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Llenb paboThi:

MoBbiweHne 3PPEKTUBHOCTU TEXHONOIMMYECKOro npouecca pemoHTa J0NaToK
ra3oTypbuMHHbIX ABUraTeNen Ha YCTAaHOBKE NPAMOro HaHeceHna matepuana.

3agadvn:

1) aHanuM3 coBpemMeHHOro cocToAaHUA 0baacTn nccaegoBaHms, NOCTAaHOBKA 3a4a4M
NccnenoBaHUA;

2) pa3paboTKa maTtemaTU4eCKoM MOAEeNN CKaHMPOBAHNA KPUBOJIMHENHbBIX MOBEPXHOCTEN
n metoaa $opMUPOBAHUA HENPEPLIBHOW TPAEKTOPUN HANNABKY;

3) CUHTE3 apXMUTEKTYPbl U aATOPUTMOB CUCTEMbI YNPABAEHUS, B TOM YMUCNE aATOPUTMOB
NOACUCTEMbI CKAHMPOBAHUA U onpeaeneHna rpaHnL, Kpomok nonatok '1;

4) TexHuYyeckas peanmsaumsa CUCTEMbI YIpaBAEeHUA YCTaHOBKOM NPAMOro HaHeceHus
MmaTepuana, sKCnepMmeHTaibHas NPOBEpPKa.




[laTeHTHO-MHPOPMALIMOHHbLIN MOUCK

[37] Burghardt A., Szybicki D., Gierlak P., Kurc K.,
Muszyiiska M. Robotic Grinding Process of Turboprop
Engine Compressor Blades with Active Selection of Contact
Force. Tehnicki viesnik, 2022, Ne 29, ¢. 15-22.
d0i:10.17559/TV-20190710141137.

[36] Xiaohu X., Dahu Z., Haiyang Z., Sijie Y., Han D. TCP-
based calibration in robot-assisted belt grinding of aero-engine
blades using scanner easurements. The International Journal of
Advanced Manufacturing Technology, 2017, Ne 90, ¢. 635-647.
d0i:10.1007/s00170-016-9331-8.

[42] TTaT. 2708940 PD, MIIK GO1B 11/24. Cnocob usmeperus
MpexmepHol 2eoMempuul 8bINYKAbIX U NPOMANACEHHBIX
obvexmos, C. B. JIpoitnnmnukos (P®), B. I'. Menenun (PD),

[
: |
Muchine Spindle] | [}
H L

[40] Jinting X., Longkun X., Yifei L., Yuwen S. Shape-
adaptive CNC milling for complex contours on deformed thin-

= «
RMP600 probe ——5 2
. e

e = - walled revolution surface parts. Journal of Manufa-cturing

Processes, 2020, Ne 59, ¢. 760-771.
doi:10.1016/j.jmapro.2020.10.001

[56] ITaT. 2295110 P®, MIIK GO1B 11/24. Cnocob usmepenus
dopmbl nosepxnocmu 00veKmMa u NPeOCMABIeHUs Pe3yTbMAaAmos
usmepenus na ynomsanymou nosepxuocmu, A. B. Cusoxun (P®),
A. b. Ky3znenos (P®), I'. C. babuues (P®). Ne 2005131751/28;
3asBi. 13.10.2005; omy6m. 10.03.2007, bron. Ne 7, 8 c.

[52] TTaT. 152184 P, MIIK GO1B 11/02. Yempoticmeso ons uzme-
penus ceomempuieckux napamempos konyos mpyo, J1. 1. Men-
BezaeB (PD), C. I'. Epmos (P®), A. B. Kupukos (DE), B. A. Illep-
6axoB (P®), B. K. XKykos (P®D). No 2014119523/28; 3asBm.
15.05.2014; omy6a. 10.05.2015, brom. Ne 13, 19 c.

[46] ITat. 2499657 P®, MIIK B23P 6/00. Crocob asmomamuszu-
posannozo pemonma demanu mawiun, T. Menbep-Hoxum (DE),
. Tomauauc (DE), P. Bunbkenxenep (DE). Ne 2012110399/02;
3asBi. 16.08.2010; omy6s. 27.11.2013, Brosn. Ne 33, 11 ¢.

. B. enuxun (P®), U. K. Kabapauu (PD), 1. B. Kynukos
(P®D), Ne 2019101273; 3assi. 15.01.2019; ony6u. 12.12.2019,
Bron. Ne 35,8 ¢

[57] Ine K. LENS Technology Overview.
https://www.slideserve.com/kishi/lens-tech-
nology-overview (marta oopamienus: 10.05.2023)

[53] ITar. 96424 PO, MIIK GO1B 11/04, GO1B 7/04.
Yempoticmeo ons usmepenus pazmepos 1ucmos Ha Kougetiepe,
B. H. Iémkun (P®), 1. C. Joxor (P®) Ne 2009130661/22;
3asBi. 10.08.2009; omy6m. 27.07.2010, 14 c..




[laTeHTHO-MHPOPMALIMOHHbLIN MOUCK

Kputepuii

PacnonoxxeHue
CKaHMpyKLwero
ycTpoiicTBa

Korga
ocyLiecTBaseTca
CKaHMpoBaHue

MeTtop,
CKaHMPOBaHMUA

Tun nonyyaembix
[AHHbBIX 3Q KTAKT»
M3MepeHusa

Tun nsmepeHHbIX
BAHHbIX nocne
CKaHUPOBAHUA

Tpebyerca
6asupoBaHue
AeTanu nocne
CKaHMpPOBaHUA

MpumeHsaetca
ANA peMoHTa
nonatok I'TA,

[36]

B obwen pabouei
30He

MNepepg 06paboTKoi
WK B NpoLiecce ¢
OCTaHOBKOW Npo-
uecca 06paboTkm

AKTUBHbBIN TpUaAH-
TYNALMOHHbIN CKa-
Hep + NAacCUBHbIN
CTEPEOCKONUYECKUIM
CKaHep

MosepxHoOCTb

3D mogenb
NOBEPXHOCTU

Oa

Het

[37]

B obwen pabouei
30He

MNepep 06paboTKOMN
WAKN B NpoLiecce ¢
OCTaHOBKOM Npo-
uecca 06paboTkm

AKTUBHbIN TPUaAH-
TYNALNOHHBIN CKa-
Hep + NacCUBHbIN
CTepeocKonuYeckui
CKaHep

MosepxHoCTb

3D mogenb
NOBEPXHOCTU

[a

Het

[40]

HenocpepcTteeH-
HO Ha CTaHKe

MNepepg 06paboTKoOM
WK B NpoLiecce ¢
OCTaHOBKOW Npo-
uecca 06paboTkm

KOHTaKTHbIV meToa,

Touka B
npocTpaHcTBe

3D mogenb
NOBEPXHOCTU

Het

Het

[42]

BHe
obopyaoBaHun

MNepes
obpaboTkoii

AKTUBHbIN TpUaH-
TYNALMOHHbIN CKa-
Hep + NacCUBHbIN
CTEPEOCKOMUYECKMI
CKaHep

MNoBepxHOCTb

3D mogenb
NOBEPXHOCTH

Het

[56]

BHe

obopya,
OBaHWA

MNepeg,
obpa-
60TKOM

Maccus-
HbIVi CTe-
peocKo-
NUYecKuni
CKaHep

Nosepx-
HOCTb

3D
Mmofaenb
NoBepXH
ocTH

[a

Het

[57]

Henocpega-
CTBEHHO Ha
CTaHKe

MNepen
obpaboTkoii

MaccuBHbIN
doTomeTpu-
YecKui cKaHep

MnockocTb

2D KOHTYp
NOBEPXHOCTH

Het

[a, BoccTa-
HoBNeHue 2D
NoBEPXHOCTU

[52]

Henocpega-
CTBEHHO Ha
CTaHKe

MNocne
06paboTku

TpuaHrynaumno
HHbIW CKaHep
(2D-npoduno-
meTp)

JInHna B
NpocTpaH-
cTBe

3D KoHTYp
NOBEPXHOCTH

He
NPUMEHUMO

Het

[53]

Henocpea-
CTBEHHO Ha
CTaHKe

MNocne
06paboTkm

MaccuBHbIN
CUNY3THbIN
CKaHep

TouKa B
nNpocTpaHcTBe

2D KoHTyp
NOBEPXHOCTU

He
NPUMEHUMO

Het

[46]

HenocpeacTtseH-
HO Ha CTaHKe

MNepeg,
obpaboTkoi

AKTUBHbIN
TPUAHTYAALMOHHbIN
CKaHep + NacCuBHbIN
CTEPEOCKONUYEeCcKnit
CKaHep

MoBepxHOCTb

3D mogenb
NOBEPXHOCTHU

Het

[a, BoccTaHoB-
NleHne NIoKaNbHbIX
y4acTKoB

Mpean. cnocob

HenocpeactBeHHO
Ha CTaHKe

MNepep, 06paboTKoi

AKTUBHbIV
TPUAHTYNALMOHHbIN
CKaHep + NaccuBHbIN
doTOMETpUYECKmui
CKaHep

JInHna B
NPOCTpaHCTBE +
NNOCKOCTb

3D KoHTyp
NOBEPXHOCTU

Het

[a, BoccTaHOB-
nexue 3D nosepx-
HOCTK




VlccnepoBaHe ckaHUpOBaHUA U3Oennn BHe
CTaHKka Ha yctaHoBke ATOS ScanBox 5120

OTCKaHMpPOBAHHAA FPaHMLLA KPOMKMU
NIONAaTKK Ha ycTaHoBKe ATOS
ScanBox 5120

Mpobnembi:

1) HecooTBETCTBME CUCTEM KOOPAUHAT
«NOMaEeT» pe3ynbTaTbl CKAHNPOBAHUA —
TpebyeTcA TouHasa KanMbpoBKa YCTAHOBOK,;
2) TpebyeTca cTaHUMA «KHYAEBOTO»
6a3MpoBaHNA M BbICOKOTOYHAA OCHACTKa
NoA KaXkAyto HOMEHKNATYpY;

3) dopmaT BbIXOAHbIX AAHHbIX NOAXOAUT
ANA BOCCTaHOB/IEHMA JIOKA/IbHbIX Y4aCTKOB,
TpebyeTca agantaumna ANa HENPEPbIBHOIO
HaHEeCeHMA NO CNOXHONPOPUAbHOM
KPUBONMHEMNHOW NOBEPXHOCTMU.

OTCKaHMPOBaHHaA BPYUHYIO /TaKMM obpa3om TpebyeTca pa3paboTka maTemaTUYecKomn

KPOMKa N10MaTKN Ha
YCTaHOBKE NpPAMOro

mogesun npouecCa CKaHUpPoBaHNA U MeTOodad

HaHeceHUs maTepnana bOpPMNPOBAHUA HENPEPLIBHON TPAEKTOPUM HAMNTaBKU
Ana obopyaoBaHMA C NATbIO cTeneHAMN cBOb6oAbI. 8
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MaTtemaTtnyeckaa moaenb npotecca
CKaHI/IpOBaHI/IFI B I'IpFIMOM HarnpasneHnn
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MaTtemaTnyeckas mogenb pacyeTta
CMELLUEHNA KoopaAnHaT NoACUCTEMBI
CKaHNPOBaHUA

1 0 0 O 0] [cosB, —sinf, 0 O
! M = 0 1.0 O O cos az —sin az O |sinf, «cosB, 0 O]
! 0 0 1 —-Lp O sin az cos az 0 0 0 1 0
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| 0 0 0 1/ 10 0 0 1/ 10 0 0 1

sin(a)

Y .. — v, cos(a
. abs — V't (@) npu sin(a) # 0
Ly =
(Zyps — ) npu sin(a) =0

yt abs COS(O() (Zabs b) ) Sin(O()

Xabs,2 Xabs,l 0
Yabs 2 Yabs 1 0
“1l=M- ’ +
Zabs,2 Zapsa — (h+Ly) h+Lr
1 1 1
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CkaHnpoBaHMne B 0bpaTHOM HanpaBieHUN
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MeToa dpopMUpPOBaAHUA TPaAEKTOPUN
HanmnaBkM ANSg YCTaHOBOK C NATLIO
cTeneHaMmn csodoabl

1) TMoparotoBKa BXOAHbIX AaHHbIX:
1) BblpaBHWUBAHME BEKTOPOB HOPMAIEN OTCKAHMPOBAHHbIX TOYEK NOBEPXHOCTU;
2) BblpaBHMBaHWE BEKTOPOB HamnpaBaeHNA 06x0aa NOBEPXHOCTH;

2) PopmMpoBaHUE TPAEKTOPUM HaMNJIaBKU B MJIOCKOCTH:
1) dopmuMpoBaHME NUHUIM LUTPUXOBKMN;
2) oTcevyeHme NNHUN 3a Npeaenamm KOHTypa Gurypbi;
3) coeaAVHEHUE NUHUM LITPUXOBKU NepPeMbIYKaMM B 3aMKHYTYIO TPAEKTOPUIO;
4) dopmupoBaHUE TPAEKTOPMM CBOOOAHOIO NepemeLLeHus;

3) lMocTtobpaboTKa TPAEKTOPMM HAMNABKMU:
1) BblYMC/IEHNE 3HAYEHUN Z-KOOPAMNHAT;
2) BbluMCNeHMe 06paTHbIX MaTpUL, TpaHchopmaLnm;
3) BbIYUC/IEHME BEKTOPOB HOpPManewn;

4) npeobpa3oBaHMe TpaekTopun Hannasku n3 2D npeactasnenms B 3D.
13




[loarotoBka gaHHbIX K OpMUPOBAHUIO
TPaeKTOPUMN HannaBKK

Havano nodzomogku K 1 0 O .
(DOPMUPOBAHUIO MPaeKmopul ) Pj-1x| [1 0 .0 0
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no o | 0 0 01 '
[ da Boucnerue mampuyp! 000 1
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CUHTE3 TpaeKkTopuKn HannaBKn ONs
NATUKOOPAUHATHOW YCTAHOBKM MPAMOro
HaHeceHnsa MmeTanna




CpaBHeHne pe3ynstatoB PopMmnpoBaHUA
TPAEKTOPUN HaMMaBKN C N3BECTHbIMU

N3BeCTHbIM MeTon, [MpeanoXeHHbIn MeToa,

Anapees A. E., /lpodotoB A. B., Kontemnosa U. A., 'ymun U. A., Kuzuios B. I'.,

Cxpunnaukos H. A. IlepepaboTka anroputma 1 NporpaMMHON peasin3aniu

MPOTOTHIIA TUCKPETHOTO chaiicepa. Hroicenepruiii secmuux Jona, 2020 Ne 12 (72),

¢. 313-323. 16




ViccnepoBaHue anropuTtMoB CErMeHTaLunm
KPOMKW JTonaTKn Ha n3obpaxeHnsax

Intersection

Anropntm )
P over Union, %

CermeHTauma AeTEPMUHUPOBAHHbBIM
anropuTMom

65,95

CermeHTauUuA CBEPTOYHON HENPOHHOM

77,57
CeTbo A58 OOHAPYXKEHUS KOHTYPOB

* CemaHTMYecKan cermeHTauma Ha

) o y 97,25
OCHOBE CBEPTOYHON HEMPOHHOW CeTH

* - JAHHbIA aNrOPUTM BblbpaH ANA AaNbHENLWero Mcnoib3oBaHUA B 3aa4e
CKaHWPOBAHMA KPOMOK sionatok T/,

NnpuUMmepbl cermeHTaunMm KPOMKU ZTOMATKN Ha M306pa)KeHMF|X
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CemMaHTun4yeckasa cermeHtaumnsa Ha OCHoBe

CBEPTOYHOU HEUPOHHOWU CETU

_

KoanpoBLumK
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a) OpI/II'I/IHafIbeII\;I CHUMOK KPOMKHU NTOMNaTKKN

6) pe3ynbTaT CEMaHTUYECKON CErMeHTaLNK

B) CHUMOK C BblAeNeHHON KpomKon 18




Cxema MHdopMaLNOHHbIX MOTOKOB
aBTOMaTU3NPOBAHHON CUCTEMbI YNpaBieHUS
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yriy Galil 4040

BcnomozamenbHas ocb
Z: (W)

—>| Obwuii cgem |
—>| Peyupkynayus apaoHa
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YctaHoBka OPTOMEC LENS 850-R
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[loacmncrtema ckaHUpoBaHUA




Pe3ynbTaTtbl CKaHMPOBaAHUA
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TexHonorn4yeckmnm npoLecc peMoHTa
nonatok [ T1 nocne mogepHmM3aumnm

t = okono 40 muHyT
(cokpaleHune Ha 56,5 %);

COKpalLleHNe BpeMeHU BCEro
TEXHO/IOTMYECKOro npoLecca Ha
37,1 %;

NOAroTOBKa NPOrpamm ans

PEMOHTA NONATOK CNOXKHOM GOpPMblI

(paboTta B 5D KOoOpaMHaTax);

MUHMMM3ALUMA PYYHOrO Tpyaa B
npouecce CKAaHMPOBaAHUA U
HanNaBKK;

TOYHOCTb CKAHMPOBAHUA CBblLLE
0,1 mm (npwn naTHe nasepa ot 0,5
00 1,0 mm).

J

= SHeprusa Ha
Pa6ouuii ra3 (aproH) cosanme paboueit

cpeap!

1

T T
CHATUE U3HOLLEHHOI YacTi
MeTanna Ha
MeTannoo6pabarbiBaoem
o6opyaoBaHnn

W3HoweHHas nonatka M/

L
ﬁf
l

1. 3akpen/nieHne oOCHacTKu;
ToAroToBKa yCTaHoBKY
NPSIMOTO HaHeCeHust
meTanna k pa6ote

3. CosgaHue paboueli cpefbl B
Kamepe yCTaHoBKM;
4. 3arpyska nopoLuka;

YcTaHoBKa 3aroToBKM B

-

3aroToska

0CHacTky B Kamepe
YCTaHOBKM

——

Cunctema TeXHMYECKOro 3peHns

2. KanunbpoBka oceii ycTaHOBKY;

CHsATVE n3MLweK

maTepuana Ha D

MeTasi006pabarbiBaolem
lopgnas nonarka M4

o6opyaoBaHun

-

O6pat6oTaHHas 3a+roro

WHchopmaums o xoge BbINOSHEHUA
BKa TEXHO/OrMYECkoro MpOoLecca Hannaski

Bbi6op nepBoii Toukn
KPOMKY flonarkin

Bbi6op BTOPOIi TOUKM 4
KPOMKY Nlonarkin

-

17 17
ABTOMaTUYECK!
Banupauns pesynsrara omaruieckoe
CKaHnpoBaHua

le——]

O,

BHEprus ABUKEHNS CTAHKOM

OHeprus nasepa

CKaHMpOBaH1e KPOMKMN

Basa gaHHbIX
TEXHOMOTMYECKNX PEXVMOB

TMpumeHseTCA pacnpeseneHHbIi
“cnaiicuHr" B "5D"-pexume. [laHHbli
CnaiicHr cunTaeT MapLupyT B N10CKOCTH,
a 3aTem AN Kax/aol ToukM MapLupyTa
BbIYMC/IAETCS MaTPMLA TpaHc(opMaLmm

1 BEKTOP HOPMasv TOuKI

nonarku
v v

"O6nako" Touek

3ajjaHu1e TPaekTopun
[BUXEHWS! (PA3OMKHYThI

MK ynpasneHus:

ByHkep ¢

3aaaHue aHeprum
A P MOPOLLKOM

HannaBku (DasOMKHYTbIit

3aj;aHme CKOpOCTM Nnoaaum
nopoluka B pa6ouyio 30Hy
(Pa3OMKHYTBIN LK
ynpaBieHus)

Bbluncnenne TpaekTopum
| HaHeceHns meTasina

TpaekTopusi Hannaekm

Co3paaHune nporpamMmbl

BbINonHeHne NporpaMmb!
Hanjasku1

Hannasku

Mporpamma Hannasku (DMC-kop)

A
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OnbITHasA

a) Topey,

HAllJ1aBKa

6) BXO4HanA KPOMKa

BbinonHeHa npoBepKa Ha
PEHTFeHOBCKOM cucteme
KOMNbIOTEPHOM TOMOrpaduu;
No pe3ynbTaTam NpPoBEPKU
MOPUCTOCTb, TPELLUUHDI B
HannaB/IeHHOM MaTepuasne
BblAB/NIEHbI HE ObINN;
NPUNYCK HA MeXaHUYECKYHO
0b6paboTKy B A0ONYCTMMBbIX
npeaenax;

BblAB/IEHHbIE B OMNbITHOMN
HanaaBKe HecniaBneHus
MeXKAYy CNOAMU ABNANUCD
cneacTBMEM HETOYHOTO
334aHMA NapamMeTpoB
Texnpouecca u 6biaun

CTPaHEHDLI.
yerp 24




OKOHOMMYECKNN I ekT

MapameTp HeaBTom. ycTaHOBKa, py6./wwT. ABTOMaTM3. YCTaHOBKA, pyb./wwT.
MaTepuanbHble 3aTpaTtbl, M, 528,00 528,00
3aTpaTbl sHepruu, d 249,08 156,57
3apaboTHaAa nnarta, 3 1 354,17 851,19
AmopTunsaumna obopygosaHus, P, 71777,78 4 888,89
WUtoro, C 9 909,03 6 424,65

JKoHOoMUYecKkui apdekT: 13 937 520 py6./roa,

Hosoe peweHnne (HUOKP) AHanorn4yHoe peweHune (OKP)

CpOK OKynaemocTtu, mec.

12
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Pe3ynbratbl NpoekTa

1) paspaboTaH MeToA CKaHUPOBAHUA KPUBOJUHEMNHbIX
NOBEPXHOCTEN TaKUX KaK KPOMKM nonaTok T[] Ha ocHoBe
KOMOUHAUMN TPUAHTYNALUOHHOTO U GOTOMETPUYECKOrO METOA0B;

ETEJILCTBO
2) npeanoxeH u paspaboTtaH metos GopmMpPoOBaHUA
HenpepbIBHOW TPAEKTOPUM HaMaBKKM Ana obopyaoBaHUA
C NATbLIO cTeneHAMM cBoboabl;

yuusepcumen uxenu ITA, Covsvesay (PFATY wsenu 1A,

POCCHEDEAA SBIEPATTEA |

3) paspaboTaHa aBTOMaTU3MPOBaHHAA CUCTEMA yNpaBAeHNA R £ T

AN CKaHWPOBAHMUA M NOATOTOBKM YNPaBAAIOWMX NPOrpamMm Ha | L N . :igd
AT 3‘ 3 = FHATERTE

OCHOBE MPeAIOKEHHbIX METOA0B; A |

4) BbINONHEHA MHTErpaLMa aBTOMaTU3MPOBaHHOM CUCTEMBI e e

yNpaBAeHWa C yCTaHOBKOM NPAMOro HaHeCeHWa MeTanna; e : . S —

5) AOCTUTHYTO COKpaLLEeHME TPYAOEMKOCTU TEXHONOTMYECKOIO
npouecca Ha 37,1 %, oxXngaembiit SKOHOMUYECKUN 3PPEKT OT
BHeapeHua ACY — 14 munnmoHoB pybnewn B rog,.

[lepcneKTnBbI Pa3BUTUA NPOEKTA

MNAO «OOK-CatypH» chpopmunpoBaHo T3 Ha cO3aaHUE OTEYECTBEHHOM YCTAHOBKM NO PEMOHTY onaTok M/
METO40M J1a3epPHOMN HaMNNABKU



Cnacmnbo 3a BHMMaHue

KOT/IAP
Omutpuin Uropesuny

UH>KeHep-uccnegosatenb
AyanbHoM nabopatopum «MpomnT»,
KaHA. TeXH. HayK

@ “.r,
-:'.:Erl

63t

OE¥*+%

dm.kotlyar@yandex.ru
€) dkotlyar
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OnblTHAg HannaBKa

a) Topey, 6) BXoAHas KPOMKa

28



ObpaboTka curHana c
TPUAHIyNALUMOHHOIO Na3epHOro aartynka

Donyck 0.3 Lonyck 0.4 - 0.7 Donyck 0.8 w Gonee
26.0 26.0

25.5 1 255 25.5
'i

25,0 - . .‘; 25.0 - .-. . -;. 25.0 1 /;:J'-:
]

29



o o
= =
N B

o
=
o

MNOTHOCTb pacnpenesnieHns BeposiTHOCTEN
© o o
o o o
S o &

o
o
]

o
o
o

0.00

0.02

0.04

-_-_I_

0.06

OTKNIOHEeHMe OT cpefHero, Mm

0.08

0.10

[ToBTOpPAEMOCTb PYYHOIro CKaHMPOBAHUA

L 1.0
- 0.8
- 0.6
- 0.4

- 0.2

30




CmelleHne aKcTpyaepa npu ABMXKEHUN B

nnockoctn OXY
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0.020 -
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0.010 A
0.005 -

1Ma1D0HLB0d9g BMHALwSTaduded 9LD0H.LOL||

WW ‘edaTAd.LOME SUHBMBWD)

n o Te} o n o Te} o Te}
N S ~ & o4 S 9~ n A
m m o o (a\] o — — —

0.000

I

—-200 200 400
A6C. Mono)xeHue BO0JIb OCU X, MM

—-400

T T T

o o o
o o
vof

W ‘A MO0 9U0oT'e SNHIKOLOL "dOQY
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Knaccundunkauma MetogoB CKaHMPOBaHUSA

HenocpedcmeeHHO Ha cmaHke
(on-machine)

Io pacnonodcenuto
CKaHupyrwouje2o ycmpolicmea

B obuweli paboueti 30He (in-
situ)

AsmoHomHble (stand-alone)

BHe paboueli 30Hbl (off-
machine)

A
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Knaccundunkauma MetogoB CKaHMPOBaHUSA

Ieped obpabomkoii Oemanu Bbe3 ocmaHosku npoyecca
obpabomku

B npoyecce obpabomku C ocmaHoekoli npoyecca
demanu obpabomku

l

Ilo 8peMeHU CKaQHUpPOBaHUA

B nomoke (8 konmexkcme
HenpepblgHol pabombl
Npou3800CMEEHHOU AYElKU)

IMocne obpabomku demanu
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Knaccundunkauma MetogoB CKaHMPOBaHUSA

KoHmakmHble

BpemsanponémHble ckaHepbl

Tlo memody mpéxmepHozo
CKAHUPOBAHUSL

JlasepHble ckaHepbl (pa306020
cosuza

AKmugHble

\

BeckonmakmHble TpuaHaynsiyuoHHble CKaHepbl

CmepeOCKon uyeckKue CKkaHepbl

IlaccueHble (DomomempuueCKue CKaHepbl

P B St R

CunysmHble cKaHepbl
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CemMaHTun4yeckasa cermeHtaumnsa Ha OCHoBe
CBEPTOYHOU HENPOHHOW CETU

Unet
UnetPlusPlus
MAnet

Linknet
PSPNet

FPN
DeeplLabV3
DeeplLabV3Plus
PAN

o

TIPS O )
* ‘. ®

0.96 - *’ ’:. l’ 4

v *

e e

&

o

0.94 A1

resnet34
resnet50
resnetl0l
vggll

vgglo

vgglo
inceptionresnetv2
inceptionv4
efficientnet-b0
efficientnet-b4
efficientnet-b7
xception

o
Boo2{ ¢,

0.90 A1

0.88 A1

*»
o0 -oHOVY A «O

0.2 0.4 0.6 0.8 1.0
CnoxHocTb asroputma
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Pesynbrat paboTbl 0Oy4eHHOW CEeTH
Unet-InceptionResNetV?2

a) OPUrMHANbHbIA CHUMOK KPOMKMK N10NaTKW;
6) CHUMOK C BblAENEHHOW KPOMKOM;
B) pe3y/a1bTaT CEMAHTUYECKOMN CEerMeHTaLun.




[laTeHTHO-MHdOPMALIMOHHBLIN MOWUCK: TexHonorum

CKaHMpOBaHUA C METOOM CKaHMPOBAHUS B oOLwen padbo4ven
30He

IRB1600 with 3D scanner

Grinding machine 2
Abrasive belt Grinding machine 1 IRB140 with FC
~
= Tool
o
@) .
=
Aero-engine blade
nh
v g IRCS controller 1=
Atos Professional & =
n 2]
— v
5 h HE
= 50 %
= | Blo
= —~lc
@ ol&s
Ely
’ o
Electronic cabin Seanuet g 5
U=
|
Control cabinet G

Matlab - Neural Network

I TCP/IP

Xiaohu X., Dahu Z., Haiyang Z., Sijie Y., Han D. TCP-based calibration in robot- Burghardt A., Szybicki D., Gierlak P., Kurc K., Muszyiiska M. Robotic Grinding

assisted belt grinding of aero-engine blades using scanner measurements. The Interna-  Process of Turboprop Engine Compressor Blades with Active Selection of Contact

tional Journal of Advanced Manufacturing Technology, 2017, Ne 90, ¢. 635-647. Force. Tehnicki viesnik, 2022, Ne 29, ¢. 15-22. doi:10.17559/TV-20190710141137.
doi:10.1007/s00170-016-9331-8. 37




[laTeHTHO-MHdOPMALIMOHHBLIN MOWUCK: TexHonorum

CKaHMPOBAHMS C METOOM CKaHMPOBaHNA HenocpeacTBEeHHO Ha
obopyanoBaHuu

iMachine Spindle

E RENIHAW E

E a(m?crps??m E CNC S_\"S[em

| ((((((”“ . Ho| | m—p. B

E . . F‘DEDDC Déé%uzé E . i x

: gl

Stylus CNC system
: Fl L‘ 'RMPG00 probe e m
Winkpaese Measuring data | :
‘Deformed part 5-axis machine

__________________________________________________________________________________________________

Jinting X., Longkun X., Yifei L., Yuwen S. Shape-adaptive CNC milling for com-
plex contours on deformed thin-walled revolution surface parts. Journal of Manufa-
cturing Processes, 2020, Ne 59, ¢. 760-771. doi:10.1016/j.jmapro.2020.10.001
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[laTeHTHO-MHdOPMALIMOHHBLIN MOWUCK: TexHonorum

CKaHMPOBaHUA C METOAOM CKaHMPOBaHUA OECKOHTAKTHbIM
cnocobom BHe obopyaoBaHUA

[Mat. 2708940 PO, MIIK GO1B 11/24. Cnocob uzmepenus mpexmepnotl ceomempuu
BLINYKILIX U BpomsidiceHHblx 00bekmos, C. B. JIpoitnumaukos (P®D), B. I'. Menenun
(P®), . B. lenuxun (P®), U. K. Kabapana (PD), /1. B. Kynmukos (PD),

Ne 2019101273; 3asBn. 15.01.2019; omy6u. 12.12.2019, Bron. Ne 35,8 ¢

dur.1

IMar. 2295110 PO, MIIK GO1B 11/24. Cnocob usmepenus ghopmul nosepxnocmu

00veKma u npedCmagieHus pe3yIbmamos usmMepenust Ha YROMIHY Mol HOGePXHOCIU,
A. B. CuBoxun (P®), A. B. Kysnenos (P®), I'. C. badbuues (P®D). Ne 2005131751/28;

3asBi. 13.10.2005; ony6n. 10.03.2007, bron. Ne 7, 8 c.
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[laTeHTHO-MHdOPMALIMOHHBLIN MOWUCK: TexHonorum

CKaHMPOBaHUA C METOAOM CKaHMPOBaHUA OECKOHTAKTHbIM
cnocobom Ha obopyaoBaHUMU

LaserPath Option

2-D adaptive system to
generate and adjust
toolpaths
Automatically adapts pre-
defined toolpath to fit the
exact component to be
repaired

In pilot release, first units
installed Q4 2011

Ine K. LENS Technology Overview. https://www.slideserve.com/kishi/lens-tech-
nology-overview (mata oopamenus: 10.05.2023)
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[laTeHTHO-MHdOPMALIMOHHBLIN MOWUCK: TexHonorum

CKaHNpoOoBaHUA C METOAOM CKaHNPOBAHUA 0eCKOHTaKTHbIMM
JTa3epHbIMUN OaTYHUKaAMU

i{161718/

—a A

Somme————
——

12
2
[Mat. 152184 P®, MIIK GO1B 11/02. Yecmpoiicmeo 0ns usmepenus ceomempuye- [Mar. 96424 P®, MIIK GO1B 11/04, GO1B 7/04. Ycmpoticmso ons uzmepenus
ckux napamempos kouyos mpyo, J1. JI. Mensenes (P®), C. I'. Epmios (PD), pasmepos aucmos Ha koHsetiepe, B. H. J[Iémkun (P®), /1. C. [loxos (PD)

A. B. Kupukos (DE), B. A. [llep6akos (P®), B. K. XKykos (P®). No 2014119523/28; Ne 2009130661/22; 3astBa. 10.08.2009; omy6it. 27.07.2010, 14 c..
3asBi. 15.05.2014; ony6n. 10.05.2015, bron. Ne 13, 19 c. 41




[laTEHTHO-MHAOPMALIMOHHBLIN MOWUCK: TexHororus

CKaHMPOBaHUA U PEMOHTA C METOAOM CKaHMPOBAHUSA
OeCKOHTaKTHbIM CNOCOOOM Ha obopyaoBaHUU

[Tat. 2499657 Pd, MIIK B23P 6/00. Cnocob asmomamuzuposanno2o pemorma oe-
manu mawun, T. Mensiep-Hokum (DE), JI. Tomauauc (DE), P. Bunskenxenep (DE).
Ne 2012110399/02; 3assin. 16.08.2010; ony6ur. 27.11.2013, Bros. Ne 33, 11 c.
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