMOCT (3) ce onpeaens KoehUuIueHTsT K.

CTOMHOCTHTE Ha KOPAaBUHHHUTE KOS(DHUIIMEHTH ca B3eTH oT jureparypata (Menz, P., 1993) nHa
¢bupma-ipousBouTen Ha ObHIKHN BbxkeTa (Taom. 1).

Tabmuua 1. KopaBunan koeduureHTH Ha OBHIKHA BBXKETa

Buna Bbxke c1 (N/m) | c2 (N/m)
TBBPJIO 255 149
CPETHO TBBPJIO 204 111
MEKO 162 77

Ha ¢ur. 3 u 4 ca nmokazaHu MOTy4eHHTE 3aBUCHMOCTH Ha OCHOBHUTE XapaKTEPHUCTUKH Ha
CKOKa OT BpeMeTO H (ha30BUAT MOPTPET MpH Maca Ha yoBeka M = 90 Kg u TBBPI0 BBKE, OT KOUTO
MOXEM Ja yCTaHOBHMM, Y€ 3aTHXBAHETO Ha TPENTEHUATAa ChOTBETCTBA HA PEATHU TPENTEHUS Ha
OBH/KU CKOKOBE.
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@ur. 3. 3aBHCHMOCT Ha KOOPJIMHATA Y, CKOPOCTTA V, YCKOPEHHUETO @ OT BpeMeTo t
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@ur. 4. 3aBUCHMOCT Ha MPETOBAPBAHETO P OT BPEMETO U (Pa30B MOPTPET

OuakBa ce MakCUMaHaTa CKOpOCT Jia ce JOCTUTHE B Kpas Ha eTana Ha CBOOOIHOTO TajaHe, a
MaKCHMAJIHOTO TIPETOBapBaHE — KOTaTo YABDKCHHETO Ha BBKETO cTaHe Hai-roisiMo. ToBa ce
MOTBBPKAaBa OT ¢ur. 3.

M3meHeHneTo Ha MaKCUMYMUTE Ha OCHOBHUTE BEJIMYMHU IPU IPOMSHA Ha MacaTa Ha YOBEKa
B uHTepBana ot 50 kg 10 120 kg ¢ Tpute Buaa BbKeTa € 0Tpa3eHo Ha ¢ur. 5.

TBBHPAO BbXKe cpegHo TBHPAO BbXe
50 - 1 50
——vmax, m/s
30 ~—"amax, m/s?
—pmax
20 =
10t ] 10 1
0 1 1 1 1 L 1 0 : ‘ ; ; ‘ :
50 60 70 80 920 100 110 120 50 60 70 80 90 100 110 120
m, kg m, kg

MEKO BbXe

50

——ymax, m
—vmax, m/s

40

~———amax, m/s?

—pmax

20

50 60 70 80 90 100 110 120
m, kg

@ur. 5. MI3MeHeHNEe Ha MAKCUMATTHUTE: KOOPAUHATA Ymax, CKOPOCT Vmax, YCKOPEHHUE dmax 1
MPETOBAPBAHE Pmax IIPU IPOMSIHA HA MacaTa M B 3aJ1aJICHUS] UHTEPBAJI

3a Ho-z[06pa CpaBHUMOCT, Ha (1)1/11". 6 ca I/1306paSCHI/I MAaKCUMYMHUTC Ha OCHOBHUTC
XapaKTCPUCTHUKHU IMOOTACIIHO 34 TPUTE BU A BBKETA.
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max vmax
55 y T r T 20 T
——TBbPAO BbXe —— TBbPAO BbXe
—— CPEeAHO TBbPAO BbXe —— CpeaHo TBbPAO BbXe
50 MEeKO BbXe ] 19.9 MEKO BbXe

ymax, m
vmax, m/s

30 . . . . . . 19.4 . . . . . .
50 60 70 80 90 100 110 120 50 60 70 80 90 100 110 120

m, kg m, kg
pmax

—TBbpPAO BbXe
4k —CpeaHO TBbPAO BbXe
MeKO BbXe

pmax

1

50 60 70 80 90 100 110 120
m, kg

@wr. 6. MI3MeHeHre Ha MAKCHMAITHUTE: KOOPJAUHATA Ymax, CKOPOCT Vmax M IPETOBAPBAHE Pmax IPH
IIpoOMsIHA Ha Macara M B 3aJaJCHUs UHTEPBAJ 3a TPUTE BUIA BbKETa

Ot ¢ur. 5 ce BuxkAa, 4e MpH U3MOJI3BAHE HA MEKO BBKE HACThIIBA PUCKOB CKOK 3a YOBEK C
maca Haj 110 Kg, mopamu yiap npu TocTHraHe Ha TpaHUYHATa perpaaa. MakcumaiHara CKOpoCT U
MaKCHMajHaTa KOOpJMHATa HapacTBaT, a MAaKCHMaJIHOTO IPETOBapBaHE HAMAJSABA C yBEIMYaBaHE
Ha MacaTa Ha 4OBeKa M IpH TpuTe BHIa Bhxkera (¢ur. 5). To He HagBumasa: 4.2 mpu TBHPIO, 3.5
IIPU CPEIHO U 2.8 MpU MEKO BBKE.

®ur. 6 noka3Ba, ue C HaMaJlsIBaHE Ha KOpaBMHATa Ha BHXKETO MaKCHUMajHaTa KOOpJAUHATa ce
yBEeJIMYaBa, a MAaKCHUMaJHOTO IpeToBapBaHe HamansBa. OT chliara ¢urypa cieasa, de
MaKCHMajHaTa CKOPOCT MIPAKTHUECKU HE 3aBUCH OT BUJA HA BBKETO.

[Tpu mo-HaTaTHUIHKU U3CIEABAHUS B MOJIeNa € IieJechoOpa3Ho: J1a ce pas3rieiaT TpenTeHHUsTa
Ha BBXKETO KATO HENpPEeKbCHAaTa BUCKO-€IAaCTH4YHA cpella C pas3lpeseieHa Maca; Aa ce ONMIIAT
BBHKETO M YOBEKa KaTo CHUCTeMa ¢ MPOMEHJIMBA Maca (MpH CBOOOJHOTO JIBUXKEHME); Ja C€ BKIIOYAT
OCBEH MacaTa M OCTAaHAJIUTE MACOBU MHEPLIMOHHM XapaKTEPUCTHKU Ha YOBEKA.
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