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Annorauusa. CorracHo wuccnenoBanusiM 10 35%  pacnpenenuTeNbHBIX — BajlOB  BBHIOPAKOBBIBAIOTCS
npu AedekTamy Kak He Tomjexalie peMoHTy, U3 HuX 50% — 1o npuyuHe W3HOCA KyJaaykoB (2/3) U OMOPHBIX
meek (1/3). OcrambHble NedeKTHl pacrpeeseHbl OTHOCHTENFHO paBHOMEpHO. JlaHHas cTaTHCTHKa coOpaHa
Ha OCHOBE 00pa0OTKM OOJIBIIOrO MAacCHBA JaHHBIX U MOKET HE COOTBETCTBOBATh KOHKPETHOMY IPEANPHUSITHIO,
HOATOMY CO3/IaHHE OJHO3HAUYHOM MOIeNN He MpeAcTaBiseTcs BO3MOXKHBIM. HoTarmu no3Bosisitor rpaduuecku
0TOOpa3uTh TPOIECC W TMPOBECTH €r0 MMUTALHOHHOE MOJEIMPOBAHHE JUIS BBISABICHHS YSI3BUMBIX MECT.
K onmnoit u3 Takux HoTamwmii MoxHO oTHecTH BPMN. C 1ienbio MOBBIIEHUS TTPOM3BOAUTEILHOCTH TIpOIecca
nedexTanum pacrpeeuTeNbHbIX BaJIOB CO3aIN 1Be Moziesiu B Hotarmu BPMN: paBHOMepHOE pacnpeneneHnue
10 ONepaLysiM BEpOSATHOCTH OOHapyKeHHs1 Opaka 1 HEpaBHOMEPHOE paclpeieNIeHue BEPOSITHOCTH B COOTBETCTBUH
co craructukoi. MmMuranmonHoe mopenupoBaHue mnponecca aedexranuu 100 pacnpenenuTenbHbIX BaJoB
meuraresst SIM3-236, moctpoenHoro B Hotaimum BPMN, mpoBomwioch B mporpamme Business Studio.
B peansHOM mpouecce KOHTpousb napaMeTpoB 100 BajioB OCyIIECTBISIICS B YCIOBUSIX CIEHUAIU3UPOBAHHOTO
peMoHTHOTrO Tpeanpustusi Ab-HXKUHUPUHT YHHBEPCAIBHBIMA M CHEUUAIM3UPOBAHHBIMU CPEACTBAMHU
u3MepeHuil. B pesynbrare cpaBHEHHUs peasIbHOTO Mpoliecca U ero Mojienu 0osee OlMM3KHUe pe3ylbTaThl MOTyYEeHBI
MIpY HEPABHOMEPHOM PACTIpEIENICHHH, YTO OBLIO YYTEHO MPpH ONTUMH3AIH. ONTUMH3AINS TIPOIECCca BXOJHOTO
KOHTPOJISI TIPOM3BOIMIIACH UCXOZS M3 MPOIEHTA BHIOPAKOBAHHBIX M3ICIHH W MPOJODKUTEIFHOCTH OIEpaIlvy.
3arpauriBaeMoe BpeMsi Ha Tpoliece AedeKTaluu 1mocie ONTUMH3aU COKpatmioch B 1,35 pasa, pacxokaeHue
MEKIY MOJIENBIO M PEeaJbHBIMU JAHHBIMH Ipoliecca He MPEBBICHIO 5%, YTO TOBOPUT O MPABUIBHOM IOIXOE
K MOJIETTMPOBAHHIO MPOLIECCOB, CBA3aHHBIX C BBICOKOM CTEMEHBIO HEOMIPEICICHHOCTH.
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KOHTPOJIS; IMHUTAIIMOHHOE MOJIETMPOBAHNE; HEPABHOMEPHOE paclpeielieHNe; pABHOMEPHOE PaCTIpeie/ieHIe

Jast uurupoBanus: [omuaunkwii [1.B., Anronosa Y.1O., Yepkacosa 3.1., Camopnun A.H., Ilynkosa /[.A.
Ontumusanust mpolecca BXOIHOTO KOHTPOJIS PacHpeleNIUTENbHBIX BajlOB IMpPU MOMOIIM WMHUTAIMOHHOTO
monenupoBanust // Arpourkenepust. 2025. T. 27, Ne 3. C. 81-89. https://doi.org/10.26897/2687-1149-2025-3-81-89

ORIGINAL ARTICLE

Optimization of the incoming inspection of camshafts using simulation modeling
PV, Golinitskiy"", U.Yu. Antonova®, E.I. Cherkasova’, A.N. Samordin*, D.A. Pupkova®

12345 Russian State Agrarian University — Moscow Timiryazev Agricultural Academy; Moscow, Russia
! epv@rgau-msha.ru™; https://orcid.org/0000-0001-7303-1658
2uantonova@rgau-msha.ru; https://orcid.org/0000-0003-0126-3550
3 e.cherkasova@rgau-msha.ru; https://orcid.org/0000-0002-2495-2028
“metr@rgau-msha.ru
3 bogolyubova@rgau-msha.ru; https://orcid.org/0000-0002-0273-2796

Abstract. According to research, up to 35% of camshafts are rejected as unrepairable, of which 50% are due to wear
of cams (2/3) and bearing journals (1/3). The remaining defects are distributed relatively evenly. These statistics
are collected based on the processing of a large data set and may not correspond to a particular enterprise, so it is
not possible to make a universal model. Notations can graphically represent the process and provide its simulation
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TEXHUYECKUN CEPBUC B AMK ArpounxeHepus. 2025. T. 27, Ne 3. C. 81-89

modelling to identify vulnerabilities. A typical example of notations of BPMN. In order to increase the productivity
of the camshaft fault inspection, the authors have made two models in the BPMN notation: uniform distribution
of probability of defect detection by operations and non-uniform distribution of probability, according to statistics.
Simulation modelling of the fault inspection of 100 camshafts of the YaMZ-236 engine built in the BPMN notation
was carried out in the Business Studio software. In the real process, the parameters of 100 shafts were controlled
in the conditions of the specialized repair enterprise AB-Engineering by universal and specialized measuring
instruments. After comparing the real process and its model, closer results were obtained with non-uniform
distribution, which was taken into account during the optimization. The input inspection procedure was optimized
based on the percentage of rejected products and the operation duration. The time spent on fault inspection after
optimization was reduced in 1.35 times, the discrepancy between the model and the real process data did not exceed
5%, which indicates a correct approach to modelling processes associated with a high degree of uncertainty.

Keywords: shaft; fault inspection; fault inspection procedure; inspection; input inspection optimization; simulation
modelling; non-uniform distribution; uniform distribution
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BBenenne

BxonmHoV KOHTpOJb MpH PEMOHTE JBUTATENS TIO-
3BOJISICT ONPE/ICIUTH BO3MOXKHBIC IE()SKThI M OLICHUTh
pesyabrar [1]. Jledekramusi MO3BOSIET OMPEICTHTH
BO3MOXXHOCTD JTAJIbHEHIIIETO MCTIONB30BAHMS WU TIPO-
BEICHMS BOCCTAHOBJICHHS H3HOIICHHBIX aerajiei [2].
Ocobyro posb Tipyu JieeKTaluyd UTPAET METPOIIOTHYE-
CKOoe obOecredyeHHe, MO3BOJSIOLINE YCTaHOBUTH TOJ-
HOCTh fAeraned [3, 4]. Jledekramus sBisieTcss oqHUM
13 KIIIOYEBBIX MPOLECCOB Ha MPOM3BOACTBE. B ciy-
Yyae HEMpaBWIBHOIO PELIEHHs MOIYT BO3PacTU Kak
MPOLIEHT OpaKOBaHHBIX W3MENIUH, Tak M 3aTpauyuBae-
MO€ BpEMsi, UYTO MPUBOAUT K POCTY SKOHOMHYECKHX
notepb. s cokpalleHus 3aTpayMBaeMOro BpEMEHH
HEOOXOIMMO MPOBOIUTH ONTHUMHU3AIMIO IpOIecca.
NmuraionHoe MonenupoBaHue MO3BOJISET 10 BHE-
JPEHUs] ONTHUMU3UPOBAHHOIO MPOLIECCa OLECHUTH €ro
3¢ PEKTUBHOCTb.

Jlns mpenoTBpallieHnsl HeTaTUBHBIX MOCIEACTBUN
OINTHMU3AIIMU MOXKHO HCIIONb30BaTh HOTAIIWH, MO3BO-
Jstro1ue rpaduuecku 0ToOpa3uTh MPOLECC U MTPOBECTH
€ro MMHUTAIIOHHOE MOJCIMPOBAHUE ISl BBISBICHHS
yA3BUMBIX MecT |3, 6]. IlonnepkuBarh IByXCTOPOHHIOIO
CBSI3b C peajIbHbIM IPOLIECCOM, COOMPATh JAHHBIC B aB-
TOMaTH3UPOBAHHOM PEXHUME U OBICTPO BHEAPSATH ONTHU-
MH3UPOBAHHBIHA MPOIIECC MO3BOJISIIOT MPOrPaMMHBIE IPO-
nyktel BPMN (Business Process Model and Notation)
u EPC (Event-Driven Process Chain) [7, §].

Horaumms BPMN Ha Tekymimii MOMEHT HacUMTBIBa-
er 5 noxoneHuil, mocnenHsia Bepcus 2.0.2 BbIIyILEHA
B 2014 . B cranpapre ISO/IEC19510 3akperuiena Bep-
cust BPMN2.0.1. ITomrmo 3r1eMeHTOB, HEOOXOMMBIX [T
omucanusi npoueccoB, BPMN conepxxur maremaruye-
CKOE SIIPO 1 aBTOMATU3MPOBAHHOE OMHMCaHWe B popmare
XPDL, no3ossitoliyie nepenaBars MO b B HEU3MEHHOM

BUJIC MEX/Ty Pa3IMYHBIMU BUIAMH TIPOrPaMMHOTO 00e-
crieuenus [9].

OtmnuurensHO ocobeHHocThi0 BPMN  siBisiercst
BO3MOYXHOCTb PacIONIOKEHUS! JOPOKEK KaK BEPTUKAIIb-
HO, TaK U TOPU30HTAIBHO. BakHyr0 poJib ipu nmocTpo-
€HUU MOJICTIM UTPaeT BepU(PHKAIHS, TO €CTh COOTBET-
CTBHE OMKCAHHOTO Tpoliecca peasHomy [10].

[IpoBeaeHne UMHUTAILIMOHHOTO MOAETUPOBAHUS VIS
MAalIMHOCTPOUTENBHOTO POU3BOACTBA HE MPEICTABIISIET
OOJBIINX TPYAHOCTEH, ITOCKOJIBKY ITPOLIECCHI 3a9acCTyI0
CTaOWJTBHBI, YTO MO3BOJISIET C BEICOKOH TOYHOCTHIO MPO-
THO3UPOBATH PE3YJIBTaT, HO Ha PEMOHTHOM MPEIPUITAN
BBICOKA CTENEHb HEOIPEIEICHHOCTH, 0COOEHHO MU Jie-
(ekTalyy N3HOUICHHBIX JIeTaleH.

CornacHo uccnenoBaHusM 10 35% pacrnpeaenuTens-
HBIX BaJOB BHIOPAKOBBIBAIOTCS BO BpeMs Je(eKTaryn
Kak He MMoJyIeKalIie peMOHTY, U3 HuX 50% — 1o npuyu-
HE M3HOCA KysaukoB (2/3) u onopubix meek (1/3) [11].
OcranbHble eeKTbl PacIpeieNieHbl OTHOCUTEIHEHO
paBHOMepHO. JlaHHAs CTaTUCTUKA cOOpaHa Ha OCHOBE
00paboTKK OOJBIIIOr0 MacCHBa JaHHBIX U MOXKET HE CO-
OTBETCTBOBATh KOHKPETHOMY MPEANPHUSITHIO, TIOITOMY
CO3JIaHU€ OJJTHO3HAYHON MOJIENIH HE MPEACTABIISETCS BO3-
MOKHBIM. J]7151 perenust JaHHO! MpoOIeMbI BOCTIONB3Y-
emcs Hotared BPMN.

Hesb nccien0BaHuii: MOBBILIEHUE IPOU3BOUTENb-
HOCTH TIporiecca Je(eKTaly pacipeienuTeIbHbIX Ba-
JIOB C MOMOILIBI0 UMUTALIMOHHOTO MOJICIIMPOBAHHSI.

MaTepna.m,l H METOAbI

NmuranmonHoe MozaenupoBaHue mpoiecca aedek-
TaIUK pacripenenTeNbHOTo Bana asurarens SIM3-236,
MOCTpOEHHOTO B HOoTarmu BPMN, mmpoBomuinocs B mpo-
rpamMme Business Studio cormacHo 6a30BoMy mporieccy,
MPEJICTaBICHHOMY Ha pUCYHKE 1.
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A3.2.2 [ledpekTaumsa pacnpenenuTenbHOro Bana

YyacTok gedekraumm

PacnpegenuTenbHble Banb!
NOCTYyNUI Ha AeeKToBKY

OuncTka

MpoBepka Ha Hannune
TpeLuH 1 obromoB

TpeLwyHbl 1 06oMbl 06HapYXeHbI

TpewwmHbl 1 06Mombl He 0BHapYXeHbI

MpoBepka Ha Hanu4ne 3a6oMH Ha
Hepaﬁoqu NOBEPXHOCTAX

X 3abouHbl 06HapyKeHb!

3abovHbl He 0GHapYXeHbI

KOHTpO]’Ib N3HOCa OnopHbIX
week

W3Hockl npeBbIlwaT
PEMOHTHbIE

M3Hockl He npeBbIaoT
PEMOHTHbIE

KOHTpOJ'Ib n3Hoca Kyﬂa'leOB
no BbICoTE

W3Hoch! npeeBbIWaT
PEMOHTHbIEe

§<>F

W3Hock! He npesBblWwaT
peMOHTHbIe

KOHTpOnb n3Hoca
LLIFIOHOHHOFO nasa no LIJI/IpI/IHe

W3Hock! MNpeBbILakoT.
PEMOHTHbIE

§<>¢

M3Hockl He npeBbIwaoT
PEMOHTHbIE

[ KoHTponb n3rnba Bana

W3rvb npesbiwaeT
PEMOHTHbIN

&

W3rub He npesbillaeT
peMOHTHbII?I
MpoBepka cpbiBa pe3h6b|
6ornee oaHOro BUTKa

CpblB pe3bObl
obHapyxeH

%

CpbiB peabﬁbl He obHapyxeH

FIpMH;m/le peLueHust o
rofHOCTW AeTanu

Kﬂ v
Ban He nognexur
PEMOHTY 1 dKcrnyaTaLum
Ban otnpaeneH Ha
yTUnu3auuio

Ban noanexwvr peMoHTy Mepepnava Ha

peMOHT

—  A3.3.2 MNpoeeaeHue
peMoHTa
b A2.2 XpaHeHue rogHbIx
MTL,

Puc. 1. Ilpouecc nedexranmuu pacnpeneaureabHoro Baaa apuraresast AM3-236
Fig. 1. Fault inspection of the camshaft of the YaMZ-236 engine

Ban npurogeH k
akcnnyatauuv 6e3 pemoHTa

Mepenaya Ha
XpaHeHust
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daxTuueckoe BpeMs IPOBEICHUS OTIepaliii KOHTPO-
751 Ipy Ae(peKTaluK pacipeaeTUTENIbHOrO Bajla Mpea-
cTaBlieHO B Tabnuue 1.

KonTpons mapamerpos 100 BajoB ocyiecTBisics
B YCJIOBUSIX CIIELMATU3UPOBAHHOTO PEMOHTHOTO IpeI-
npusatys (Ab-MHXUHUPUHT) yHUBEpCATBHBIMU U CHIEIH-
AIM3UPOBAHHBIMU CPEACTBAMH U3MEPEHUI: MUKPOMET]
Dasqua 4230-2005 st ONOpHBIX IIEEK; IITaHTEHITUP-
kyab Dasqua 2000-2005 i KyJaukoB; HWHAMKATOP
Dasqua 5260-3705 11t KOHTpOIIS U3ruda; Kamuop s
HIMTOHOYHOTO T1a3a.

Pe3yabTarnl 1 uX 00cy:K1eHne

B noranimm BPMN co3nmanm aBe MOACHIH, OIKCHI-
BAaIOIIME PAaBHOMEPHOE PaCIIpEAEICHUE IO Olepalu-
SIM BEpPOATHOCTH OOHapyeHHsi Opaka U HepaBHOMEp-
HOE€ paclpelejieHUe BEpOATHOCTH B COOTBETCTBUH
CO CTaTUCTHKOM.

Jns nomydeHus: Oosee OOBEKTHBHBIX PE3YJIbTaTOB
BBEJIM CJIEIYIOIME ONPAaHUUYEHHS: KOJUUYECTBO ITPOBE-
PEHHBIX BaJIOB PaBHO LIENIOMY YHCITy; Ha IPOBEPKY I10-
ctynuiio 100 BasioB; CyMMapHO OTIPaBJIEHO Ha PEMOHT
u B yriwm3aiuio 100 BasioB; MpOLEHT Opaka CTPEeMHTCS
K 35%; BepOsSITHOCTH OOHapYKeHUS Te()eKTa CHIKACTCS
10 Mepe NPOXOXKIEHHS Oleparyil.

Pesynprarel  MomenupoBaHusi  AedeKTalmy - [pu
PaBHOMEPHOM U HEPaBHOMEPHOM paclipeleseHU!

ArpounxeHepus. 2025. T. 27, Ne 3. C. 81-89

ne(eKkToB pacnpeneuTeNIbHbIX BaJOB MPECTaBICHbI
B Tabnuie 2.

B pe3synbrare nmpoBeieHHOTO MOJIETTMPOBAHUS OTIpE-
nemd, uTo nedekrarms 100 BajIoB OCYIIECTBISIETCS
ObIcTpee MpHU PaBHOMEPHOM pacIpeseieHun Jiedek-
TOB (puc. 2).

[Tpu HEpaBHOMEPHOM pacTpeieNICHUH MTOTyYeHBI pe-
3YIBTaTHhI, OoJee OIM3KUE K pealibHoMY rpoueccy. OnTu-
MU3aLHs IPoIiecca BXOIHOTO KOHTPOJIS TPOU3BOAMIACE
MCXOJIS M3 TIPOIICHTa BBIOPAKOBAaHHBIX M3MIENUI U TPO-
JOJDKUTEBHOCTH ONEpaLiu.

OnTuUMU3UPOBaHHBIH TpoIIecC Ae(EeKTalllK pacIpe-
JIeTUTEIBHOTO BaJjla MPEACTaBIIEH Ha pUCYHKe 3.

Bpems, 3arpaderHoe Ha onepary KOHTPOJIS TIPH Jie-
¢exramm 100 BaJIOB B MOZIETMPOBAHHOM M PEATbHOM
npoLeccax, OTPaKEHO Ha pUCYHKeE 4.

Pe3ynbsrarel MOnmenmMpoBaHHs ONTHUMU3UPOBAHHOTO
nporiecca pyu paBHOMEPHOM U HEPaBHOMEPHOM PacIipe-
IeneHnd JIe(heKTOB pacIipeIeNUTEbHBIX BaJIOB MPHBEIe-
HBI B TaOHIE 3.

Ipouecc nedexraryu mociae ONTUMU3ALUKM HA OC-
HOBE MPOIIECCHON Mozenu yckopuics B 1,35 paza.
Pacxoxnenne Mexy MOJENbIO U peabHbIMU JJAHHbI-
MU TIpoliecca He IpeBbIcuIo 5%, 4TO TOBOPUT O Mpa-
BWJILHOM TIONXOZIE K MOJETMPOBAHUIO TPOIIECCOB,
CBSI3aHHBIX C BBICOKOW CTENEHbIO HEOIPEIEIICH-
HOCTH.

Tabnuya 1
daxTnyecKoe BpeMsl IPOBEIEHUs ONePaNUii KOHTPOJISI
npu JedieKTanuu pacnpeieuTe-Horo Baja asurarens IM3-236
Table 1
Actual time of control operations during camshaft inspection
Bupn kontpoas Bpewmst npoBenenusi, ¢
Type of control Time spent on the operation, s

IIpoBepka Ha HATM4YKe TPELUUH U 00J10MOB 173
Checking for cracks and breaks
IpoBepka Ha HaM4Ke 3200MH HA HePAOOUNX MOBEPXHOCTIX

. ) . 162
Checking for nicks on non-working surfaces
KonTpoan uzHoca onopHbIx meek / Checking the wear of bearing journals 23
KonTpoas uzHoca KynaukoB mo Bbicote / Control of cam wear by height 9
KoHTpo/1b H3HOCA IINMOHOYHOI0 Na32 110 IIMPHHE

: ) 3

Control of keyway wear across the width
KonTpoas uzruba Bana / Shaft bending control 36
IIpoBepka cpbiBa pe3bdbl 001e€ OAHOTO BUTKA 3
Checking for thread stripping of more than one turn
Bceero / Total 409
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Pesyabrarsl MogeaupoBanus JedeKTanun pacnpeAeIHTeJbHBIX BajIoB ABUraress IM3-236

Results of fault inspection modeling in the camshafts of the YaMZ-236 engine

Tabnuya 2

Table 2

Ipu paBHOMEPHOM pacHpe/eeHuH
nedeKTOB pacnpeneuTeIbHBIX BAJIOB

In case of uniform distribution

Ipu HepaBHOMEPHOM pacnpeeIeHHH
AedeKToB pacnpeleuTebHbIX BAJIOB

In case of non-uniform distribution

Bua xonTpons of camshaft defects of camshaft defects
Type of control Kosmuyecrso | Kouyecrso Komnuectso | KosuyectBo
NIPOBEPEHHBIX | 326paKoBaHHBIX | 3aTpadeHHOe | MPOBEPEHHBIX | 3a0paKOBaHHBIX | 3aTpayeHHoe
BAJIOB BAJIOB Bpems, ¢ BAJIOB BAJIOB Bpemsl, ¢
Number Number Time spent, s Number Number Time spent, s
of shafis tested | of rejected shafts of shafis tested | of rejected shafs
IIpoBepka Ha Ha/IM4Me
TPELIUMH U 0010MOB 100 8 17300 100 4 17300
Checking for cracks and breaks
IIpoBepka Ha Ha/IM4He 3a00MH
Ha Hepa0o4UX MOBEPXHOCTAX
92 6 14904 96 4 15552
Checking for nicks on non-working
surfaces
Ki
onTponb H3HOCA OHOPHPIX FIeeK %6 5 1978 9 6 2116
Checking the wear of bearing journals
KonTposs u3H0Ca Ky/1a4K0B
1o BbICOTE 81 5 729 86 12 774
Control of cam wear by height
Konrpoas u3noca
LINOHOYHOTO 132 10 IHpPHHE 76 4 8 4 4 "
Control of keyway wear
across the width
Ki
01-[Tp0.]1]>- u3ruba Bajna 7 4 250 20 3 2520
Shaft bending control
IIpoBepka cpbiBa pe3nobI
0oJiee OIHOTO BUTKA
67 3 201 67 2 201
Checking for thread stripping of more
than one turn
Bpax, % / Faults, % 35 35
B 100 X
peMi.l ne([)el.cral‘mn BAJIOB, C 3793 38685
Fault inspection time for 100 shafs, s
Puc. 2. CpaBnenne Bpemenn Jedexranuu 100 Basios
Fig. 2. Comparing fault inspection time of 100 shafts
Golinitskiy P.V., Antonova U.Yu., Cherkasova E.l., Samordin A.N. Optimization of the incoming inspection of camshafts... 85
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Puc. 3. OnTumMu3npoBaHHbIil pouece AedeKTanuy pacnpeneTnTeIbHOro Baja nsurarenas AM3-236

Fig. 3. Optimized process of fault inspection of the camshaft of the YaMZ-236 engine
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Pe3ynbTaThl MoeTMpOBaHNs ONTHMHU3HPOBAHHOTO MPOLecca MPH PABHOMEPHOM
1 HepaBHOMEPHOM pacnpeiesieHuH 1e¢eKToB pacnpeneuTeI-HBIX BaaoB apurarens SIM3-236

Tabnuya 3

Table 3

Results of modeling the optimized process with uniform distribution of faults in the camshafts of the YaMZ-236 engine

Bupn konrpoas

IIpn paBHOMepHOM pacrpeieieHUN
AedeKTOB pacnpeneuTeIbHbIX BaJ0B

With uniform distribution of camshaft defects

IIpn HepaBHOMEpPHOM pacnpeieieHHH
ne(eKTOB pacnpe/ieUTeIbHBIX BAJOB

In case of uneven distribution of camshaft defects

Fault inspection time for 100 shafis, s

KommmvecrBo | KosmdecrBo Komnuecrso | KosmmvectBo
Bype of control MPOBePEeHHbIX | 3a0paKOBaHHbIX | 3aTpadyeHHOe | IPOBePEHHbIX | 3a0pPaKOBaHHbIX | 3aTpaUyeHHOe
BaJIOB BaJIOB BpeMms, ¢ BaJIOB BaJIOB BpeMms, ¢
Number Number Time spent, s Number Number Time spent, s
of shafis tested | of rejected shafts of shafis tested | of rejected shafts

KonTpoJs u3HOCa Ky/1a4KO0B
0 BLICOTE 100 8 900 100 12 900
Control of cam wear by height
Ki

OHTPOHL H3HOCA onopHPIx .meek 0 6 2116 %8 7 2004
Checking the wear of bearing journals
KoHTpoJb H3HOCA IIITOHOYHOTO
I1a3a 1o IupuHe 86 5 258 81 6 243
Control of keyway wear across the width
IIpoBepka cpbiBa pe3bObl
0oJiee OIHOTO BUTKA

81 5 243 75 3 225

Checking for thread stripping
of more than one turn
K 0

PHTPOIb H3THOM BaTa 76 4 2736 7 3 2592
Shaft bending control
IIpoBepka Ha Ha;IM4Me 3a00MH
Ha Hepa®o4YMnX MOBEPXHOCTAX

72 4 11664 69 3 11178

Checking for nicks
on non-working surfaces
IIpoBepka Ha HAJIMYHe TPeIUH
1 00;10M0B 67 3 11591 66 1 11418
Checking for cracks and breaks
bpax, % / Faults, % 35 35
B 1

pems gedexranun 100 Basios, ¢ 20508 78580

Puc. 4. CpaBHeHue BpeMeHU ONTHMHU3UPOBAHHOIO Npouecca AedekTauuu

Fig. 4. Comparing the time requirements of optimized fault inspection
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