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AHOTANIA

Omiiinuk B.A. JlochimkeHHST PEMOHTONPUIATHOCTI MPHUBOJLY BEPTUKAIBHUX
BaJIKIB OOTUCKHOTO MPOKATHOT'O CTaHa.

Bunyckna kBamigikauiina poOoTa ass 3100y TTs CTYNEHs BUIIOT OCBITH MaricTpa
3a cnemianbHicTiO 133 — Tanmy3eBe mammHOOynyBaHHS, HaykoBHi kepiBHUK K.B.
Tapatyra. 3anopi3bkuii HaIllOHAJIBHUNM YHIBEPCUTET. I|H)XKEHEpHHI HaBYaJbHO-
HaykoBuit 1HCTUTYT iM. FO.M. [loTe6ni. Kadenpa metanypriitnoro odnaananns, 2024.

B po6oTi mpoBeeHo OrJisl 3aX0/I1B 11010 3a0€3MeUeHHSI PEMOHTONPUAATHOCTI
OKpPEMHX €JIEMEHTIB MPUBOAY 3 BHOOpPOM MeToay BinHOBiIeHHA. [IpoBeneHi pos-
PaxyHKH TEXHOJOTIYHUX MapaMeTpiB. BUKOHAHO po3paxyHOK Ha MIIHICTh Ta BUT-
pUBANICTh peAyKTOpa y chemiainizoBanii nporpami KissSoft. IlpoBeneno mocmin-

YKEHHS TEXHOJIOT1i HaIJIaBJIEHHS 3a JIONTOMOTOI0 MOJICNIIOBAaHHS B Iporpami Inventor.

KJIFOYOBI CJIOBA: ITPUBO/I, BAJI 3 JIOITATTIO, HAIIJIABJIEHHA

ABSTRACT

Oliynyk V.A. Study of the maintainability of the drive of vertical rolls of a crimping
rolling mill.

Final qualification work for obtaining a master's degree in 133 - Industrial Engineering,
supervisor K.V. Taratuta. Zaporizhzhia National University. Engineering Educational
and Research Institute named after Y.M. Potebnya. Department of Metallurgical
Equipment, 2024.

The paper reviews the measures to ensure the maintainability of individual drive
elements with the choice of a recovery method. The technological parameters were
calculated. The strength and durability of the reducer were calculated in a specialised
programme KissSoft. The surfacing technology was studied by means of modelling in

the Inventor software.

KEYWORDS: DRIVE, SHAFT WITH BLADE, SURFACING.
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YMOBHI ITO3HAYEHHA

CumBoun HaiimenyBaHHS aHTTIMCBKOIO HavimenyBaHHs yKpaiHCBKOO
MOBOIO MOBOIO
[P] Power (kW) [ToTyxHicTh (kBT)
[n] Speed (1/min) Yacrora obepranns (xs)
[T] Torque (Nm) KpyTtuuit moment (H-Mm)

[NL] Number of load cycles (in mio.) | Ywuciio 1ukiiiB HaBaHTXKEHHS (MJIH.)
[H] Required service life (h) HeoOxignuit TepMiH ciyx6u (ros.)
[a] Center distance (mm) MixocboBa BiJICTaHb (MM)

[mn] Normal module (mm) Monynib HOpMalIbHUH (MM)

[on] Normal pressure angle (°) Hopmanbuuii kyT 3auerenns (°)
[B] Helix angle at reference circle (°) Kyt Haxuny ninii 3y0a 1o

nimansHOMY Kouty (%)

[z] Number of teeth Kinbkicth 3y0iB

[b] Facewidth (mm) [IIupuna 3yd6uatoro BiHIIS (MM)
[oFlim] Infinite life strength for tooth Mexa BTOMHOT MIITHOCTI 3a

root stress (N/mm?) HaNpyKeHHAMH HDKKU 3y0a (H/Mm?)
[cHlim] Fatigue strength for Hertzian Mesxa BTOMJTFOBAaHOCT1 Ha
pressure (N/mm?) KOHTaKTHE 3MuHauHs (H/MMm?)

[E] Young's modulus (N/mm?) Monayns IOura (H/mm?)

[V] Poisson's ratio Koedimient Ilyaccona

[6B] Tensile strength (N/mm?) Me:xa minnocTi Ha po3pus (H/mm?)

[6S] Yield point (N/mm?) Mesxa mmnanocTi (H/MM?)

[ SFmin] Required safety for tooth root | 3amanuii 3amac MIIIHOCTI HIXKKHU 3y0a
[ Stmin] Required safety for tooth flank 3amaHui 3anac MIIIHOCT1 O1YHO1L
noBepxHi 3y0a
B Weibull shape parameter [TapameTp popmu posnoainy

Beii6bynna




BCTVII

AKTYaJIbHICTh TEMM.

[IpokaTHE BUPOOHUIITBO € 3aKIIOYHUM €TAllOM BUTOTOBJICHHS METATypTriAHO1
npoaykuii texHosoriyHoro uukiny I[TAT «3amopixkcraney». [lepmoro Ta omHieo 3
HaWBIMOBIIAJBHININX JaHOK MTPOKATHOTO BUPOOHUIITBA — € TIEPEI1J 3JIMBKIB B CIISI0U.
Best mepepoOka 3/1MBKIB B CIsIOM 31MCHIOETHCS B YHIBEpPCAJIbHIA MPOKATHIM KIITI
crany «Cnsi6inr 1150 ». Banu 3 jomatsiMu, siki BCTAHOBJICHI B PEIYKTOP1 MPUBOTY
BEPTUKAJIBHUX BaJKIB YHIBEpCAJIbHOI TPOKATHOI KJIIT1, ABJISIOTH COOOIO BIIMOBIAATBHI
BY3JIM, B1J HaJlIHHOT pOOOTH SKHUX 3aJIEKUTH O€3MEpepBHE Ta PUTMIYHE BUPOOHUIITBO
npoaykiii. [IpogoBkeHHs TepMiHY €KCIUTyaTallli BajiB 3 JIONATTIO, 32 PaxyHOK
BITHOBJICHHSI METOIaMH HAIJIaBJICHHS pOOOYUX MTOBEPXOHbB, € BAXKIMBOIO 33JaU€I0 115
3HUKEHHS cO0IBapTOCTI BUPOOHHUIITBA Ta MiABUILECHHS HaJIIMHOCTI POOOTH MPUBOIY
BEPTUKAJIBHUX BaJIKiB cTaHy «Cisa0inr 1150».

MeTta Ta 3aBIaHHA A0CJiIKeHHsl. BU3HaueHHS PEMOHTONMPHUIATHOCTI Bally 3
JONaTTIO Ta BUOOPY TEXHOJOTII HaIJIaBJeHHS JUisi 3a0€3MeueHHs] MPOEKTHUX
MOKAa3HUKIB pOOOTH JIeTall IUISIXOM IMITallIfHOrO MOJIEIOBAHHSI.

JIist MOCATHEHHS TOCTaBJICHOI y poOOTI MeTH HEOOXIJHO BUKOHATH TaKi
3aBJaHHS JOCIIHKEHHS:

- OTJISiZ] KOHCTPYKIIIT MPUBOAY BEPTUKAIBHUX BaJIKIB CTaHA,

- PO3paxyHOK €HEPrOCUIOBUX MapaMeTpiB MPOKATKU CIS0IB;

- pO3paxXyHOK Ha MIITHICTh Ta BUTPUBAJIIICTh PEIYKTOPA;

- JOCHII>KEHHS BIUIMBY TEXHOJIOT1] HAIlJIaBJICHHS HA MEXaHIYH1 XapaKTePUCTUKU
BIJIHOBJICHOI JIeTajl IUIIXOM MOPIBHSIHHS 3 TPOCKTHUMU XapaKTEPUCTUKAMHU.

O0'€eKT H0CaiIKeHHs1 — TPUBOJ KJIITI BEPTUKAIbHUX BaJIKiB

IIpeamer pocaigaeHHs] — JTOCTIIKEHHS BIUIMBY TEXHOJIOT1i HAIUIABJICHHS Ha
MEXaHI4HI XapaKTEePUCTUKH BITHOBJICHOT JAeTali.

MeTtoau qocaiKeHHs1 BKJIIOYAIOTh PO3paXyHOK B CIeliaIi3oBaHiil mporpami
peayKTopa TMPUBOJY BEPTUKAILHHUX BAJIKIB Ha MIIHICTh Ta BUTPHUBAJICTb,

KOMH’IOTepHe MOACIIOBAHHA HaBaHTAXCHb, IO I[iIOTB Ha BaJ 3 JOIATTIO, MK



NPOEKTHUM, TaK 1 BIJHOBJICHUN 3a PI3HUMHU TEXHOJOTIAMHU, OOPOOKY pe3yNbTaTiB
JOCTIKEHb.

IIpakTHyHe 3HAYEHHS OJeP:KAHUX pe3yabTaTiB. [IpoBeneHi goCTiHKEHHS Y
KOMIUIEKC1 pO3B'A3yI0Th MPOOJIeMy PEMOHTONIPUAATHOCTI JeTani «Bai 3 monartioy.

Anpodanis pe3yabraTiB po0oTH. OCHOBHI MOJIOKEHHSI POOOTH JOTIOBIIATHCS
Ha XVII yHiBepcUTeTChKiN HAyKOBO-PAKTUYHIM KOH(EPEHIIl CTYJEHTIB, aCIipaHTIB,
JOKTOPaHTIB 1 Mojoaux ydeHux «Momona Hayka-2024» [1], mo npoxomuna 17-22
kBiTHA 2024 poky. OcoOIMBOCTI TMepekyaay TEpPMIHIB 3 MalIuHOOYyBaHHS
aHTTIMCHKOIO0 MOBOIO, SIK1 3aCTOCOBYBAJIUCS Y PO3PAaXyHKOBUX IpOrpaMax, BiioOpaxkeHi
B Te3ax Aonosijl 10 XV MixkHapoaHoi HayKoBoi kKoH(epeHii «[Ho3eMHa ¢inosoris y
XXI cromitti» [2], sika mpoxoauia 24 nuctomnaaa 2024 poxy y 3HY.

CTpykrypa Ta odcsir po6oTu. Marictepcbka BUITYyCKHA poOOTa CKIaTa€ThCs 31
BCTYIly, 4 PO3/1J1iB, BUCHOBKIB, CIIMCKY BHUKOPHUCTAHUX JHKepel, aojaarkiB. [loBHUI
o0csr pobotu cranoBuTh 103 cTopinku, 15 Tabnuip, 18 pucyHkis, 17 BUKOpuUCTaHUX

JOKEpe, TOAaTKIB.
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1. 3abe3neueHHs! peMOHTOIPUAATHOCTI IPUBOLY KJIITI BEPTUKAJIHLHUX BaJIKiB

crany «Cnsa6inar 1150»

1.1 KoHcTpyKilisi mpuBOAY KIiTi BEpTUKAIBHUX BAJIKIB CTaHa

Cna0iHry IpU3HAYCH1 JJISI TPOKATKKU TapsiuuX 3JIMBKIB Yy CIsI0M PI3HUX PO3MIPIB.
OcHOBOIO cTaHy € poOoUa yHiBepcalibHa KIIiTh, IKa CKJIAIA€THCS 3 KTl BEPTUKATBHIX
BaJIKIB Ta KJIITI TOPU3OHTAILHUX BaJIKIB.

Ha xmiTi BepTukanbHux BajkiB craHa «CnsOiHr 1150» BcTaHOBIEHHM €IeKTpo-
MEXaHIYHUN TPUBOJ, OCHOBHUM EJIEMEHTOM SIKOTO € PEIyKTOp 3 BEPTUKAIbHUMU
Banamu. KiHematnyHa cxema MpUBOAY KJIITI BEPTUKAIBHUX BAJIKIB Mpe/ICTaBIIEHA Ha
puc. 1.1 Ta Bkirodae B cebe: pelyKTOp MPUBOY BEPTHKAIBHHUX BAJIKIB -1; eIeKTpo-
nBuryHu (4mr.) -2; mydTa Ha Bally eJEeKTpoJaBUTYHa -3; mydra mmuHAeHsS -4;
HIMUHAEIb — 5; By30J1 JIIBOTO BEPTUKAIBLHOTO BaJika -6; By3011 mpaBoro BepTUKanbHOIO
Bajlka -7; HAaTUCKHUW TBUHT (4mir.) -8; raiika -9; JBUN PEIyKTOp HATUCKHOTO
MexaHi3My -10; mpaBuil peayKTOp HATHUCKHOTO MeXaHi3My -11; enekTpoiaBUryHH
HATUCKHOTO MeXaHi3My (21mT.) -12; Bajm cHHXpOHI3aIlii JIBOTO Ta MPaBOTO HATUCKHUX
MeXaHi3MiB -13.

OCHOBHI TEXHIYH1 XapaKTePUCTUKH HaBeaeH1 B Ta0Ouil 1.1.

Tabmuus 1.1 TexHiYHI XapaKTepUCTUKU MPUBOY KIITI BEPTUKATBHUX BAJIKIB

HavimenyBaHHs mapameTpy 3HaYeHHS
JliameTp pOKaTHOTO BaJIKa, MM 680...700
JloBkrHA 00YKU MPOKATHOTO BajiKa, MM 1150
PoGouwii po3mip Mik 60UKaMu BaJIKiB, MM 720...1800
JliameTp 1 KpOK Hapi3aHHS HATHCKHOTO TBUHTA 320x24
EnexkTpoaBUryH NpuBOAY BEPTUKAIBHUX BAJIKIB -411IT I1B2 800.175 - 8Y3
EnextpoasuryH npuBoy HaTUCKHOTO MEXaH13My — 21IIT. I1129-8K: P=200xBT

n=500 mun’!
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Ha xuiTi BepTukaneHux BajikiB crany «Cnsoinr 1150» BcTaHOBIEHO YHIKAIBHUIMA
3a CBOIMH XapaKkTepuUCTUKaMu peaykrop, Bupoonunrsa HKM3. Kinematuuna cxema
peayKTOpa HaBe/IeHa Ha puc. 1.2, ecki3 mepepizy peayKkTopa HaBeJeHu Ha puc. 1.3.
PenyxTop, sikuii 3MOHTOBAHO Ii]] 4ac KamiTajJbHOTO PEMOHTY B aucTomnazi 1999 poky,

Ma€e XapaKTepUCTHKH, K1 ITpeCcTaBiieHl B Tabu. 1.2.

Pucynok 1.1 Kinematuuna cxema npuBOAYy KJIITI BEpTUKAIBHUX BaJIKiB



Tabmung 1.2 XapakTepucTuka peiyKTopa IpuBOja BEPTUKAIEHUX BaJIKIB

12

HalimenyBaHHs mapaMeTpy 3HaYeHHs
HowminanpHu# KpyTHUM MOMEHT Ha BUXITHOMY Bajy, KHm 1200
[lepenaBasbHe YKCIO PEAYKTOPA, U 3,744
Yucao 06epTiB HAa BUXITHOMY Bajly, XB'| 133,6
Pexxum po0GoTH - peBepCUBHUM
3MalyBaHHs MiAIIUIHUKIB KOYEHHS 1 3y04acTuX 3a4erjieHb —
piaka, HUPKYISIIIAHA
Butpatu macrtuna, i1/xs. 180
Mapxka mactuiia 1100 PC (IT8I1)
Bara penykropa, xr 158644

=15; 287
mzis; 28 (1001857 | 1323,083 . ' 1323083, 1002347
mel6: 2253 ]
‘.‘G?f
Y4033 4,25
R ' <
b
& : I
§ LT
-l
S m=16: 2251 N - : 1
g AUN/ T, L
&; v 2100/ 512 ]
me 161253 831,13 | 108,584 1016, 584 _| 221,135
- =4S 3
mree5y 261

Pucynok 1.2 Kinematnyna cxema peyKTopa NpuBO/ia BEPTUKAIbHUX BaJIKIB
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Oco0anBocTi yHIBepcaiabHOI KIiTi cTany «Cialinr 1150»:

- HasBHICTh IBOX MPOKATHUX KJTEH (TOPU30OHTAIBHOI Ta BEPTUKAIBHOI), MIXK
SAKUMH M1J] 4ac CHUIBHOTIO NMPOKAaTYBAHHS MOJKJIMBA CHUJIOBA B3a€EMOJIS 4epes
MeTal (po3Kar), 10 MPOKATY€eThCs, Y BUMIIAIL TIANIOPY a00 HATATY.

- PeBepcuBHuIl pexxuM  poOOTH MNPOKATHOIO  CTaHy, IMOB'A3aHUNA 13
MPUCKOPEHHSIMU 1 YHOBUIBHEHHSMH BEJIMKHUX Mac, IO 3A1HCHIOIOTH
oOepTanbHUI (Basv, IIMMUH/IE, MECTEPH1, BAJIKHU) 1 MOCTYMATbHUAN (METaJ, 110
MIPOKATYETHCS ) PYyXH.

- Koxen pesepc HampsiMKy oOepTaHHS CYHNPOBOKYETbCS PO3MHUKAHHAM 1
3aMHUKaHHIM 3a30piB Y BKJIQJAMILIAX HIMUHJCTIB 1 3y0uacTuX 3aderieHHsx. Lle
CIOPHUYMHSE YAapHiI JUHAMIYHI HABaHTAXXEHHA, 10 PYHHYIOTh MOBEPXHI, SIKI
KOHTaKTYIOTh, 3 TIOJIAJBIITNM 30UIBIIEHHSIM 3a30piB 1 BIAMOBIAHO KIHETUYHOI
€Heprii JJaHOK, SIK1 31 TOBXYIOThCS.

- TloTyXHImMI eIeKTPONPUBOT TOPU30HTAIBHOT KTl cTany "Crnsioinr 1150" B
JesIKUX BUNAJAKax 3abe3nedyBaB CyMapHUW MOMEHT MPOKAaTKHU 1 MEpEeBOAMB
€JIEKTPONPUBOJ, BEPTUKAIBHOI KJIITI B TEHEPATOPHUM pEeXUM. Y TaKHX
BHIIAJKaX CIOCTEPIralOThCs 3HAYHI JUHAMIYHI Ta CTATUYHI HaBaHTAXXCHHS Ha
oOJaJHaHHSI CTaHy, IO TPU3BOIATH JO MPUCKOPEHOTO 3HOCY 1 MOJIOMOK

HacaMIiepes] peyKTopa BepTUKAIBbHOI KIITI [3].

1.2 Ocob6nuBOCTI 3a0€3neYeHHs PEMOHTOINPUIATHOCTI OKPEMHX €JIEMEHTIB MPHUBO/Ia

J171s1 BITHOBIIEHHS TEOMETPUYHUX PO3MIPIB 3HOITYBAHUX JIETAJNIEH 3aCTOCOBYIOTHCS
PI3HOMAaHITHI METOJU, CEPE]l AKX MOXHA BUIAUIMTH TaKi [4]:
-  MEXaHIYHUM;
- MeTaji3alis;
- HaHECEHHS eJIEKTPOJITUYHUX MOKPHUTH;
- HAHECEHHS eMOKCHUIHUX KOMITO3UIIIH;
- TOKPUTTA €JaCTOMIpaMH;

- 3BApIOBAHHA 1 HaIlJIaBJICHHA,
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- aHOJHO-MEXaHIYHE U eJEeKTPOICKPOBE HAPOIIyBAHHS;

- yIbTpa3ByKOBa 00OpoOKa;

- IJIJa3MOBE HANWJICHHS;

- ra3oTepMiyHe HAIWJICHHS;

- HamiaBJieHHs (IU1a3MOBe, BIOpOayroBe, mija GurocoM, HAYKIIMHE Ta 1HIIE);

- BIAHOBIIOBaJbHE (PEMOHTHE 3BApIOBAaHHA B 3aXHCHOMY Ta aKTUBHOMY
cepeoBUIIAX);

- CJICKTPOKOHTAKTHE 1 IHAYKIIIiiHE MPUITIKAHHS MOPOIIIKIB,;

- XOJIOJHE 3BaploBaHHSA MeTanonojiMepamu benb3zona, [lypucran, Jluanant,

LOCTITE, Yectep, JIEO Ta iHmIi.

BuxopucTtanHs IbOTO MIUPOKOTO CIIEKTPY METO/IiB JO3BOJISE BiTHOBIIOBATH JI€Tai
3 Oynp-skumu nedexramu. [lpu 11bOMy BIAPEMOHTOBAHI JA€Talll 3a SKICTIO HE
MOCTYNAIOThCS HOBUM. TWM OUIbIN, SK IMOKa3aja JOBrOJITHS MPaKTHKA, BapTICTh
PEMOHTY METaNyprifiHuX JeTajell 3HaYHO HI)KYE BapTOCT1 HOBUX [4].

Ha croromHimiHii 1eHb JJI BIAHOBIICHHS J€TalIel MPUBOY BEPTHKAIHLHUX BaJIKIB
3aCTOCOBYIOTHCS HACTYITHI MEXaHIYH1 METOIH:

1. Mexaniuyna oOpoOKa Imi; pEMOHTHHI pO3MIp.

2. BukopucTaHHS JOIATKOBUX PEMOHTHUX JI€TaJICH.

3. HannasneHHs.

Meron MexaHiuHOT OOpOOKM TIiJT PEMOHTHHM pPO3MIP 3aCTOCOBYETHCS IS
B1IHOBJICHHS TOBEPXOHb 1171 OPOH30B1 BKJIQUIII B TOJIOBKaX ImuHAeneu. [IpoektHuit
JiaMeTp po3TouyBaHHA ckiagae $420MM. [ mpomoBKEeHHSA TEPMIHY €KCILTyaTailii
3aCTOCOBYETHCS PAJl PO3TOUYBAHb (3aJI€KHO BiJl 3HOLTYBaHHS POOOUYOi MOBEPXHI) 10
MakcuMalibHOTO JiameTpy 440mm. Kommnencariisi po3MipiB 311HCHIOETHCS 3a PaxXyHOK
301JIbIIEHHS TUIBKH 30BHIIIHBOTO 11aMETPY KOMIUIEKTY BKJIaauIIiB. Po3rouyBaHHs Ha
OUTBIINH JiaMeTp MOTpedye OUIBII PETEIBHOTO PO3PAXyHKY Ha MIIHICTb.

MeTo BHKOPUCTaHHS JOAATKOBHX PEMOHTHHUX JI€Taleil 3aCTOCOBYETHCS IS
3aKPITUICHHS] BEPXHBOT KpHUIIKH (pikcarlii miaImMmHIKa TPOMIKHOTO Bajly peIyKTopa,
IUISIXOM BCTAHOBJIEHHS ITUMTIB 1151 301IbIIICHHS TLJIOII1 KOHTAKTY OBEpXOHb. [Ticis

3MHHaHHS poO0YOi MOBEPXHI KOHTAKTY KPUIIKU Bajy Ta BEPXHbOI KPUIIKU PETYKTOPA
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BUKOHY€ETHCS PO3TOYYBAHHS HAa PEMOHTHHM pO3MIp 31 BCTAHOBJICHHSIM JOAATKOBOI
JeTalll THUITY «BTYJIKa».

[lepcrieKTUBHUM HANpPSMKOM BiIHOBJICHHS poO0OYOI MOBEPXHI JIOMATI BUXIAHOTO
BaJly peayKTopa MpUBOJa — € HaIlJIaBleHHA. J[0 OCTaHHBOIO Yacy Ball 3 JIONATTIO HE
BiTHOBJIIOBABCS, a TICJs BIAMPaIlbOBaHOI KOMIIAHII CIHMCYBaBCsS Ta 3/1aBaBCS Ha
MeTanoopyxT. Ban Burotomnenuit i3 cram 40XH2MA JACTY 7806:2015, sika
BITHOCUTBCA JI0 TPYIM Ba)KKO3BapIOBaHUX cTajnel. [y HaraBiIeHHs OBEPXOHb, SK1
KOHTAKTYIOTh 3 OpOH30BUMH BKJIAIUIIIaMHU, HEOOXI1HO BUOpATH TEXHOJIOTIIO, B
pe3yJbTaTi SIKOi BIAHOBJIEHA MOBEPXHS Maja O MEXaHIuH1 XapaKTePUCTUKH, OJIM3bKI 10

XapaKTepUCTUK OPUTIHAJIBLHOTO MaTepiaiy.

1.3 Meroau HaruiaBlieHHS, sIKI BUKOPUCTOBYIOTHCS JJIsl BIHOBJICHHS! MPOKATHOTO

oOagHaHH

Jlo 3BaproBalbHUX METOJIB HAHECEHHS 3aXHUCHUX a00 3MIIHIOBAJIBLHUX MMOKPUTTIB
pI3HOTO TIPU3HAYCHHS, BiJHOCSATH HAIUTABJIICHHS, HAaBapIOBaHHS Ta HamwieHHs. Ha
BIIMIHY BiJI HalmWJIEHHS, TiJ Yac HAIUIABJIICHHS Ta HaBapIOBaHHS 3a0€3MeuyeThCs
OTPUMaHHS HEPO3 €MHUX 3’€JIHaHb 3a JIONIOMOTOI0 BCTAHOBJICHHS MIKaTOMHHUX
3B’SI3KIB MIDK OCHOBHMM Ta HAIUIaBJICHUM MeETaJlaMd MpPU IXHbOMY MICHEBOMY
HarpiBaHHi J10 po3ruIaBieHHs. ToOTO, MOHOJIITHICTh Ta BUCOKA MIIHICTD 3’ €HAHb IIPH
HaIUJIaBJICHH]1 JOCATAETHCS 32 PAXYHOK BCTAHOBJICHHS (PI3MKO-XIMIYHUX, aTOMHO-
MOJICKYJIIPHUX 3B’S3KIB  MDK €JEMEHTapHUMH YaCTHHKAMH MartepiajiB, MIo0
3’€IHYIOThCS [5].

CnocoOu HarutaBi€HHS PO3JAUISIOTHCS HAa MEXaHIuH1 (HaIIaBJIEHHS TEpPTSAM Ta
MJIaKyBaHHA BHOYXOM), TEPMIYHI Ta TePMOMEXaHiuHI (TJIaKyBaHHS MPOKATYBAaHHSIM,
IJIAKyBaHHS CKCTPYAyBaHHSM Ta EJICKTPOKOHTAKTHE HArUIaBItOBaHHS). HalOimbIm
IIMPOKO B MPAKTHUIll BIAHOBJIEHHS MPOKATHOTO O0JIaJIHAHHS 3aCTOCOBYIOTh TEPMIiUHI
METO/IM: EJIEKTPOJAYTOBE HAIUIABIICHHS, E€JICKTPOYyrOBE HAIJIaBICHHS Tij IIapoM
dmrocy, BIOpOIYroBe HAIUIaBJICHHS, T'a30BOTHEBE HAIJIAaBJIEHHSI, €JICKTPOIIIAKOBE

HaIlJIaBJICHHA, CICKTPOKOHTAKTC HAIlJIaBJICHH:I, iHﬂYKHiﬁHC HaIlJIaBJICHHS, IIJ1a3MOBEC
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HaruIaBJeHHS [6].
Enexktponyrose HaruiaBieHHs 3a CTYIIEHEM MeXaHi3allii po3AUIA€ThCS Ha TPU BUJIU:

py4He, MexaHi30BaHe (HalliBaBTOMAaTUYHE) Ta aBTOMaTU4He [7].

1.4 BuzHaueHHs HAINPSMKY JT0CIIKESHb

Jlo moyaTKy MdOCHIKEHHS BIUTUBY TEXHOJIOT1I HAIUIaBJIEHHS Ha MEXaHI4Hi
BJIACTUBOCTI Bajly 3 JIONATTIO, PO3PAXyEMO JIOUUIBHICTh, BIJIHOBJIICHHS 4epe3
Koe(DimieHT epeKTUBHOCTI 32 (OPMYIIOO:

KH:(CB'tb)/(CH'tH)a (1 . 1)
ne C, — coOiBapTICTh BIAHOBJICHHS J€Tajl, MJIH TPH;
Cy — co0iBapTICTh BUTOTOBJICHHS HOBOI JIE€Talll, MJIH TPH;
tp, — CEpeIHIN TepMIH CITY>KOM BITHOBJICHOI JeTall, PikK;
ty — CepeaHIN TepMiH CIIyKOU HOBOI JeTaJl, PiK.
[TincraBuBmm nani y popmyny 1.1, orpumaemo:
K=(0,24-2)/(1,6-1)=0,3 < 1.

Tak sk koediuieHT eheKTUBHOCTI MeHIIE |, mpuitMaeMo pilIeHHs PO BIIHOBICHHS
po0OOUYMX MOBEPXOHB €Tl BaJI 3 JIOMATTIO METOJaMHU HAIUIABJICHHS.

JlocimkeHHs Oy1eMo TPOBOANUTH JIJIsl HATUTABIICHHS €JICKTPOAYTOBHM METOJIOM, SIK
HAWOUTBII JOCTYMHUM Ta TMOLIMPEHUM Y OJUHUYHOMY Ta JpiOHOCEpIHOMY
BUPOOHUIITBI. 32 OCHOBY TE€XHOJIOT1i HaIUTaBJICHHS Bi3bMEM J1Ba 0a30B1 BUJIU:

1. PydHe HaruIaBleHHS IITYYHUM €IEKTPOJOM C 3aXHCHUM MOKPUTTSM.

2. HamiBaBTOMaTH4HE HAIUIABIICHHS B CEPEIOBHIII MIKCY 3aXHUCTHHX Ta3iB.

B sikocTi BUXiTHUX TaHUX JJIS TOCIIKEHHSI, BAKOHAEMO:

1. Po3paxyHOK €HEproCHJIOBUX MMapaMeTPiB MPUBOLY KIITI BEPTUKATHHUX BaJIKIB.

2. Po3paxyHOK Ha MIIIHICTh Ta BUTPUBAIICTh PEAYKTOPA.

3. Ha ocHOBI JHaHMX Ha BUTPHUBAIICTh PEAyKTOpa OTpUMaeM yac O€3BiAMOBHOI

pOOOTH CHCTEMH.

4. Po3paxyemMo Ha MIIHICTh /I TOPIBHSIHHS TPOEKTHUH Bajl 3 JIOMATTIO,

HAIUTaBJICHUH BaJl 3 JIOMATTIO MO KOE(Ili€EHTY 3amacy MiIlHOCTI.
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2. Po3paxyHOK €HEprocuIOBHUX MapaMeTpiB MPUBOAY MPOKATHOTO CTaHy

2.1 Po3paxyHOK TEXHOJIOTTUHUX TApPaMETPiB MPUBOLY KIIITI TOPU30HTAILHUX BaJIKiB

2.1.1 Bu3zHaueHHSI MaKCUMAaJIbHOTO PO3PaXyHKOBOTO YHUCIIa 00EpPTIB O MPOXOAaM

Ta CepeHBOI HIBUAKOCTI MPOKATKU

BusnaueHHsi mapameTpiB BUKOHA€EMO 3a BKa3iBKaMHM, SIKI HaBEJIEHI B METOJIHUII

npodecopa Hikonaera B.O. [8].

780x1500

Buxigni nani 1is po3paxyHKy: 3MMTOK Kurisigoi crami 08 T1C o230 x2200MMm

Juis mpokaTyBaHHs Ha ciisi6 160x1300mm. Po3noain o6TucHEHD 10 poxoaam, 3TiTHO
texHouorii [TAT «3anopixkcranby, HaBeneHuid B Ta0IuIl 2.2. [9]

Cran cna6inr mae aiametp BaskiB D = 1150 mm, gosxuny 6ouku Lg = 2000 mm,
BIJICTaHb MK OCSIMH HATUCKHMX T'BUHTIB a = 2720 MM, miametp muiiku dy, = 720 M,
noBxkuHa MUWKK 1, =720 mm. [ToTyXHICTH TOJIOBHOTO TIPUBOY JIJIsi KOKHOTO BaJIKa
1o N,; = 7200 kBT. TBepaicts 6ouku BankiB ~50 HSD, cepenns Temneparypa 311MBKa
nepes KITTIO JOPIBHIOE ty; = 1220°C. MiHimMasibHa TemnepaTypa Ha KiHelb MpOKaT-
KM 32 yMOBaMHM mignpuemMcTBa cTaHoBUTSH t, = 1100°C. IlBuakicTs BankiB V = 4 m/c.

3a meroaukorw mpodecopa Hikomaera B.O. [8], wacToTn obepTaHHS BaJKiB 3a

eTaraMu MpoKaTKH cJis101B HaBeneH1 B TaOuil 2.1.

Tabmuis 2.1 OpieHTOBHI BEIMUMHU YHUCe] 00epTaHb IPU 3aXOIUICHH1, BUKU1 Ta

MaKCHUMaJIbH1 (IPpOKaTKa OJTHOTO 3JIMBKA)

Etanu npokatku | Ilpu 3axormenni | [Ipu BUKUI ns,| MakcuMalibHE YUCIIO
cisg0a n,, 00/XB 00/xB obepTtaHb ny, 00/XB
I 10-15 15-20 50-60
I 20-30 25-40 50-60
I 30-40 40-45 50-60
v 30-40 40-45 50-60

B Ttabmumi 1.2 eran I BigmoBizae modaTkoBUM Mpoxojam, etamn Il - cepenHim
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npoxonam, eran Il - mepemocramHiM mpoxogam, Ta eran IV - ocTaHHbOMY
(BUMMyCKHOMY) TIpoxoay. MakcuMmaibHa 4acToTa OOEpTaHHS BajKIB 3aJICKHUTh Bl
BEJIMYMH N; Ta Ny 1 JOBKUHU PO3KATy Ta BU3HAYAETHCS 3@ BIANOBIAHUMHU (POpPMyIaMH.
SIK110 mBHUAKICHA JlarpaMa MICTUTh JUISIHKH tl Ta t5S, To MakcuMaiabHa 4acToTa nMp

BU3HauyaeThes 3a popmyoro [a = 30 06/(xB-c), B = 60 06/(xBC)].

\/L1 +L, N n N n

n, =49% \ z.p 3600 7200 2.1)

ne L ta Ls - moBxxuHU po3KaTy, BIAMOBIAHI MPOKATIII 3a Yac t; Ta ts;
Nyp - PO3PaXyHKOBE MaKCUMaJIbHE 3HaUeHHS 00€pTiB;

0. - IPUCKOPEHHS ABUTYHA [IPU HAsIBHOCTI PO3KATy B BaJIKaXx.

Ockinsku L =L, + Ls, TO:

2 2
n,, =49x \/L+ 7%, (2.2)
7-D 3600 7200

ne Li - TOBXHHY MMOIBIMHOTO PO3KATy B IPOXO/II.
JlorxuHa L1 Bu3HauaeThCs 3a PopMyIioro:
Li=Le - ps, (2.3)

ne Ley - TOBXKHMHA 31TMBKA,
Us - CyMapHUH KOe(III€HT BUTSIKKH 3a N-€ KIJIBKICTh IMTPOXO/IIB.

dopmya BUKOPUCTOBYETHCS JIJIS IBUIKICHOTO PEXUMY, SKUH Ma€ TUISHKH t; Ta ts
( TpUCKOpEHHSI Ta YMOBUIbHEHHS 31 3JMBKOM). SIKIIO OTpUMaHE 3HAYEHHS Ny, 3
dbopMyII0r0 MEHIIIE 3a3HAYCHOT0 Yy Ta0JUIll, TO B PO3PAXYHKY CEPEIHBOI IMBHUIKOCTI
POKATKU MPUUMAEMO PO3PAXYHKOBE 3HAUEHHS Nyp. Y BUIAJIKY, SKIIO PO3PAXyH-KOBE
3HAYEHHS Nyp > Ny, TO NPUMMAEMO Ul MOAAIBIINX PO3PAXYHKIB 3HAYEHHS Ny 13
tabmuii. JJis 3aKII0YHOTO MPOXOJy MAaKCUMallbHE 3HAYEHHS 4Yucja 00epTiB BaJIKiB

BU3HavaeMo 3a Gpopmyroro (o = 30 06/(xB-c)):

L n
R Ly 2.4
" 7D 3600 24)

ne L — moBkuHa TOTOBOTO po3KaTy (cisida).
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CepenHio MBUJIKICTh B BUOPAaHOMY MPOXO/1, JIe V — TYT OKPY’KHA IIBUAKICTh
BaJIKiB, BU3HAYAIOThH 32 (hOPMYIIOI0:

IPH Typ < Iy
V= 3;3.% [n_up +0.5(n, +n, ]1.

V= i[ﬂ'_ﬁ + 0.5(”} + ne}]
l'_[pH 11}1}} = Ty 38.3

(2.5)

[lincTaBuBILIN 3HAUYEHHS I NIEPILIOTO MPOXOAY TOPU30HTATIBHHUX BAJIKIB y

dopmynu 1.2 Ta 1.5, orpumaemo:

2.53 100 225
n,, =49 + + =42xe™
i 3.14-115 3600 7200

Tak stk cepeiHs MBUAKICTH (NMP < NM), OTPUMAEMO HACTYITHUN Pe3yJIbTaT:

v = LIS (42+12,5)=1,7m/c.

383

2.1.2 Brpatu TemnepaTypu o npoxojam

TeMmreparypHi BTpaTi B KOXKHOMY 1-My MPOX0/1i OOUUCITIOITHCS 3a (hopMyIamu:

Aty =240(1—h,/h)*:]

f; =1 — At J ’ (2.6)
1e t; — TeMIiepaTypa MeTaay B IOTOYHOMY MPOXO/IL;
t; — TeMIiepaTypa po3Kary IMicJisd MepPIIOoro MPOXOy;
h; — ToBIIIMHA PO3KaTYy MICIIS MEPIIOTO MPOXOAY;
h| — TOBIIMHA MOOCH TICTIS IEPIIIOTO TTPOXOTY.
3rigHo TexHOoJorii BUpoOHMITBA Maemo t; = 1240°C, Tomi AJis MEPLIOTO

IIPOXOZY OTPUMAEMO:
At =240 - (1-640/705)* =0,18°C = 1°C.

Oxpyrmoemo 10 A t; = 1°C. Toai remriepatypa MeTaty Iicisl IPOXOy:



t;=1240—-1=1239 °C.
Busnauaemo temneparypy MeTaity miciisi 6 Ipoxoy:
A te =240 - (1-350/705)3 = 30°C.
te=1240-30=1210 °C.

Temneparypa npokaTyBaHOIO METaly O yCIM ITPOXOAAaM HaBejeHa B Tabu. 2.2.

Tabnuig 2.2 Po3noais 00THCHEHB MO MPOX01aM

o ['opusonTtanbHi (BecranoBinennsi  Ahs 1) L, V,| la, t,C
g BaJIKH BEPTUKAIBHUX| MM M m/c| M

é* h Ah BaJIKIB

2 MM MM

1 2 3 4 5 6 7 8 9 10
1 705 75 1450 50 1,15] 2,53 | 1,7 | 216 | 1240
2 640 65 1450 23 1,093| 2,76 | 1,73 | 186 | 1239
3 580 60 1415 20 1,122 3,10 | 1,95 | 186 | 1238
4 520 60 1415 38 1,116 3,46 | 2,0 | 186 | 1237
5 460 60 1380 20 1,37] 3,96 | 2,26 | 186 | 1228
6 | 400 50 1380 45 1,15] 4,54 | 2,26 | 170 | 1222
7 350 50 1350 25 1,16 5,26 | 2,26 | 170 | 1210
8 300 50 1350 55 1,167 6,13 | 2,26 | 170 | 1203
9 250 50 1320 35 1,223 7,52 2,26 | 170 | 1179
10 | 210 40 1320 61 1,193] 8,96 | 2,26 | 153 | 1157
11| 172 35 1300 25 1,218 10,9 | 2,26 | 141 | 1138
12 | 160 15 1300 52 1,093| 11,9 2,26 | 97 | 1128
13 | 160 - 1300 0 1,01|11,92] 239 - | 1114

2.1.3 BuzHaueHHs MeXi1 INTMHHOCTI T HamiBcnokiiHo1 ctam 08T1C
Mesxa IIIMHHOCTI pO3paxoByeThes 3a hopmyioro [10]:
or=ors " ki - ke - Ky, (2.7)

1ie 615 — 0a30Ba Hampyra Tedii MeTany;
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k1, ke, ky — KO€imienTH, SKi BiIMOBIAHO BPaXOBYIOTh TEMIIEPATYypy METAIy,
BIJIHOCHE OOTHCHEHHS, IBUKICTH AedopmMarii.

ba3zoBa Mexa MIIMHHOCTI METaTy MaJIOBYTJICIIEBOI CTall pO3PaXOBYETHCS 3a
dbopmyiioro:

Grs=80+25-[1-{(5-Ny)/4,5} 4], (2.8)
ne N — ByIJIenieBuil eKBiBaJICHT CTaJIl.

ByrienieBuii ekBiBajIeHT CTalll PO3PAXyeEMO 3a POPMYIIOLO:
N;=C+ Si+ Mn + Cr+ Ni. (2.9)

Ximiunwmii cknan crami 08CIT %: 0,11C; 0,03Si; 0,5Mn; 0,1Cr; 0,25N1, mijgcTaBUBIIN

naHi y hopmyiy 2.9, oTpuMaemo:
N; =0,11+0,03+0,5+0,1+0,25=0,99 %.
ba3oBa Mexa MIMHHOCTI:
=80+ 25[1-{(5-0,99)/4,5} 18 1280+ 250,19 = 84,8 H/mn2.
Koedimientu k BU3HAUNMO 13 3aJI€KHOCTI:

0,7

f
k, = 1.66—1.1[ —:]
400

k. =1+0.43-[1-6.3005-2)}
k, =0.22+0.072-(7+1nu).

: (2.10)

[TincTaBuBIIM JaH1 y 3a1eKHOCTI 2.10, OTpUMaeMO pe3yJbTar:
_ 7 7/A240 507 :
k=1,55-1,1(——-2)""=0 45
ke=1+0,43[1-6,3(0,5-0.103)?] =0.95;

u=1700-0,103/216=0,83¢";
ky =0,224+0,072(7-0,186)=0,71.

[TincTaBnsiemo nani 'y popmymy 2.7 Ta OTpUMAEMO PE3yNbTaT:

or = 84,8x0,45x0,95x0,71=25,7 H/Mm>.
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2.1.4 CepenHe KOHTAKTHE HAMIPYKEHHS PO3PAXOBYETHCS 3a (DOPMYIIOIO:
Pep = 1,15 - o1(1+0,1451¢/hep)[ 1+(1,1- lo/hep)?], (2.11)
ne la/hep =0,29— mapametp aedopmarii.
Pe3ynbTaT po3paxyHKy cepeIHbOr0 KOHTAKTHOTO HaIPYKEHHS:
P, = 1,15-25,7(1+0,145-0,29)[ 1+(1,1-0,29)2] = 47,4 H/mm>.
2.1.5 Cuna npokaTKu po3paxoBYEThCA 3a GOPMYJIIOHO:
P =p’ la'B-10°MH; (2.12)
P=47,4-216-1300-10°= 13,3 MH.

2.1.6 KoedilieHT MOJIOKEHHSI PIBHOIIIOUMX CHJI \ BUSHAYAETHCA 32
dbopmyoro:

v = 0.79— 08874 10.444] 1o
h h

F @ (2.13)
[TincraBuBiM 3Ha4eHHs B hopmymy 2.13, oTpuMaemo:
v =0,79-0,887:0,29+0,444-0,29> = 0,57.
2.1.7 MoMeHT pOKaTKH Ha OJTHOMY BaJIKy BH3HAYHMO 32 ()OPMYJIOFO:
M=vy ‘l4g- D=0,57-0,216-13,3=1,61 MH"Mm. (2.14)
2.1.8 BuzHaueHHs MOTY>KHOCTI IBUTYHIB JIJIs1 2-X BaJIKIB
NaB =2-960-M-v/Rn, (2.15)

ne N=0,95 — KITJI npuBoxy.
[Ticna niaCcTaHOBKY 3HAYEHb, OTPUMYEMO PE3YIBTAT IS IPOXOY:
NaB =2-960-1,61-1,7/0,575-0,95 = 9620 kBt < [NaB]=14400 xBr.
OTpumaHa NOTYXHICTh ABUTYHIB MEHIIIA 32 (PaKTUYHO BCTAHOBJICHI.

AHQJIOTIYHO MPOBOJUMO PO3PAXYHOK EHEPrOCHJIOBUX IapaMeTpiB IO 1HIIMM

npoxoaam. PesynbTat po3paxyHKy 3BOJUMO B TaoOJ. 2.3.
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Tabmung 2.3 Eneprocusiosi napameTpu NpOKaTyBaHHS B TOPU30HTAIBHUX

Basikax ciistoa 160x1300mm

No oT, Peps P, 1 2M, 2Nns,
npoxoxy | H/mm? | H/mm? MH MH M kBT
| 25,7 474 13,3 0,57 3,32 9620
2 22,5 45,2 11,3 0,58 2,63 8106
3 233 44 11,5 0,56 2,4 8270
4 25,7 53,2 12,3 0,55 2,44 8800
5 34,1 57,2 13,7 0,51 2,5 9300
6 34,5 60,6 14,2 0,5 2,46 9600
7 37,1 63,0 14,5 0,47 2,41 9610
8 37,6 65,3 14,3 0,44 2,18 8740
9 44,6 67,8 14,5 0,41 2,05 8040
10 48,5 72,5 14,8 0,39 1,81 7730
11 53,0 76 14,5 0,33 1,35 5550
12 43,0 68,5 8,7 0,41 0,70 2810

2.2 Po3paxyHOK T€XHOJIOTTYHUX ITapaMETPiB MPUBOAY KITITI BEPTUKAIHLHUX BaJIKiB

Kinite BepTuKanpHuX BajkiB crany «Crns0inr-1150» 3HaxoauThes momnepeny KIiTi
TOPU3OHTAIBLHUX BasKiB. [IpUBOJ KITITI BEPTUKAIBHUX BaJKIB 31ACHIOETHCS B 4-X
enekTpoaBuryHiB (o 2 Ha Basiok) [1B2 800.175-8Y3, noryxHictio o 1250 kBT
KOXEH Ta 4acToToro obepranHa 300/500 xB!, wepes cremianbHHi PEXyKTOp 3
nepenaTouyHuM uuciaoMm u=3,744. Banku marots niamerp DB = 700 MM Ta HOBKUHY
oouku LB = 1150 MM. ¥ mapHUX Ta HEMAapHUX MPOXO0JaX, HABAHTAXKEHHS Ha BaJIKU
BIAPI3HAIOTBCA amIuliTy1010. OOTUCHEHHST AhB BepTHUKaIbHUMH BajJKaMU Yy MapHUX

MPOXO0JIaX BUTPAYAETHCSI HA OOTHUCK TOJBIMHOTO YIIUPEHHS TICIAS TPOXOIy Y
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TOPU3OHTAJIbHHUX BaJIKAX. vy HCIIApHUX IIPOXO0Jax 00THCK BHUKOHYETHCA U1 3SMCHIIICH-

HS LIMPHUH PO3KATY.

2.2.1 Po3paxyHOK HOMIHAJILHOTO MOMEHTY ITPOKATKY

__ NpBnilm2

MHOM_ 1001 ’ (216)

ne N;z=2500 kBT — HOTY>KHICTb 2-X €JIeKTPOABUTYHIB;
N:=12=0,96 — KIIJ] nepuioro Ta 1pyroro CTyneHIo peayKTopa;
n=81xB™! — uncno 06epTiB BEpTUKAILHUX BAJIKIB.

[TincTaBuBIIM 3HaUeHHs B (hopmyiny 2.16, oTpuMaeMO HACTYIHUM pe3yibTar:

2500-0,96-0,96
Mioy=
100-81

=0,277 MH-m.
2.2.2 Po3paxyHOK reOMETPUYHHX Ta KIHEMAaTUYHUX MapaMeTpiB Aeopmariii

JlaHi 1Mo TeoMeTpHUYHUM MapameTpaMm jaedopmarlii mpu MNpPoKaTyBaHHI MeETally
npuiiMaeMo 13 TexHosoriunoi iHcTpykuii ITAT «3amopixcrans» [2]. Po3paxyHok

BEJIEMO JIJIsl TPETHOTO Ta YETBEPTOIO MPOXOTY.

baszoBa mexxa mummHHOCTI Metamy utst ctaii Mapku 08I1C 3rigHo hopmymnu 2.8
nopiBuioe o15=84,8H/Mm?. Koedirientu ki, k. i k, 3 Bupa3y 10piBHIOIOTE:

Ke=0,22+0,072(7 -0,633) =0,7.

Mesxa mIMHHOCTI 3a (opMyIoro 2.7 TOPIBHIOE:
or=84,8:0,5-0,82-0,7=24,01 H/mm>,

CepenHe HOpMaJIbHE HaINpyKeHHS 3a hopmyJioro 2.11
P, =1,15-24,1(1+0,145-0,075)[1+(1,1-0,075)2] = 56,6 H/mm?,
Cuiy IpoKaTKu po3paxoByeMo 3a ¢popmyiioro 2.12:
P=156,6-107-550-10° = 2,525 MH.
KoeoimieHT mosokeHHs PIBHOMIIOYUX CHUJI Y BU3HA4YaeMO 3a popmyioro 2.13:
v =0,79-0,887-0,075+0,444-0,0752 = 0,742.

MoMeHT pOKaTKH AJI OAHOTO BAJIKY po3paxyemo 3a ¢hopmynoro 2.14:



M =0,742-0,107-3,33 = 0,145 MH'M < M,;0,=0,277 MH"Mm.

[ToTyXHICTh MPOKATKH (AJIs1 ABOX BAJIKIB):

N=2-960-0,15-2/0,35-0,95 = 1838,4 kBt < N,;,=2500 xBrT.

AHaJIOTIYHO BUKOHYEMO PO3paxyHKY MO YCIM MPOXOAaM Ta 3BOAUMO PE3yIbTaTH

B Ta0. 2.4

Tabnuns 2.4 EneprocusnioBi mapaMeTpu MPOKATKH B BEPTUKATBHUX BaJIKax

Basikax ciistoa 160x1300mMm

Cepenne = -
JloB- & Mesx | KOHTaKT- = 3 2> S m
> HBHn- | = a HE = § i % § s =
£ | KICTb 2 ~le 5 = g E X
) JTyTU 5 IJIMH | HOpMaJb = | B S = ez
X | IpoKar | Lovra- | B . | HOCTI | He 2B 2 S 2 E >
E| KAV, kry 14 g Or, | Hampyxe % =R = E =2 o 5
o | M/C ’ © g8 & = T g &
Z MM 5 H/mm | HEA pep, =2 =z = 5, NS~
g ? H/mm? % T 'g E S °
=t S =
2 O |=
1| 1,682 | 83,656 | 0,014 22,76/ 54,88 | 3,847 (0,731 | 0,221 2050
2| 1,763 | 81,538 | 0,013 |23,01| 55,64 | 3,188 | 0,73 0,19 1881,5
3| 2,137 | 77,126 | 0,012 |23,61| 57,22 2,85 10,743 | 0,164 1935.8
4 1 2204 | 77,136 10,012 |24,01| 56,6 2,525 10,74 | 0,145 1838.4
51 2,211 | 85,722 0,015{249| 59,96 |2,731 0,738 | 0,173 1012,4
6 | 2,211 | 85,722 | 0,016 25,27 60,79 |2,476 (0,729 | 0,161 1031,75
71 2,218 | 93,531 0,019 |26,13| 62,48 |2,449 0,72 | 0,167 1039,8
8 | 2,223 | 89,985 | 0,021 |26,88| 64,115 | 2,321 0,731 | 0,170 | 1041,45
9 | 2,227 |102,46| 0,022 (27,61 65,59 |2,149 (0,721 | 0,158 995,45
10| 2,608 | 98,985 0,021 [28,37| 67,61 | 1,841 (0,727 | 0,129 971,75
11| 2,617 | 105,73 | 0,024 |29,55| 69,97 | 1,80 | 0,71 | 0,131 949,7
12| 2,607 | 97,111 0,021 29,66/ 70,55 1,40 [ 0,71 |0,101 755,6
13| 2,552 0 0 - - - - - -
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2.3 Po3paxyHOK Ha MIIHICTh Ta BUTPUBAIICTh PEAYKTOPA MPUBOY BEPTHUKATIBHUX

BAJIKIB

Po3paxyHOK Ha MIIHICTE Ta BUTPUBATICTh 1-T0O Ta 2-TO CTYNEHIB peayKTOpa

MIPUBOJTy BEPTUKAIBHUX BaJIKIB BUKOHAEMO Yy IporpamMHomy npoaykTi KissSoft 2022.

Po3poOHukom mnporpamHoro komruiekcy KissSoft € miBelimapcbka KoMIaHis
Kisssoft AG, sika B cBOIO uepry € mipo3aiioM amepukaHcbkoi kommanii Gleason
Corporation. Ilporpamu mns pospaxynkiB KISSsoft 1 KISSsoft System Module
BOJIOAIIOTh HIMPOKUMHU MOKIUBOCTSMH 1 3aBISKH MOIYJIBHIA CTPYKTYpl MOXYTb
BUKOPUCTOBYBATUCS B PI3HUX Tady3sSX: IPOMHCIOBI PEIyKTOpHU, aBTOMOOLIe-
OyIyBaHHS, BUTOTOBJICHHS ITIIIMITHUKIB 1 3a4€TNIEHb, TOYHA MEXaH1Ka, BAPOOHUII-TBO
1JIacTMac, BUTOTOBJICHHS TYpOOPEIYKTOPiB, BITPOBAa €HEPreTUKA, CYAHOOYTYy-BaHHS

Ta 1HIII CTeIiaabHi raay3i.OCHOBHI MOXIMBOCTI po3paxyHKiB KissSoft 2022:

- 3y0Ouacrti Kojeca: po3paxyHOK 3y0UacToro Kojieca 3aCTOCOBYETHCS J0 BCIX
OCHOBHHX THIIIB KOJIIC, TAKHUX SIK IIIJIIHIPUYHI, KOHIYHI, T1MOiHI, YepB'sT4HI,
I'BUHTOBI, KPYrOB1 Ta KOPOHYACTI 3yOuacTi kosieca. MilHICTh pO3paXOBYETHCS

Ha ocHoBi crarmapTtiB [SO, DIN, AGMA, VDI;

- HiI[I_HI/Il'[HI/IKI/II PO3PaAXOBYIOTHCA l'IiI[HII/IHHI/IKI/I KOYCHH: Ta KOB3aHH, MiHHiCTB

BaJIIB 1 TEPMiH CIYKOM MiAIIMITHUKIB, 30KpeMa 3 ypaxyBaHHSAM BHYTPIIIHLOT

reometpii (ISO TS 16281);

- 3'emHaHHS BaI-CTYMHI: YCi MOyl PO3paXyHKY MAarOTh (DYHKIIi1 BUSHAYCHHSI
PO3MIpIB, AK1 1al0Th 3MOT'Y BUKOHYBAaTH PO3pPaxXyHOK FT€OMETPUYHUX PO3MIPIB,
110 BiIrparoTh BAKIIUBY POJIb s 3a0€3MEUeHHS MIITHOCTI, 1 MAKCUMAaJILHOTO

NEPEJTAHOTO0 KPYTHOTO MOMEHTY.
- bonrose 3’eqHaHHS;
- IlpyxunHu BCiX THUITIB;

- Pewmeni Ta maHiroru.
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2.3.1 Po3paxyHok 3y0uaroi nepenadi 1-ro cryneHs peaykropa

s po3paxyHKy OyaeMO BUKOPHUCTOBYBATH BHXIAHI JaHI 3 KOHCTPYKTOPCBHKOI

. . +0,22
nokymenranii HKM3: mikxocboBa Biacranb a=1072777%, MM; MOLyab 3y04aroro

3ayeruienHs m=16. lllecrepus: yucno 3y6uiB z,=53, mmpuHa 3y6uaroro BiHi b;=350
MM; CTYMHiHb TOYHOCTI 7-B; KoedilieHT 3MIlIeHHs BUXITHOTO KOHTYpY Xx=0; MaTepia
Cranp 20XH3A JICTY 7806:2015, TepmooOpoOka 3y611iB LleMeHTarlisi 3 TBEpIiCTIO
HRC 55...63. 3y6Guate komneco: uucio 3yomiB z;=81, mmpunHa 3y64yaTtoro Bims b;=350
MM; CTYMiHb TOYHOCTI 9-B; KoediiieHT 3MillleHHS BUX1THOTO KOHTYpY X=0; Martepiai
Crans 40XH2MA JICTY 7806:2015, nokoBka HB 262...287, 3arapTyBaHHsi OOKOBOIi
noBepxHi 3youis CBY go HRC 42...52.

3riIHO PO3paxyHKy €EHEeProcHWIOBUX IapaMeTpiB TMPHUBOIY: TMOTYKHICTh Ha

3y04aToMy KOJIECl Ta YUCI0 00EPTiB:

No=N,» ‘m=1250-0,97=1212,5 Br: 2.17)
_ LA _oq.125_ 1
1 = n-(C2)=81-—==198,5 x5! (2.18)

PesynbraTn obuncinenns B mporpami KissSoft 3anocumo B Tab. 2.5.

2.3.2 Po3paxyHok 3y04aToi nepejadi 2-ro CTyNeHs peayKTopa

Jisa po3paxyHky OyneMO BHUKOPHUCTOBYBATH BHUXIJHI JaHI 3 KOHCTPYKTOPCHKOI

: : +0,25
noxkymenTanii HKM3: mixocekoBa Bincranb a=1408_75: MM; Momyias 3y04aToro

3averuieHHs: m=16. [llecTepns: yucio 3yOuiB z3=51, mupuHa 3yduaroro BiHig b3=450
MM; CTYIIHb TOYHOCTI 9-B; KoedilieHT 3MiIeHHsT BUXITHOTO KOHTYpY X=0; MaTepian
Cranp 40XH2MA JICTY 7806:2015, noxoBka HB 262...287, 3araptyBanHs O0KOBO1
noBepxHi 3yo1iB CBY go HRC 42...52. 3y0Ouare kojieco: 4ucio 3yOliB z4=125,
mupuHa 3yo4aTtoro BiHI bs=450 MM; cTymiHb TOYHOCTI 8-B; KoedilieHT 3MilIeHHS

BUX1JIHOTO KOHTYpY X=0; matepian Ctans 35XM®JI, 06’emHa Tepmoodbpodka 10 HB

250...290.

PesynbraTn obuncinenns B mporpami KissSoft 3anocumo B Tab. 2.6.



Tabmuig 2.5 PesynbTaT po3paxyHky 3yOuaroi nepeaadi 1-ro cTymneHs peaykropa

peayKTOpa MPUBOIY BEPTUKAILHUX BaJIKIB

KISSsoft

BANKIE

sl 1

e

Cylindrical gear pair, spur

SO0 004, TS0
Ol e BLAL

KISE8sak Rl & 2002 - 2F3

PospaxyHok NepLLIOro CTYNeHA peqykTopa NnpMeoay BEPTUKANBHWX

1/15
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Tip clearances and tooth heights
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Tooth thickness and pitch

Sliding

Contact ratios
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Contact stiffness

Calculation of K factors
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Calculation of tooth root strength (fracture)

Safety factors

Calculation of flank strength (pitting)

Safety factors
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Flash temperature-criteria

Integral temperature-criteria

Measurements for tooth thickness

Tooth thickness tolerances and inputs

Base tangent lengths
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Tooth thickness

Backlash

Toothing tolerances

Modifications and determination of the tooth form
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Damage

Reliability calculation

Calculation method

Factors

Resulting reliabilities and service lives
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Conventions

Calculations and factors
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1
Messages

No messages occurred during the calculation.

2 Overview

Calculation method

Drawing or article number:
Gear 1:
Gear 2:

Power (kW)
Speed (1/min)

Number of load cycles (in mio.)

Torque (Nm)
Application factor
Required service life (h)

Gear driving (+) / driven (-)
Working flank Gear 1:
Gear 1 direction of rotation:

Geometry calculation according to

Center distance (mm)

Center distance tolerance
Normal module (mm)

Normal pressure angle (°)

Helix angle at reference circle (°)
Number of teeth

Facewidth (mm)

Hand of gear

Inner diameter (mm)

Inner diameter of gear rim (mm)

ISO 6336:2019

1-312025
46 2509 092

------- Gear 1 ----------------- Gear 2 -----

[P] 1212.500

[n] 303.4 198.5
[NL] 491.533 321.620
[T] 38160.6 58321.0
[KA] 2.00

[H] 27000.00

+ -
Right flank
Clockwise

3 Toot
geometr

ISO 21771:2007

------- Gear 1 ----------------- Gear 2 -----
[a] 1072.000
ISO 286:2010 Measure js10
[mn] 16.0000
[an] 20.0000
[B] 0.0000
[z] 53 81
[b] 350.00 350.00
Spur gear
[di] 0.00 0.00
[dbi] 0.00 0.00
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4 Materials

Gear 1
Crans 20XH3A ZICTY 7806:2015, Case hardening steel, case-hardened, ISO 6336-5 Figure 9/10
(MQ), Core hardness >=25HRC Jominy J=12mm<HRC28

Gear 2
Crans 40XH2MA JICTVY 7806:2015, Through hardened steel, flame/ind. hardened, ISO 6336-5
Figure 11/12 (MQ) Flank & root hardened

Surface hardness HRC 55...63 HRC 42...52
Material treatment according to ISO 6336:2006 Normal, Life factors Znt and Ynr > 0.85

Infinite life strength for tooth root stress (N/mm?) [oFlim] 430.00
370.00
Fatigue strength for Hertzian pressure (N/mm?) [cHlim] 1500.00 1220.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [V] 0.300 0.300
Tensile strength (N/mm?) [cB] 1200.00 1100.00
Yield point (N/mm?) [6S] 850.00 900.00
4.1
Roughnesses

------- Gear 1 ----------------- Gear 2 -----
Roughness average value DS, flank (um) [RAH] 0.60 0.60
Roughness average value DS, root (um) [RAF] 3.00 3.00
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
4.2
Lubrication
Lubrication type Oil bath lubrication
Type of oil ISO-VG 100
Lubricant base Mineral-oil base
Oil nominal kinematic viscosity at 40°C (mm?/s) [v40] 100.00
Oil nominal kinematic viscosity at 100°C (mm?/s) [v100] 11.10
Specific density at 15°C (kg/dm?) [p] 0.901

Oil temperature (°C) [TS] 70.000
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-]

5.1 Reference profiles

5.1.1 Information on pre-machining
Gear reference profile 1
Reference profile 1.25/0.38/ 1.0 TOCT 13755-81

Final machining stock (mm) [q] 0.215
Dedendum coefficient [hfP*] 1.250
Root radius factor [pfP*] 0.380

[pfPmax*] 0.472
Addendum coefficient [haP*] 1.000
Tip radius factor [paP*] 0.000
Protuberance height coefficient [hprP*] 0.000
Protuberance angle [aprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [aKP] 0.000

not topping
Smallest radius of curvature, root rounding (mm) [pmin.e/i] 6.509 / 6.520
Gear reference profile 2
Reference profile 1.25/0.38/ 1.0 TOCT 13755-81
Dedendum coefficient [hfP*] 1.250
Root radius factor [pfP*] 0.380

[pfPmax*] 0.472
Addendum coefficient [haP*] 1.000
Tip radius factor [paP*] 0.000
Protuberance height coefficient [hprP*] 0.000
Protuberance angle [aprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [aKP] 0.000

not topping
Smallest radius of curvature, root rounding (mm) [pmin.e/i] 6.397/ 6.410
5.1.2 Reference profile of the final tooth form

------- Gear | ----------------- Gear 2 -----

Dedendum reference profile [h{P*] 1.211 1.250
Tooth root radius Refer. profile [pfP*] 0.380 0.380
Addendum Reference profile [haP*] 1.000 1.000
Protuberance height coefficient [hprP*] 0.000 0.000
Protuberance angle (°) [aprP] 0.000 0.000
Tip form height coefficient [hFaP*] 0.000 0.000
Ramp angle (°) [aKP] 0.000 0.000



[TponopxenHs Tadmuil 2.5

Data for final machining:

Depth of immersion

Radius at cutter head

Grinding only flank (0), flank & root (1)
Generation grinding (0), form grinding (1)

[hgrind*] 1.026
[rgrind*] 0.100
0
0

Type of profile modification: none (only running-in)

Tip relief by running in (um)

5.2 Basic data

Overall transmission ratio
Gear ratio
Transverse module (mm)
Transverse pressure angle (°)
Working pressure angle (°)
)
Working pressure angle at normal section (°)
Base helix angle (°)
Helix angle at operating pitch circle (°)
Reference center distance (mm)
Sum of profile shift coefficients

Profile shift coefficient
Information on pre-machining
Information on final machining

Generating profile shift coefficient
Information on pre-machining

Information on final machining

Virtual gear no. of teeth
Involute length (mm)

5.3 Diameters and their allowances

Reference diameter (mm)
Base diameter (mm)
Tip alteration (mm)

Tip diameter (mm)
(mm)

34

[Cal/R] 2.0 /2.0 34 /34
[itot] -1.528
[u] 1.528
[mt] 16.000
[at] 20.000
[owt] 20.000
[awt.e/1] 20.031/19.969
[awn] 20.000
[Bb] 0.000
[BwW] 0.000
[ad] 1072.000
[2xi] 0.0000
------- Gear 1 ----------——————- Gear 2 -------
[x] 0.0394 0.0000
X] 0.0000 0.0000

[XE.efi]  0.0138/
-0.0546
[XE.efi]  -0.0255/
-0.0546
[zn] 53.000
[l dFa-l dFf] 31.170

------- Gear 1
[d] 848.000
[db] 796.859
[k*mn] 0.000
[da] 880.000

[da.e/i] 880.000 /879.870

0.0030 -0.0364/

-0.0364 -0.0364/

81.000
32.466

1296.000
1217.842
0.000

1328.000

1328.000 /1327.850
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Tip diameter allowances (mm)

Tip form diameter (mm)
(mm)

Active tip diameter (mm)
(mm)

Operating pitch diameter (mm)
(mm)

Root diameter (mm)
Generated root diameter with xE (mm)

(calculated with pre-machining tool)

Active root diameter (mm)
(mm)

Root form diameter (mm)
(mm)

(calculated with final machining tool)

5.4 Tip clearances and tooth heights

Theoretical tip clearance (mm)
Effective tip clearance (mm)

Reserve (ANf-dFf)/2 (mm)

Addendum, mu(hap™*+x-+k) (mm)
(mm)

Dedendum, mn(hgp*-x) (mm)
(mm)

Tooth height (mm)

5.5 Roll angle

Roll angle at dFa (°)
Roll angle to dNf (°)
Roll angle at dFf (°)

[Ada.e/i]

[dFa]
[dFa.e/i]

[dNa]
[dNa.e/i]

[dw]
[dw.e/i]

[df]
[df.e/i]

[dNf]
[dNF.e/i]

[dFf]
[dFf.e/i]

[c.e/i]
[cF.e/i]

[ha]
[ha.e/i]

[hf]
[hf.e/i]

[h]

[EFa.e/i]
[ENT.e/i]
[EFf.e/i]

0.000/-0.130

880.000
880.000 /879.870

880.000
880.000 /879.870

848.000
848.166 /847.834

809.260
808.443 /808.095
822.488

822.887/822.185

821.613
821.034 /820.790

4.000
5.148 /4.373

1.048 /0.575

16.000
16.000 /15.935

19.370
19.779 /19.953

35.370

26.847 /26.825
14.763 /14.560
14.220 /14.147

35

0.000 /-0.150

1328.000
1328.000 /1327.850

1328.000
1328.000 /1327.850

1296.000
1296.254 /1295.746

1256.000
1254.834 /1254.254
1269.910

1270.346 /1269.562

1267.055
1266.118 /1265.655

3.370
4.238 /3.569

2.345/1.722

16.000
16.000 /15.925

20.000
20.583 /20.873

36.000

24.915 /24.897
17.005 /16.875
16.292 /16.212
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5.6 Tooth thickness and pitch

Tooth thickness, arc, in module

Normal tooth thickness at tip circle (mm)

(mm)

Normal tooth thickness at tip form circle (mm)

(mm)

Normal space width at root circle (mm)
(mm)

Pitch on reference circle (mm)

Base pitch (mm)

Transverse pitch on contact-path (mm)
5.7 Sliding

Max. sliding velocity at tip (m/s)
Specific sliding at the tip
Specific sliding at the root
Mean specific sliding

Sliding factor on tip

Sliding factor on root
5.8 Contact ratios

Minimal length of contact line (mm)
Transverse contact ratio

Overlap ratio
Total contact ratio

Length of path of contact (mm)
(mm)

Addendum contact ratio

[san]
[san.e/i]

[sFan]
[sFan.e/i]

[efn]
[efn.e/i]

[pt]
[pbt]
[pet]
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-—-Gear 1 - Gear 2 --—----
1.5708 1.5708
12.462 12.791
12.212/12.022 12.420/12.140
12.462 12.791
12.212 /12.022 12.420/12.140
13.394 12.114
13.522 /13.578 12.222 /12.277
50.265 50.265
47.234 47.234
47.234 47.234
-——-Gear 1 -————————mm - Gear 2 ---—----
2.191 2.268
0.369 0412
-0.701 -0.586
0.391
0.163 0.168
-0.168 -0.163
Pair
350.000
1.796
1.809 /1.792/ 1.776
0.000
1.796
1.809 /1.792/ 1.776
84.832
85.446 /83.877
-—-Gear 1 - Gear 2 -——----
0.882 0914
0.887 /0.874 0.922 /0.902
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Length T1-A and T2-A (mm) [TIA,T2A] 101.860
(mm) [.e/i] 101.245 /102.662
Length T1-B and T2-B (mm) [TIB,T2B] 139.458
(mm) [.e/i] 139.458 /139.304
Length T1-C and T2-C (mm) [T1IC,T2C] 145.017
(mm) [.e/i] 144.774 /145.259
Length T1-D and T2-D (mm) [TID,T2D] 149.094
(mm) [.e/i] 148.480 /149.896
Length T1-E and T2-E (mm) [TIE,T2E] 186.692
(mm) [.e/i] 186.692 /186.538
Length T1-T2 (mm) [T1T2]
(mm) [.e/i]
Diameter of single contact point B (mm) [d-B] 844.262 1299.845
(mm) [d-B.e/i] 844.262/844.161
1300.381
Diameter of single contact point D (mm) [d-D] 850.824
(mm) [d-D.e/i] 850.394 /851.387
1293.107

366.646
366.031 /367.259

37

264.786
264.786 /264.598
227.188
226.574 /227.955
221.629
221.258/222.000
217.552
217.552/217.363
179.954
179.339 /180.721

1299.415/

1293.234

1293.234/

_ General influence factors

6.1 Forces and circumferential
speed

Nominal circum. force at pitch circle (N)

Axial force (N)

Radial force (N)

Normal force (N)

Nominal circumferential force per mm (N/mm)

Only as information: Forces at operating pitch circle:

Nominal circumferential force (N)
Axial force (N)
Radial force (N)

Circumferential speed reference circle (m/s)

Circumferential speed operating pitch circle (m/s)[v(dw)]

6.2 Contact stiffness

Running-in value (um)
Running-in value (um)

------- Gear 1 -------——---
[Ft] 90001.5
[Fa] 0.0
[Fr] 32757.9
[Fnorm]| 95777.6
[wW] 257.15
[Ftw] 90001.5
[Faw] 0.0
[Frw] 32757.9
[V] 13.47
13.47
[yp] 3.0
[vf] 2.5

Tolerances fpe, fr and fup, matching the tolerances in section 7

0.0
327579
95777.6

0.0
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Correction factor

Gear blank factor

Basic rack factor

Material coefficient

Singular tooth stiffness (N/mm/pm)
Meshing stiffness (N/mm/pm)
Meshing stiffness (N/mm/pm)
Reduced mass (kg/mm)

Resonance speed (min-1)

6.3 Calculation of K factors

Running-in value (um)

Bearing distance 1 of pinion shaft (mm)
Distance s of pinion shaft (mm)
Outside diameter of pinion shaft (mm)

Load in accordance with Figure 13, ISO 6336-1:2006  [-]

0:a), 1:b), 2:¢), 3:d), 4:¢)

Coefficient K' according to Figure 13, ISO 6336-1:2006 [K']

Without stiffening
Tooth trace deviation (active) (um)
from deformation of shaft (um)
fsh (um)
B1
fHPS (um)
Tooth without flank line modification
Position of contact pattern:
from production tolerances (pum)
B»>=1.00
Tooth trace deviation, theoretical (um)
Running-in value (um)

6.4 K factors

Factor Ky entered
Dynamic factor

Width factors
- Flank
- Tooth root
- Scuffing

Transverse load factors
- Flank
- Tooth root

favorable
[fma*B2]

[FBx]
[yB]

0.800
1.000
0.985
1.000
14.769
23.585
20.047
1.72750
666

3.0
700.000
70.000
350.000
1

-0.80

5.48
4.17
4.17
1.00
12.00

0.00

6.45
0.97

1.400

1.076
1.068
1.076

1.355
1.355
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Scuffing [KBa] 1.355
Application factor [KA] 2.000
Distribution factor [Ky] 1.000

_ Calculation of tooth root strength (fracture)

Calculation of Tooth form coefficients according method: B

------- Gear | ----------------- Gear 2 -------

Calculated with generating profile shift coefficient [XE.i] 0.0030 -0.0546
Tooth form factor [YF] 1.13 1.19
Stress correction factor [YS] 2.16 2.16
Grinding notch tg/pg [tg/pg] 0.005 0.000
Grinding notch depth (mm) [tg] 0.02 0.00
Grinding notch radius (mm) [pg] 4.17 0.00
Additional coefficient for grinding notch [Yg'=YSg/YS] 1.03 1.00
Load application angle (°) [aFen] 18.92 19.44
Load distribution influence factor [fe] 1.000
Load application diameter (mm) [den] 850.824 1299.845
Bending moment arm (mm) [hF] 14.27 15.61
Tooth thickness at root (mm) [sFn] 34.90 35.61
Tooth root radius (mm) [pF] 8.14 7.87
Bending moment arm (-) [hF/mn] 0.892 0.976
Tooth thickness at root (-) [sFn/mn] 2.181 2.226
Tooth root radius (-) [pF/mn] 0.509 0.492
Calculation cross section diameter (mm) [dsFn] 814.563 1260.752
Tangents on calculation cross section (°) [0isFn] 30.000 30.000
Notch parameter [9s] 2.143 2.262
Helix angle factor [YB] 1.000
Deep tooth factor [YDT] 1.000
Gear rim factor [YB] 1.00 1.00
Effective facewidth (mm) [beft] 350.00 350.00
Nominal stress at tooth root (N/mm?) [cFO0] 40.64 41.21
Tooth root stress (N/mm?) [oF] 164.66 166.98
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT] 0.997 0.998
Surface factor [YRrelT] 0.957 0.957
Size factor, tooth root [YX] 0.890 0.890
Life factor [YNT] 0.903 0911
Y are ™Y ReelT* YX* Y NT 0.766 0.774
Alternating bending factor, mean stress influence coefficient

[YM] 1.000 1.000
Stress correction factor [YST] 2.00
YST*cFlim (N/mm?) [oFE] 860.00 740.00
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Permissible tooth root stress GFG/SFmin (N/mm?)[cFP] 470.63

Limit strength tooth root (N/mm?)
7.1 Safety factors

Required safety
Safety for tooth root stress
Transmittable power (kW)

Calculation of flank strength(pitting)

------- Gear | -------—--

Zone factor [ZH] 2.495
Elasticity factor (VN/mm?) [ZE] 189.812
Contact ratio factor [Ze] 0.857
Helix angle factor [ZB] 1.000
Effective facewidth (mm) [beft] 350.00
Nominal contact stress (N/mm?) [cHO] 287.45
Contact stress at operating pitch circle (N/mm?) [cHw] 580.84
Single tooth contact factor [ZB,ZD] 1.01
Contact stress (N/mm?) [cHB, cHD] 585.01
Lubricant coefficient for Ni [ZL] 0.966
Speed factor at N [ZV] 1.009
Roughness factor for N [ZR] 1.020
Material hardening factor for Np [ZW] 1.000
Life factor [ZNT] 0.932

[ZL*ZV*ZR*ZNT] 0.927
Limited pitting is permissible: No
Size factor (flank) [ZX] 1.000

[6FG] 658.88

[SFmin] 1.40
[SF=6FG/cF]  4.00
[KkWRating] 3465.57

Permissible contact stress, sHG/SHmin (N/mm?)[cHP] 1390.09

Pitting stress limit (N/mm?)
8.1 Safety factors

Required safety

[6HG] 1390.09

[SHmin] 1.00

Safety factor for contact stress on operating pitch circlefSHw]  2.39
Safety against pressure, cHG/cHBD Single contact{ SHBD] 2.38

Safety regarding transmittable torque
Transmittable power (kW)

[SHBD?] 5.65
[kWRating] 6846.02

2969.07

1.00
580.84

0.966
1.009
1.020
1.000
0.945
0.939

1.000

1145.42
1145.42

3.89

4715.12

40
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9 Micropitting

Calculation method according to ISO/TS 6336-22:2018
Calculation has not been carried out, lubricant: Load stage micropitting test not known

10 Scufting load capacit

Calculation method according to ISO/TS 6336-20/21:2017
------- Gear 1 ----------------- Gear 2 -------
Thermal contact coefficient (N/mm/s”*.5/K) [BM] 13.780 13.780
Relevant tip relief (um) [Ca] 2.00 3.40
Optimal tip relief (um) [Ceft] 34.82
Ca taken as optimal in the calculation. 0=no, 1=yes 0 0
Pair

Helical load factor for scuffing [KBy] 1.000
Lubrication coefficient for lubrication type [XS] 1.000
Scuffing test and load stage [FZGtest] FZG - Test A/8.3/90 (ISO
14635 -1) 12
Multiple meshing factor [Xmp] 1.000
Relative structural factor, scuffing [XWrelT] 1.000
Effective facewidth (mm) [beft] 350.000
Applicable circumferential force/facewidth (N/mm) [wBt] 1049.929

Kgy = 1.000, we*Kpy = 1049.929
Angle factor [Xap] 0.978

€1 =0.882, &2 =0.914
10.1 Flash temperature- criteria

Pair

Lubricant factor [XL] 0.854
Tooth mass temperature (°C) [6Mi] 76.81

Omi = Boit + Xs*0.47*Ximp*Oim
Average flash temperature (°C) [6flm] 14.49
Scuffing temperature (°C) [6S] 356.72
I' coordinates (point of highest temperature) [I] -0.298
[[.A]=-0.298, [I".E]=0.287
Maximum contact temperature (°C) [6B] 103.66
Flash factor (°K*N#-.75%s".5*m”-.5%mm) [XM] 50.058
Approach factor [X7T] 1.083
Load sharing factor [XT] 0.467

Dynamic viscosity (mPa*s) [MM] 23.45 (70.0 °C)
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Coefficient of friction [ m] 0.042
Required safety [SBmin] 2.000
Margin of safety for scuffing, flash temperature [SB] 8.518

10.2 Integral temperature- criteria
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Pair
Lubricant factor [XL] 1.000
Tooth mass temperature (°C) [OMC] 73.72

Omc = Ooil + Xs*0.70*0aint

Integral scuffing temperature (°C) [0Sint] 363.29
Flash factor (°K*N#-.75%s".5*m”-.5%mm) [XM] 50.058
Running-in factor, well run in [XE] 1.000
Contact ratio factor [Xe] 0.243
Dynamic viscosity (mPa*s) [nOil] 23.45 (70.0 °C)
Mean coefficient of friction [ m] 0.026
Geometry factor [XBE] 0.168
Meshing factor [XQ] 1.000
Tip relief factor [XCa] 1.144
Mean flash temperature (°C) [6flaint] 5.31
Integral tooth flank temperature (°C) [Oint] 81.69
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [SSint] 4.447
Safety factor for transmitted moment (int.-T.)  [SSL] 25.093

11 Measurements for tooth thickness|

11.1 Tooth thickness tolerances and
inputs

------- Gear 1 ----------------- Gear 2 -------
11.1.1 Information on pre-machining
Tooth thickness allowance, final machining (mm) [As.e/i] -0.298 /-0.424
Input for final machining stock, per flank (mm) [q] 0.215
Additional measure for pre-machining (mm) [AAs p.e/i] 0.459/ 0.459
Tooth thickness allowance (normal section) (mm) [As_p.e/i] 0.161/ 0.034

11.1.2 Information on final machining
Tooth thickness tolerance Own Input Own Input
Tooth thickness allowance (normal section) (mm) [As.e/i] -0.298 /-0.424 -0.424 /-0.636



[IponorxenHs Tadmuti 2.5

11.2 Base tangent lengths

11.2.1 Information on pre-machining

Number of teeth spanned

Base tangent length with allowance (mm)
(mm)

11.2.2 Information on final machining

Number of teeth spanned

Base tangent length (no backlash) (mm)

Base tangent length with allowance (mm)
(mm)

Diameter of measuring circle (mm)

11.3 Measurement over balls and pins

11.3.1 Information on pre-machining
Effective diameter of ball/pin (mm)

Diametral measurement over two balls (mm)
Measurement over 3 pins with allowance (mm)

11.3.2 Information on final machining
Theoretical diameter of ball/pin (mm)
Effective diameter of ball/pin (mm)
Radial single-ball measurement backlash
free (mm)

Radial single-ball measurement (mm)

Diameter of measuring circle (mm)
Diametral measurement over two balls
without clearance (mm)

Diametral measurement over two balls (mm) [MdK.e/i] 887.063 /886.745
Diametral measurement over pins without clearance (mm)[MdR] 887.807

Measurement over pins according to
DIN 3960 (mm)

Measurement over 3 pins without play (mm)
Measurement over 3 pins (mm) [Md3R.e/i]

[MdR.e/i]
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------- Gear | ------———————--Gear 2 --—--
(k] 6.000
[Wk.e/i] 271.816/271.697
[AWk.e/i] 0.151/0.032
(k] 6.000 10.000
[WK] 271.664 466.875
[Wk.e/i] 271.385/271.266 466.476 /466.278
[AWk.e/i] -0.280/-0.399 -0.399 /-0.597
[dMWk.m] 841.785 1304.088
------- Gear 1 ---------—————--—- QGear 2 ---—--
[DMeft] 28.000
[MdK.e/i] 888.208 /887.893
[Md3R.e/1]887.831 / 887.515
[DM] 27.045 26.939
[DMeft] 28.000 28.000
[MrK] 444 .092 668.191
[MrK.e/i] 443.720 /443.561 667.644 /667.371
[dMMr.m] 849.201 1297.113
[MdK] 887.807 1336.137
1335.043 /1334.496
1336.137

887.063 /886.745 1335.043 /1334.496
[Md3R] 887.430 1335.891
886.686 /886.368 1334.797 /1334.250
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11.4 Tooth thickness

11.4.1 Information on pre-machining

Chordal tooth thickness in reference circle (mm) [sc.e/i] 25.289/25.164
Reference chordal height from da.m (mm) [ha] 16.155
Tooth thickness, arc (mm) [sn.e/i] 25.294 /25.167

11.4.2 Information on final machining

Reference chordal height from da.m (mm) [ha] 16.154 16.084
Chordal tooth thickness (mm) [sc] 25.129 25.131

(mm) [sc.e/i] 24.835/24.709 24.710 /24.500
Tooth thickness, arc (mm) [sn] 25.133 25.133

(mm) [sn.e/i] 24.835 /24.708 24.708 /24.497
11.5 Backlash

Pair
Circumferential backlash from Aa (mm) [jtw_Aa.e/i] 0.153 /-0.153
Radial backlash (mm) [jrw.e/i] 1.674 /0.785
Circumferential backlash (transverse section) (mm) [jtw.e/1] 1.213/ 0.569
Normal backlash (mm) [jn.e/i] 1.140 /0.535
Center distance allowances (mm) [Aa.e/i] 0.210/-0.210
Backlash free center distance (mm) [aControl.e/i] 1071.005 /1070.536
Backlash free center distance, allowances (mm) [jta] -0.995 /-1.464
------- Gear | ----------------- Gear 2 -------

dNf.i with aControl (mm) [dNAO.1] 820.399 1267.499
Reserve (dANf0.i-dFf.e)/2 (mm) [cFO0.1] -0.317 0.690
Tip clearance (mm) [c0.i(aControl)] 3.119 2.315

Torsional angle on input with output fixed:
Total torsional angle (°) [j.tSys] 0.1639/ 0.0769
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12 Toothing tolerances

------- Gear 1 ----------------- Gear 2

According to GOST 1643-81

Accuracy grade [Q-GOST1643] 7 9
Profile form deviation (um) [f1] 33.00 0.00
Total profile deviation (um) [Ff] 33.00 0.00
Total helix deviation (um) [Fb] 28.00 71.00
Total deviation of the path of contact (um) [Fk] 50.00 125.00
Normal base pitch deviation (um) [fpb] 26.00 53.00
Single pitch deviation (um) [fpt] 28.00 56.00
Total cumulative pitch deviation (um) [Fp] 140.00 0.00
Sector pitch deviation (um) [Fpk/6] 90.00 0.00
Runout (um) [Fr] 112.00 160.00
Single flank composite, total (um) [Fc] 100.00 0.00
Single flank composite, tooth-to-tooth (um) [fi'] 63.00 0.00
Radial composite, total (um) [Fi"] 140.00 224.00
Radial composite, tooth-to-tooth (um) [fi"] 40.00 71.00
Periodic deviation of the gear pair [fzz0] 30.00 0.00

13 Modifications and determination of the tooth forr

13.1 Data for the tooth form calculation

Data not available.
Please run the calculation in the "Tooth form" tab and open the main report again.

14 Supplementa
datal

14.1 Masses, stiffnesses and moments of
inertia

Mass (kg) [m] 2450 2052
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14.2 Wear, power loss, sound pressure level
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Torsional stiffness at driving gear with fixed driven gear:

Torsional stiffness (MNm/rad)
Torsion when subjected to nominal torque (°)
Average coefficient of friction according
to Niemann
Wear sliding coef. by Niemann
Loss factor
Gear power loss (kW)
Meshing efficiency (%)
Sound pressure level based on Masuda,
without PPTE/6s

15 Service life, damage]

[cr] 1113.859
[Scr] 0.002
(W] 0.702
[HV] 0.080
[PVZ] 2.186
] 99.820
[dB(A)] 107.178

Required safety for tooth root
Required safety for tooth flank
Required service life

Service life (calculated with required safeties):

System service life (h)

Tooth root service life (h)
Tooth flank service life (h)

[SEmin] 1.40

[SHmin] 1.00

[H] 27000.00

[Hat] > 1000000
------- Gear 1 ---------—————-—- QGear 2 ---—--

[Hrat] 1e+06 1e+06

[HHat] 1e+06 1e+06

Note: The entry 1e+006 h means that the Service life > 1,000,000 h.

15.1
Damage

Damage relative to the required service life (H, 27000.0 h)

Fi (%) |[F2(%) Hi(%) H2 (%)

0.0000 | 0.0000 | 0.0000 | 0.0000




47

[IponorxenHs Tadmuti 2.5

16 Reliability calculation

16.1 Calculation method

Calculation method according to B. Bertsche, Reliability in Automotive and Mechanical
Engineering, Springer-Verlag Berlin Heidelberg 2008

16.2 Factors

Reliability of material data for ouiim (%) [RoHlim] 99.00

Reliability of material data for 6riim (%) [RoFIim] 99.00

Calculation of coefficients for reliability R(t)

R(t) = 100 * Exp(-((t*fac - to)/(T - t0))?) (%)
Gear (Type fac B to T R(H)

cycles/h cycles cycles %

1 Tooth root |18205 1.800e+00 [9.627¢+29 [1.443e+30 (100.0000
1 Tooth flank [18205 1.500e+00 [8.778e+29 [3.501e+30 [100.0000
2 Tooth root |11912 1.800e+00 [9.627¢+29 [1.443e+30 (100.0000
2 Tooth flank |11912 1.500e+00 [8.778e+29 3.501e+30 (100.0000

fac = Number of load cycles per hour
B = Weibull shape parameter
to = Failure-free number of load cycles

T = Characteristic service life (in load cycles) for 63.2% failure probability

R(H) = Reliability for required service life

16.3 Resulting reliabilities and service
lives

Required service life (h) [Himin] 27000.0000
Reliability R, tooth roots subsystem (%)[Rsubr] 100.0000
Reliability R, tooth flanks subsystem (%)[RsubH] 100.0000
Reliability R, gears subsystem (%) [Rsubc] 100.0000
Required reliability (%) [Rinin] 99.9000
Service life H, tooth roots subsystem (h)[HsubF] >1'000'000
Service life H, tooth flanks subsystem (h)[HsubH] >1'000'000
Service life H, gears subsystem (h) [Hsuvc] >1'000'000
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17 Remarks|

17.1 Conventions

- Specifications with .e/i mean: Maximum value .e and Minimum value .i, taking all tolerances into
account.

- Specifications with .m mean: Mean value within tolerance.

- The center distance tolerances and the tooth thickness allowance are taken into account for the
backlash tolerance. The maximum and minimum clearance corresponding to the largest and
smallest allowances are shown. The calculation is performed for the operating pitch circle.

17.2 Calculations and factors

- Details of calculation method:

¢y according to Method B

Kup and Krp according to Method C

fma according to equation 66, fs, according to 59/60, Fpx according to 54/55/57

KHe, Kry according to Method B
- The logarithmically interpolated value must be entered for factors Zi, Zv, Zr, Zw, Zx, Y dreIT, Y RrelT
and Yx. This value is calculated from the infinite life strength and static strength values, based on
the number of load cycles.

End of report (lines: 669)——
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Messages
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Overview

Tooth geometry

Materials

Roughnesses

Lubrication

Geometry

Reference profiles

Basic data

Diameters and their allowances

Tip clearances and tooth heights

Roll angle

Tooth thickness and pitch

Sliding

Contact ratios

General influence factors

Forces and circumferential speed

Contact stiffness

Calculation of K factors

K factors

Calculation of tooth root strength (fracture)

Safety factors

Calculation of flank strength (pitting)

Safety factors

Micropitting

Tooth flank fracture

Scuffing load capacity

Flash temperature-criteria

Integral temperature-criteria

Measurements for tooth thickness

Tooth thickness tolerances

Base tangent lengths

Measurement over balls and pins

Tooth thickness

Backlash

Toothing tolerances

Modifications and determination of the tooth form
Data for the tooth form calculation

Supplementary data

Masses, stiffnesses and moments of inertia

Wear, power loss, sound pressure level

Service life, damage

Damage

Reliability calculation

Calculation method

Factors

Resulting reliabilities and service lives

Remarks

Conventions

Calculations and factors
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Calculation method ISO 6336:2019

Drawing or article number:
Gear 1:
Gear 2:

Power (kW)
Speed (1/min)

Number of load cycles (in mio.)

Torque (Nm)
Application factor
Required service life (h)

Gear driving (+) / driven (-)
Working flank Gear 1:
Gear 1 direction of rotation:

3 Tooth geometr
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- Messages,

No messages occurred during the calculation.

0.000.0
0.000.0
------- Gear 1 ----------------- Gear 2 -----
[P] 2352.250
[n] 198.5 81.0
[NL] 321.618 131.220
[T] 113143.6 277312.8
[KA] 2.20
[H] 27000.00
+ -
Right flank
Clockwise

Geometry calculation according to

Center distance (mm)

Center distance tolerance
Normal module (mm)

Normal pressure angle (°)

Helix angle at reference circle (°)
Number of teeth

Facewidth (mm)

Hand of gear

Inner diameter (mm)

Inner diameter of gear rim (mm)

4 Materials

ISO 21771:2007

------- Gear 1 ----------------- Gear 2 -------
[a] 1408.000
ISO 286:2010 Measure js10
[mn] 16.0000
[an] 20.0000
[B] 0.0000
[z] 51 125
[b] 450.00 450.00
Spur gear
[di] 0.00 1000.00
[dbi] 0.00 1750.00

Gear 1

Crans 40XH2MA JICTVY 7806:2015, Through hardened steel, flame/ind. hardened, ISO 6336-5

Figure 11/12 (MQ) Flank & root hardened

Gear 2

Crans 35XM®JI, HB250(AGMA), Through hardened steel, alloyed, through hardened, AGMA

2001-C95
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Surface hardness HRC 56

HB 250

Material treatment according to ISO 6336:2006 Normal, Life factors Znt and Ynr > 0.85
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Infinite life strength for tooth root stress (N/mm?) [cFlim] 370.00 289.00
Fatigue strength for Hertzian pressure (N/mm?) [cHlim] 1220.00 840.00
Young's modulus (N/mm?) [E] 206000 206843
Poisson's ratio [V] 0.300 0.300
Tensile strength (N/mm?) [cB] 1100.00 863.00
Yield point (N/mm?) [6S] 900.00 725.00
4.1 Roughnesses

------- Gear | ----------------- Gear 2 -----
Roughness average value DS, flank (um) [RAH] 0.60 2.40
Roughness average value DS, root (um) [RAF] 3.00 2.40
Mean roughness height, Rz, flank (um) [RZH] 4.80 16.00
Mean roughness height, Rz, root (um) [RZF] 20.00 16.00
4.2 Lubrication
Lubrication type Oil bath lubrication
Type of oil ISO-VG 100

Lubricant base Mineral-oil base

Oil nominal kinematic viscosity at 40°C (mm?/s) [v40] 100.00
Oil nominal kinematic viscosity at 100°C (mm?*/s)[v100] 11.10
Specific density at 15°C (kg/dm?) [p] 0.901
Oil temperature (°C) [TS] 70.000

5.1 Reference profiles
Gear reference profile 1

Reference profile 1.25/0.38/ 1.0 TOCT 13755-81

Dedendum coefficient [hfP*] 1.250
Root radius factor [pfP*] 0.380
[pfPmax*] 0.472
Addendum coefficient [haP*] 1.000
Tip radius factor [paP*] 0.000
Protuberance height coefficient [hprP*] 0.000
Protuberance angle [aprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [aKP] 0.000
not topping
Smallest radius of curvature, root rounding (mm)[pmin.e/i] 6.568 /6.596

Gear reference profile 2
Reference profile
Dedendum coefficient
Root radius factor

1.25/0.38 /1.0 TOCT 13755-81
[hfP*] 1.250
[pfP*] 0.380
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Addendum coefficient

Tip radius factor

Protuberance height coefficient
Protuberance angle

Tip form height coefficient
Ramp angle

Smallest radius of curvature, root rounding (mm)

5.1.1 Information on final machining

Dedendum reference profile
Tooth root radius Refer. profile
Addendum Reference profile
Protuberance height coefficient
Protuberance angle (°)

Tip form height coefficient
Ramp angle (°)

Type of profile modification:
Tip relief by running in (um)
5.2 Basic data

Overall transmission ratio
Gear ratio
Transverse module (mm)
Transverse pressure angle (°)
Working pressure angle (°)
)
Working pressure angle at normal section (°)
Base helix angle (°)
Helix angle at operating pitch circle (°)
Reference center distance (mm)
Sum of profile shift coefficients

Profile shift coefficient
Generating profile shift coefficient
Virtual gear no. of teeth

Involute length (mm)
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[pfPmax*] 0.472
[haP*] 1.000
[paP*] 0.000
[hprP*] 0.000
[aprP] 0.000
[hFaP*] 0.000
[aKP] 0.000
not topping

[pmin.e/i] 6.287/ 6.301

------- Gear | ----------------- Gear 2 -------
[hfP*] 1.250 1.250
[pfP*] 0.380 0.380
[haP*] 1.000 1.000
[hprP*] 0.000 0.000
[aprP] 0.000 0.000
[hFaP*] 0.000 0.000
[aKP] 0.000 0.000
none (only running-in)
[Ca L/R] 3.4/3.4 6.8/6.8
[itot] -2.451
[u] 2451
[mt] 16.000
[at] 20.000
[awt] 20.000
[awt.e/i] 20.028 /19.972
[awn] 20.000
[Bb] 0.000
[BwW] 0.000
[ad] 1408.000
[2xi] 0.0000
------- Gear | ----------------- Gear 2 -------

[x] 0.0000 0.0000
[xE.e/i] -0.0274/-0.0530 -0.0365/-0.0665
[zn] 51.000 125.000
[l dFa-l dFf] 31.533 33.025
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5.3 Diameters and their allowances

Reference diameter (mm)
Base diameter (mm)
Tip alteration (mm)

Tip diameter (mm)
(mm)

Tip diameter allowances (mm)
Tip form diameter (mm)
(mm)

Active tip diameter (mm)
(mm)

Operating pitch diameter (mm)
(mm)

Root diameter (mm)
Generated root diameter with XE (mm)

Active root diameter (mm)
(mm)

Root form diameter (mm)
(mm)

5.4 Tip clearances and tooth heights

Theoretical tip clearance (mm)
Effective tip clearance (mm)

Reserve (ANf-dFf)/2 (mm)

Addendum, mu(hap™*+x-+k) (mm)
(mm)

Dedendum, mn(hgp*-x) (mm)
(mm)
Tooth height (mm)

[d]
[db]
[k*mn]

[da]
[da.e/i]

[Ada.e/i]
[dFa]
[dFa.e/i]

[dNa]
[dNa.e/i]

[dw]
[dw.e/i]

[df]
[df.e/i]

[dNf]
[dNf.e/i]

[dFf]
[dFf.e/i]

816.000
766.789
0.000

848.000
848.000 /847.850

0.000 /-0.150

848.000

848.000 /847.850

848.000
848.000 /847.850

816.000
816.145 /815.855

776.000
775.123 /774.304

790.102
790.583 /789.750

788.915
788.316 /787.764

4.000
5.390 /4.334

1.410/0.717

16.000
16.000 /15.925

20.000
20.439 /20.848
36.000
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2000.000
1879.385
0.000

2032.000
2032.000 /2031.800

0.000 /-0.200

2032.000

2032.000 /2031.800

2032.000
2032.000 /2031.800

2000.000
2000.355 /1999.645

1960.000
1958.833 /1957.870

1973.142
1973.694 /1972.697

1969.964
1968.943 /1968.106

4.000
5.198 /4.189

2.794 /1.877

16.000
16.000 /15.900

20.000
20.584 /21.065
36.000
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5.5 Roll angle

Roll angle at dFa (°)
Roll angle to dNT (°)
Roll angle at dFf (°)

5.6 Tooth thickness and pitch

Tooth thickness, arc, in module

Normal tooth thickness at tip circle (mm)

(mm)

Normal tooth thickness at tip form circle (mm)

(mm)

Normal space width at root circle (mm)

(mm)

Pitch on reference circle (mm)
Base pitch (mm)

Transverse pitch on contact-path (mm)

5.7 Sliding

Max. sliding velocity at tip (m/s)
Specific sliding at the tip
Specific sliding at the root

Mean specific sliding

Sliding factor on tip
Sliding factor on root

5.8 Contact ratios
Minimal length of contact line (mm)
Transverse contact ratio

Overlap ratio
Total contact ratio

Length of path of contact (mm)
(mm)
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27.059 /27.033 23.554 /23.538
14.384 /14.126 18.378 /18.278
13.671/13.493 17.898 /17.812

------- Gear 1 ----------------- Gear 2 -----
1.5708 1.5708
12.426 13.024

12.163 /11.784 12.673 /12.236

12.426 13.024

12.163 /11.784 12.673 /12.236

13.293 11.526

13.448 /13.599 11.591/11.646

50.265 50.265
47.234 47.234
47.234 47.234
------- Gear 1 --------------—-- Gear 2 -----
1.215 1.296
0.323 0.396
-0.655 -0.477
0.360
0.143 0.153
-0.153 -0.143
Pair
450.000
1.817
1.832/1.812/ 1.792
0.000
1.817
1.832/1.812/ 1.792
85.809
86.540 /84.639
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Addendum contact ratio

Length T1-A and T2-A (mm)
(mm)
Length T1-B and T2-B (mm)
(mm)
Length T1-C and T2-C (mm)
(mm)
Length T1-D and T2-D (mm)
(mm)
Length T1-E and T2-E (mm)
(mm)
Length T1-T2 (mm)
(mm)

Diameter of single contact point B (mm)
(mm)

Diameter of single contact point D (mm)
(mm)

6 General influence factors
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------- Gear 1 ----------------- Gear 2 -----
(€] 0.879 0.938
[e.e/1] 0.884 /0.871 0.949 /0.921
[TIA,T2A] 95.256 386.308
[.e/i] 94.525 /96.250 386.308 /386.045
[T1B,T2B] 133.831 347.733
[.e/i] 133.831/133.655  347.002 /348.639
[TIC,T2C] 139.544 342.020
[.e/i] 139.332/139.756  341.501 /342.539
[TID,T2D] 142.491 339.074
[.e/i] 141.759/143.484  339.074 /338.811
[TIE,T2E] 181.065 300.499
[.e/i] 181.065 /180.889  299.768 /301.405
[T1T2] 481.564
[.e/i] 480.833 /482.295
[d-B] 812.163 2003.937
[d-B.e/i] 812.163 /812.047 2003.430/2004.566
[d-D] 818.034 1997.992
[d-D.e/i] 817.526/818.729 1997.992 /1997.814

6.1 Forces and circumferential speed

------- Gear 1 ----------------- Gear 2 -----
Nominal circum. force at pitch circle (N) [Ft] 277312.8
Axial force (N) [Fa] 0.0 0.0
Radial force (N) [Fr] 100933.6 100933.6
Normal force (N) [Fnorm] 295110.1 295110.1
Nominal circumferential force per mm (N/mm) [w] 616.25
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 277312.8
Axial force (N) [Faw] 0.0 0.0
Radial force (N) [Frw] 100933.6
Circumferential speed reference circle (m/s) [v] 8.48
Circumferential speed operating pitch circle (m/s)[v(dw)] 8.48
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6.2 Contact stiffness

Running-in value (um) [yp]
Running-in value (um) [vf]
Tolerances fpe, fr and fup, matching the tolerances in section 7
Correction factor [CM]
Gear blank factor [CR, bs/b, sr/mn]
Basic rack factor [CBS]
Material coefficient [E/Est]
Singular tooth stiffness (N/mm/pum) [c']
Meshing stiffness (N/mm/pm) [cya]
Meshing stiffness (N/mm/pm) [cyB]
Reduced mass (kg/mm) [mRed]
Resonance speed (min-1) [nE1]
Resonance ratio (-) [N]

Subcritical range

6.3 Calculation of K factors

Running-in value (um) [
Bearing distance | of pinion shaft (mm) [
Distance s of pinion shaft (mm) [s]
Outside diameter of pinion shaft (mm) [
Load in accordance with Figure 13, ISO 6336-1:2006 [-]
0:a), 1:b), 2:c), 3:d), 4:e)

Coefficient K' according to Figure 13, ISO 6336-1:2006 [K']
With stiffening

Tooth trace deviation (active) (pm) [FBy]
from deformation of shaft (um) [fsh*B1]
fsh (um) [fsh]
Bl [B1]
fHPS (um) [fHPS]
Tooth without flank line modification
Position of contact pattern: favorable
from production tolerances (um) [fma*B2]
B»>=1.00
Tooth trace deviation, theoretical (um) [FPx]

Running-in value (um) [yB]
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6.5
8.3

0.800
0.912 (0.200,6.496)
0.975
1.002

13.621

21.964

18.670
1.93390

631
0.315

8.3
900.000
90.000
450.000
0

0.48

7.65
18.36
18.36

1.00
14.00

0.00

10.42
2.77
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6.4 K factors
Dynamic factor

Width factors
- Flank
- Tooth root
- Scuffing

Transverse load factors
- Flank
- Tooth root
- Scuffing

Application factor
Distribution factor

7 Calculation of tooth root strength(fracture)

Calculation of Tooth form coefficients according method: B

Calculated with generating profile shift coefficient[xE.i]

Tooth form factor

Stress correction factor

Load application angle (°)

Load distribution influence factor

Load application diameter (mm)
Bending moment arm (mm)

Tooth thickness at root (mm)

Tooth root radius (mm)

Bending moment arm (-)

Tooth thickness at root (-)

Tooth root radius (-)

Calculation cross section diameter (mm)
Tangents on calculation cross section (°)
Notch parameter

Helix angle factor

Deep tooth factor

Gear rim factor

Effective facewidth (mm)

Nominal stress at tooth root (N/mm?)
Tooth root stress (N/mm?)

Permissible bending stress at root of Test-gear

Notch sensitivity factor
Surface factor

[YdrelT]
[YRrelT]

818.034
14.74
34.54

8.43

0.921
2.159
0.527

780.891
30.000

2.049

1.00
450.00
96.12
291.35

0.996
0.957

1.187

1.044
1.041
1.044

1.115
1.115
1.115

2.200
1.000

1.000

1.000
1.000

2003.937
15.83
36.27

7.43

0.989
2.267
0.465

1964.282
30.000

2.440

1.00
450.00
99.93
302.87

0.999
0.972
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Size factor, tooth root
Life factor
Y arel T* Y Rrem* Y x* Y NT

Alternating bending factor, mean stress influence coefficient

Stress correction factor
YST*oFlim (N/mm?)

Permissible tooth root stress 6FG/SFmin (N/mm?)[cFP]
Limit strength tooth root (N/mm?)

7.1 Safety factors

Required safety
Safety for tooth root stress
Transmittable power (kW)

8 Calculation of flank strength(pitting)

------- Gear 1 ----------

Zone factor [ZH] 2.495
Elasticity factor (VN/mm?) [ZE] 190.005
Contact ratio factor [Ze] 0.853
Helix angle factor [ZB] 1.000
Effective facewidth (mm) [beft] 450.00
Nominal contact stress (N/mm?) [cHO] 416.96
Contact stress at operating pitch circle (N/mm?) [cHw] 727.19
Single tooth contact factor [ZB,ZD] 1.01
Contact stress (N/mm?) [cHB, cHD] 736.43
Lubricant coefficient for Ni [ZL] 0.935
Speed factor at N [ZV] 0.990
Roughness factor for N [ZR] 0.931
Material hardening factor for Np [ZW] 1.000
Life factor [ZNT] 0.945

[ZL*ZV*ZR*ZNT] 0.814
Limited pitting is permissible: No
Size factor (flank) [ZX] 1.000
Permissible contact stress, sHG/SHmin (N/mm?)[cHP] 993.43
Pitting stress limit (N/mm?) [cHG] 993.43

[YX] 0.890
[YNT] 0911
0.772
[YM] 1.000
[YST] 2.00
[oFE] 740.00
408.02
[cFG] 571.23
------- Gear | -------—--
[SFmin] 1.40

[SF=6FG/cF]  1.96
[KkWRating] 3294.28

0.934
0.927
0.841

1.000

578.00
347.03
485.84

2695.18

1.00
727.19

0.935
0.990
0.931
1.129
0.971
0.837

1.000

794.06
794.06
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8.1 Safety factors

------- Gear 1 ----------------- Gear 2 -----
Required safety [SHmin] 1.00 1.00
Safety factor for contact stress on operating pitch circle{fSHw]  1.37 1.09
Safety against pressure, GHG/GHBD Single contact [SHBD] 1.35 1.09
Safety regarding transmittable torque [SHBD?] 1.82 1.19
Transmittable power (kW) [kWRating] 4280.53 2804.70
9 Micropitting
Calculation method according to ISO/TS 6336-22:2018
Calculation has not been carried out, lubricant: Load stage micropitting test not known

10 Tooth flank fracture|

Failed to calculate the tooth flank fracture. Please check ISO6336-4 res. TMP file for more
information.

11 Scufting load capacit

Calculation method according to ISO/TS 6336-20/21:2017
------- Gear 1 ----------------- Gear 2 -----

Thermal contact coefficient (N/mm/s”*.5/K) [BM] 13.780 13.780
Relevant tip relief (um) [Ca] 3.40 6.80
Optimal tip relief (um) [Ceft] 99.53
C, taken as optimal in the calculation. O=no, 1=yes 0 0

Pair
Helical load factor for scuffing [KBy] 1.000
Lubrication coefficient for lubrication type [XS] 1.000
Scuffing test and load stage [FZGtest] FZG - Test A/8.3/90 (ISO
14635 -1) 12
Multiple meshing factor [Xmp] 1.000
Relative structural factor, scuffing [XWrelT] 1.000
Effective facewidth (mm) [beft] 450.000
Applicable circumferential force/facewidth (N/mm) [wBt] 1874.407
Kgy = 1.000, we*Kpy = 1874.407
Angle factor [Xap] 0.978

€1 =0.879, &2 =0.938
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11.1 Flash temperature-

criteria
Pair

Lubricant factor [XL] 0.854
Tooth mass temperature (°C) [6Mi] 81.35

Omi = Ooil + Xs*0.47* Xinp*Otim
Average flash temperature (°C) [6fIm] 24.15
Scuffing temperature (°C) [6S] 356.72
I" coordinates (point of highest temperature) [T] -0.317

[[.A]=-0.317, [T.E]=0.298
Maximum contact temperature (°C) [6B] 133.24
Flash factor (°K*N”-.75%s".5*m"-.5%mm) [XM] 50.083
Approach factor [XJT] 1.255
Load sharing factor [XT] 0.467
Dynamic viscosity (mPa*s) [MM] 23.45 (70.0 °C)
Coefficient of friction [ m] 0.063
Required safety [SBmin] 2.000
Margin of safety for scuffing, flash temperature [SB] 4.534
11.2 Integral temperature- criteria

Pair

Lubricant factor [XL] 1.000
Tooth mass temperature (°C) [6MC] 75.60

Omc = Ooil + Xs*0.70*0aint
Integral scuffing temperature (°C) [0Sint] 363.29
Flash factor (°K*N#-.75%s".5*m”-.5%mm) [XM] 50.083
Running-in factor, well run in [XE] 1.000
Contact ratio factor [Xe] 0.245
Dynamic viscosity (mPa*s) [MOil] 23.45 (70.0 °C)
Mean coefficient of friction [ m] 0.038
Geometry factor [XBE] 0.148
Meshing factor [XQ] 1.000
Tip relief factor [XCa] 1.127
Mean flash temperature (°C) [6flaint] 8.00
Integral tooth flank temperature (°C) [Oint] 87.61
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [SSint] 4.147
Safety factor for transmitted moment (int.-T.)  [SSL] 16.658
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12 Measurements for tooth thickness

12.1 Tooth thickness tolerances

Tooth thickness tolerance Own Input Own Input
Tooth thickness allowance (normal section) (mm) [As.e/i] -0.319/-0.617 -0.425/-0.775

12.2 Base tangent
lengths

------- Gear | ----------------- Gear 2 -------
Number of teeth spanned (k] 6.000 14.000
Base tangent length (no backlash) (mm) [Wk] 271.216 665.671
Base tangent length with allowance (mm) [Wk.e/i] 270.916/270.636 665.272 /664.943

(mm) [AWk.e/i] -0.300 /-0.580 -0.399 /-0.728
Diameter of measuring circle (mm) [dMWk.m] 813.194 1993.604
12.3 Measurement over balls and pins
------- Gear 1 ----------------- Gear 2 -----

Theoretical diameter of ball/pin (mm) [DM] 27.058 26.870
Effective diameter of ball/pin (mm) [DMeff] 28.000 28.000
Radial single-ball measurement backlash
free (mm) [MrK] 428.082 1020.263
Radial single-ball measurement (mm) [MrK.e/i] 427.683 /427.310 1019.703 /1019.241
Diameter of measuring circle (mm) [dMMr.m] 816.918 2001.154
Diametral measurement over two balls without
clearance (mm) [MdK] 855.771 2040.366

Diametral measurement over two balls (mm) [MdK.e/1] 854.975 /854.227  2039.248 /2038.323
Diametral measurement over pins without

clearance (mm) [MdR] 855.771 2040.366

Measurement over pins according to

DIN 3960 (mm)[MdR.e/i] 854.975/ 854.227 2039.248 /2038.323
Measurement over 3 pins without play (mm) [Md3R] 855.378 2040.207

Measurement over 3 pins (mm) [Md3R.e/i] 854.582/853.835  2039.089/2038.164
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12.4 Tooth thickness
------- Gear 1 ----------------- Gear 2 -------
Reference chordal height from da.m (mm) [ha] 16.156 16.029
Chordal tooth thickness (mm) [sc] 25.129 25.132
(mm) [sc.e/i] 24.813 /24.518 24.709 /24.360
Tooth thickness, arc (mm) [sn] 25.133 25.133
(mm) [sn.e/i] 24.813 /24.515 24.708 /24.358
12.5 Backlash
Pair
Circumferential backlash from Aa (mm) [jtw_Aa.e/i] 0.182/-0.182
Radial backlash (mm) [jrw.e/i] 2.173 /0.775
Circumferential backlash (transverse section) (mm)[jtw.e/i] 1.574 /0.562
Normal backlash (mm) [jn.e/i] 1.479 /0.528
Center distance allowances (mm) [Aa.e/i] 0.250/-0.250
Backlash free center distance (mm) [aControl.e/i] 1406.975 /1406.077
Backlash free center distance, allowances (mm) [jta] -1.025 /-1.923
------- Gear 1 ----------------- Gear 2 -----
dNf.i with aControl (mm) [dNAO.1] 787.453 1969.729
Reserve (dN10.i-dFf.e)/2 (mm) [cFO.1] -0.431 0.393
Tip clearance (mm) [c0.i(aControl)] 2.661 2.516

Torsional angle on input with output fixed:
Total torsional angle (°) [j.tSys] 0.2211/ 0.0790

13 Toothing tolerances|

------- Gear | ----------------- Gear 2 -----

According to GOST 1643-81

Accuracy grade [Q-GOST1643] 9 8
Profile form deviation (um) [ff] 0.00 71.00
Total profile deviation (um) [Ff] 0.00 71.00
Total helix deviation (um) [Fb] 90.00 56.00
Total deviation of the path of contact (um) [Fk] 140.00 90.00
Normal base pitch deviation (um) [fpb] 53.00 42.00
Single pitch deviation (um) [fpt] 56.00 45.00
Total cumulative pitch deviation (um) [Fp] 0.00 280.00
Sector pitch deviation (um) [Fpk/6] 0.00 200.00
Runout (um) [Fr] 160.00 140.00
Single flank composite, total (um) [Fc] 0.00 200.00
Single flank composite, tooth-to-tooth (um) [fi'] 0.00 112.00
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Radial composite, total (um) [Fi"] 224.00 0.00
Radial composite, tooth-to-tooth (um) [fi"] 71.00 0.00
Periodic deviation of the gear pair [fzz0] 0.00 48.00

14 Modifications and determination of the tooth forr

14.1 Data for the tooth form calculation
Data not available.
Please run the calculation in the "Tooth form" tab and open the main report again.

15 Supplementary data

15.1 Masses, stiffnesses and moments of inertia

------- Gear 1 ----------------- Gear 2 -----

Mass (kg) [m] 1900 6800
15.2 Wear, power loss, sound pressure level
Torsional stiffness at driving gear with fixed driven gear:
Torsional stiffness (MNm/rad) [cr] 1234.928
Torsion when subjected to nominal torque (°)  [dcr] 0.005
Average coefficient of friction according to Niemann][ pim] 0.036
Wear sliding coef. by Niemann [Cw] 0.655
Loss factor [HV] 0.072
Gear power loss (kW) [PVZ] 6.074

Meshing efficiency (%) [nz] 99.742
Sound pressure level based on Masuda,
without PPTE/3s [dB(A)] 110.299

16 Service life, damage]

Required safety for tooth root [SFmin] 1.40
Required safety for tooth flank [SHmin] 1.00
Required service life [H] 27000.00

Service life (calculated with required safeties):

System service life (h) [Hat] 475239

------- Gear 1 ----------------- Gear 2 -------
Tooth root service life (h) [Hrat] le+06 le+06
Tooth flank service life (h) [HHat] 1e+06 4.752¢+05

Note: The entry 1e+006 h means that the Service life > 1,000,000 h.
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[Iponosxenus Tabdmuii 2.6
16.1 Damage

Damage relative to the required service life (H, 27000.0 h)
Fi (%) |[F2(%) Hi(%) H2 (%)

0.0000 | 0.0000

0.0000 | 5.6814

Damage relative to the system service life (Hax, 475239.0 h)
Fi (%) [F2(%) [Hi (%) [H2 (%)

0.0000 | 0.0000 100.0000

0.0000

17 Reliability calculation|

17.1 Calculation method

Calculation method according to B. Bertsche, Reliability in Automotive and Mechanical
Engineering, Springer-Verlag Berlin Heidelberg 2008

17.2 Factors

Reliability of material data for ouiim (%) [RoHiim] 99.00

Reliability of material data for 6riim (%) [RoFIim] 99.00

Calculation of coefficients for reliability R(t)

R(t) = 100 * Exp(-((t*fac - to)/(T - t0))?) (%)

Gear (Type fac B to T R(H)
cycles/h cycles cycles %

1 Tooth root [11912 1.800e+00 [9.627¢+29 [1.443e+30 (100.0000

1 Tooth flank {11912 1.500e+00 [8.778e+29 [3.501e+30 (100.0000

2 Tooth root 4860 1.800e+00 [9.627¢+29 [1.443e+30 (100.0000

2 Tooth flank 4860 1.500e+00 2.027¢+09 [8.087e+09 (100.0000

fac = Number of load cycles per hour
B = Weibull shape parameter
to = Failure-free number of load cycles
T = Characteristic service life (in load cycles) for 63.2% failure probability
R(H) = Reliability for required service life
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[TponorxeHHs Tadmuii 2.6

17.3 Resulting reliabilities and service lives

Required service life (h) [Humin] 27000.0000
Reliability R, tooth roots subsystem (%)[Rsubr] 100.0000
Reliability R, tooth flanks subsystem (%)[RsubH] 100.0000
Reliability R, gears subsystem (%) [Rsubc] 100.0000
Required reliability (%) [Rmin] 99.9000
Service life H, tooth roots subsystem (h) [Hsuwr] > 1'000'000

Service life H, tooth flanks subsystem (h)[Hsuwn] 429647.9204
Service life H, gears subsystem (h) [Howa]  429647.9204

18 Remarks

18.1 Conventions

- Specifications with .e/i mean: Maximum value .e and Minimum value .i, taking all tolerances into
account.
- Specifications with .m mean: Mean value within tolerance.

- The center distance tolerances and the tooth thickness allowance are taken into account for the
backlash tolerance. The maximum and minimum clearance corresponding to the largest and
smallest allowances are shown. The calculation is performed for the operating pitch circle.

18.2 Calculations and
factors

- Details of calculation method:

¢y according to Method B

Ky according to Method B

Kup and Krp according to Method C

fima according to equation 66, fs, according to 59/60, Fpx according to 54/55/57

KHe, Kry according to Method B
- The logarithmically interpolated value must be entered for factors Zi, Zv, Zr, Zw, Zx, Y dreIT, Y RrelT
and Yx. This value is calculated from the infinite life strength and static strength values, based on
the number of load cycles.

End of report (lines: 639)
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Samlios 1= 1]

Ha ocHOBi1 pe3ynbTariB po3paxyHKy 1-ro cTymeHsi peaykTopa MTpUBOLY
BEPTHUKAJIBHUX BAJIKIB OTPUMY€EMO HACTYIHI MapaMeTpu:
- Koe(iIlleHT 3amacy MIIHOCTI 3a HamnpykeHHsM HDKkH 3y0a [SF=cFG/cF] npu
3aJlaHHOMY 3HaueHHi 1,4: quis mectepHi — 4,0, s koineca 3,43;
- KOoe(]iIlieHT 3amacy MIIIHOCTI Ha KOHTAKTHY HaIpyry Ha OiuHiil moBepxHi 3y0a mo
o4aTKoBiM okpyxkHOCT1 [ SHW] mipu 3agannomMy 3HadeHi1 1,0: qys mectepHi — 2,39, s
koxaeca — 1,97;
- Koe(IIIEHT 3amacy MOTYXHOCTI 1010 TIepeaHoro kpyrHoro Mmomenty [SHBD?]:
JUIs THecTepHi — 5,65, nis koseca — 3,89.
Takum 9MHOM, XapaKTEPUCTUKH Tepeaadi 3a0e3neuyoTh HaIiHy Ta TpPUBATY POOOTY.
Ha ocHOBiI pe3ynbTariB po3paxyHKy 2-ro CTyHEHS peayKTopa MPHUBOIY
BEPTHUKAJIBHUX BAJIKIB OTPUMY€EMO HACTYIHI MapaMeTpu:
- KOe(]iIleHT 3amacy MIIHOCTI 3a HampyxeHHsSM HiKkA 3y0a [SF=cFG/cF]| mpu
3aJlaHHOMY 3HaueHHi 1,4: qis mectepHi — 1,96, ns koneca — 1,6;
- Koe]iIlieHT 3amacy MIIIHOCTI Ha KOHTAKTHY HaIpyry Ha Oi14Hiil moBepxHi 3y0a mo
no4aTKoBiM okpyxHOCT1 [ SHW ] ipu 3agannomy 3HadeHi 1,0: qys mectepui — 1,37, aist
kojeca — 1,1;
- Koe(iIlI€HT 3armacy MOTYXHOCTI 100 MepeaaHoro kpyrHoro momeHty [SHBD?]:
qu1s mectepHi — 1,82, nist koneca — 1,19.

Takum YMHOM, XapaKTEPUCTUKHU Mepeaadi 3a0e3neuyoTh HaAliiHy Ta TpuBaIy poOoTy.
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3. Po3pobxka 3axo0/1iB 1O BiTHOBJICHHIO MPAIE3AaTHOCTI MiCIis BIIMOBHU

3.1 OpranizaiifHo-TeXHOJOT14H1 3aX011

B ripando-mMeranypriiHoMy KOMILUIEKCT YKpaiH BUKOPUCTOBYIOTHCSI HACTYITHI
cTparerii TeXHIYHOro 0OCIyrOBYBaHHS 1 pEMOHTY Ticiis BigMoBu [11]:

1. Ctparerisa peMOHTIB Micisl BIAMOBU. MexaHi4He 00JaHAHHS €KCILTyaTyeThCs
0 BHUXOJYy 3 TMpale3gaTHOro cTaHy - JO BIJIMOBH. 3acCTOCOBYEThCS B pasi
BUKOPUCTAHHA YHMCICHHUX HEIOPOTMX MallWH 3 JAyOJIOBaHHSIM  KOXHOTO
BIJIMOBITHOTO AUISTHKY TEXHOJOTIYHOTO TIPOIIECY.

2. Crparerisa IIaHOBO-TIONIEPEKYBAJILHUX PEMOHTIB. 3abe3rneuye 0€3BiAMOBHY
poboTy 00NaHAaHHA NIJISIXOM MPUMYCOBOI 3aMiHM BY3JIB 1 JeTajlied B TEPMIHHM, IO
BCTAHOBJIIOIOTHCSI HA OCHOBI CTaTUCTUYHOrO aHai3y BiIMOB. BcTaHoBieHe cepeaHe
3HAQYCHHSI HOPMATUBY 3a3JaJieTi/ib 3MEHIIyEe IMOBIpPHI aBapiiiHi BiJIMOBH OJIHUX
JeTane 1 3aMiHy 1HIKX, K1 HE BIATPAIIOBAIN CBIH pecypc.

3. CTparerist peMOHTIB 3a CTaHOM. 3 II1€1 CTpaTerii 00CIyroByBaHHs CTaH MAIIIMH 1
MEXaH13MiB KOHTPOJIIOETHCS TIEPIOIUYHO ab0 B 3aJI€KHOCTI BiJ PE3YJIBTATIB J1arHO3Y
1 MPOTHO3Y TEXHIYHOTO CTaHy. PEMOHT HpOBOAUTHCA B ONTHUMAJIbHI TEPMIHH, B
HeoOXigHOMY 00cs31. OCHOBOIO MJiA I[bOTO CJIYKUTh 3HaHHS (PAKTUYHOTO CTaHy
Mmexanizmy. Lle go03Bossie MiHIMI3yBaTH OOCSAT pEMOHTIB 1 3a0e3neunTu Oe3aBapiiiHy
pobory.

4. TlpoakTuBHA cTpaTeris: nepeadavac aKTUBHUN BUIIEpEHKAIOYMI BIUTUB Ha
TEeXHIYHUHN CTaH 00JIaIHAHHS.

B ymoBax niuibHuUII cs101B 11exy rapsyoi npokatku [IAT «3anopixcralib» akTUBHO
3aCTOCOBYETHCS CTPATETIsl TIAHOBO-MIONEPEIKYBAIBHUX PEMOHTIB 3 BIIPOBAKEHHSIM
cranaapty ISO 9001. Ha ocHoBi HakomudeHO1 1HQoOpMAIlii 1O TepMiHAM CIIYKOU
BY3J1IB pPEAyKTOpa MPUBOAY BEPTUKAIBHUX BaJKiB CKJIaJICHUM rpadik 3 TepMiHAMH,
1010 HEOOX1THOCTI 3aMiHM. Jl0 HEOOXiTHOTO TEpMiHY 3aMiHH, LI€X MOAA€ 3asBKY B

BIIJIUT OOJIaTHAHHS MJIS 3aMOBJICHHST Ha MIAIPUEMCTBI-BUPOOHUKY BCIX BY3JIIB
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penyktopa. Ilix yac KamiTaabHOrO PEMOHTY, KU B1IOY-Ba€ThCS pa3 Ha PiK, HAUMHKA
penyKTopa, He3BaXKatoul Ha TEXHIYHUHM CTaH, IPUMYCOBO 3aMIHIOETHCS.
OCHOBHUMHU OpTaHi3alifHO-TEXHOJOTIYHUMHU 3aXOJlaMH TI0 BIJTHOBJICHHIO
Ipale31aTHOCTI JeTael Ta By3JiB IPUBOAY BEPTUKAIBHUX BAJIKIB SIBISIOTHCS:
- (hopMyBaHHS KOMIUIEKTY IPOEKTHUX KPECIEHb Ha BY3JIU Ta JIE€TaJl;
- MHUMKaA Ta OYMIICHHS,
- MPOBEACHHS KOMIUJIEKCY poOIT 1o nedekralii 3aMiHeHUX BY3JIiB, 31 CKJIaJICHHIM
bopmynspiB BUMIPIOBAHb;
- aHai3 Ta NPUUHATTS PillIeHb, CTOCOBHO JIOIIBHOCTI PEMOHTY;
- oprasizauis TeHAepy Ha PEMOHT BY3JiB, 3 O(DOPMIICHHSIM TEXHIYHOTO 3aBIaHHS
Ha KIHIIEBUH pe3ylbTaT PEMOHTY;
- PO3MIAJ Ta aHadi3 TEXHOJIOT1, 3aIPONOHOBaHOI (P1pMOIO-BUKOHABLIEM PEMOHTY;
- TOTOJKEHHS KIHIIEBOTO PE3y/IbTaTy 3a 00paHOI0 TEXHOJIOTI€I0 PEMOHTY;

- NPUUHATTA AETall Miclisg PEMOHTY 3 MiANUCAHHAM aKTy PO BIANOBIAHICTb.

3.2 JlochmigKeHHS TEXHOJIOTIi HaIJaBlICHHS  3a JOIMOMOIOK 1IMITAI[IHHOTO

MOJACIIOBaHHA

3.2.1 TBepaoTUILHE MOJICITIOBAHHS

JlocmipKeHHsT BIUIMBY PI3HMX TEXHOJIOTIM HAIUIaBIEHHS HA MEXaHIYHI XapakTe-
pucTUKH AeTani «Bai 3 10omarTio» BUKOHAEMO IUITXOM TBEPAOTUIBHOTO MOJICITFOBAH-
H1 B cuctemi Autodesk Inventor 3 po3paxyHKOM MIIIHOCTI METOJOM KIHIIEBUX
eiaeMeHTiB. JIIs LBOr0 BHKOHAEMO IMITAIlliHE MOJICIIIOBAHHS HABaHTA)XCHb HAa
MIPOCKTHUI BaJl, MOJACIIIOBAaHHS HaBaHTAXXCHb HA Baj 3 JIOMATTIO, BiJHOBIICHHWHA 3a
PI3HHMH TEXHOJIOT1SIMU HAIUIABJICHHS Ta MOPIBHAEMO PE3yJIbTaTH.

[IpoexTHuit Bax 3 nonartio Burotosnenuit 13 cram 40XH2MA JICTY 7806:2015,
aHanorom sikoi 3riHo EN 119-74/3 € 40NiCrMo4KD [12] a6o AISI 4340 350A [13].
Jl71st po3paxyHKy Ha MIITHICTh IpUitMaeMo MexaHi4H1 xapakrepuctuku AISI 4340.

OcCHOBHI reOMETPUYHI pO3MIpH Bajly 3 JIONATTIO HaBeAeH1 Ha puc.3.1.
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Pucynok 3.1 Cxema Baiy 3 JIONarTio

Ban HaBaHTa)keHUH KPYTHUM MOMEHTOM, KMl OyB po3paxoBaHuil 3a (popmMysoro
2.16, Ta ckmagae M=0,277 MHwm.

3a MPOMIKOK 4acy MIX JIBOMa KalliTaJIbHUMU PEMOHTaMH, Ha NOBEPXHI Jionarei
NPUCYTHE 3HOIIYBaHHA 2,5...3,0MM Ha ctopoHy. Ilepen BUKOHaHHSIM HallJIaBJICHHS,
noBepxHi A Tta b (puc. 3.1) nmoBunH1 OyTH BiadpesepoBaHi A0 yrcToro merany. Jms
JOCIIJPKEHHSI TEXHOJIOI] HAIUIABIIOBAHHA, NPUHMAaEeMO NIMOUHY (pe3epyBaHHS 3
NEPEKPUTTSIM BUPOOJIEHHS MOBEPXHI SMM Ha CTOpOHY. /{7151 BIAHOBIEHHS MMOBEPXOHb
«A» Ta «b» (puc. 3.1) IOUUIBHO 3acTOCYBaTHM 2 TEXHOJOTI €JIEKTPOAYTOBOTO
HaIlIaBJICHHS:

1. HannaBneHHs ayCTEHITHUM 3BapIOBaJIbHUM MaTepiaioMm.

2. HanmaBneHHs 3BaproBaJIbHUM MaTepiajioM ITiJIBUIIIEHOI MIITHOCTI.

JlocaikeHHs TEXHOJOTIM HaIlaBJICHHS po3moyHeMo 3 (opMyBaHHs 3-X MipHOI
mozaeni aerani Ban 3 monartio (puc. 3.2). s po3paxyHKy Ha MIITHICTb 3a1aM0 pooodi
YMOBH, sIK1 B1I0OpakeH1 Ha PUCYHKax: HaBaHTAXCHHS Bl CWJIM TsDKiHHS (puc.3.3,a)
y310BK Bicl X; HaBaHTaXeHHs Big MoMmeHTY (puc. 3.3, 6) BigHOCHO Bici X, IO
nepenaerbes 3youarum kosiecom. Mi3udHI ONMOPHU B MIAMIUITHUKAX KOYECHHS 3aMIHIOEMO

peaKIisiMu 3B’SI3KiB: ISl BEpXHBO1 omopH (puc.3.4, a) Ta HWKHBO1 onopH (puc.3.4, 6).
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Maca 5273,74 kr
IToma 7697640 Mmm"2
O6’emm  |671830000 MmMm”"3

x=123,145 Mmm

Hentp mac|y=-6,76197 mm
z=0,0000000000282908 Mmm

Pucynox 3.2 Mogenb Baity 3 JionarTio 3 pi3MdHUMHU TTapaMeTpamMu

Cuia TsOKIHHSA Mowmenr:1
Tum C . Tum gaBanTaxeHHs1| MoMeHT
HnJjia TSK1HHSA
HaBaHTAKCHH Bennunna 277312800,000 H MM
Bennuna 9810,000 mm/c”2 Bexrop X 277312800,000 H mm
Bekrop X 9810,000 mm/c"2 Bexrop Y 0,000 H MM
BGKTOp Y 0,000 Mm/c™2 BeKTop 7 0’000 H M
Bekrop Z 0,000 mm/c"2
a §)

Pucynox 3.3 HaBaHTa)keHHs, SIK1 T1FOTh Ha BaJI 3 JIOMATTIO

Micisi KOHTaKTy Jjomari 3 OpOH30BUMH BKJIAIUINIAMHU TIPH Tepeaadi KPyTHOTO
MOMEHTY 3aMIHIOEMO 1I€aIbHOI0 O1opoto (puc.3.5)



Omnopa:1 Omnopa:2
Tun onopu Omnopal Tun omopu Omopa2
dikcyBaTH paaianbHUN HanpsMok| Tak ®dikcysary pajianbHui HanpssMok| Tak
dikcyBaTn ocroBUi Hampsimok  |Hi DikcyBaTH 0ChOBHii HanpsMok | Taxk
@ikcyBaTtu foTHuHUM HanpsMok |Hi ®ixcyBary goruyHui Hanpsmok | Hi
a 0

Pucynox 3.4 Onopu Bay B TiAIMIUITHAKAX KOYCHHS

Pucynok 3.5 Onopwu sonari B Miclsx nepeaadi KpyTHOrO MOMEHTY Ha BKJIAIHIII

3rilH0 HABEJEHUX BUIIEC BUXIJHUX JIAHUX, BUKOHYEMO IMiTarliiiHe

MOJICJIFOBaHHS IPOEKTHOTO Bally. BuxiaH1 JaHi o Marepiainy HaBejeH1 B Taom. 3.1.

Tabmuusg 3.1 Jlani mo Matepiaiy /Ui po3paxyHKy

Nwm’sa Cranp AISI 4340 350A, nmosniniieHa 3arapTyBaHHSM 1 BiJIITYCKOM
MacoBa HiJIbHICTD 7,85 r/ecm™3
3aranbHi Mexa MIMHHOCTI 1102 MIla
OcraToyHa MeXa MIITHOCTI PO3TSTHEHHS 1171 MIla
Mopyns FOnra 207 I'Tla
Hanpyxenus Koedimient [Tyaccona 0,33 6p
Mopynb Npy>KHOCTI PHU 3CYyB1 77,8195 I'Tla
HaiimenyBanus nertani|Ban 3 jomartro.ipt
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Pesynpratu po3paxyHKy CHII peakiiiii Ta MOMEHTIB B OTIOpax HaBe/leHi B Ta0i. 3.2.

Tabnug 3.2 Cunm peakiiii Ta MOMEHTH B OIOpax

Cuna peakitii PeakTuBHMIT MOMEHT
Mt omopir Bemuuna [Kommonent (X,Y,Z) |Benuunna gﬁrjgl){eHT
1,38518 H -0,385862 Hm
Omopa:1 5841,5H |-55,8336 H 1074,09 Hwm |-1074,09 Hw™
5841,23 H 3,76884 Hwm
-51121,7H 14,0553 Hwm
Omopa:2 51393 H |-141,933 H 4643,61 Hwm |-4643,54 Hw™m
-5271,62 H -20,8934 Hwm
-632,035 H 53103,1 Hw™
iiia;al’:ﬁ‘a 903,239 H 22,4236 H 53103,7 H M |-239,863 Hm
-644,88 H -0,831811 Hwm

Pesynbratn MmonentoBanHs HaBaHTakeHHs 3-D mozeni Bai 3 tonarTio HaBe/ieHi B

tabu. 3.3. Po3nomin HampyskeHb 3a Mi3zecoMm mpencTaBieHnid Ha puc.3.6

0 [

Pucynox 3.6 Po3noxain HanpyskeHb 3a Mizecom



Tabnuus 3.3 Pesynbrat MOACTIOBaHHS HABaHTAKEHHS MOEITI

HaiimenyBanns Min 3HaueHHs Max 3Ha4yeHHs
006’em 671706000 mm"3
Bara 5272,89 kr
Hanpyxenns mo Mizecy 0,000832796 MIla 63,95 MIla
l-e ocHoBHE HanpyxkeHHs1  |-3,99371 Mlla 84,5099 MIla
3-3 OCHOBHE HamnpyxeHHs  |-42,312 MlIla 28,7993 Mlla
3MiIIEeHHS 0,0000721687 mm 0,0955375 mMm
Koedimient 3amacy mimHocTi| 10 Op 15 6p
Hanpyxenns XX -22,7483 MlIa 47,003 Mlla
Hanpyxenns XY -31,0926 MlIIa 28,4763 MIla
Hanpyxenns XZ -29,3701 MlIIa 29,9592 MIla
Hanpyxenns YY -26,5643 MlIla 30,8353 MlIa
Hanpyxenus YZ -24,6344 MIla 23,0666 Mlla
Hanpyxenuns ZZ -27,1985 MIla 82,2969 Mlla
3MitmieHHs 1o Bici X -0,010214 mm 0,00835649 mm
3MimeHHs 1o Bici Y -0,0952463 mm 0,0952472 mm
3MileHHs 10 Bici Z -0,0954268 mm 0,0949505 mm
ExgiBanentHa aedopmaris |0,00000000364215 6p|0,000273523 6p
1-a ocHOBHa nedopmartis -0,0000000634502 6p [0,000287698 6p
3-s1 ocHOBHa Aedhopmaltis -0,000243643 6p -0,00000000176367 op
Hedopmaris XX -0,000082242 6p 0,0000709187 op
Hedopmartis XY -0,000199774 6p 0,000182963 op
Hedopmaris XZ -0,000188707 6p 0,000192491 6p
Hedopmaris YY -0,000161678 6p 0,000159355 6pp
Hedopmaris YZ -0,000158279 6p 0,000148206 6p
Hedopwmaris ZZ -0,00016781 6p 0,000273479 op

Po3nonin koediiieHTIB 3anacy MIIIHOCTI MpeACTaBIeHUI Ha puc.3.7.
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MR HHOCTIA

Pucynox 3.7 Po3nomin koediiieHTiB 3amacy MilHOCTI

3.2.2 JlocmikeHHST  BIUIMBY  TEXHOJIOTIl  HAIJIaBJI€HHS  ayCTEHITHUM

3BapIOBAIbHUM MaTepiajioM Ha MEXaHIYHI XapaKTePUCTUKHU BaJly 3 JIOTATTIO

HannaBnenHs moBepxoHb jomnaTi BUKOHYeTbCs enekTpogamu FOX CN 23/12-A,
nuametpom 4mm, 3 cuwioio crpymy 140-160A, 3 momepenHiM MigIrPiBOM [0
temnepatypu t=80...100°C. Enextpoau 1i€ei Mapku BHKOPUCTOBYIOTHCS IS
IUIaHYBaHHS TOBEPXOHb (EPPUTHO-TIEPIITHUX, HU3ZBKO Ta CEPEIHBOJIETOBAHUX
cTasiei, 3 3a0e3MeueHHSIM BHUCOKOI TPINIMHOCTIMKICTI. [l  HaIjiaBieHHS
BUKOPHUCTOBYIOTHCSI 3BUYAlHI 3BapIOBaJIbHI amapaTH, 3 MepeMiHHOI ab0 MOCTIMHOIO
BUX1JTHOIO HAMPyTro0. OcoOIMBOCTI TEXHOJIOTI: HAIIABJIEHHS «BPO3KUI», KOPOTKOIO
JyTOX0, HE TIEpErpiBaroul OCHOBHUI MeTan Bunie Temneparypu 120°C, Tosimuna mapy
HaIUIaBJICHOTO MeTaly 3a mpoxia — 3MM. i mojaneiinoi MexaHidyHOI oOpoOKu
HaIJIaBJICHHS BUKOHYETHhCS 3 TpumyckoMm 3-4mm. [licis BUKOHAHHS HATUIaBJICHHS
MOBEPXHI — TepMOOOpPOOKa HE MPOBOAUTHCS. 3riAHO pexomeHaariil [14] mexaHiuHi
BJIACTUBOCTI 1Py HAIUIABJICHOIO0 MeTaly: Mexa minmHHocTi >320 MIla, ocrarouna
Mea MIIHOCTI po3TsarHeHHs >570 MIla. Jlist npoBeneHHs OCTIHKSHHS TPUITMAEMO
MaTtepiana 3 aHAJIOTTYHMUMHM MEXaHIYHUMHU XapaKTEepPUCTHUKAMU HAIUIABJICHOTO Iapy:
ctanb ASTM A441[13]. Buxiani mani mo Marepiaigam i JOCIHIDKEHHS TEXHOJIOT1i

HaIJIaBJICHHS AyCTCHITHUM MaTepiajioM BigoOpaxeHi B Tabi. 3.4.
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Tabmums 3.4 Jlani mo marepianam JJig po3paxyHKy

HaiimenyBatHs QTanL AISI 4340 350A, mogimniieHa 3arapTyBaHHSIM 1
BIJIITYCKOM
MacoBa HIIJIbHICTh 7,85 r/cM™3
3aranpHi Mexa ITMHHOCTI 1102 MIla
OcTtaroyna mMexa MilHOCTI po3tarHenHs 1171 Mlla
Moayns FOnra 207 I'Tla
Hanpyxenns Koedunuent Ilyaccona 0,33 6p
Mopyb NpyHOCTI TIPU 3CYBI 77,8195 I'Tla
Eeil/;ﬁz;yBaHHﬂ Bau 31 ¢ppesepoBaHHOIO IONATTIO .ipt
HaiimenyBanns Cranib ASTM A441
MacoBa HIiJIbHICTh 7,85 r/cM™3
3arajpHi Meska MIMHHOCTI 379,21 MIla
OcratoyHa Mea MIITHOCTI PO3TSATHEHHSI 629,462 MlIla
Moayns FOnra 204,773 I'Tla
Hanpyxenns Koedimient Ilyaccona 0,29 6p
Moynb IpyHOCTI TIPU 3CYBI 79,3694 I'Tla
HavimenyBanns Hamnapnenuit mapl.ipt
neranen Hamnapnenuit map?2.ipt

Pe3ynbTaT po3paxyHKy HaBaHTaKEHOI MOJENl Bajy 3 HaIUJIABJICHOIO JIOMATTIO

npecTaBieHi y Tabim. 3.5.

Tabmui 3.5 PesynbTaTi MoJieOBaHHS HABaHTaKEHOT MOJIEJI1 BaJTy 3 HaIJIaBJICHOIO

ayCTCHITHUM 3BapIOBaJIbHUM MaTEPiasioM JIOMATTIO.

HavimenyBanHs Min 3Ha4YeHHs Max 3HaueHHs
1 2 3

06’eM 671830000 mm"3

Maca 5273,86 xr

Hampyxenns no Mizecy 0,000324126 MIla 123,781 MlIla

1-e ocHOBHE HanpyxeHHs  |-46,1293 MIla 59,4941 Mlla

3-3 ocHOBHE HanpyxeHHs  |-174,7 MIIa 11,5315 MIla




HaiimenyBanns Min 3HaueHHs Max 3Ha4yeHHs

1 2 3
3MiIEeHHS 0,000117194 mMm 0,0943534 mMm
KoedimienT 3anacy mitaocti|3,06356 6p 15 6p
Hamnpyxenns XX -73,4858 MlIa 21,7677 Mlla
Hanpyxenns XY -23,5749 MIla 24,603 MIla
Hanpyxenus XZ -21,554 MlIa 24,3166 MlIla
Hanpyxenus YY -48,2112 MIla 33,566 MlIla
Hanpyxenns YZ -39,3687 Mlla 60,9318 MIla
Hanpyxenns ZZ -166,545 MlIa 40,222 MIla
3MiIIEeHH Mo Bicl X -0,0080043 MM 0,0104744 mMm
3MilIeHHs Mo Bicl Y -0,0941133 MM 0,0941136 mMm
3MiIIEeHHS 110 Bicl Z -0,093822 MM 0,0943041 mMm
ExsiBanenTtHa nedopmaris |0,00000000139589 6p|0,000588522 6p
1-a ocHoBHa nedopmaris  [-0,0000014145 6p 0,000406419 6p
3-s ocHoBHa aedopmaris  [-0,00069645 6p -0,00000000135009 6p
Hedopmaris XX -0,000115743 6p 0,0000882169 6p
Hedopmaris XY -0,000151471 6p 0,000158077 6p
Hedopmaris XZ -0,000138487 6p 0,000156237 6p
Hedopmaris YY -0,000140702 6p 0,000212762 6p
Hedopmartist YZ -0,00024801 6p 0,00038385 Op
Hedopwmartist ZZ -0,000645077 6p 0,000156048 6p
KoHTakTHUN THCK 0 MIla 86,8948 MIIa
KonTaktHui THCK 110 Bicl X |-22,1472 Mlla 37,8035 MIla
KonTaktHuii Tck 1o Bicl Y |-16,4344 Mlla 17,4795 MIla
KonTakTauii THCK 110 Bici Z |-57,3574 MIla 85,5561 Mlla

Po3nonin ekBiBaJeHTHUX HANPYKEeHb 3a Mi3ecoM mpeacTaBieHuid Ha puc.3.8

Poszmozin koedilieHTiB 3anacy MIITHOCTI MPeICTaBIeHUH Ha puc.3.9.

Po3nonin 3Hauens Harnpyxenb o XX npexacrapiaeHuit Ha puc.3.10.
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Pucynox 3.8 Po3mnofin ekBiBaJICHTHHX HampyXeHb 3a Mizecom

b, 38MACa MPOYHOCTI
Ll
, 11:47:35

Pucynok 3.9 Po3nozin koedirieHTiB 3amacy MiIHOCTI

Po3nosin 3HaueHp 3MiteHHs 1Mo X npeacTabieHuit Ha puc.3.11.



-73,49 M

Pucynok 3.11 Posnozin 3mimens mo X

. e
=L
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3.2.3 JlocaimkeHHs BIUIMBY TEXHOJIOTIT HAIJIAaBICHHS 3BapIOBAIbHUM MaTepiaioM

M1BUIIIEHOT MIITHOCTI HA MEXaHIYHI XapaKTePUCTUKH BTy 3 JIOTATTIO

HamnaBneHHsT BUKOHYETBHCS HAIiBaBTOMATHUYHUM 3BapiOBaHHSIM B CEPEIOBHIII
Mikcy 3axucHux rasiB Ar+CQO,, nmpoBosiokoro Bohler NiCrMo 2.5-1G giametrpowm 1,2-
1,6MM, 3 TIOmEpemHIM IJIrpiBOM MOBEpXOHb a0 Temmeparypu t=320...350°C.
[TpoBonoka Bohler NiCrMo 2.5-IG 3acTocOBY€ThCs [71s1 3BapIOBAaHHS Ta HaIlJIaBJICHHS
MOBEPXOHb BHCOKOMIIIHMX CTajedl 3 3a0e3nedeHHsM TBEpPIOCTI 0e3 HacTymHOl
TEPMOOOPOOKH. st HaIUTaBJICHHS BUKOPHUCTOBYIOTh 1HBEPTOPHHUIA
HaAIBaBTOMATUYHUI 3BapIOBAJILHUN amapar, MOCTIHHOI HANpyTH, KA 3aJIeKHO BiJ
JMaMeTpy MPOBOJIOKH, MMOBUHEH 3a0e3neuyBatu cuiny ctpymy 180-200 A (mpoBosioka
nuamerpoMm 1,2mMm) ab6o 240-260 A (mpoBosioka auamerpoMm 1,6mMm).  3rimHO
pekomenaaiiii [14] mexaHIuHI BJIACTHUBOCTI IIApy HAIUIABJICHOTO MeETaly: MeXa
muHHOCTI >690 MIIa, octarouna Mexxa MIHOCTI po3TsarHeHHs 770-960 MlIla. [Ins
MPOBENCHHS JOCTIDKCHHS MPUHAMAaEMO MaTepial 3 aHAJOTIYHUMH MEXaHIYHUMH
XapakTepucTHUKaMH HaruiaBieHoro mapy: ctaib AISI 440C [13]. Buxigni gaHi mo
MaTtepianiaMm s JOCTIDKCHHS TEXHOJIOTIl HAIUTABJICHHS MarepiajioM IiABUIICHOT

MIITHOCT1 Bij0OpakeHi B Ta0I. 3.6.

Tabmuus 3.6 Jlani mo marepiaiaMm IJisg pO3paxyHKy

HajiMeHyBasHs CTaHL AISI 4340 350A, nomnimniieHa 3arapTyBaHHSIM 1
BIJITYCKOM
MacoBa miJIbHICTb 7,85 r/cM™3
3aranpHi Mexa mIMHHOCTI 1102 MIla
OcTtaTto4yHa Mexa MIIIHOCTI pO3TATHEHHS 1171 Mlla
Moayns FOHra 207 I'Tla
Hanpyxenns Koediuient Ilyaccona 0,33 6p
Moynb Ipy»&HOCTI IPH 3CYBI 77,8195 I'T1a
E;I;ﬁz;lyBaHHﬂ Ban 31 ppesepoBanHOIO JTONATTIO .ipt
HaiimenyBanns Cranb, Hepkapitoua AISI 440C, 3BaproBanbHa
3arajibHi Macosa miJIbHICTb 7,8 r/cm”™3
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3arasnbHi Mexa mIMHHOCTI 689 MIla
OcTaTouHa Mexa MIIHOCTI 861,25 MIla
PO3TATHEHHS
Monayns FOHra 206,7 I'Tla
Hanpyxenns Koediuient Ilyaccona 0,27 6p
Moaynb npyxHocTti ripu 3¢yl [81,378 I'Tla
HavimenyBanns Hannapnenuit mapl.ipt
neranen Hannapnenuit map?2.ipt

Pe3ynbraTi po3paxyHKy HaBaHTaXEHOI MOZEJ1 BaJly 3 HAIUIABJICHOIO JIOMATTIO

npeacTaBieHi y Taom. 3.7.

Tabnuus 3.7 Pesynbrat MOACITIOBaHHS HABaHTaXKEHOT MOJIENI1 BaJly 3 JIOMATTIO,

sKa HAIUIaBJIEHA 3BAPIOBAIBHIM MaTepiajoM IiBUIIEHOT MIITHOCTI

HaiimenyBanns Min 3HaueHHS Max 3HaueHHsA
1 2 3
06’em 671830000 mm"3
Bara 5273,74 xr
Hanpyxenns no Mizecy 0,000326445 MIla 126,625 MIla
I-e ocHoBHe HanpyxeHHst  |-41,4698 MIla 58,732 MlIa
3-e ocHOoBHOE Hanpsbkenue |-174,031 Mlla 10,0823 MlIIa
3MIIIEHHS 0,000117213 mm 0,0943765 mm
KoedimienT 3anacy mirtaocti|5,44124 6p 15 6p
Hanpyxenns XX -70,1748 MlIa 21,7682 MIla
Hanpyxenns XY -23,5753 Mlla 24,6023 MIla
Hanpyxenus XZ -21,5523 MlIla 24,3162 MlIla
Hanpyxenns YY -43,4761 MIla 32,4314 MlIa
Hanpyxenus YZ -40,3036 MIIa 63,3951 MlIa
Hanpyxenns ZZ -165,608 MIIa 39,3804 MIla
3mimeHHs 1o Bici X -0,00800939 mm 0,0105274 mm
3MmimieHHs no Bicl Y -0,0941364 MM 0,0941366 mMm
3MIIIEHHS 110 BicCl Z -0,0938451 mMm 0,0943271 mMm
ExgiBanentHa aedopmarttiss  |0,00000000139837 6p|0,000594858 6p
1-a ocHoBHa aedopmaris  |-0,0000014482 6p 0,000405818 6p
3-s ocHoBHa aedopmaris  |-0,000706617 6p -0,00000000135012 6p
Hedopmaris XX -0,000121234 6p 0,0000881441 6p
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HaiimenyBanns Min 3HaueHHS Max 3HaueHHs
1 2 3
Hedopmaris XY -0,000151474 6p 0,000158072 6p
Hedopmartiss XZ -0,000138476 6p 0,000156234 6p
Hedopmaris YY -0,000140703 6p 0,000208324 6p
Hedopmaris YZ -0,000247632 6p 0,00038951 op
Hedopmarttis ZZ -0,000654865 6p 0,00015131 6p
KoHTakTHUM THCK 0 MITIa 86,5051 MIla
KonTakTHwmii THCK 10 Bici X [-22,3293 MIla 38,0401 MIIa
KonTakTHUM THCK 110 Bicl Y |-16,5579 MIla 17,7326 MIla
KonTakTHUM THCK 110 Bicl Z |-56,8714 MIla 85,2849 MIla

Po3nozin ekBiBaleHTHUX HAIpYXeHb 32 Mi3ecoM mpeacTaBieHuit Ha puc.3.12
Po3nozin koedilieHTIB 3amacy MIIIHOCTI peAcTaBieHui Ha puc.3.13.
Po3mnonin 3Ha4eHp HampykeHb 1o XX npencraBieHuid Ha puc.3.14.

Posmonin 3HaveHs 3MmimeHHs mo X npeacTaBieHui Ha puc.3.15.

INemeHT

Tun: HanmpaxeHe no Musecy
EguiHiaua; MPa

10.10.2024, 9:03:49

0 WA

Pucynox 3.12 Po3nozin ekBiBaJIeHTHUX HampykKeHb 3a MizecoM
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Pucynok 3.13 Po3nonin koedirieHTiB 3amacy MIIHOCTI

=70, 17 MiaH

Pucynok 3.14 Po3snonain Hampyxxenpb mo XX
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000211

0

Pucynox 3.15 Posmoxin 3miniens mo X

3.2.4 Pe3ynbTatu MOJICIIIOBAHHS

B pesynbrari MmosientoBaHHS BIUTMBY pOOOYMX HaBaHTAKEHb IIPH MPOKATy-BaHH1 CJISIOIB
Ha MTPOEKTHUI BaJl METOJIOM KIHIIEBHX €JIEMEHTIB, OyJI0 OTPUMaHO KOE(DIIIEHT 3amacy
MIIIHOCTI Ha TTOBEPXHI JIOTATI B MICIll KOHTaKTy 3 OPOH30BMMHU BKJIQJUIIIAMU PI1BHHUI
10. MoaentoBaHHSM IiATBEPXKEHO BUCOKY HAAIMHICTH JIeTalll Ta HAsBHICTD 3aracy 1o
MIIIHOCTI IS TPOBEIAEHHS PEMOHTHOTO BIUIMBY. JIOCHIDKEHHS TEXHOJIOTIH
HaIlJIaBJIEHHS METOJOM 1MITalliifHOTO MOJIEIIOBaHHS, A€ JOCIIJIHUM Iap MeTaly
HAIUTABJICHHSI 3aMIHIOBABCSI IIApOM BIIOMOi CTadl 3 aHAJIOTIYHUMH MEXaHIYHUMH
XapaKTepUCTUKAaMHM Ha TMOBEPXHI, Jaj0 aJeKBaTHI pE3yJbTaTu I PO3yMIHHS
PEMOHTONPUAATHOCTI Bally. B mijcyMKy, koeilieHTH 3amacy MIIIHOCTI Ha MOBEPXHI
HAIUTABJICHOTO IIapy METally TOBIIMHOIO SMM (3a MOKa3aMU BIPTyaJbHUX JIaTYHKIB
nporpamu  Inventor) ckmanmM: i1 TEXHOJOTII HAIUIABICHHS  ayCTEHITHUM
3BapIOBAIbHUM MarepiaioM — 3; 1O TEXHOJOTIi HaIUIaBlICHHS 3BapIOBABHUM
MmarepiajioM MiJBUIICHOI MIIHOCTI — 5. Pe3ynbratu AociiikeHHs BioOpakeHi Ha

puc.3.16.
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12

10

KoedirieHT 3amacy MiriHOCTI

Bau 3 nonarTio 3a TEXHOJIOTIEI0 HAILJIABICHHS

mPan 1 mPang 2 mPsan 3

Psn 1 — 6a3oBuii BaJI 3 JIOIATTIO;
Psin 2 — Baut 3 HaMJIaBJICHOIO JIOMATTIO ayCTEHITHUM MaTepiaioM;

Psin 3 — Bas 3 HaTUIaBIIEHOIO JIOMATTIO MaTEPiaIoM BUCOKOT MIITHOCTI.

Pucynok 3.16 Jliarpama po3nojiiay KoedillieHTiB 3amacy MiIHOCTI

OT1xe, MexaHIYHa MIIHICTh HAIUJIABICHUX MTOBEPXOHD JIONaTel 3a0e3neuyeThes Ta

H1ATBEPKYETHCSI BACOKHUI PIBEHb PEMOHTOIIPHUIATHOCTI Bajy B LI1JIOMY.
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4. OxopoHa Tpailli Ta TeXHOI'e€HHa Oe3neKa

4.1 XapakTtepucTuka CTyrneHs 0e3MeKy TEXHOJIOTTYHOTO MPOILIeCy, PIBHA MeXaHi3allli

1 aBTOMaTH3aIl

PiBenp MexaHizarlii #f aBToMaTH3allii BAPOOHUYOTr0 MPOLIECY HAMPSIMY BIUIMBA€E Ha
0e3MeuHICTh eKCIUTyaTallil MallliH 1 MEXaH13MIB B BIJUIUIEHH] CJII01B LIEXy rapsyoi

MPOKATKHU.

PiBenb Mexanizauii mpati st 06ciyroByBaHHs crany «Cnsoinr 1150» BuzHaun-

MO 32 (hOPMYIIOK0:

M
B=mx100%, (4.1)

ne M - cyma JIFOIMHO- TOJIMH MEXaH130BaHO1 Iparli;
R - cyma qr01MHO - TOJIMH PyYHOT mparii.
[Ticns migcraHoBku 3HaueHb y (opmyny 4.1, oTpumaemMo pe3yiabTaTH PIBHS

MexaHizailii, siki BijoopaxkeHi B Tadm. 4.1.

Tabmuis 4.1 PesynbTatu po3paxyHKiB piBHS MeXaH13allii Mpaili Ha JIJIbHUII CTaHy

«Cna61iar 1150»

KinbkicTh BiAmpanboBaHUX o
JOTMHO-TOANH Y 3MIHY MCXOaHi
No [Ipodecis [rat 3a SOBAHOI
- pPOOITHHKIB POOITHHUKIB| BPYYHY | TOTIOMOTOFO )
/o yCbOTO npait
MAallH
1 gfggxiim 5 6+5=30  2%5=10 = 40 25
2 perﬁTﬁzipc}aHy 10 6,5%10=65 1,5%10=15 80 19
Cmrocap -
3 PEMOHTITHI 5 4*¥5=00 | 4*5=20 40 50
(eHEpreTHK)
4 Oﬁgg’p 14 25%14=35 55%14=77 112 | 68,75
5 Kpanosuii 5 1%5=5 | 7*5=35 | 40 87.5
MAILUHICT
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Ha ocHoBI pe3ynbTaTiB, HaBeneHUX B Ta0. 4.1, 3p0OMMO HACTYITHI BUCHOBKHU:

1. Cmrocap peMOHTHHK CTaHy 1 CIIOCap-PEMOHTHUK €HEPreTHK BITHOCATHCS J0
rpynu pyuHoi npati (10 30%);

2. Cnrocap peMOHTHHK (€HEPIreTUK) BITHOCITHCS 10 rpymnu 3mimanoi mparii (30%
- 60%);

3. KpaHOBHI1 MalIMHICT 1 OTIepaTop CTaHy BiJHOCATHCS 10 TPYHH MEXaHi30BaHOI

mparti (60» - 100%).

4.2 Anaini3 nOTeHI1ITHO HEOEe3NMEeUHUX 1 IKIIUBUX (HAKTOPIB BUPOOHHUOTO cepe-

JIOBUIIA JUIBHULI CIII01B

[Ipu mpokartui cias6iB Ha OOCIYrOBYIOUHMI NEpCcOHaN MOCTIHHO BUILUIMBAIOTH

HeOe3neyHi ¥ ki iMBi hakTopu BUPOOHUUYOTO CEPEIOBUINIA, & CaME:

- pyXOMi MallliHUA Ta MEXaHI3MH;

- pyXOMi YaCTUHH BUPOOHUYOTO YCTATKYBAaHHS,

- IepecyBH1 BUpOOH, 3aroTiBIIl, MaTepiai;

- M IBUIIICHA 3aITUJICHICTh Ta 3aTa30BaHICTh MOBITPSI poOOUOT 30HHU;

- [TinBuiiena abo 3HMKEHA TEMIIepaTypa MOBEPXOHb 00JIaJHAHHS, MaTepiaiB;

- IlinBumiena abo 3HMXKEHA TeMIepaTypa HoBiTpsi poO0YOi 30HH;

- [linBuiieHnit piBeHpb HIyMy Ha poOOYOMY MICII;

- [TinBuiienuit piBeHb BiOpaIlii;

- [TinBumiena abo 3HWKEHA BOJIOTICThH MOBITPS;

- MIBUIIICHE 3HAYCHHS HAMPYTH B €JIEKTPUYHOMY JIAHITIO31, 3aMUKAHHS SIKOTO MOXKE
CTaTUCS Yepe3 TiJI0 JI0IUHM;

- BIZICYTHICTh UM HECTa4ya MPUPOTHOTO CBITIIA;

- HegocTaTHst OCBITIIEHICTh pOOOYOi 30HHU;

- IlinBumienuii piseHs iHGpauepBOHOI pajiialii;

- TOCTP1 KPOMKH, 33JJUPKHU Ta MIOPCTKICTh HA MOBEPXHSIX 3ar0TOBOK, IHCTPYMEHTIB Ta
00J1aTHAHHS;

- Po3ranryBanss po6040To MicCIls Ha 3HAYHIA BUCOTI 010 MOBEPXHI 3eMJTi (TT1JIOTH).
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Jlisg aHamizy BIUTUBY HEOE3MEUHUX 1 LIKIIIMBUX (PAKTOPIB BUPOOHUUOTO Cepe-

JIOBHILIA HA TIEPCOHAN AUTHHUII, 3aHECEMO AaHi B Ta0. 4.2.

Tabnuis 4.2 TexHosoriuHa KapTa yMOB Tpalli AJisl 4eproBOTr0 Ta PEMOHTHOTO

nepcoHany BigaineHHs casoip LTI

Hoput 11 xnac mwKiIMBUX 1
dakTopu p HeOE3MEeYHUX YMOB. 1
a- dak XapaKTep npai Yac mii
THBHE | - dak-
lery- | 2cry- | 3cty-
3Ha4., | THYH : ; ; TOpa 3a
II1Hb II1Hb II1Hb .
I'iK, | e 3MIHY,
I'JIP | 3nau. %
[. IximmBl X1MIYHL
PEYOBHHH,
Mr/m’
1 ximac HeOe3meku
AHT11pUA XpOMOBUH 0,01 | 0,02 2p 83,1
2 xyac HeOe3neKu
Maprasio okcuu 0,3 0,56 | 1,87p 83,1
3-4 xiac HeOe3neKku
Macna miHepaibHi 5,0 6,5 1,3p 83,1
A30Ty mioKcHu/ 2,0 4,0 2p 83,1
II. IInm nepeBaxHO
¢ubporenHoi
i1, Mr/m>
3MICT KPEMHIIO TUOKCH]T — 4,0 26,4 6,6p 83,1
2,5%
III. [lym, nBA 75 97 18 100
IV. Mikpoxkmimat y
MIPUMIIICHHI
- Temriepatypa nositps, °C 27 40,5 13,5 83,1
- WBUAKICTB pyXy nositps, m/c| 0,2-0,5| 0,27 83,1
- 1H(pavyepBOHE
BUMPOMIHIOBaHHS, 140 794 654 79,8
Bt/m?
Baxkicth nparti 116
HanpyxeHHicTh nparii '
HaIpy>KeHUH PIBEHb
KinbkicTh GakTopis 4 | 1 | 3

Ha po6ounx micusx npucytHi : 3 gakrtopa 3 crynens, 1 pakrop 2 cTynens,

4 daxropu 1 crynens. [1o mokazHukax po6oye Miciie BITHOCUTHCS J0 MIKIJTUBUX 1
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TSOKKUAX YMOB IIpalli, 10 BiAMOBiiae moka3Hukam cnucky Nel mynkr 1. BignosiaHo 1o
criucky Nel: meHCiitHUHN BiK TIO MJIBIOBUX YMOBAX, JAETHCS JIOAATKOBA BiAmycTka 14

nHIB 1 Mojioko. IIkigmuBocTi i HEOE3MEeKH BITHOCATHCS 10 (PI3UYHOI T'PYIH 3T1IHO

JICTY.

4.3 3axoau s 3aXUCTY BiJ BUSBJICHUX IIKIJJMBUX 1 HeOe3MeuHUX (hakTopiB

BUPOOHUYOTO CEPEeIOBUILA

VY Tabn. 4.3 HaBeneHi GpakTOpU BUPOOHMUOTO CEPEIOBUINA TPYIOBOIO IMpOLECy i

3aX0JIU 111010 TXHBOTO YCYHEHHS Ha MPOKAaTHIM JUISHII OOTHCKHOTO CTaHy.

Tabmuis 4.3 TexHiuHi 3ac00M 3aXUCTY BiJl BIUIMBY HIKIJUIMBHUX 1 HEOE3MEUHUX

(dbakTOpiB BUPOOHUYOTO CEPEAOBHUIIA

He6e3neunnii abo -
. o o HI1 .
Ne | wkignusuit Gak- [ 3axucHuii [Mapamerpu Micue
i HpUCT
/n | TOp BUPOOHHYOro HPHUCTPIi p HPUCTPOIO YCTaHOBKH
CepeIoBUIINA poto
) ) ) ) Jax OymiBmii nexy
1 |IlizBuiena temmne-| Aepailis yepes JixTapi
paTypa MmoBiTpst
2 3anuieHHICTh Pecmiparop CI30/] 1Ib-1M - [HMBITyaTbHO
I HapymHuku npotuso- IIpunatHui no I )
m ITyMOBI, OUpyIH 110nBA HAUBILYaJIbHO
4 Temnepatypa |YTemeHa KypTka, Ba- TH [HuBiTyaiEHO
XonoaHu epio |TSHI MTaHW, KOCTIOM 3 .
3riIHO
x/0 TKAaHUHH, YSPEBUKU T )
. . u po3mipy
Teruuii nepion KOCTIOM 3 X/0 TKaHUHH,
POKY YCPCBUKH TIPALFOr0t0
ro
Ikigmusi xiMiyH1
peuoBrny (AHTi- Te)ff IIO U Ipu 3arun- '
5 JPHT XPOMOBHI, JIEHHICTH + KOCT.IOM x/0, IIm - [HnuBiTyaEHO
Macna miHepasb- PYyKaBHII1
Hi Ta 1H..)
IadpauepBone ' '
6 BUMPOMiHIOBAHHS 3ax¥/10H1 e'KpaHI/I, 3acoou - - [TocTn ynpaBmiHHS
1HMBIAYaTbHOTO
3aXUCTY
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4.4 TexHiyH1 pilIeHHS 110 BUPOOHUUIN caHiTapii Ta TririeHi mpari

Onanenns ma 6eHMUIAYIA

ITin BeHTWIALIEO PO3YMIIOTh CHUCTEMY 3aXOMiB 1 MPHUCTPOIB, MPU3HAYCHUX JIJIS
3a0e3MeueHHsT Ha PoOOYUX MICISX, y pOOITHHKAX 1 0OCIyroBye 30HAX MPHUMIIIEHb
METEOPOJIOTIYHUX YMOB 1 YUCTOTH MOBITPSHOTO cepefoBulia. B ymoBax BiiiIeHHS
CJ15101B BUKOPUCTOBYIOTh NMPUPOAHY ¥ MEXaHIUYHY BEHTHJIAIIIO. 3a JIOMOMOIOI0 TMpH-
pPOIHOT BEHTHIIALIT TETIe MOBITPSI BUJAISETHCS Uepe3 JiXTapl Ha axy OydiBIil IeXy.
JlocTyn CBIXOrO TMOBITPS 3IIACHIOETHCS 4epe3 >Kalto3iiH1 rpatu. s MexaHIuHOi
BEHTHWJIAIT JIJTBHULI CJISIO1B BUKOPUCTOBYIOTHCS MICIIEBI BUTSIKKH [15].

OnTuMalibHI HOPMHU MOBITPSHOTO CepeIOBUILA HaBeACHI B Ta0. 4.4,

Tabmums 4.4 OnTuManbHi HOPMU TeMIIepaTypH ¥ BOJIOTOCTI, i IBUIKOCTI pyXy

HOBITPS
XonoaHui 1 mepexiaHui Tennuit mepioa poky
nepio poky (auxue +10°C Bule +10°C
XapaKTepUCTUKA pioz poky ( ) ( ™ )
. - Ha nocriiianx
BupoOHnuoro | Kareropis | Ha nocriitHux 060X
MPUMIIICHHS TI0 | POOOTH | pOOOYMX MICIIIX pMicu;[X 2
2
HAJIMIIKOBOMY 1o I1oza en 3 GE)
TEIUIOBUJIUICH- | TPYIOMI- A e pobounm = 2 8
HIO CTKOCT1 o | ‘& . o MICLIEM o | 'E .H S =
2 t © | KICTh t © | KICTb | &
(23B1/wm) S | mogitps S | mogir | F
B P B
_p;[
- 0 5 =
[Ipumimenns o | g E S =g E 7 2
— i
tHo Mac Cepenns | | 23 ' ] ED =
HaUINILKHA o | © O Q) ~ | o | © n 2
— | < ) — — | < D) 0O O
TerJia = T = O

OnaneHHsi BUPOOHMYMX NTPUMINICHb 3A1MCHIOETHCA 3a JOMOMOTOIO0 EJIeKTpOIa-
Helell Ta Oarapeil, y SKUX B SIKOCTI TEIJIOHOCISI BUKOPUCTOBYETHCS Map 3

temnepatyporo 10 120°C. ITap no 6yaiBiasM KOMOIHATY MOAAETLCS LEHTPATI30BAHO.
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Ocsimaenns UpOOHUYUX OLIbHUYD

V Bigmineni cisn6iB L{I'TI 3acTocoByeThCst KOMOIHOBAHE OCBITJICHHS: Y ICHHHH Yac
— IPHUPOIHE, Y BEUIPHIN Ta HIYHUN 9ac — mTy4dHe. [ poOOTH B rapsyux mexax 3a
YMOB IITYYHOTO OCBITJICHHS XapakTepHUIl 4 po3psia 30pOBOT pOOOTH.

JI71s IITY9HOTO OCBITIICHHSI BAKOPUCTOBYETHCS, CTEIH0BI Jamiu tuity JIPJI-400 a6o
JPJI-500, cBiTuabHUKHN TUITY «AcTpa» 1 «Anbday 3 piBHeM ocBiTiieHOCTI 200K, s
MICHEBOTO OCBITJICHHSI BUKOPUCTOBYeThbcs jamnu Ttun MO - 100 HakomgroBaHHS
notyxHicTio 150BTt 1 cBiTunsauku HCII-0,7 - 1,4.

Bupobnuua canimapis

OO0csT BUpOOHMYOTO MPUMIIICHHS Ha OJTHOTO poOiTHHUKA, HAa AUMbHUIN cist01B LTI,

craHoBuTh He MeHme 19 M3 (nopma 15 M%), (akTU4HE 3HAYEHHS IUIOII HA OJHOTO

pobGitHuka 4,8 M2, npu HOpMi 4,5 M2,

4.5 TloxexHa Oe3reka

JinpHUI Cs01B BIAHOCUTHCS 10 TIOKEKHO1 Kateropii «I'» [16], ska xapaxre-
pUBYETHhCS BUKOPUCTAHHSM Yy BUPOOHUIITBI HETOPIOUHMX PEUOBHH Ta MaTepialliB Y
rapsioMy crtaHi. byaiBis aineHuUI BigHOCUTBCS A0 Il cTyneHi BOrHecTIMKOCTI.

OcHoBHUMH 3aco0aMu Jist 00POTHOU 32 MOKEKAMH €:

1. TlokapHi rizpanTu, 00JIaIHaH1 pyKaBaMH 3 MOKEKHUMH cTBOJIaMu Tuiy PC-50
(cTBOJ aTFOMiHIEBHHA)

Pyuni Boraneracauku OXJI-10, OBII-10 — qy1st raciHHSI HEBEJIMKHUX 3arOPSHb.
Borneracauku ByriiekucinotHi OY-8 — 11 raciHHs B €JIEKTPOYCTaHOBKaX.

Borueracuuku OI1-5 — 1151 raciHHS OXKEX Ha KpaHax.

nok wn

Ha BcixX IUIBHMISIX BCTAHOBJICHI MPOTHUIOXKEKHI HIUTH, sIKI 0OJaHAHI BCIM

HEOOX1THUM TPUIIAIJISIM.

4.6 TexHorenna 0e3reka

[Topsinok Aiil mepcoHally MEXaHOCIIY>KOU y pa3l BAHUKHEHHSI aBapiiHUX CUTYaIlli
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Bu3HaueHo "[lepenikoM aBapiiHUX CUTYallld MEXaHIYHOTO 00JIaJHAHHS CTaHy CISO1HT

«1150» Ta Hoxwuis — 20007, 3 sIKHM IpaliiBHUKA O3HAWOMIICHI M1J] PO3ITHUC.

[Tepenik 03HaK MOKJIMBUX aBapIMHUX CUTYaIlli 32 YMOB €KCIUTyaTallii MEXaH1YHOTO
yCTaTKyBaHHSA LIEXY:

- BUKHJ OJIii 13 CHCTEM T1PaBIIYHOrO BpiBHOBa)KyBaHHsS cTraHy CisoiHr «1150» Ta
HOXHUIIb;

- 3aTOIUICHHS BOJOIO MPUSAMKIB PUBO/IIB MEXaHI3MIB CTaHY;

- MpOOYKCYBaHHS 3JIUTKA B KJIITI CTaHY;

- CXO/I eJIGKTPOMOCTOBOI'O KpaHa 3 KOJIii;

- BUI3]l Bi3Ka HarpiBaJbHUX KOJIOJISA31B 3a TYMUKOBI YIIOpU Ta BUX1J 3y04YacToi peiku

13 3a4EeTJICHHS.

Buienepeniyeni 03HakM aBapiiHUX CHUTyalli MOXYThb CHPUYHMHUTH 3YHUHKY

MEXaHIYHOTO YCTAaTKyBaHHSI, BAHUKHEHHS Ta PO3BUTKY MOXKEXI.

[Ipu BUsABIIEHHI O3HAK aBapii CHIBPOOITHUK ATHHUII TOBUHEH:

- Yy pa3l pO3pUBY MACIONPOBOJIB CHCTEMH TiIPaBIiYHOTO BPIBHOBAKYBaHHS
BIIKJTIOUUTHA HACOCHY CTAaHIIIK CUCTEMHU, TOBIIOMUTH CTAPIIOTO 3MIHHOTO MalcTpa
Ta BXXUTU 3aXOJIB IIOJAO YCYHEHHS PO3PHBY MAaCIONPOBONY, MOIMEPEIHbO 3IIUB
3aJIUIIKHA Macla 13 CUCTEMH;

- y pas3l 3aTOIJIEHHS! TPUAMKIB MPUBO/IIB MOBIJIOMUTH CTapIIOro 3MIHHOTO MalcTpa,
BXKUTH 3aX0JI1B II0JI0 YCYHEHHsI 3aTOIUICHHS (YCTAaHOBUTH HAcCOC ISl B1IKauyBaHHS
BOJIM 3 TIPUSAMKIiB), TIEPEKOHABIIIKCH, 1[0 BIAKIIOUYEHO MOJaqy EJICKTPUIHOTO CTPYMY
Ha eJIeKTpOoO00IIaITHAHHS, BCTAHOBJICHE B TIPHUSIMIII;

- Y BCIX BHUIMAJKax MPOOYKCOBYBaHHS BAJIKIB CTaHy MICJIsI 3yIIMHKH CTApIIUM 3MIHHUM
MaNCTPOM MPOKATY 3TUTKIB MPOBECTH OTJISIT CTaHy OOJaJHAaHHS TOPU3OHTAIBHOT Ta
BEPTUKAJIBHOI KIIITI;

- y pa3l BUHUKHEHHS IMOXKEXI1 MOBIJIOMUTH 0€3MOCEPEIHHOr0 KEpiBHUKA (CTapIIOro
3MIHHOTO MaicTpa, MalcTpa, Ha4aJIbHUKA J1IbHHUII ), BUKJIIMKATHU CIIY>KOYy HOPATYHKY
3a ten. 101 (3 Oyab-sIKOTO 3aBOJICHKOTO TenedOHY) Ta PO3MOYATH TaCiHHS TOXKEXKI;

- y pa3l CXOAy €JEKTPOMOCTOBOTO KpaHa 3 PEHKOBOi KOJii OpraHizyBaTH CITyCK

MalIgHICTa KpaHa 3 KpaHa, IO 3YIHWHUBCS aBapiiiHO, BUCTaBUTH O€3BUXIIb BIJ
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CYCIHIX KpaHiB, 10 MPALIOIOTh y MPOJIbOTI 1 MPUCTYIUTH A0 YCYHEHHS aBapii, Mpu
HEOOX1THOCTI IEPCOHATIOM €JIEKTPOCITYKOU MOBUHHI OyTH BIAKIIIOUEH1 TpoJiel KpaHa
1 BCTAaHOBJICHA 3aKOPOTKa;

- Y pasi BUi3y Bi3Ka HarpiBaJIbHUX KOJIOASI31B 3@ TYIIMKOBI YIIOPH Ta BUXOY 3y04acToi
peyiKky 13 3a4eryieHHs MOBIJOMUTH CTapUIOro 3MIHHOTO MalCTpa, JaTh KOMaHIY
CTapIIOMYy HArpiBaJbHUKY Ha MEPEKPUTTS razy B KOMIpKY Ta PO3MOYaTH YCYHEHHS

aBapii.
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3AT'AJIbHI BACHOBKH TA PEKOMEHJIALIII

1. O3HailioMJI€HHS 3 TEXHOJOTIEK0 BUPOOHUIITBA CJS0IB B LIEXy Trapsdyoro
MPOKATy Ta aHaji3 00JiaJHAHHS MPHUBOIY KJIITI BEPTHUKAIBHUX BAJIKIB [MOKA3aJI0, 1110
PEAYKTOp Ma€ KOHCTPYKTHBHI HEIOJIKA Ta HEPO3B’s3aHl MHUTAaHHSA IIOAO
PEMOHTONPUIATHOCTI OKPEMUX JI€TAJIEH.

2. YV marictepchkuil poOOTi, Ha OCHOBI aHaJi3y TEXHOJIOT1i BUPOOHUIITBA
ci15101B, BUKOHAHO JCTaIbHUN PO3paXyHOK Ha MIIIHICTh Ta JIOBTOBIYHICTh BCIX BY3JIIB
peaykTopa TpuBOAY. AHaN3 OTPUMAHMX PE3YJbTATIB TIOKa3aB JOIIILHICTh
nepepoOKH  MIAMIMIHUKOBUX BY3JiB MPOMDKHOTO Bally, IUIAXOM 3aMiHU
I IIIATHUKIB. 1711 1 IBUIIIEHHS TOBTOBIYHOCT1 POOOTH 3y0UaToro Kojeca BUXiJHOTO
BaJIy JOLIJIBHO ONTUMI3YBaTH TEXHOJIOT1I0 TEPMIYHOT 0OPOOKH CTatl Jisi OTpPUMaHHS
tBepaocti HB 262...311, 3amicTts HassBHOT HB 250..290.

3. Jlng TpoIOBXKEHHS TEPMIHY eKCIUTyaTalii Bajdy 3 JIOmarTio, Yy
MaricTepchKii poOOTI BHUKOHAHO OCHIPKEHHS BIUIMBY TEXHOJIOTIT HarIaBICHHS
3HOIIICHUX MTOBEPXOHb JIOMATI HA MEXaHIYH1 XapaKTEPUCTUKH BITHOBJIEHO1 AeTati. 3a
JIOTIOMOTOI0  IMITAIIMHOTO MOJIENIIOBaHHS, BHKOHAHI PO3paxXyHKH Ha MIIHICTh
MIPOEKTHOTO BaJly, @ TAKOX BIJHOBJICHUX 3a JOIIOMOTOIO HATUIABJICHHS ayCTCHITHUM
3BapIOBAJIbHUM MaTepiajioM Ta MaTepiajioM BHCOKOI MIIHOCTI. 3a pe3yJibTaTaMu
JOCIIIKEHHS, PEKOMEHJOBAaHO BUKOHATH BIJTHOBJICHHSI POOOYHX ITOBEPXOHB JIONATEH
3a  JIOTIOMOIOK)  HAIJIaBJIEHHS  ayCTEHITHMM  3BaplOBaJbHUM  MaTepiajioM.
Buxopuctanss 11i€i TEXHOJIOTIT T03BOJIIE OTPUMATH TBEP/IICTh HATIJIABJICHOTO IIapy
HB 190...220, 6e3 mnpoBeaeHHsS MOCTIAYIOY0i TEPMOOO-pOOKH, IO TapaHTye
BIICYTHICTh Jedopmanii nerani. B pesynbraTi po3paxyH-Ky OyB OTpUMaHUMN
Koe(iIieHT 3amacy MIITHOCTI IIapy HarIaBiaeHoro Metany 3 (rmpu koedimienty 10 mis
MPOEKTHOTO Bajy), IO JO03BOJISIE€ EKCIUIyaTallilo BiJHOBIEHOI Jnetani. [lpu
PO3paxyHKy Bajy, BITHOBJICHOTO 3a JOMOMOTO0 3BaPIOBAIBHOIO MaTepially BUCOKOT
MIITHOCTI, OTpUMaHo KoedimieHT 3amacy wminHocTi 5 npu HB 240...260, ane 3a
PaxyHOK TMOCTIAyH04Y0i TEepMOOOpPOOKHM MPUCYTHI Aedopmaliii, 1o He T03BOJISE

BUKOPHUCTATH 1[I0 TEXHOJIOTIIO.
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No HaiimenyBanns Kinpkicts | Dopmat
/i JIUCTIB

1 | [IpuBox KiiTi BepTUKATBHUX BaiKiB. Crierudikartis 1 A4

2 | IIpuBon kJIiTI BEpTUKAIBbHUX BasKiB. KpecieHuk

3arajbHOrO BUIY. 1 A2x3

3 | Penykrop. Cnemudikarris. | A4

4 | Penykrop. CknafganbHU KpeCICHHUK. | Al

5 | Baxn 3 nonarrtio. 1 Al

6 | [Imakat mociiTHUIIPKOT YaCTHHH 1 Al
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