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Seznam pouzitych symbolii a zkratek

Legenda Oznaceni Jednotka
ptevodovy pomér [—]
otacky [ot/s]
sila [ ]
kroutici moment [ - ]
vykon [ 1]
soucCinitel tfeni [—]
tlak [ 1]
napéti [ 1]
bezpecnost [—]
pocet zubil [—]
modul ozubeni [ 1]
osova vzdalenost [ 1
uhel zabéru [°]
uhel sklonu bo¢ni kiivky [°]
primer ; [ ]
plocha [ ]
Youngtv modul pruznosti v tahu [ 1]

Poissonova konstanta [-]
Sommerfieldovo ¢islo [-]
teplota [ ]
hustota [kg/ m’]
uhlova rychlost [rad/s]
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1 Zadani

Névrh podélnych a pficnych modifikaci ozubeni rychlobéznych pievodovek s ohledem na
generovani a vedeni tepla pfi zabéru. Platné pro pfevodovky s obvodovou rychlosti 150 m/s.

Obsahem feSeni diplomové prace je navrh konstrukce rychlobézné ptevodovky pro
parametry urcené zadavatelskou firmou a nasledné zpracovani ndvrhu modifikace, kterd by
zohlednila teplotni deformaci ozubeni vznikajici nadmérnym vyvojem tepla v zabéru
ozubenych kol s vysokou obvodovou rychlosti. Reseni jednotlivych konstrukénich skupin
ptevodovky je voleno na zdklad€ dlouholetych zkuSenosti zadavatelské firmy s konstrukei a
vyrobou rychlobéznych prevodovek.

1.1 Zadavatel diplomové prace

Zadavatelem diplomové prace je plzeniskd firma Wikov Gear s.r.o. Jedna se o spolecnost,
kterd je aktivni v mechanickém strojirenstvi vice nez 125 let. Pres 80 let je tradicnim
vyrobcem ozubenych kol a mechanickych pievodovek. ZkuSenosti vytvarené a predavané z
generace na generaci v kombinaci s modernimi vyrobnimi technologiemi umoznuji vyrabét
Spi¢kové produkty s progresivnim konstrukénim feSenim a nadstandardnimi technickymi
parametry. [8]

Wikov Industry a.s. je matefskou spole¢nosti firmy Wikov Gear s.r.o. a sdruzuje pod
sebou dalSich sedm spolecnosti piisobicich ve strojirenském primyslu.

Wikov Gear Wikow MG Wikow Wind Orbital2 Wikow Ching Wikov Russiz |\Wikov Sazavan

Obr. 1 — Struktura Wikov Industry a.s. [8]

1.1.1 Historie znacky Wikov
Historie znacky Wikov sahé az do 80. let 19. stoleti.

1878 — firma Wichterle-Prochdzka zac¢ina v Prostéjove vyrabét jednoduché zemédeélské

stroje a naradi

1913 firma Frantiska Wichterleho zaméstnava 1050 délniku

1918 — wvznika strojirensky zavod Wichterle-Kovatik, zkracené¢ WIKOV zaméstnava 2150
zaméstnancu a soustiedi svoji vyrobu na mlati¢ky, pluhy, vyoravace, parni
lokomobily, motory a generatory

1922 — vyroba automobill na zakazku

1946

znarodnéni, pfejmenovani na Agrozet, k.p., pozdéji na Agrostroj Prostéjov st.p.
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2004 — vzkiiseni znatky Wikov — pfejmenovani spoleénosti CKD Hronov a.s. na

Wikov MGl a.s.
2006 — holding Wikov sdruzuje 4 spole¢nosti nesouci znacku a jméno Wikov

Vyrobni zavod firmy Wikov Gear s.r.0. se v oboru strojirenstvi specializuje na:

— Design a vyrobu ptevodovek pro:
— Tepelné elektrarny
— Povrchové doly
— Cementérny a zpracovani minerali
— Primysl t€zby ropy a plynu
— Cukrovary
— Chemicky pramysl
— Design a vyrobu rychlobéznych pievodovek
— Vyrobu kuzelovych kol s ozubenim Klingelnberg do priméru 1150 mm (lapované a
HPG)
— Vyrobu profilové brousenych ozubenych kol s pfimym vnitinim a vnéjSim ozubenim
do priméru 2500 mm

— Vyrobu frézovanych ozubenych dilt do priiméru 3500 mm

1.2 Pouziti rychlobéZnych prevodovek

Rychlobézné ptevodovky jsou pouzivany pro pienos vykonu mezi hnacim a hnanym strojem,
z nichZ alespoil jeden pracuje pii vysokych otackach, ze kterych prameni vysok4 obvodova
rychlost spoluzabirajicich ozubenych kol ptesahujici hodnotu 30 m/s.

Pouziti rychlobéZznych pievodovek:

— pohon turbogeneratort

— pohon plynovych a parnich turbin
— pohon turbodmychadel

— pohon turbokompresorii

— pohon Cerpadel

Obr. 2 — Kompresorova stanice tranzitniho

plynovodu s rychlobéznou prevodovkou [5]

-5-
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2 Modifikace ozubeni

Zéaberové poméry v ozubeni jsou ovlivnény mnoha faktory. Témito faktory jsou jednak
vyrobni uchylky ozubeni a dale pak uchylky deformacni vzristajici pod zatizenim ozubeni
v disledku deformaci hiideld a jejich ulozeni, deformaci téles kol a deformaci vlastniho
ozubeni. Pravé tyto uchylky zplsobi, Ze provozni poloha téles kol a jejich ozubeni se lisi
Casto 1 vyrazn€ od naSich teoretickych pfedpokladi. Vyrobni a deformacni tchylky jsou
zejména zdrojem vibraci, které zpusobuji hluk pfevodu a zaroven snizuji Gnosnost bokl
zubll v dotyku. Vyrobni a deformaéni tchylky lze Gspésné do znacné miry eliminovat
zménou tvaru boku zubu, tuto zménu muizeme popsat zménénym tvarem evolventy a bo¢ni

kiivky zubu. Tyto zmény nazyvame modifikaci ozubeni [4]
Druhy modifikaci ozubeni 1ze rozd€lit na:

— technologické modifikace
— pfi¢nou modifikaci ozubeni

— podélnou modifikaci ozubeni

2.1 Technologické modifikace zubii

2.1.1 SraZeni hrany na hlavé zubu

Tato modifikace tvaru zubl zabranuje poSkozeni hran zubi pted kalenim a vzniku ptidavnych

pnuti. Dalsi vyhodou modifikace je odstranéni otiepti.

Obr. 3 — Srazeni hrany na hlavé zubu

2.1.2 Protuberantni podiezani zubu

Provadi se pro sniZeni vrubovych ucinkli a usnadnéni dokoncovacich operaci, predevsim

brouseni a Sevingovani.

Obr. 4 — Protuberantni podrezani zubu
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vrwv r

2.2 Pri¢na modifikace

Pti¢nou modifikaci se kompenzuji neptiznivé disledky deformaci zubli a neptfesnosti rozteci
a profilu, které jsou piic¢inou vstupnich a vystupnich radzti pti zdbéru a z toho vyplyvajiciho
pfidavného dynamického zatizeni a hluku (viz Obr. 5). Pficnad modifikace se vytvaii zejména
pfi dokoncovaci operaci. Bud’ vhodnym tvarem (tedy modifikaci) néstroje nebo vhodnym
pohybem néstroje nemodifikovaného. Modifikujeme-li zuby jednoho kola na hlavé i na pat¢,
nemusi byt spoluzabirajici kolo modifikovano. Jsou-li obé spoluzabirajici kola modifikovana,
provadi se zpravidla modifikace jen na hlavach. Velikost pfedepisované modifikace zavisi na
piesnosti ozubeni, tuhosti zubti a na zatizeni. Cim je piesnost zubti a jejich tuhost vétsi a

zatizeni mensi, tim lze pfedepsat modifikaci mensi. [4]

; Kolo 2

1
Interference
(vstupnT raz)

Kolo 1

Obr. 5 — Deformace zubu a vznik vstupniho razu
Aby nedochézelo ke vzniku razl, provadi se zGZeni na hlavé zubu, které plynule odlehci

evolventu. Druhy pti¢nych modifikaci jsou znazornény na Obr. 6.

Hlava Cw Co Ce Cq C.

RREEER
|

Pata zubu Cor —Me_| || M,

a) b) c) d) e} f)

Yi

Obr. 6 — Druhy pricnych modifikaci [3]

Tvar a) na Obr. 6 predstavuje idedlni teoreticky tvar evolventy. Na Obr. 6 b) je zndzornéno
prosté odlehceni u hlavy zubu a na Obr. 6 c) je zub odlehéen u hlavy i paty. Obr. 6 d)
ptedstavuje plynulou pticnou modifikaci, kterou lze kombinovat s modifikaci tthlu zabéru viz
Obr. 6 e) a f). Pro spravnou funkci modifikace je dulezita jeji délka y.. Prili§ kratka délka
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modifikace mizZe byt z hlediska buzeni hluku horsi neZ soukoli nemodifikované. Doporucené
velikosti pticné modifikace jsou uvedeny v Tab. 1. [3]

Veli¢ina
Hodnota

Nazev Oznaceni | Rozmér
Normalny My mm <2 | 2+35|35+-6|6+10]|10=16]| >16

modul
Doporucena

vy$kova Cq pm 3-8 | 6+14 [ 10+20|15+35|20+50| >30
modifikace

Tab. 1 — Doporucené hodnoty pricnych modifikaci [4]

2.3 Podélna modifikace

Podélnou modifikaci nebo také modifikaci bo¢ni kifivky lze eliminovat vyrobni uchylky
sklonu bo¢ni kiivky zubii, deformace vznikajici pfi zatizeni htideli, ozubenych kol, loZisek a
ptevodové skiing (viz Obr. 7). RozliSujeme dva zdkladni tvary podélné modifikace, které jsou
znazornény na Obr. 9 b) a c). U ozubenych kol vétsi Sitky se modifikuji pouze krajni Giseky
boc¢ni kiivky zpravidla symetricky na obou strandch. Spojity pritbé¢h modifikace se pouziva
hlavné u tzkych kol se Sikmymi zuby. [3]

Obr. 8 — Deformace zkroucenim [4]

Na Obr. 9 jsou zobrazeny tvary boc¢nich kiivek podélné¢ modifikovanych zubi. Obr. 9 a)
predstavuje idealni tvar boc¢ni kiivky zubu, b) a c) jsou jiz zminované modifikace krajnich
¢asti bo¢ni kiivky a modifikace spojitad. Dal§i moznosti podélné modifikace je zména thlu
Sroubovice (viz Obr. 9 d) e)). Tato modifikace se nazyva thlova a ma velky vyznam u
prevodu, kde dochézi vlivem zatiZeni k torzi ozubenych kol. Pro spravnou orientaci thlové

-8 -
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modifikace je nezbytné rozliSovat pravy a levy smysl Sroubovice a smysl otaceni ozubenych
kol. [3]

Cy Cy

T-levd /n'
|

a) b) i/ d) e)

p—pravé +m, | ! -m,

Obr. 9 — Druhy podélnych modifikaci [3]

Tvar bo¢ni kiivky nejvice zavisi na technologii vyroby. Snaze vyrobitelnd a tedy Castéji
pouzivand je plynuld modifikace. Velikost modifikace je zavisla piedevSim na stupni

piesnosti ozubeni a Sifce zubl. Doporu¢ené velikosti podélnych modifikaci jsou uvedeny v
Tab. 2.

Stupefi Velikost podéIné modifikace ¢, [um] pro sitku kola b,, [mm]

Qresnostl

clsg/gslo <20 [20+40|40+80 | 80+160 | 160 =250 | 250+400 | > 400
5 3+6 4+7 4+8 5+10 6+12 7+ 14 8§+17
6 4+8 5+10 5+11 6+12 9+18 10 +20 12 +24
7 6+12 8+16 9+18 10 =20 13 +25 14 +29 17 + 34
8 10 +20 11 +22 | 22+25 15+30 17 + 34 20 + 40 25 +50
9 14 +28 15+30 17 +35 20 + 40 25 +50 28 + 58 34 + 68

Tab. 2 — Doporucené hodnoty podélnych modifikaci [4]
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3 Navrh ¢elni jednostupnové rychlobézné prevodovky

3.1 Zadané parametry rychlobézné prevodovky

Navrhovana ptevodovka slouzi k pfenosu vykonu mezi turbinou a turbokompresorem. Vykon
hnaci turbiny je 18070 MW pii 5650 ot/min. Potfebné otacky pro pohon turbokompresoru
jsou 12456 ot/min. Smysl otacek vstupni hiidele je proti sméru hodinovych rucicek pfi

pohledu od turbiny.
Prendaseny vykon P 18 070 [kW]
Vstupni otacky n; 5 650 [min™]
Vystupni otacky n, 12 45 [min™]

Tab. 3 — Parametry pro navrh pievodovky

3.2 Usporadani prevodovky

Vzijemnd poloha htideli je rovnob&zna a hiidelové Cepy pro pfipojeni spojek hnaciho a
hnaného zafizeni jsou umistény na opacnych stranach pfevodové skiing. Pievod je realizovan

jednim parem celnich ozubenych kol se Sikmym ozubenim.

3.2.1 Kinematické schéma

PREVODOVKA

z1

Li— ———"51 Tursina

n2
TURBOKOMPRESOR — \\—H I1.

2

Obr. 10 — Kinematickeé schéma prevodovky

3.3 Navrh ozubenych kol

3.3.1 Poéty zubui ozubenych kol

Pocet zubii ozubenych kol vychdzi ze dvou zdkladnich parametrd. Jednim znich je
pozadovany pfevodovy pomér. Druhym pak minimalni priimér patni kruZnice pastorku, ktery
musi byt vétsi nez praimér hiidele 2 pod ozubenym kolem.

Vypocet pievodového poméru

= _ 5650 = 04536
B T 12456

-10 -
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Pocet zubli ozubenych kol

=44..
= s 97
04536
3.3.2 Kroutici moment na hridelich
Vypocet krouticiho momentu na hnaci htideli
_ _ _18070-10 — 30540
- 2. . T, 5650 "
60

Vypocet kroutictho momentu na hnané htideli

= - - =30540-04536-0,985 =13645

3.3.3 Navrh modulu ozubeni

Pii pfedbézném navrhu ozubeni vstupuji do Bachova vzorce mimo jiné i1 materidlova
konstanta ¢, thel sklonu boc¢ni kiivky zubu £ a pomér Sitky ozubeni k modulu w. Hodnoty
téchto koeficientl byly zvoleny na zéklad¢ doporuceni konstruktérti firmy Wikov.

Prendseny kroutici moment My 30540 [Nm]
Pocet zubl pastorku ) 44 -
Uhel sklonu boéni kfivky zubu B 13,5 [°]
Soucinitel Sifky ozubeni W 60 -
Material ozubenych kol - 18CrNiMo6 -
Materidlovy soucinitel pro tvrzené boky zubu c 32 -

Tab. 4 — Parametry pro navrh modulu ozubeni

Vypocet modulu podle Bachova vzorce

_ 75 - COS . 30540-00313,5°_529 _EE
- .. " T 4a.32.60 7T R

3.3.4 Vypocet ozubenych kol

Vypocet ozubenych kol byl proveden v programu KissSoft podle normy doporucené firmou
Wikov DIN 3990:1987 metoda B.

Obe¢ kola jsou korigovana na vyrovnani mérnych skluzii pti osové vzdalenosti 400 mm.
Boky zubti obou kol jsou cementovany a nasledné kaleny a brouseny na drsnost Ra 0,8.

-11 -
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3.34.1 Kolol

Ozubeni CELNI

Zuby SIKME

Pocet zubl z 97
Modul m 5,5

Nastro] Uhel profilu a 20°

Profil ISO 53.2:1997 Profil C
Vyska hlavy nastroje hg* 1,25m

Uhel sklonu boéni kfivky zubu B 13,5°

Smysl stoupani bocni kfivky zubu - LEVY

Jednotkové posunuti X 0,0326

Stupen presnosti cd25 DIN 3961
Tloustka zubu na tétivé S. 8,640/8,580

Kontrolni | Vyska hlavy zubu nad tétivou h. 5,695

rozmér | Pfes 12 zubd w 194,817/194,760

Ptes valecky/Primér véalecku Dy,: 10 M 563,911/563,756

Modul éelni m; 5,656

Prameér zakladni kruznice dy 513,842

Uhel sklonu boéni k¥ivky zubu na zékladnim valci By 12,672

Spoluzabirajici kolo

Pocet zub( z 44

Vzdalenost os a, 400 H7

Uhel os S 0°

Tab. 5 — Parametry pro vyrobu a kontrolu ozubeni kola 1

Prdmeér hlavové kruznice das 560,02 h10 [mm]
Primér roztecné kruznice d, 548,660 [mm]
Pramér patni kruznice dy 535,268 [mm]
Sitka kola b, 230 [mm]

Tab. 6 — Zdkladni rozmery kola 1

Vypoctené bezpecnosti ozubeni kola 1:

— Dbezpecnost v ohybu na paté zubu:

— bezpecnost v dotyku:

2,469
2,117

Vysledky vypoctu kola 1 jsou uvedeny v Piiloze €. 2.

-12 -
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3342 Kolo2

Ozubeni CELNI

Zuby SIKME

Pocet zubl z 44
Modul m 5,5

Nastro] Uhel profilu a 20°

Profil ISO 53.2:1997 Profil C
Vyska hlavy nastroje hg* 1,25m

Uhel sklonu boéni kfivky zubu B 13,5°

Smysl stoupani bocni kfivky zubu - PRAVY

Jednotkové posunuti X 0,1939

Stupen presnosti

4 cd25 DIN 3961

Tloustka zubu na tétivé S. 9,334/9,284

Kontrolni | Vyska hlavy zubu nad tétivou h. 6,598
rozmér | Pfes 6 zub( w 93,628/93,581

Ptes valecky/Primér vélecku Dy,: 10 M 265,681/265,563
Modul éelni m; 5,656
Prameér zakladni kruznice dy 233,083
Uhel sklonu boéni k¥ivky zubu na zékladnim valci By 12,672

Spoluzabirajici kolo

Pocet zub( z 97
Vzdalenost os a, 400 H7
Uhel os S 0°

Tab. 7 — Parametry pro vyrobu a kontrolu ozubeni kola 2

Prdmeér hlavové kruznice das 262,01 h10 [mm]
Primér roztecné kruznice d, 248,876 [mm]
Pramér patni kruznice dy 237,259 [mm]
Sitka kola b, 235 [mm]
Tab. 8 — Zdkladni rozmery kola 2
Vypoctené bezpecnosti ozubeni kola 2:
— Dbezpecnost v ohybu na paté zubu: 2,641
— bezpecnost v dotyku: 2,117
Vysledky vypoctu kola 2 jsou uvedeny v Piiloze €. 3.
3.3.4.3 Sily ptisobici v zdbéru ozubenych kol
Radialni slozka sily Fr 41 672 [N]
Obvodova slozka sily Fo 111329 [N]
Axialni slozka sily Fa 26728 [N]
Vysledna sila F 121 840 [N]

Tab. 9 — Sily v zabéru ozubenych kol

Ostatni vysledky vypoctu pfevodu jsou uvedeny v Ptiloze €. 1.

-13 -



Zapadodeska univerzita v Plzni, fakulta strojni, Diplomova prace, akad. rok 2013/2014
KKS/Stavba vyrobnich stroju a zatizeni Be. Certik Josef

3.4 Navrh hrideli

Ob¢ hiidele jsou vyrobeny z vykovkilt z oceli 18CrNiMo6-7. Tento druh materidlu byl
doporucen konstruktéry firmy Wikov. Jednd se o ocel vhodnou pro velmi dynamicky
namahané strojni soucasti. Tvar htideli je uren predev§im rozméry ozubenych kol a rozméry
pouzitych loZisek. Hiidele jsou uloZeny vZdy ve dvojici radidlnich hydrodynamickych lozisek
a dvojici axialnich hydrodynamickych loZisek. Axialni loZiska jsou oddélena od radidlnich a
jsou umisténa na opacném konci nez vstupni, resp. vystupni Cep hiidele. Vzhledem ke
konstrukei skiin€ pifevodovky je rozte¢ radialnich lozisek u obou htideli stejna a to 510 mm.
Htidele jsou utésnény labyrintovymi ucpadvkami a jejich vstupni, resp. vystupni strany jsou
opatfeny odstfikovacimi krouzky (viz kapitola 3.7).

Kontrolni vypocet obou htideli prob&hl v programu KissSoft.

3.4.1 Pomalobézna hridel

Vstupni ¢ast pomalobézné htidele je opatfena kuzelovym ¢epem se dvéma pery pro pienos
kroutictho momentu od turbiny a zévitem M130x3 pro zajisténi spojky. Rozméry tohoto
vstupniho ¢epu byly zvoleny na zékladé pozadavku firmy Wikov. Oba loziskové ¢epy maji
pramér 180 mm a jejich délka musi byt kvili spravnému odvodu oleje z loZisek na kazdé
stran¢ alespoit o 15 mm delsi nez celkova Sitka loziska. Mezi loziskovymi Cepy a kazdou
navazujici ¢elni plochou osazeni je kviili technologii vyroby umistén zapich G3x0,3. (Obr. 12
tezy 1, 2, 3). Mezi loziskovymi Cepy je prumér hiidele zvétSen na 235 mm. Na této valcové
ploSe je nalisovano ozubené kolo 1. Pro snazsi lisovani kola je na jedné strané srazeni 10x10°
a na druhém konci malé osazeni na primér 240 mm, které slouZzi jako doraz kola pfi lisovani.
Zuzeni u levého konce hiidele o priméru 90 mm, stejné jako velikost nosného krouzku
priméru 190 mm a Siftky 30 mm je voleno vzhledem k velikosti pouzitych axidlnich
hydrodynamickych loZisek.

F LoZiskové Cepy radidlnich loZisek j

Nosné plochy pro
axialni loZiska

Plocha pro nalisovani kola 1

Obr. 11 — Pomalobézna hridel
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Obr. 12 — Ulozeni a zatizeni pomalobézné hridele v programu KissSoft

Maximalni redukované napéti Oredi 55 [MPa]
Prihyb htidele pod ozubenym kolem Uz 0,008 [mm]
Minimalni bezpecnost k mezi Unavy (fez 2) k; 2,54 -
Axialni reakce Rox 26,728 [kN]
Radialni reakce (pravé loZisko) Raz 68,819 [kN]
Radialni reakce (levé reakce) Ra: 58,457 [kN]

Tab. 10 — Zakladni vysledky vypoctu pomalobézné hiidele

Podrobné hodnoty a vysledky vypoctu pomalobézné hiidele jsou uvedeny v Ptiloze €. 4.

3.4.2 Rychlobézna hiidel

Vystupni ¢ast rychlobézné hiidele je opatiena kuzelovym Cepem se dvéma pery pro pienos

krouticiho momentu na turbokompresor a zavitem M80x2 pro zajiSténi spojky. Rozméry

vystupniho ¢epu byly opét zvoleny na zakladé pozadavku firmy Wikov. Loziskové Cepy maji

pramér 160 mm. Tam, kde je to nutné, jsou kraje loziskovych ¢epli opét opatieny zapichy

G3x0,3. Kolo 2 je soucasti rychlobézné htidele. Mezi kazdou stranou ozubeného kola a

loziskovym ¢epem je osazend valcova plocha priméru 225 mm a délky 27 mm. Toto osazeni

slouzi pro odebirdni materidlu hfidele pfi dynamickém vyvaZzovani (pfi dynamickém vyvaZzeni

pomalobézné hiidele je materidl odebirdn z bo¢nich ploch nalisovaného kola 1). Pravy konec

pro axidlni lozisko je stejny jako u pomalobézné htidele. Valcové plochy konce pravého

loziskového cepu a velkého priméru odstiikovaciho krouzku jsou lesténé na drsnost Ra 0,2 a

slouzi jako plochy pro snimani vibraci hiidele.
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LoZiskové ¢epy radidlnich loZisek
Nosné plochy pro

axidlni loZiska

_—_———

§
=

Plochy pro snimdni vibraci hridele

Obr. 13 — Rychlobézna hridel

Z — ~

i o

Obr. 14 — Ulozeni a zatizeni rychlobézné hridele v programu KissSoft

Maximalni redukované napéti Ored2 59 [MPa]
Prihyb htidele pod ozubenym kolem u, 0,018 [mm]
Minimalni bezpecnost k mezi Unavy (fez 1) k, 5,57 -
Axialni reakce Rox 26,728 [kN]
Radialni reakce (pravé loZisko) Ras 57,378 [kN]
Radialni reakce (levé reakce) Ras 62,037 [kN]

Tab. 11 — Zakladni vysledky vypoctu rychlobézné hiidele

Podrobné hodnoty a vysledky vypoctu rychlobézné hiidele jsou uvedeny v Ptiloze €. 5.

3.5 Navrh spojovacich prvki pro pienos krouticiho momentu

3.5.1 Nalisovani kola pomalobéZné hiidele

Pro spojeni pomalobézné htidele a ozubeného kola 1 je pouzit lisovany spoj. Jedna se o
Jeho jednoduchost plyne z absence nutnosti axialniho zajiSténi spoje. Stejné tak se u tohoto

druhu spoje vyhneme nutnosti slozit¢ vyroby drazkovéani. Lisovany spoj je vhodny i z
hlediska dynamické vyvazenosti pii pouziti ve vysokych otackach, kdy je zajiSténa presnd
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radidlni stabilita nalisovaného kotouce. Nevyhodou je nutné¢ dodrzeni malych vyrobnich

vvvvvv

Pfi nalisovani vznikd mezi nadbojem a hiideli tlakové napéti, které vlivem tfeni mezi
lisovanymi soucastmi umoZiluje pienos kroutictho momentu. JelikoZz z technologického
hlediska je snaz§i pfesné€ji vyrobit vnéjsi primér na hiideli, je dira nadboje kola vyrobena v
tolerancnim poli H7.

Pfendseny kroutici moment M 30 540 [Nm]
Axialni sila na kole 1 Fa 26728 [N]
Lisovaci primér d, 235 [mm]
Délka spoje I, 230 [mm]
Primér patni kruznice kola 1 Dy =535 [mm]
Otacky hridele ny 5650 [ot/min]
Sitka toleranéniho pole pro ¢ 235 H7 Tk +0,052 [mm]
Soucinitel bezpecnosti spoje ks 2 -

Soucinitel tfeni ve spoji f 0,2 -
Poissonova konstanta hridele a kola u 0,3 -
Modul pruznosti hfidele a kola E 210 000 [MPa]
o
o)

Soucinitel teplotni roztaznosti 11,1-10 [1/K]
Hustota oceli 7 850 [kg/m3]

Tab. 12 — Parametry pro vypocet nalisovani kola 2

Fo
Fa
07—
i
M ~z
4
. S\M%
7
A ‘O’ﬂ W=
- FT=FN pnr
Y ¥

Obr. 15— Tlak a sily v lisovaném spoji

Obvodova sila ve spoji od krouticiho momentu

2 _2-30540000_259915
B B 235 B
Pottebna treci sila pro pienos zatiZeni
= + = 259915 +26728 =261285
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Tlak ve spoji potfebny pro vyvozeni tieci sily

_ . _ 261285-2 — 154
r . . . 7 .235.230-02 7
Pro nésledujici vypocty plati
= E = 7 = T =2

Vypolty vychdzeji zteorie rotujicich kotoucli a tlustosténnych nadob, dochazi zde ke
zjednoduSeni, kdy htidel je plného prifezu Ry = 0 a kolo (index K) 1 htidel (index H) jsou ze
stejného materidlu: pg=pk=pw , pu=pxk=p >, Eu=Ex=E

ZmenSeni poloméru hiidele vyvozené potfebnym tlakem

F

A =—T.a-)

ZvétSeni poloméru naboje kola vyvozené potiebnym tlakem

f @+ )+ a-)

A =

Potfebny lisovaci piesah k vyvozeni potfebného tlaku

A=A |+A

A =

Zvétseni poloméru hidele vlivem rotace

A =

Zvétseni poloméru naboje kola vlivem rotace

I SRR L L

Deformace, kterou zpusobuje rotace je u naboje ozubeného kola vétSi, nez u
hiidele A <A , pf1 zvySujicich se otackach dochazi k odléhani naboje ozubeného
kola od htidele. Vysledné odlehnuti je dano rozdilem:

A=A —-A

Pro bezproblémovy provoz pii plnych otd€kach proto musi byt lisovaci presah vétsi nebo
roven souctu presahu pottebného pro docileni potiebného tlaku ve spoji a velikosti odlehnuti
pfi maximalnich otackéch.

A=A +A
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Minimalni pfesah uloZeni
A =2-A

V nasledujici tabulce jsou uvedeny vysledky vypoctu potiebného piesahu ulozeni nalisovani
kola 1 na pomalobé&znou htidel.

Potrebny tlak ve spoji Ppoti 15,4 [MPa]
ZmenSeni poloméru hfidele od pyo Ary 6 [um]
Zvétseni poloméru naboje kola od pyor Arg 10,133 [um]
Potfebny lisovaci pfesah k vyvozeni pyor Ar, 16,133 [um]
ZvétSeni poloméru htidele od rotace Aryy 3,715 [um]
Zvétseni poloméru naboje kola od rotace Ar 94,5 [um]
Celkové odlehnuti od rotace Ar, 90,785 [um]
Potfebny minimalni pfesah uloZeni na poloméru Ar 106,918 [um]
Potfebny minimalni presah uloZeni Ad 214 [um]

Tab. 13 — Vysledné dilci presahy ulozeni

? hi'Tdel

0,214

0,266

naboj H7

0,052

©235,000

Obr. 16 — Tolerancni pole lisovaného spoje

Na zaklad€ vypocteného minimalniho pfesahu byla zvolena tolerance hiidele uJ5.
235 5 = 235
Maximalni tlak ve spoji pfi maximalnim mozném piesahu

-4 ( )—0’152'2‘1'10 (2675 — 1175 ) = 109,6
2. . T 2.1175-2675 ! DA

Tento tlak je relativné vysoky, avSak jeho vyskyt 1ze predpokladat v ptipadé, Ze prevodovka
nebude v chodu. Hfidel tudiz v okamziku vyskytu této hodnoty tlaku nebude vystavena
jinému provoznimu zatiZzeni (krut, stfidavy ohyb a stfidavy smyk). Pfi ndb¢hu htidele do
provoznich otaek a vystaveni maximalnimu provoznimu zatiZeni dojde vlivem rotace
k odlehc¢eni spoje na hodnotu tlaku i =44

Nalisovani naboje na hiidel mtze byt provedeno nasledujicimi tfemi zplisoby:

— nalisovanim htidele do naboje za studena
— natazenim ohtatého naboje na hiidel nebo nasunutim podchlazené hiidele do naboje

— natazenim ohfé4tého néboje na podchlazenou htidel
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V daném piipad€é bude ohtaté kolo natazeno na hiidel. Pro tento zplsob montaZe je jeste
potieba urcit teplotu, na kterou se kolo pfed lisovanim ohieje. Respektive rozdil teplot kola a
hiidele (pfedpoklada se, ze hiidel bude mit pokojovou teplotu =25° ).
Montazni vile

=001-v =001 V235 =0,153
Minimalni teplota kola pfi lisovani

A L 0,304 + 0,153 495 = 200°
B : ©235.11,1-10 B

3.5.2 Vstupni a vystupni ¢ep prevodovky

Velikosti a provedeni vstupniho 1 vystupniho ¢epu obou hiideli jsou v tomto ptipadé zadany
firmou Wikov. Stejné konce hiideli jsou pouzity na jiz vyrobené rychlobézné pievodovce,
ktera prendsi o 15% vétSi kroutici moment. Z tohoto divodu nebudou konce hiideli
kontrolovany.

3.6 Ulozeni hrideli

Jak jiz bylo zminéno v kapitole 3.4, radidlni 1 axidlni sily piisobici na ob¢ hiidele jsou
zachyceny hydrodynamickymi lozisky. Kromé pozadavku firmy Wikov na pouziti
hydrodynamickych lozisek, hraji ve prospéch jejich volby i nasledujici divody.
Argumenty pro volbu hydrodynamickych lozisek:

— piilis vysoké otacky pro pouziti valivych lozisek

— dostate¢né vysokd obvodova rychlost v lozisku pro vznik mazaci vrstvy

— niz8i provozni ndklady na mazani oproti hydrostatickym lozisktim

— predpokladana mala cetnost odstavek

— provoz pii konstantnich otackach

— moznost pouziti jednotného olejového hospodarstvi pro celou soustavu turbina —
pfevodovka — turbokompresor

3.6.1 Axialni loziska

Axialni sily plisobici v zabéru ozubenych kol jsou stejné velikosti opacného sméru. Jelikoz se
nepiedpoklada zaddné piidavné axidlni zatiZeni, jsou vysledné velikosti axidlnich reakci na
obou hfidelich totozné a loZiska obou hiideli mohou byt stejnd. Pro zajisténi polohy jsou na
kazd¢é hiideli umisténa dvé loziska proti sob€. PoZadavkem firmy Wikov bylo pouZiti
axidlnich hydrodynamickych loZisek s naklapécimi segmenty od jejich ovéteného dodavatele,
firmy Waukesha Bearings.
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Obr. 17 — Axialni hydrodynamické loZisko s naklapecimi segmenty [7]

Pouzitd loziska M8174 jsou zvolena na zéklad€ jejich tinosnosti a zastavbovych rozmeérech.
Teplota v lozisku se urci z diagramu vyrobce na Obr. 18, na zdkladé¢ mérného tlaku v lozisku
a rychlosti na stfednim priméru loziska. Pfi teplot¢ do 130°C nejsou nutné specialni
povrchové Uipravy segmentt loziska.

Oznaceni loZiska - M1874 -
Maximalni nosnost loZiska Frnox 56 575 [N]
Nosna plocha loziska Sax 15500 [mm?]
Maximalni mérny tlak na loZisko Drmax 3,65 [MPa]
Stfedni priimér loZiska d, 150 [mm]
Otacky hridele 1 ny 5650 [ot/min]
Otacky hridele 2 n, 12 465 [ot/min]

Tab. 14 — Parametry pro kontrolu axialnich loZisek

Meérny tlak v lozisku (stejny pro obé hiidele)

_ 26728 172
B ~ 15500
Stiedni rychlost v loZisku htidele 1
_ o -0,15-5650_4435 /
- T 80 60 o
Stiedni rychlost v loZisku htidele 2
_ o _ -0,15-12465_979 /
- T 80 60 B
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l&gg Zone where T max. >130°C for centre pivot
and <130°C for offset pivot pads/

8 . .
120 crl'o Ej//— - FCentre pivofled pads
° , | |
7 0o (‘ | 4! ‘ ——Offset pivoted pads
1 i
| 1 |2 \
: Al 1150°C
_ 6 Bo°Cy | 11 "
3
% '. ‘, Van Teplota v lozisku hridele 1
= 5r60°C ¥ T \C
b | \ |\
% L \ ! \ ! T Teplota v loZisku hidele 2
= \ ¥
g 3 \ VN
L \ \
[a 2 \ \‘
IR YA
\ ‘\{
\
1 80°C 1
| |
| |

0 15 30 45 60 75 90 105
Mean collar surface speed (m/s)

Obr. 18 — Diagram pro urceni teploty v loZisku [7]

Jak je patrné z diagramu na Obr. 18 pfi pouziti loZisek s uloZenim segmentt ,,Offset pivoted
pads®, bude teplota loziska pomalobézné hiidele (htidele 1) cca 90°C a rychlobézné htidele
(htidele 2) necelych 110°C.

3.6.2 Radialni loziska

Ob¢ htidele jsou ulozeny vzdy ve stejné dvojici délenych radidlnich hydrodynamickych
lozisek. Rychlobézna htidel je vzhledem k vysokym otaCkam uloZena ve vice plochych
hydrodynamickych loZiskach s naklap&cimi segmenty od firmy Waukesha Bearings.
Pomalobéznd hiidel je ulozena v hydrodynamickych loziskach kruhového prifezu s fixni
geometrii, kterd si firma Wikov vyrdbi sama. Tato kombinace ma své opodstatnéni. Pouziti
segmentovych lozisek u obou hiideli by pfevodovku zbytecné prodrazilo a fixni geometrie
loZiska je pro otacky pomalob&zné hiidele dostacujici. Pfi montaZi pfevodovky je mozné
vnitini kluzny povrch loZiska s fixni geometrii upravovat a vyrovnat tak vyrobni odchylky

vzajemné polohy htideli. KdeZto uprava povrchu segmentového loziska je nemyslitelna.

3.6.2.1 RychlobéZna htidel

Pti volbé vice plochého lozZiska s naklapécimi segmenty je rozhodujici vyrobcem udévana
maximalni tnosnost loziska. Tato Unosnost se liSi podle sméru plisobeni vysledné radialni
reakce. Ve firm& Wikov jsou reakce v uloZeni rychlobéznych htideli vZzdy sméfovany mezi

segmenty. Pfi zatizeni mezi segmenty ma lozisko nejen vyssi inosnost, ale 1 tuhost. Podle
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katalogu Waukesha Bearings byla zvolena loziska TJ160-160/2DF. Pfi objednéni loZisek jsou
vyrobci zaddny jednotlivé parametry. Vyrobce loZisko témto parametrim pfizpisobi a

pocetn¢ zkontroluje.

Be. Certik Josef

Oznacdeni loziska - TJ160-160/2DF -
Prdmér loziska d, 160 [mm]
Sitka loZiska b, 160 [mm]
Maximalni zatizeni loZiska mezi segmenty Frnox 71700 [N]

Tab. 15 — Parametry loZiska TJ160-160/2DF

-..
-

4]

B

Obr. 19 — Radialni hydrodynamické lozZisko s naklapécimi segmenty [7]

3.6.2.2 Pomalobézna hiidel

Hlavnim parametrem pro urceni rozméru loZiska je maximalni dovoleny mérny tlak mezi

loZiskem a loziskovym ¢epem htidele. Ob¢ loziska pomalobézné hiidele budou stejna.

Prameér loZiskového cepu htidele d, 180 [mm]
Velikost maximalni radialni reakce Raz 68 819 [N]
Dovoleny mérny tlak Po 2,5 [MPa]
Otacky hridele 1 ny 5650 [ot/min]

Tab. 16 — Parametry pro navrh radialniho loZiska s fixni geometrii

Vypocet sitky loziska

Obvodova rychlost

Relativni loziskova vile

=1.10 - —

160

5650
0,18 . —— =5325 /

60

10 2325 _ 2,148 - 10
. S5 =2 .
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Uhlova rychlost

=2 =2 290 _5e167
~° e0 " 60 ~ U

Obr. 20 — Radialni loZisko pomalobézné hridele

3.7 Utésnéni hrideli

Na valcovych plochach hiideli v misté utésnéni jsou pro pouZiti kontaktnich tésnéni piili§
vysoké obvodové rychlosti. Obé htidele jsou proto utésnény pomoci labyrintovych ucpavek.
Firma Wikov si labyrintové ucpavky na zakladé dlouholetych zkuSenosti navrhuje a vyrabi
sama. Labyrintové ucpavky jsou kvtli snaz§i montazi délné, stejn¢ jako loziska. Ucpavky jsou
doplnény odstfikovacim krouzkem umisténym na hiideli. Ten v prvni tfad¢ zabraiuje
pfimému vstupu oleje vytékajiciho z loziska do prostoru labyrintu. V druhé fadé je olej
smétujici k labyrintu skrz kuZzelovou $térbinu odstfedivou silou odstfikovan zpét do prostoru
pted loziskem (Obr. 21) a pomoci odtokovych kanalkt je odvadén na dno skiiné.

—_—

odstfik oleje z
kuZelové Stérbiny N

Z

I

odraz oleje z loZiska o zadni sténu
odstfikovaciho krouzku

A
J

Obr. 21 — Funkce odstrikovaciho krouzku
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Obr. 22 — Labyrintova ucpavka rychlobézné hridele

3.8 Navrh skiiné prevodovky

Firma Wikov vyrabi ptevodovky podle specifikace zakaznikli a jedna se o vyrobu kusovou.
Z tohoto diivodu jsou skiin€ prevodovek svatfence z ocelovych plechii z konstrukéni oceli
11 373. Stejné je tomu tak 1 vtomto piipadé. Pozadavkem firmy Wikov bylo navrhnout
dostatecné robustni skiin, kterd by i bez nutnosti pevnostni kontroly bez problémi snasela
velké dynamické namahani.

Ukolem skiing je pienést veskeré zatizeni, kterému je pievodovka pfi provozu vystavena.
Musi umoznit napiiklad upevnéni k zdkladu, manipulaci jefdbem a snadnou montdz i
demontdz. Skiin je tvofena dvéma polovinami, spodkem skiin¢€ a vikem, které jsou spojeny
v délici rovin€ a staZzeny Srouby.

3.8.1 Spodni ¢ast skifiné

Spodni cast skiin€ je opatfena kotevnimi patkami, ve kterych jsou otvory pro ptfiSroubovani
skiin€ k zdkladu. Bo¢ni plechy jsou opatieny vyvrty, ve kterych jsou ulozena radidlni loZiska.
K témto plechim jsou z vnéjsi strany piivareny dalsi dva slabsi plechy, které slouzi k uloZeni
labyrintovych ucpavek a jsou k nim pfiSroubovany domky axidlnich lozisek. Rohy spodniho
dilu skiin€ jsou opatfeny zaveésy pro manipulaci jetdbem. Na pfednim i zadnim cele skiiné
jsou piiruby pro vstup i vystup oleje, olejové hospodarstvi tak mlze byt umisténo na
libovolné strané. Na bocich skiin€é pod lozisky jsou umisténa zebra. Ta nejenze vyztuzuji
skiin, ale jejich vnitinim prostorem prochazi olej od lozisek zpét na dno skiiné. VSechny
svary skiin€¢ museji byt provedeny tésn¢, aby skrz n¢€ neprosakoval ole;.
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Tloustky jednotlivych plechi:

— patky70 mm

— Cela skiin€¢ 60 mm

— boky skiin¢ 40 mm

— plechy zeber 12 mm

— uloZeni radialnich lozisek 180 mm

— uloZeni labyrintovych ucpavek 80 mm

uloZeni radidlnich loZisek
uloZeni labyrintové ucpavky

kotevni patka
Zebro
manipulaéni zavés
bocnice

celo

pfiruba vytoku oleje

¥iruba vtoku olei uloZeni axidlnich loZisek
pfiruba vtoku oleje

Obr. 24 — Kompletni spodni cast skriné
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3.8.2

Ulozeni radialnich lozisek, axialnich lozisek i labyrintovych ucpévek je stejné jako u spodni
¢asti skiin€. Bo¢ni plechy maji v hornich rozich vyvrtané otvory pro manipulaci s vikem
skiin€ a jsou vyztuzeny zebry pro zvySeni jejich tuhosti. Na horni ¢asti vika je umistén

Viko sk¥iné

nahlizeci otvor.

Tloustky plecht vika skiing:

uloZeni radidlnich loZisek 180 mm
ulozeni labyrintovych ucpavek 80 mm
bocnice, zebra, sttedovy plech 12 mm

pfiruba délici roviny 30 mm

manipulacni oko
nahliZeci otvor
bocnice

Zebro
uloZeni labyrintovych ucpavek
uloZeni radidlnich loZisek
pfiruba délici roviny

kryt nahlizediho otvoru

uloZeni axialnich loZisek

Obr. 26 — Kompletni viko skrinée
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3.8.3 Spojeni v délici roviné

Ob¢ poloviny skiing jsou spojeny v delici roving. Jejich vzdjemna poloha je zajisténa dvojici
véalcovych koliki. Po nasazeni je viko ke spodku skiing pfiSroubovano Sestici zavrtnych
Sroubli M33x2, které prendsSeji hlavni zatizeni plisobici na loziska a ¢trnacti z&vrtnymi Srouby
M14, které utésniuji délici rovinu na zbylych dvou stranach (viz Obr. 24). Velikost a pocet
Sroubli byl zvolen na zakladé velikostn€ 1 vykonové podobné jiz vyrabéné prevodovky a

nejsou proto pevnostné kontrolovany.

bbb
v v

7]///
|

A | b

| |16
e

% 7

Obr. 27 — Pohled do délici roviny prevodovky
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Obr. 28 — Rozstrel prevodovky

3.8.4 Mazani jednotlivych ¢asti

Pfevodovka je mazana olejem ISO — VG 46. Rozvod oleje k jednotlivym ¢astem prevodovky
je feSen pomoci kandlkt, které jsou vyvrtany ve st€nach prevodovky. Olejové hospodaistvi je
feSeno jako samostatné a je umisténo mimo prevodovku. Pfipojeni ke zdroji tlakového oleje je
umisténo na spodni ¢asti skiin€, aby se pii demontazi vika nemuselo odpojovat piivodni
olejové potrubi. Spodni cast skiiné slouzi jako sbérnd nadrz, do které se vraci olej
z jednotlivych mazacich okruhti a skrz velkou pfirubu na pfedni stran¢ skiin€ je odvadén
mimo prevodovku do hlavni olejové nadrze, kde je ochlazovén, filtrovan a pod tlakem
privadén zpét.

Mazani celé ptevodovky lze rozdélit do tfi hlavnich okruhti:

— mazani radialnich lozisek
— mazani axialnich lozisek

— mazani zabéru ozubenych kol
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3.8.4.1 Mazani radidlnich lozisek

Vsechna radidlni loziska jsou po obvodu opatiena rozvodnym kandlkem, ktery zajistuje
pfivod maziva mezi jednotlivé segmenty segmentového loziska a do délici roviny loziska
s fixni geometrii. Do téchto kandlkd je olej pfiveden otvory vyvrtanymi ve spodni Casti
ulozeni lozisek (viz Obr. 29). Z lozisek odchazi olej podél obvodu loziskovych ¢epli na ob¢
strany. Na jedné stran¢ stéka pifimo do vnitiniho prostoru spodni ¢asti skiin€, Na druhé stran¢
pak stéka do zvétSeného vyvrtu mezi radidlnim a axidlnim loziskem, resp. mezi radialnim
loziskem a labyrintovou ucpavkou. Z tohoto prostoru je odvadén skrz spodni Zebra a okénka

v bocnicich skiiné na dno pfevodovky. Stejnou cestou je odvadén olej i z axialnich lozisek
(viz Obr. 30).

Obr. 29 — Privod oleje k radialnim Obr. 30 — Odvod oleje z loZisek
loZiskiim

3.8.4.2 Mazani axialnich lozisek

Axidlni loziska maji stejné€ jako radialni po obvodu rozvodnou drazku, kterad rozvadi olej mezi
jednotlivé segmenty loziska. Olej je po ptfivedeni do loziska rozstfikovéan rotaci hiidele do
zvetseného vyvrtu v télese ulozeni lozisek (Obr. 34). Po obvodu vyvrtu stékd do jeho spodni
¢asti, odkud je kanalkem odvadén do prostoru zebra (viz Obr. 30 — zluta cesta).
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Obr. 31 — Privod oleje do desky uloZeni

axidlnich loZisek Obr. 32 — Privod oleje k domku axialnich

loZisek

>

-

TOTAL DRAIN AREA SHOULD PROVIDE:
FOR A FLOW VELOCITY BELOW 0.6m/s.
FAmIAﬂ.EA!mHBAY
Obr. 33 — Privod oleje k axidalnimu loZisku BE ARRANGED AROLND THE LOWER HALF

Obr. 34 — Privod oleje mezi segmenty
axialniho loZiska [7]

3.8.4.3 Mazani zabéru ozubenych kol

Mazani ozubenych kol je zajisténo vstiikovanim oleje pfimo do prostoru zubového zabéru.
Pod mistem zabéru ozubenych kol je umistén sloupek, ten je pfisSroubovan ke dnu prevodové
skiin¢ a v jeho horni ¢asti jsou umistény olejové trysky. Olej je k tryskam ptiveden skrz
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trubku prochdzejici pod rychlobéznou hiideli a kanalek vyvrtany v ¢elni sténé spodni casti
skiiné.

Obr. 35 — Privod oleje k tryskam

Obr. 36 — Umisteni trysek pod zabérem

ozubenych kol

3.9 Modifikace ozubeni

U navrzenych ozubenych kol je vzhledem k jejich Sifce nutné pouziti modifikaci zubtl. Pfti
pusobeni sil v zabéru ozubenych kol dochazi k deformaci obou htideli. To ma za nasledek
nerovnomérné rozlozeni zatizeni po délce zubti.

Line load [Nfmm]
650.000 —
Line load [N/mm]
600.000 — 600.000
§50.000 — §50.000 —
500,000 — $00.000

450.000 —

Mmmi::«*r i T —~‘( [_]l
[l | ' T [ 4 T ' T
400.000 300,000 { —— 400.000 §00.000
4 7S Akial direction Y [mm] — A 7S _xiel direction ¥ [mm]| [~ -
4 1 A P
Obr. 37 — RozlozZeni zatizeni u Obr. 38 — RozlozZeni zatiZeni pri sprdvné
nemodifikovanych zubii podélné modifikaci
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Pfi navrZeni optimdlni podélné modifikace je tato nerovnomérnost eliminovana a velikost
zatizeni je po celé délce zubu konstantni. Z divodu rychlejsi vyroby jsou podélné
modifikovany pouze zuby kola s menSim poctem zubi, tedy zuby rychlobézného kola. Pficna
modifikace je provedena u zubli obou kol. Vypocet modifikaci byl proveden pomoci
programu KissSoft.

3.9.1 Modifikace ozubeni pomalobéZného kola

Pomalobézna hiidel se pfi plisobeni sil v zabéru ozubenych kol prohyba. Kvadraticky moment
prufezu kola je vSak mnohem vé&tsi nez kvadratické momenty prifezu ostatnich casti
pomalobézné hiidele. Lze tedy piredpokladat, ze k deformaci dochdzi na obou stranach hiidele
od ozubeného kola. Velikost prihybu kola je tak po celé Sifce konstantni a thel prithybu i
zkrutu nulovy.

Na pozadavek konstruktérti firmy Wikov byla na zubech pomalobézného kola provedena
pfi€na modifikace. Jedna se o plynulé odlehceni evolventy na hlavé zubu na obou bocich
zubu.

délka evolventy

pata

Obr. 39 — Odlehceni na hlavé zubu

hi [® hi [
phi ] -23.0 -36.0 Fhil’] -36.0 23.0
2,100 — 2,100 —
d3a=dNa=559,992 Sa=dMa=559.992

1.400 —/ 1400 — \
0.700 — dC5=555.633 0.700 — Ca=555.033
0,000 — 0.000 —
-0.700 — 0,700 —
-1.400 — -1.400 —

_ dSm="548,011 [mm] ] 15m=548.011 [mm]
-2.100 7 -2.100
-2.800 — -2.800 —
-3.500 7/ -3.500 7|
-+.200 — dNF=540,275 4200 — F=540,275
-4.900 — -4.900 —

— dsf=537.667 — HoF=537.667

] 15,0 15.0 .0

-5.600 T I T I T | -5.600 T I T I T

0.000 16.000 32.000 <45.000 -45.000 -3z.000 -16.000 0.000

Fa, Left Tooth Flank [urn] Fa, Right Taoth Flank [um]

Obr. 40 — Diagram pricné modifikace kola 1
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3.9.2 Modifikace ozubeni rychlobézného kola

U rychlobézné htidele dochdzi plisobenim radidlni a obvodové sily v zabéru k prithybu
hiidele, jehoZ hodnota se méni podél Sitky kola (uprostied prithyb nejvétsi, na krajich kola
prihyb nejmensi). Vzhledem k relativné malému priméru kola vici jeho Sifce nelze zanedbat
ani deformaci zkrutem. Vlivem zkrutu hfidele pod ozubenym kolem dochéazi ke zméné uhlu

stoupani boc¢ni kiivky zubu.

Pti¢nd modifikace je stejna jako u pomalobézného kola. Je zde tedy plynulé odlehceni

evolventy na hlavé zubu na obou bocich zubu.

phi [°] phi [*]

5.000 -23.0 -36.0 000 -36.0 -23.0
] dsa=dMa=261.983 ] Sa=dMa=261.983
4.000 — / 4.000 —
dCa=257.061 Ca=257.061
2,000 — 2,000 —
0.000 — 0.000 —
-2.000 — -z,000 —
dSm=249,532 [mm] 15m=249.532 [mm]
-4.000 — -4.000 —
-6.000 — -6.000 —
-8.000 — -G.000 — |
dNf=241.639 MF=241.659
i} 13,0 d5f=240.318 13,0 Th=240,315
-10.000 T | T | T | -10.000 T | T ‘ T
0.000 16,000 32,000 48,000 -48.000 -32.000 -16.000 0.000
Fa, Left Taoth Flank [pm] Fa, Right Tooth Flank [pm]

Obr. 41 — Diagram pricné modifikace kola 2

Podélnd modifikace, jak jiz bylo zminéno, eliminuje prihyb obou htideli a zkrut rychlobézné
hiidele. Jsou zde pouzity dva druhy modifikaci najednou. Prvni je plynuld pfi¢na modifikace,
tzv. crowning (Obr. 42a), ta eliminuje pruhyby hiideli. Druhd je modifikace thlu Sroubovice
(Obr. 42b), ta eliminuje zkrut rychlobézné hiidele. U zminéné modifikace je tfeba rozliSovat
jak smér otaceni kola, tak smysl stoupani bo¢ni kiivky zubu. Urcujici je v tomto pfipad¢ volba
soufadného systému v programu KissSoft (viz Obr. 14, v kapitole 3.4.2), kde plati pravidlo
pravé ruky.

Obr. 42 — Pouzité podélné modifikace
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deformace zkroucenim
deformace ohybem

Deformation [mm]

0.000

-0.010

420-000 800.000 -

Axial direction ¥ [mmj

Obr. 43 — Velikost deformace prithybem a zkrutem

Vysledna podélnd modifikace je pouzita pouze na kazdém levém boku zubu pomalobézné
htidele.

Fb [m]

-117,500 u] 117,500
8.000 = Left Tooth FAlank - Tooth trace
— —  Left Tooth Flank - Tolerance lines
= Left Tooth FAlank - 1. Helix angle modification, parallel
+000 7 Left Tooth Flank - 2, Crowning
0.000 \
4000 ——— %\ \
\ -
-5.000 —
-12.000 -12.0
-16.000 —
-20.000 ——
=23.0
-24.000 —
-28.000 —
-30.0
-32.000 i | | il
-160.000 -30.000 0.000 80,000 160,000

Face width, Left Taoth Flank [mm]

Obr. 44 — Diagram podélné modifikace levého boku zubu kola 2

Cervené kiivky na diagramech piiénych i podélnych modifikaci predstavuji mezni toleranci
modifikace.
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4 Teplotni zatiZeni zubu

U rychlobéznych pievodovek vznikd problém v podob¢ generovani velkého mnozstvi tepla v
zubovém zabéru ozubenych kol. Toto teplo je disledkem vysokych kontaktnich tlakiti a
skluzovych rychlosti, které u rychlobéznych pievodovek dosahuji hodnot v fadu desitek metra
za sekundu. Vlivem vysokych teplot dochazi k teplotnim deformacim zubl a naslednému
zhorSeni zabérovych poméri. Teplem deformované zuby jsou nerovnomeérné zatizeny, coz
muze mit za nasledek zvysSené opotiebeni ozubenych kol nebo dokonce poruchu pirevodovky.

4.1 Vypocet teploty v zabéru zubi

Pribéh teploty v misté kontaktu pii zdbéru dvou boka zubil jsem zjistil pomoci kontaktni
analyzy v programu KissSoft. Touto analyzou lze zjistit okamZitou teplotu v misté dotyku
béhem celé doby trvani zabéru jednoho péaru zubi, trojrozmérny graf pribéhu kontaktni
teploty je na Obr. 47. Pribéh okamzité kontaktni teploty je dan rozlozenim a velikosti
mérnych skluzli na jednotlivych spoluzabirajicich zubech (viz Obr. 45 a Obr. 46).

Radius [rmm] Radius [mm]

250,000 131,000

275,000 —_ 130,000 —
Z75.000 —_ 129.000 — |
Z77.000 —_ 125,000 —
276,000 —_ 127,000 —
275000 — 126,000 — |
274,000 — 125.000 —
273,000 —_ 124,000 —
272000 — 123,000 —
271000 — 122,000 —
270,000 — 121,000 :
269,000 — 120,000 —
265,000 — 119,000 —
287.000 T I T | 118,000 T I T I T

0,000 7200 0.000 3.200 6.400

3,600
Toath thickness (transwerse section) [rmm] Taakh thickness (transverse section) [rmm]

Obr. 45 — Priubéh mérného skluzu na boku Obr. 46 — Pribéh mérného skluzu na boku
zubu kola 1 zubu kola 2
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100.000

Contaci temperature [degC]

80.000
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40.000

20.000
- o A

Side 11

Side 11

100.000

80 000

Width [mm]

80.000

40.000

20 000

0.000

=20.000

-40 000

-60.000

o
S
s

& 000
-6.000
4 000
-2.000
2.000
4.000
6.000

Ang\e of rototion [deg]

Obr. 47 — Trojrozmerny graf pribéhu kontaktni teploty

Program KissSoft umoznuje tento graf zobrazit v jednotlivych fezech kolmych na osu, na
které je vynesena Sitka ozubeni (Obr. 47 svisld osa v levém dolnim pohledu). Pro zjisténi
prubéhu kontaktni teploty jsem tento graf prolozil dvaceti Ctyfmi fezy s krokem zvolenym tak,
aby rovnomérné pokryl celou délku boc¢ni kiivky zubu. Na Obr. 48, Obr. 49 a Obr. 50 jsou
grafy kontaktnich teplot v fezech 1, 2 a 3. Pravé vrcholy grafti predstavuji mistni maximalni
hodnotu na paté¢ zubu, levé pak na hlaveé zubu. Uprostied je teplota na valivé kruznici, kde bod
kontaktu protina spojnici sttedii obou ozubenych kol a mérny skluz je zde nulovy. Ve stejném
sméru jako Cislovani fezl, postupuje i kontakt obou zubi. Z Obr. 47 vpravo dole tedy plyne,
ze s postupujici drahou zabéru teplota v kontaktu klesa. V Tab. 17 jsou uvedeny kontaktni
teploty zjisténé odectenim hodnot ve vSech fezech.
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Obr. 48 — Graf kontaktni teploty v Fezu 1
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2000
180.0
160.0
140.0
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°C

1 168,2
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1477

95,3

-16.0

\
-8.0

0.0

Angle of rotation [°]

8.0

Obr. 49 — Graf kontaktni teploty v Fezu 2

120.0

100.0 9.3

80.0
60.0
400 —
20.0

0.0

-16.0

-8.0

0.0

8.0

Angle of rotation [°]

Obr. 50 — Graf kontaktni teploty v Fezu 3

Vzdalenost fezu od nabéiné

0 | 59 | 11,8 237 ]355] 474 ]593 ] 71,1 ] 82,9

strany zubu [mm] C

Teplota pravé vrcholu 169,4 | 167,6 | 170,1 | 175,1 | 177,9 | 178,4 | 177,8 | 175,8 | 172,6
Teplota levého vrcholu 195,9 | 179,3 | 170,1 | 164,5 | 163,4 | 159,8 | 157,1 | 155,2 | 150,9
Teplota stfedni Casti 96,3 | 98,4 | 96,7 | 954 | 97,2 | 96,3 | 95,8 | 95,3 | 95,8

Vzdalenost fezu od nabéiné
strany zubu [mm]

C

94,8 | 106,6 | 118,5 | 130,4 | 142,2 | 154,1 | 165,9 | 177,8 | 189,6

Teplota pravé vrcholu 170,9 | 169,9 | 168,2 | 166,7 | 165 | 161,7 | 159,5 | 158,2 | 157,5
Teplota levého vrcholu 148,9 | 148 | 147,7 | 146,6 | 145 | 143,3 | 141,4 | 137,7 | 136,6
Teplota stfedni Casti 96,2 | 96,7 97 97,4 | 97,7 98 98,4 | 98,7 | 98,9

Vzdalenost rezu od nabéiné

201,5 | 213,3 | 219,2 | 225,2 | 231,8 | 237

strany zubu [mm] °C

Teplota pravé vrcholu 156,3 | 155,4 | 153,7 | 154 | 155,6 | 164,7
Teplota levého vrcholu 134,8 | 132,3 | 129 124 | 121,1 | 118,5
Teplota stfedni ¢asti 99 99 99,2 | 97,5 | 96,7 | 97,7

Tab. 17 — Hodnoty kontaktnich teplot v jednotlivych rezech
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180,0 +--=
R ‘FM
T | \.
£ 160,0 S —
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&
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100,0 _M-—_{_ P I S T L L == :—H
80,0
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Délka zubu od ndbé&iné strany [mm]

Obr. 51 — Pritbeh kontaktnich teplot v zabéru

Vysledny pribéh teploty vznikajici v misté kontaktu zubi je sestrojen prolozenim teplotnich
vrcholl jednotlivych fezi (viz graf na Obr. 51).

4.2 Teplotni deformace ozubeni

Z kontaktni analyzy byly zjiStény teploty pisobici v okamziku dotyku paru zubt. Tyto teploty
zde vSak pusobi po velice kratkou dobu, pii dané¢ obvodové rychlosti se jedna fadové o
1.-10 vtefiny. Po vybéhnuti ze zdbéru vykond zub zbytek otacky, nez se dostane do
opakovaného zdbéru. Béhem tohoto okamZziku na zub plsobi proudy vifictho vzduchu,
respektive olejové mlhy, které jsou zplisobeny rotaci kol uvnitt pievodové skiin€. Teplo, které
se na boku zubu vygenerovalo v okamziku zébéru, je tak odvddéno do tohoto vitivého
prostiedi. Dalsi odvod tepla ze zubu je zpiisoben proudem oleje, ktery je mezi kola vstiikovan
tésn¢ pred okamzikem zdbéru. Rychlost proudu oleje smétujiciho do zdbéru je oproti
obvodové rychlosti kol zanedbatelnd. Nelze proto brat v ivahu obklopeni celého zubu olejem.
Misto toho nastdva mnohem komplikovangjsi ptipad, kdy bok zubu smétujici do zdbéru
nabird vrstvi¢ku vstfikovaného oleje, jejiz obtizné urcitelnd tlouStka vyznamnym zplsobem
ovliviiuje zpusob piestupu tepla ze zubu do okolniho prostiedi. Z uvedenych stavli chovani
okolniho prostiedi vyplyva, ze zjisténi ustalené teploty zubu pomoci numerickych simulaci je
velice komplikované. I pfes soucasny stav vypoletni techniky by feSeni takovéto ulohy
vyzadovalo velice nadprimérny vypocetni vykon. Vzhledem k velkému poctu proménnych by
vysledky byly bez moznosti experimentalniho ovéreni velmi nejisté.

Jadrem celého problému je zjisténi rozloZeni teplotniho pole zubu v ustdleném stavu.
V okamziku, kdy by toto teplotni pole bylo zndmo, je néasledné zjiSténi teplotnich deformaci
relativne jednoduché.
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Z priubehu kontaktnich kiivek na boku zubu (Obr. 52) a rozlozeni velikosti mérnych skluzii po
délce evolventy (Obr. 45 a Obr. 46) lze predpokladat, ze nejvétsi teplotni zatizeni zubu bude
v mistech, kde jsou nejvétsi absolutni velikosti skluzil na jednotlivych kontaktnich kiivkach
nejblize u sebe (viz Obr. 53 Cervena pole).

Kontaktni kiivky

Oblast maximalni teploty

Obr. 53 — Predpokladana mista maximalni teploty
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5 Vypocet ztrat prevodovky

Z4dny mechanismus nepracuje se stoprocentni u¢innosti. Vyjimkou nejsou ani prevodovky.
V klasickych pomalobéZznych ptfevodovkach se prevdzné procento ztratového vykonu
rozklada mezi ztraty v ulozeni hfideli a ztraty vznikajici v zabéru ozubenych kol. U
rychlobéznych pievodovek se k témto dvéma skupindm piidavaji jesté ztraty ventilacni. Ty
vznikaji vlivem vysoké obvodové rychlosti ozubenych kol, které vifi vzduch, resp. olejovou
mlhu uvnitf ptevodové skiin€. Jak jiz bylo feCeno, ztraty lze rozd¢€lit do nésledujicich tfech
skupin.

— ztraty vznikajici v zabéru ozubenych kol
— ztraty ventila¢ni

— ztraty v loZiskach

Jednotlivé ztraty v nasledujicich kapitolach jsou pocitany podle vzorcti uvadénych v americké
normé pro vypocet rychlobéznych pfevodovek ANSI/AGMA 6011 —103.

5.1 Ztraty v zabéru ozubenych kol

Pti zédbéru jednotlivych zubti nedochazi k pouhému vzéjemnému odvalovani spoluzabirajicich
bokii zubli. Kromé¢ odvalovani zde dochazi 1 ke vzajemnému posuvnému pohybu. Rychlost
tohoto posuvu je vyjadfena mérnym skluzem.

Ztraty v zabéru vznikajici tfenim a smykovym odporem olejového filmu jsou zavislé
prave na velikosti mérného skluzu. V normé¢ ANSI/AGMA 6011 — 103 je uveden nasledujici
vztah pro pfiblizné urceni velikosti této ztraty. Vysledny vykon je pfeménén na teplo, které
musi byt odvedeno mazacim médiem.

Vypocet ztraty v zdbéru ozubeni

+
=(22-08- )-001- -——
Kde:
- P. je velikost ztratového vykonu [kW]
- Oy je velikost tthlu zabéru zakladniho profilu [ © ]
- P je prenaseny vykon [kW]
— zyaz,  jsou pocty zubtli spoluzabirajicich kol
= (22-0,8-20°)-0,01-18070 97+ 44 = 35,82
- AR 97-44 ~ 77

5.2 Ztraty ventilacni

Ventilaéni ztraty vznikaji vifenim vzduchu uvnitf pfevodové skiing, které je vyvolano rotaci
ozubenych kol. U pomalobéznych pievodovek je obvodova rychlost kol mald a odpor média
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uvnitf prevodovky, ktery pisobi proti jejich pohybu, je zanedbatelny. S rostouci obvodovou
rychlosti vSak tento odpor exponencidlné¢ narGstd a je nutné snim pocitat. Velikost
ventilacnich ztrat ovliviiuji nasledujici faktory.

— velikost mezer mezi rotujicimi hmotami a vnitinimi plochami skiing
— obvodova rychlost ozubenych kol

— konstrukce ozubenych kol

— zpusob mazani a chlazeni

— viskozita oleje

— konstrukce vnittku pfevodové skiing

UrCeni samotné velikosti ztraty je vzhledem k vyskytu mnoha proménnych velice
problematické. V normé ANSI/AGMA 6011 — 103 je uvadén vztah pro vypocet pfiblizné
velikosti ztraty. Jeji redlnou velikost vSak 1ze pfesné zjistit az na zdklad¢ experimentalnich dat
zjisténych pii zkouskach specifické prevodovky.

-1,42-10

Kde:

— Py jeventilaéni ztrata jednoho ozubeného kola [kW]

- d, jevalivy primér ozubeného kola [mm]

— n  jsou otacky ozubeného kola [ot/min]

— b je sitka ozubeného kola [mm]

— pw jeuhel sklonu boc¢ni kiivky zubu na valivé kruznici [ ° ]
— m, jenormalny modul ozubeni [mm]

— A je koeficient vyjadfujici vnitini uspotadani skiiné¢ (1000 az 4000)
Ventilaéni ztraty kola 1

_ 550,355 -5650 -230- 13,54°-55-1,42-10

4000 = 399
Ventilacni ztraty kola 2
_ 249,645 12456 -235- 13,54°-55-1,42-10 — 408
4000 '
Celkové¢ ventilacni ztraty
= + =399 +40,8 =80,7
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5.3 Ztraty v loziskach

5.3.1 Radialni loZiska pomalobéZné hridele

Jelikoz se jednd o hydrodynamicka loziska s fixni geometrii, 1ze vypocet jejich ztrat provést
podle vise zminéné normy ANSI/AGMA 6011 —103. V kapitole 3.6.2 je zminéno, Ze pouZita
loziska maji kruhovy priufez. Kruhovy prifez byl zvolen na zékladé porovnani ztrat mezi

loZisky s kruhovym prifezem a eliptickym, tzv. citronovym loZiskem.
Vzorec pro vypocet ztrat v radidlnim hydrodynamickém lozisku

-1,723-10

Kde:

je viskozita oleje [mPa-s]

jsou otacky loziskového ¢epu [ot/min]
je prumér loziska [mm]

je délka loziska [mm]

je koeficient ztraty vykonu v loZisku

je loziskova vile [mm)]

I
T 0 SN A X

je mérné zatizeni loziska [kPa]
Pro urceni koeficientu je tfeba vypocitat Sommerfieldovo Cislo

-10
- 60

Loziska jsou mazana olejem ISO — VG 46. Teplota oleje v lozisku je 70°C. Viskozita oleje

(=10 mPa-s je odectena z diagramu na Obr. 54. Mérny tlak v pravém loZisku pomalobézné
hiidele je 2 390 kPa, v levém lozisku 2 030 kPa. Vynasobenim relativni loziskové viile (viz
kapitola 3.6.2.2) praimérem loziska dostaneme loziskovou vili ¢ = 0,387 mm.
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Obr. 54 — Diagram viskozity oleje [6]
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Sommerfieldovo ¢islo pro pravé loZisko

_ 180 -10-5650-10

0387 2390.60 208

Sommerfieldovo ¢islo pro levé loZisko

180 -10-5650-10
= =01

0,387 -2030-60

5.3.1.1 Ztrata v loziskach s kruhovym prifezem

Koeficient ztraty vykonu v loziskach je odecten z diagramu na Obr. 55. Pomér Sitky k

prumeéru loziska je pro ob¢ loziska stejny L/d = 0,88.

I rrrri 1
j = Power Lagss (‘oefﬁm?nt A J | | |
A\~ et
‘/ Y N " | L/d, = 0.25
/é’%\(. N\ VNS
o
/Q\\I Ak ik
T4 0.5
'?é*o >E‘<\‘\ \
A / .x.\ \ IJ~t o7
/7] » \ \\: 1.0
/ // N NNNT < 125
7 1.5
J=0.85 / 7 ’ 7 ) \\\\
[PS<aHB
10 5 0.05 0.02 0.01

0.5 0.2
Sommerfleld Number, S

Obr. 55 — Diagram koeficientu ztraty vykonu v loZisku kruhového prurezu [6]
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Koeficient ztraty vykonu v pravém loZisku je j, = 1,32 a v levém lozisku j; = 1,22. Nyni lze
spocitat velikost vykonové ztraty v obou loziskach.

Ztrata v pravém loZisku

105650 180 -160-1,32-1,723-10 175
B ' 0,387 -

Ztrata v levém lozisku

105650 180 -160-1.22-1,723-10 162
- ' 0,387 B

5.3.1.2 Ztrata v loziskach s eliptickym prifezem

Pro citronova loziska ziistavd Sommerfieldovo cislo stejné. Diagram pro zjisténi koeficientu
ztraty vykonu se ale 1isi. Zjisténé koeficienty pro tento tvar loZisek (viz diagram na Obr. 56)
jsou j, = 1,6 pro pravé lozisko a j; = 1,57 pro levé lozisko.

(T [
| = Power Lgss Coefficient
v,
S,
S e

s Ny Lidy =
\ SA\SL | 025
b~ -~
-~
N\ ~< 0.375
_
)< \ [~~N0.5
N
- ~
/‘\ T\ [N o075
p TS [
;‘q~ Pt 1.0
N 7 ~
N .25
\
N N +5
MUY
N NSNS T
10 5 2 1 0.5 02 01 0.05 0.02 0.01

Sommerfield Number, S
Obr. 56 - Diagram koeficientu ztraty vykonu v citronovém loZisku [6]
Ztrata v pravém lozisku

— 10.5680 180 -160-16-1,723-10 1o
- ' 0,387 B

Ztrata v levém lozisku

105650 180 -160-157-1,723-10 08
B ' 0,387 -

v

Z tohoto vypoctu je patrné, ze vyhodnéjsi je pouziti hydrodynamickych lozZisek s kruhovym
priufezem. V pravém loZisku vznika o 21% mensi ztrata oproti citronovému, v levém je pak

ztrata mensi o 28%.
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5.3.2 Loziska s naklapécimi segmenty

Loziska s naklapécimi segmenty jsou pouzita pro axidlni ulozeni obou htideli a pro radidlni
ulozeni rychlobézné hiidele. Diagramy, ze kterych by bylo mozné ztraty odecist, poskytuje
jejich vyrobce pouze pro radidlni loziska pfi maximalnim zatizeni na segment. Jak bylo
zminéno v kapitole 3.6.2.1, smér radidlnich reakci plisobi mezi segmenty a jejich velikost
predstavuje 86%, resp. 80% maximalni Unosnosti pii tomto zpisobu zatizeni. Ztraty
v loziskach lze pocitat numericky pomoci specidlnich programt. Tyto vypocty vSak provadi
jejich vyrobce na zakladé konfigurace, kterou pozaduje zdkaznik (v tomto piipadé firma
Wikov).
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6 Zavér

V diplomové préci je zpracovana konstrukce rychlobéZzné pfevodovky pro pienos vykonovych
parametrl zadanych firmou Wikov Gear s.r.o. Soucéasti ndvrhu je pocetni kontrola
jednotlivych c¢asti prevodovky jako jsou hiidele, ozubend kola, hydrodynamicka loziska a
lisovany spoj ozubené¢ho kola a vstupni htidele pfevodovky. Pievaznd cast kontrolnich
vypoctl je provedena v programu KissSoft. Soucasti konstrukce je rovnéz zpracovani 3D
modelu kompletni pfevodovky v CAD programu NX8.5. V zavérecné kapitole prace je
proveden analyticky vypocet ztrat v jednotlivych castech pfevodovky podle normy pro
vypocet rychlobéznych ptrevodovek ANSI/AGMA 6011 — 103. Vypoctené ztraty dosahuji
hodnoty 0,82% celkového piendseného vykonu. Nejedna se vSak o ztraty celkové, nebot’ v
nich nejsou zahrnuty ztraty vznikajici v hydrodynamickych loziskach s naklapécimi
segmenty. Ztraty téchto loZisek jsou na zdklad¢ individualni konfigurace loziska pocitany
jejich vyrobcem.

Zvl1astni pozornost je pii navrhu pievodovky vénovana ozubenym kolim, pfevazné pak
modifikacim ozubeni. Vlivem deformaci jednotlivych ¢&asti pievodovky dochazi k
nerovhomérnému prubéhu zatizeni zubl pii zabéru. Zvlasté velky vliv maji deformace na
ozubend kola s velkym pomérem S$iiky k priméru, kterd se pouzivaji pravé u rychlobéznych
ptevodovek pro ptenos vysokych vykontll. Tento problém je feSen modifikovanim ozubeni,
které spociva v Gpravé geometrie zubu. Pii zatizeni se tvary deformaci a modifikaci vzajemné
vyrusi.

Modifikace, které kompenzuji elastick¢é deformace pievodovky, se ve strojirenstvi
standardné pouzivaji mnoho let. Ukolem diplomové prace byl navrh modifikace, ktera by
zahrnovala deformace teplotni. Ty vznikaji v rychlobéznych pievodech s vysokou obvodovou
rychlosti, u kterych dochazi k nadmérnému vyvoji tepla v zabéru ozubenych kol.
V diplomové praci je provedena kontaktni analyza pfevodu navrzené pievodovky a
naslednym zpracovanim vysledkll je stanoven pribéh teploty na bocich zubi v pribéhu
kontaktu. Urceni ustalené teploty zubu pfi provozu se vSak vzhledem ke slozitosti ulohy a
naro¢nosti na vypocetni vykon zjistit nepodafilo.
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PRILOHA ¢&. 1

Vypocet prevodu z programu KissSoft



KISSsoft - Release 03-2012F

KISSsoft academic license for Uni Pilsen

Project
Name DP
File
Name prevod novy 230
Changed by jcertik on: 13.03.2014 at:

18:12:28

Important hint: At least one warning has occurred during the calculation:

1-> Check in the dialog
- Gearl Gear2 Input for profile modification

'Define details of strength':

23.0:
26.1:

23.0)
26.1)

(Equivalent tip relief Ceq:
(Optimal tip relief Ceff:

2-> The circumferential speed is very high (
This causes the following:
The lubrication is no longer guaranteed.

The calculation is not anticipated for this case!

CALCULATION OF A HELICAL GEAR PAIR

Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0

Calculation method DIN 3990:1987 Method B

Power (kW) [P]
Speed (1/min) [n]
Torque (Nm) [T]
Application factor [KA]
Required service life [H]

Gear driving (+) / driven (-)

1. TOOTH GEOMETRY AND MATERIAL

(geometry calculation according to
ISO 21771:2007)

Center distance (mm) [a]
Centre distance tolerance
Normal module (mm) [mn]

Pressure angle at normal section (°) [alfn]
Helix angle at reference circle (°) [betal
Number of teeth [z]
Facewidth (mm) [b]
Hand of gear

Accuracy grade [Q-DIN 3961:1978]

Inner diameter (mm) [di]
Inner diameter of gear rim (mm) [dbi]
Material
Gear 1: 17NiCrMo6-4, Case-carburized
ISO 6336-5 Figure 9/10 (MQ),
Gear 2: 18CrNiMo7-6, Case-carburized
ISO 6336-5 Figure 9/10 (MQ),
Surface hardness
Fatigue strength. tooth root stress (N/mm?)
[sigFlim]
Fatigue strength for Hertzian pressure (N/mm?)
[sigHlim]
Tensile strength (N/mm?) [Rm]
Yield point (N/mm?) [Rp]
Young's modulus (N/mm?) [E]
Poisson's ratio [ny]
Mean roughness, Ra, tooth flank (pm) [RAH]
Mean roughness height, Rz, flank (pm) [RZH]
Mean roughness height, Rz, root (um) [RZF]

1/7

(as for calculation of the safety against scuffing)

162.3118 m/s) !

——————— GEAR 1 -------- GEAR 2 --
18070.000
5650.0 12455.7
30540.8 13853.6
1.20
20000.00
+ _
——————— GEAR 1 -------- GEAR 2 --
400.000
ISO 286:2010 Measure H7
5.5000
20.0000
13.5000
97 44
230.00 235.00
left right
6 6
0.00 0.00
0.00 0.00
steel, case-hardened

core strength >=25HRC Jominy J=12mm<HRC28
steel, case-hardened

core strength >=25HRC Jominy J=12mm<HRC28

——————— GEAR 1 -----—-—- GEAR 2 --
HRC 60 HRC 61
430.00 430.00

1500.00 1500.00
1200.00 1200.00
850.00 850.00
206000 206000
0.300 0.300
0.60 0.60
4.80 4.80
20.00 20.00



Tool or reference profile of gear 1

Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:

1997 Profil C

Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP~*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP~*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Tool or reference profile of gear 2
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP~*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Summary of reference profile gears:
Dedendum reference profile (module) [hfP*] 1.250 1.250
Tooth root radius Refer. profile (module)
[rofP*] 0.250 0.250
Addendum Reference profile (module) [haP*] 1.000 1.000
Protuberance height factor (module) [hprP*] 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000
Tip form height coefficient (module) [hFaP*] 0.000 0.000
Ramp angle (°) [alfKP] 0.000 0.000
Type of profile modification:
for high load capacity gearboxe
Tip relief (upm) [Ca]l 23.0 23.0
Lubrication type oil injection lubrication
Type of oil 0il: ISO-VG 46
Lubricant base Mineral-oil base
Kinem. viscosity oil at 40 °C (mm?/s) [nu40] 46.00
Kinem. viscosity oil at 100 °C (mm?/s) [nul00] 6.70
FZG test A/8.3/90 (
ISO 14635-1:2006) [FZGtestA] 12
Specific density at 15 °C (kg/dm?) [ro0Oil] 0.880
0il temperature (°C) [TS] 70.000
——————— GEAR 1 -------- GEAR 2 --
Overall transmission ratio [itot] -0.454
Gear ratio [ul 2.205
Transverse module (mm) [mt] 5.656
Pressure angle at pitch circle (°) [alft] 20.522
Working transverse pressure angle (°) [alfwt] 20.988
[alfwt.e/i] 21.009 / 20.988
Working pressure angle at normal section (°) [alfwn] 20.453
Helix angle at operating pitch circle (°)
[betaw] 13.540
Base helix angle (°) [betab] 12.672
Reference centre distance (mm) [ad] 398.768
Sum of profile shift coefficients [Summexi] 0.2264
Profile shift coefficient [x] 0.0326 0.1939
Tooth thickness (Arc) (module) [sn*] 1.5945 1.7119
Tip alteration (mm) [k*mn] -0.013 -0.013
Reference diameter (mm) [d] 548.660 248.876
Base diameter (mm) [db] 513.842 233.083
Tip diameter (mm) [da]l 559.992 261.983
(mm) [da.e/1] 559.992 / 559.712 261.983 / 261
Tip diameter allowances (mm) [Ada.e/1] 0.000 / -0.280 0.000 / -0.210
Tip chamfer / tip rounding (mm) [hK] 0.000 0.000
Tip form diameter (mm) [dFa]l 559.992 261.983
(mm) [dFa.e/1i] 559.992 / 559.712 261.983 / 261
Active tip diameter (mm) [dNa.e/1i] 559.992 / 559.712 261.983 / 261
Operating pitch diameter (mm) [dw] 550.355 249.645
(mm) [dw.e/1] 550.433 / 550.355 249.681 / 249.
Root diameter (mm) [df] 535.268 237.259
Generating Profile shift coefficient [xE.e/1] 0.0001 / -0.0149 0.1701 / 0.157
Manufactured root diameter with xE (mm) [df.e/1] 534.911 / 534.746 236.998 / 236.8
Theoretical tip clearance (mm) [c] 1.375 1.375
Effective tip clearance (mm) [c.e/i] 1.771 / 1.505 1.798 / 1.553
Active root diameter (mm) [dNf] 540.275 241.689

2/1

773

773
773

645

7
61
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(mm) [dNf.e/i] 540.516 / 540.275 241.962 / 241.689
Root form diameter (mm) [dFf] 537.968 240.500
(mm) [dFf.e/i] 537.667 / 537.529 240.318 / 240.223
Reserve (dNf-dFf) /2 (mm) [cF.e/1] 1.494 / 1.304 0.870 / 0.686
Addendum (mm) [ha = mn * (haP*+x)] 5.666 6.553
(mm) [ha.e/1i] 5.666 / 5.526 6.553 / 6.448
Dedendum (mm) [hf = mn * (hfP*-x)] 6.696 5.809
(mm) [hf.e/1] 6.874 / 6.957 5.939 / 6.008
Roll angle at dFa (°) [xsi dFa.e/i] 24.823 / 24.744 29.403 / 29.290
Roll angle to dNa (°) [xsi dNa.e/i] 24.823 / 24.744 29.403 / 29.290
Roll angle to dNf (°) [xsi dNf.e/i] 18.700 / 18.613 15.965 / 15.713
Roll angle at dFf (°) [xsi dFf.e/i] 17.649 / 17.596 14.386 / 14.290
Tooth height (mm) [H] 12.362 12.362
Virtual gear no. of teeth [zn] 104.799 47.538
Normal tooth thickness at tip cyl. (mm) [san] 4.445 4.066
(mm) [san.e/i] 4.428 / 4.252 4.067 / 3.914
Normal spacewidth at root cylinder (mm) [efn] 4.006 4.300
(mam) [efn.e/1] 4.029 / 4.040 4.338 / 4.359
Max. sliding velocity at tip (m/s) [vga] 24.168 28.628
Specific sliding at the tip [zetaa] 0.367 0.367
Specific sliding at the root [zetaf] -0.580 -0.580
Sliding factor on tip [Kga] 0.148 0.176
Sliding factor on root [Kgf] -0.176 -0.148
Pitch on reference circle (mm) [pt] 17.770
Base pitch (mm) [pbt] 16.642
Transverse pitch on contact-path (mm) [pet] 16.642
Lead height (mm) [pz] 7179.580 3256.717
Axial pitch (mm) [px] 74.016
Length of path of contact (mm) [ga, e/i] 27.846 (27.846 / 27.104)
Length T1-A, T2-A (mm) [T1A, T2A] 83.461(83.461/83.851) 59.807(59.807/59.577)
Length T1-B (mm) [T1B, T2B] 94.665(94.665/94.313) 48.603(48.603/49.115)
Length T1-C (mm) [T1C, T2C] 98.560(98.560/98.670) 44.708(44.708/44.757)
Length T1-D (mm) [T1D, T2D] 100.103(100.103/100.493) 43.165(43.165/42.935)
Length T1-E (mm) [T1E, T2E] 111.307(111.307/110.955) 31.961(31.961/32.473)
Length T1-T2 (mm) [T1T2] 143.268 (143.268 / 143.427)
Diameter of single contact point B (mm)
[d-B] 547.613(547.613/547.369) 252.540(252.540/252.936)
Diameter of single contact point D (mm)
[d-D] 551.467(551.467/551.751) 248.557(248.557/248.397)
Addendum contact ratio [eps] 0.766( 0.766/ 0.738) 0.907( 0.907/ 0.890)
Minimal length of contact line (mm) [Lmin] 388.963
Transverse contact ratio [eps_a] 1.673
Transverse contact ratio with allowances [eps a.e/m/i] 1.673 / 1.651 / 1.629
Overlap ratio [eps_Db] 3.107
Total contact ratio [eps_g] 4.781
Total contact ratio with allowances [eps_g.e/m/i] 4.781 / 4.758 / 4.736
2. FACTORS OF GENERAL INFLUENCE
——————— GEAR 1 -—-—-—-———-- GEAR 2 --
Nominal circum. force at pitch circle (N)
[Ft] 111329.0
Axial force (N) [Fal 26727.7
Radial force (N) [Fr] 41671.8
Normal force (N) [Fnorm] 121840.3
Tangent.load at p.c.d.per mm (N/mm) (N/mm)
[w] 484.04
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 110986.1
Axial force (N) [Faw] 26727.7
Radial force (N) [Frw] 42576.7
Circumferential speed pitch d.. (m/sec) [v] 162.31
Running-in value (pm) [yp] 0.8
Running-in value (pm) [vE] 0.8
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 0.975
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/pm) [c'] 14.779
Meshing stiffness (N/mm/pm) [cgl 22.242
Reduced mass (kg/mm) [mRed] 0.18164
Resonance speed (min-1) [nE1] 1089
Nominal speed (-) [N] 5.186
Overcritical range
Running-in value (pm) [yal 0.4
Bearing distance 1 of pinion shaft (mm) [1] 470.000
Distance s of pinion shaft (mm) [s] 47.000
Outside diameter of pinion shaft (mm) [dsh] 226.300

Load according to figure 6.8,
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DIN 3990-1:1987 [-] 4
(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
Coefficient K' according figure 6.8,
DIN 3990-1:1987 [K'] -1.00
Without support effect
Tooth trace deviation (active) (um) [Fby] 4.67
from deformation of shaft (upm) [fsh*B1] 6.11
Tooth without tooth trace modification
Position of Contact pattern: favorable
from production tolerances (pm) [fma*B2] 11.00
Tooth trace deviation, theoretical (um) [Fbx] 5.50
Running-in value (pm) [yb] 0.8
Dynamic factor [KV] 1.120
Face load factor - flank [KHDb] 1.080
- Tooth root [KFDb] 1.075
- Scuffing [KBb] 1.080
Transverse load factor - flank [KHa] 1.000
- Tooth root [KFa] 1.000
- Scuffing [KBa] 1.000
Helical load factor scuffing [Kbg] 1.300
Number of load cycles (in mio.) [NL] 6780.000 14946.818
3. TOOTH ROOT STRENGTH
Calculation of Tooth form coefficients according method: B
(Calculate tooth shape coefficient YF with addendum mod. x)
——————— GEAR 1 --—-—-—-——-- GEAR 2 --
Tooth form factor [YF] 1.17 1.12
Stress correction factor [YS] 2.52 2.51
Working angle (°) [alfFen] 19.81 19.93
Bending lever arm (mm) [hF] 5.64 5.13
Tooth thickness at root (mm) [sFn] 12.61 12.27
Tooth root radius (mm) [roF] 1.94 2.05
(hF* = 1.025/0.932 sFn* = 2.292/2.230 roF* = 0.353/0.372 dsFn = 536.83/238.82 alfsFn = 30.00/30.00)
Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 0.888
Effective facewidth (mm) [beff] 230.00 235.00
Nominal shear stress at tooth root (N/mm?)
[sigF0] 230.97 215.46
Tooth root stress (N/mm?) [sigF] 333.81 311.39
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT] 1.007 1.005
Surface factor [YRrelT] 0.957 0.957
Size coefficient (Tooth root) [YX] 0.995 0.995
Finite life factor [YNT] 1.000 1.000
[YdrelT*YRrelT*YX*YNT] 0.958 0.956
Alternating bending coefficient [YM] 1.000 1.000
Stress correction factor [Yst] 2.00
Limit strength tooth root (N/mm?) [sigFG] 824.15 822.38
Permissible tooth root stress (N/mm?)
[sigFP=sigFG/SFmin] 588.68 587.41
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 2.47 2.64
Transmittable power (kW) [kWRating] 31866.23 34087.70
4. SAFETY AGAINST PITTING (TOOTH FLANK)
——————— GEAR 1 -------- GEAR 2 --
zone factor [ZH] 2.408
Elasticity coefficient (N”.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.773
Helix angle factor [Zbet] 0.986
Effective facewidth (mm) [beff] 230.00
Nominal flank pressure (N/mm?) [sigHO] 585.89
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 705.82
Single tooth contact factor [ZB, ZD] 1.00 1.00
Flank pressure (N/mm?) [sigH] 705.82 705.82
Lubrication factor [ZL] 0.931 0.931
Speed factor [ZV] 1.070 1.070
Roughness factor [ZR] 0.999 0.999
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Material mating factor [ZW]

Finite life factor [ZNT]
[ZL*ZV*ZR*ZNT]

Small amount of pitting permissible (0=no, l=yes)

Size coefficient (flank) [ZX]

Limit strength pitting (N/mm?) [sigHG]

Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin]

Safety for surface pressure at operating pitch circle

[SHw]
Required safety [SHmin]
Transmittable power (kW) [kWRating]

Safety for stress at single tooth contact
[SHBD=sigHG/sigH]
(Safety regarding nominal torque) [ (SHBD) 2]

4b. MICROPITTING ACCORDING TO

.000
.000
.996

[oNeN .

1.000
1494.04
1494.04

2.12
80964.16

2.12
4.48

ISO TR 15144-1:2010

Calculation did not run. (Lubricant: Load stage micropitting test is unknown

5. STRENGTH AGAINST SCUFFING

Calculation method according to
DIN 3990:1987

Lubrication coefficient (for lubrication type)

[XS]
Relative structure coefficient (Scuffing)

[XWrelT]
Thermal contact factor (N/mm/s”.5/K) [BM]
Relevant tip relief (um) [Ca]l
Optimal tip relief (upm) [Ceff]
Effective facewidth (mm) [beff]
Applicable circumferential force/facewidth (N/mm)

[WwBt]
Pressure angle factor (epsl:
0.766, eps2: 0.907) [Xalfbet]

Flash temperature-criteria

Tooth mass temperature (°C) [theM-B]
theM-B = theoil + XS*0.47*theflamax [theflamax]
Scuffing temperature (°C) [theS]
Coordinate gamma (point of highest temp.) [Gammal
[Gamma.A]l= -0.153 [Gamma.E]= 0.129
Highest contact temp. (°C) [theB]
Flash factor (°K*N"-.75*s”.5*m"—.5%mm) [XM]
Geometry factor [XB]
Load sharing factor [XGam]
Dynamic viscosity (mPa*s) [etaM]
Coefficient of friction [mym]
Required safety [SBmin]
Safety factor for scuffing (flash-temp) [SB]
Integral temperature-criteria
Tooth mass temperature (°C) [theM-C]
theM-C = theoil + XS*0.70*theflaint [theflaint]
Integral scuffing temperature (°C) [theSint]
Flash factor (°K*N"-.75*s”.5*m"—.5%mm) [XM]
Contact ratio factor [Xeps]
Dynamic viscosity (mPa*s) [etaOil]
Averaged coefficient of friction [mym]
Geometry factor [XBE]
Meshing factor [XQ]
Tip relief factor [XCa]
Integral tooth flank temperature (°C) [theint]
Required safety [SSmin]
Safety factor for scuffing (intg.-temp.) [SSint]
Safety referring to transferred torque [SSL]

6. MEASUREMENTS FOR TOOTH THICKNESS

Tooth thickness deviation
Tooth thickness allowance (normal section) (mm)

13.780
23.00

————— GEAR 1

26.
230.

913

105.

469.
-0.

168.

(O}
BSNO O OO

.200

.000

12
000

.229

.987

DIN 3967:1978 cd25

[As.e/1i] -0.130 / -0.190
Number of teeth spanned [k] 12.000
Base tangent length (no backlash) (mm) [Wk] 194.939
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.000

.996
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1.000
1494.04
1494.04

80964.16

\S)

.12

13.780
23.00

———————— GEAR 2 --

DIN 3967:1978 cd25
-0.095 / -0.145
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Actual base tangent length
Diameter of contact point

("span')
(mm)

Theoretical diameter of ball/pin
Eff. Diameter of ball/pin (mm)
Theor. dim. centre to ball (mm)
Actual dimension centre to ball
Diameter of contact point (mm)

(mam)

(mam)

Diametral measurement over two balls without clearance

Actual dimension over balls (mm)

(mam)

[Wk.e/1] 194.816 / 194
[dMWk .m] 547.860
[DM] 9.256
[DMeff] 10.000
[MrK] 282.159
[MrK.e/1i] 281.992 / 281.
[dMMr .m] 550.338
(mm)
[MdK] 564.245
[MdK.e/i] 563.911 / 563.

KISSsorT

.760 93.614 / 93.567
250.330
9.491
10.000
132.934
914 132.823 / 132.764
251.741
265.868
756 265.645 / 265.528
265.868
829 265.645 / 265.528
0.000
829 0.000 / 0.000
9.414
9.319 / 9.269
6.585
9.416
9.321 / 9.271
/399.548
/ =0.452
/ 0.000
/ 0.000
/ 0.303
/ 0.232
/0.1069
/ 0.212
———————— GEAR 2 --
6
10.00
7.00
13.00
14.00
11.00
18.00
9.00
9.00
11.00
34.00
22.00
25.00
15.00
28.00
12.00
38.00
15.00
ity
6)
21.46 (Fb=21.00)
42.91
69.5
0.030
0.614
41.978
99.768)
99.190
542.740

Diametral measurement over rolls without clearance (mm)
[MdR] 564.318
Actual dimension over rolls (mm) [MdR.e /1] 563.984 / 563.
Dimensions over 3 rolls without clearance (mm)
[Md3R] 564.318
Actual dimensions over 3 rolls (mm) [Md3R.e/1] 563.984 / 563.
Chordal tooth thickness (no backlash) (mm)
['sn] 8.769
Actual chordal tooth thickness (mm) ['sn.e/i] 8.639 / 8.579
Reference chordal height from da.m (mm) [ha] 5.629
Tooth thickness (Arc) (mm) [sn] 8.770
(mm) [sn.e/1i] 8.640 / 8.580
Backlash free center distance (mm) [aControl.e/i] 399.697
Backlash free center distance, allowances (mm)
[jta] -0.303
Centre distance allowances (mm) [Ra.e/1] 0.057
Circumferential backlash from Aa (mm) [jt RAa.e/i] 0.044
Radial clearance (mm) [Fr] 0.509
Circumferential backlash (transverse section) (mm)
[t] 0.389
Torsional angle for fixed gear 1 (°) 0.1793
Normal backlash (mm) [n] 0.356
7. GEAR ACCURACY
——————— GEAR 1
According to
DIN 3961:1978:
Accuracy grade [Q-DIN3961] 6
Profile form deviation (pm) [££] 10.00
Profile slope deviation (um) [fHa]l 7.00
Total profile deviation (um) [Ff] 13.00
Helix form deviation (pm) [ffb] 14.00
Helix slope deviation (um) [fHDb] 11.00
Total helix deviation (um) [Fb] 18.00
Normal base pitch deviation (um) [fpel 10.00
Single pitch deviation (pm) [fp] 10.00
Difference between adjacent pitches (um) [ful 12.00
Total cumulative pitch deviation (pm) [Fp] 40.00
Cumulative circular pitch deviation over z/8 pitches (um)
[Fpz/8] 25.00
Concentricity deviation (upm) [Fr] 28.00
Tooth Thickness Variation (um) [Rs] 16.00
Total radial composite deviation (pm) [Fi"] 32.00
Radial tooth-to-tooth composite deviation (pm)
[fi™] 14.00
Total tangential composite deviation (um)
[Fi'] 42.00
Tangential tooth-to-tooth composite deviation (um)
[fi'] 16.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Qual
Maximum value for deviation error of axis (pm)
[fSigbet]
Maximum value for inclination error of axes (um)
[fSigdel]
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [cr] 337.7
Mean coeff. of friction (acc. Niemann) [mum]
Wear sliding coef. by Niemann [zetw]
Power loss from gear load (kW) [PVZ]
(Meshing efficiency (%) [etaz]
Weight - calculated with da (kg) [Mass] 443,550
Total weight (kg) [Mass]
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Moment of inertia (System referenced to wheel 1):

calculation without consideration of the exact tooth shape

single gears ((da+df)/2...di) (kg*m?) [TraeghMom] 15.86786 0.69894
System ((da+df)/2...di) (kg*m?) [TraeghMom] 19.26473

9. DETERMINATION OF TOOTHFORM

Profile and tooth trace modifications for gear 1
Symmetric (both flanks)
- Tip relief, arc-like Caa = 23.000pm LCa = 1.019*mn dCa = 555.633mm

Profile and tooth trace modifications for gear 2
Symmetric (both flanks)
- Tip relief, arc-like Caa = 23.000pm LCa = 1.019*mn dCa = 257.061lmm

Data for the tooth form calculation
Data not available.

REMARKS :
- Specifications with [.e/i] imply: Maximum [e] and Minimal value [i] with

consideration of all tolerances

Specifications with [.m] imply: Mean value within tolerance
- For the backlash tolerance, the center distance tolerances and the tooth thickness
deviation are taken into account. Shown is the maximal and the minimal backlash corresponding
the largest resp. the smallest allowances

The calculation is done for the Operating pitch circle..
- Details of calculation method:

cg according to method B

KV according to method B

KHb, KFb according method C

KHa, KFa according to method B

End report lines: 507
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CALCULATION OF A HELICAL GEAR

Drawing or article number: 0.000.0
Calculation method DIN 3960:1987
1. TOOTH GEOMETRY AND MATERIAL

(geometry calculation according to
ISO 21771:2007)

Normal module (mm) [mn] 5.5000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [betal 13.5000
Number of teeth [z] 97
Facewidth (mm) [b] 230.00
Hand of gear left
Accuracy grade [0-1S01328:1995] 6
Inner diameter (mm) [di] 0.00
Inner diameter of gear rim (mm) [dbi] 0.00
Material

18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/1
Surface hardness HRC 61

Tool or reference profile of gear 1 :
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C

Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000

not topping

Summary of reference profile gears:

Dedendum reference profile (module) [hfP*] 1.250
Tooth root radius Refer. profile (module)
[rofP*] 0.250
Addendum Reference profile (module) [haP~*] 1.000
Protuberance height factor (module) [hprP*] 0.000
Protuberance angle (°) [alfprP] 0.000
Tip form height coefficient (module) [hFaP*] 0.000
Ramp angle (°) [alfKP] 0.000
Type of profile modification:
none (only running-in)

Transverse module (mm) [mt] 5.656
Pressure angle at pitch circle (°) [alft] 20.522
Base helix angle (°) [betab] 12.672
Profile shift coefficient [x] 0.0326
Tooth thickness (Arc) (module) [sn*] 1.5945
Reference diameter (mm) [d] 548.660
Base diameter (mm) [db] 513.842
Tip alteration (mm) [k*mn] 0.000
Tip diameter (mm) [da]l 560.018

(mm) [da.e/1i] 560.018 / 559.948
Tip diameter allowances (mm) [Ada.e/1] 0.000 / -0.070
Tip chamfer / tip rounding (mm) [hK] 0.000
Tip form diameter (mm) [dFa.e/1i] 560.018 / 559.948
Root diameter (mm) [df] 535.268
Generating Profile shift coefficient [xE.e/1] 0.0001 / -0.0149
Manufactured root diameter with xE (mm) [df.e/1i] 534.911 / 534.746
Root form diameter (mm) [dF£f] 537.968
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(mm) [dFf.e/i] 537.667 / 537.529
Addendum (mm) [ha = mn * (haP*+x)] 5.679
(mm) [ha.e/1] 5.679 / 5.644
Dedendum (mm) [hf = mn * (hfP*-x)] 6.696
(om) [hf.e/i] 6.874 / 6.957
Roll angle at dFa (°) [xsi dFa.e/i] 24.830 / 24.810
Roll angle at dFf (°) [xsi dFf.e/1i] 17.649 / 17.597
Tooth height (mm) [H] 12.375
Virtual gear no. of teeth [zn] 104.799
Normal tooth thickness at tip cyl. (mm) [san] 4,434
(mm) [san.e/1i] 4.331 / 4.241
Normal spacewidth at root cylinder (mm) [efn] 4.006
(mam) [efn.e/i] 4.029 / 4.040
Pitch on reference circle (mm) [pt] 17.770
Base pitch (mm) [pbt] 16.642
Transverse pitch on contact-path (mm) [pet] 16.642
Lead height (mm) [pz] 7179.580
Axial pitch (mm) [px] 74.016

2. MEASUREMENTS FOR TOOTH THICKNESS

Tooth thickness deviation DIN 3967:1978 cd25
Tooth thickness allowance (normal section) (mm)

[As.e/1i] -0.130 / -0.190
Number of teeth spanned [k] 12.000
Base tangent length (no backlash) (mm) [Wk] 194.939
Actual base tangent length ('span') (mm) [Wk.e/i] 194.817 / 194.760
Diameter of contact point (mm) [dMWk .m] 547.860
Theoretical diameter of ball/pin (mm) [dm] 9.256
Eff. Diameter of ball/pin (mm) [DMeff] 10.000
Theor. dim. centre to ball (mm) [MrK] 282.159
Actual dimension centre to ball (mm) [MrK.e/1i] 281.992 / 281.915
Diameter of contact point (mm) [dMMr .m] 550.338
Diametral measurement over two balls without clearance (mm)

[MdK] 564.246
Actual dimension over balls (mm) [MdK.e/i] 563.911 / 563.756
Actual dimension over rolls (mm) [MdR.e/i] 563.984 / 563.829
Actual diametral dimensions over 3 rolls (mm)

[Md3R.e/1i] 563.984 / 563.829
Tooth thickness (chordal) in pitch diameter (mm)

['sn] 8.770

(mm) ['sn.e/i] 8.640 / 8.580
Reference chordal height from da.m (mm) [ha] 5.695
Tooth thickness (Arc) (mm) [sn] 8.770
(mm) [sn.e/i] 8.640 / 8.580
3. GEAR ACCURACY
According to
ISO 1328:1995:

Accuracy grade [Q-I501328] 6
Single pitch deviation (pm) [fpt] 11.00
Base circle pitch deviation (pm) [fpb] 10.00
Cumulative circular pitch deviation over k/8 pitches (pm)

[Fpk/8] 27.00
Profile form deviation (pm) [ffa] 13.00
Profile slope deviation (um) [fHa] 11.00
Total profile deviation (upm) [Fal 17.00
Helix form deviation (pm) [f£fb] 15.00
Helix slope deviation (um) [fHb] 15.00
Total helix deviation (pm) [Fb] 21.00
Total cumulative pitch deviation (pm) [Fp] 47.00
Concentricity deviation (upm) [Fr] 38.00
Total radial composite deviation (pm) [Fi"™] 60.00
Radial tooth-to-tooth composite deviation (pm)

[fi™] 22.00
4. ADDITIONAL DATA
Weight - calculated with da (kg) [Mass] 443,592

Moment of inertia
calculation without consideration of the exact tooth shape
single gears ((da+df)/2...di) (kg*m?) [TraeghMom] 15.87549

5. DETERMINATION OF TOOTHFORM
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Profile and tooth trace modifications for gear 1
Symmetric (both flanks)
- Tip relief, arc-like Caa = 24.000pm LCa = 1.020*mn dCa = 555.652mm

Data for the tooth form calculation
Data not available.

REMARKS :

- Specifications with [.e/i] imply: Maximum [e] and Minimal value [i] with
consideration of all tolerances
Specifications with [.m] imply: Mean value within tolerance

End report lines: 178
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CALCULATION OF A HELICAL GEAR

Drawing or article number: 0.000.0
Calculation method DIN 3960:1987
1. TOOTH GEOMETRY AND MATERIAL

(geometry calculation according to
ISO 21771:2007)

Normal module (mm) [mn] 5.5000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [betal 13.5000
Number of teeth [z] 44
Facewidth (mm) [b] 235.00
Hand of gear right
Accuracy grade [0-1S01328:1995] 6
Inner diameter (mm) [di] 0.00
Inner diameter of gear rim (mm) [dbi] 0.00
Material

18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/1
Surface hardness HRC 61

Tool or reference profile of gear 1 :
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C

Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000

not topping

Summary of reference profile gears:

Dedendum reference profile (module) [hfP*] 1.250
Tooth root radius Refer. profile (module)
[rofP*] 0.250
Addendum Reference profile (module) [haP~*] 1.000
Protuberance height factor (module) [hprP*] 0.000
Protuberance angle (°) [alfprP] 0.000
Tip form height coefficient (module) [hFaP*] 0.000
Ramp angle (°) [alfKP] 0.000
Type of profile modification:
none (only running-in)

Transverse module (mm) [mt] 5.656
Pressure angle at pitch circle (°) [alft] 20.522
Base helix angle (°) [betab] 12.672
Profile shift coefficient [x] 0.1939
Tooth thickness (Arc) (module) [sn*] 1.7119
Reference diameter (mm) [d] 248.876
Base diameter (mm) [db] 233.083
Tip alteration (mm) [k*mn] 0.000
Tip diameter (mm) [da]l 262.009

(mm) [da.e/1i] 262.009 / 261.799
Tip diameter allowances (mm) [Ada.e/1] 0.000 / -0.210
Tip chamfer / tip rounding (mm) [hK] 0.000
Tip form diameter (mm) [dFa.e/1i] 262.009 / 261.799
Root diameter (mm) [df] 237.259
Generating Profile shift coefficient [xE.e/1] 0.1739 / 0.1614
Manufactured root diameter with xE (mm) [df.e/1i] 237.040 / 236.902
Root form diameter (mm) [dF£f] 240.500
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(mm) [dFf.e/i] 240.347 / 240.251
Addendum (mm) [ha = mn * (haP*+x)] 6.566
(mm) [ha.e/1] 6.566 / 6.461
Dedendum (mm) [hf = mn * (hfP*-x)] 5.809
(rom) [hf.e/i] 5.918 / 5.987
Roll angle at dFa (°) [xsi dFa.e/i] 29.417 / 29.304
Roll angle at dFf (°) [xsi dFf.e/i] 14.415 / 14.319
Tooth height (mm) [H] 12.375
Virtual gear no. of teeth [zn] 47.538
Normal tooth thickness at tip cyl. (mm) [san] 4.053
(mm) [san.e/1i] 4.071 / 3.917
Normal spacewidth at root cylinder (mm) [efn] 4.300
(mam) [efn.e/i] 4.332 / 4.353
Pitch on reference circle (mm) [pt] 17.770
Base pitch (mm) [pbt] 16.642
Transverse pitch on contact-path (mm) [pet] 16.642
Lead height (mm) [pz] 3256.717
Axial pitch (mm) [px] 74.016

2. MEASUREMENTS FOR TOOTH THICKNESS

Tooth thickness deviation DIN 3967:1978 d25
Tooth thickness allowance (normal section) (mm)

[As.e/1i] -0.080 / -0.130
Number of teeth spanned [k] 6.000
Base tangent length (no backlash) (mm) [Wk] 93.703
Actual base tangent length ('span') (mm) [Wk.e/i] 93.628 / 93.581
Diameter of contact point (mm) [dMWk .m] 250.335
Theoretical diameter of ball/pin (mm) [dm] 9.491
Eff. Diameter of ball/pin (mm) [DMeff] 10.000
Theor. dim. centre to ball (mm) [MrK] 132.934
Actual dimension centre to ball (mm) [MrK.e/1i] 132.840 / 132.782
Diameter of contact point (mm) [dMMr .m] 251.774
Diametral measurement over two balls without clearance (mm)

[MdK] 265.868
Actual dimension over balls (mm) [MdK.e/i] 265.681 / 265.563
Actual dimension over rolls (mm) [MdR.e/i] 265.681 / 265.563

Tooth thickness (chordal) in pitch diameter (mm)

["sn] 9.414
(mm) ['sn.e/i] 9.334 / 9.284
Reference chordal height from da.m (mm) [ha] 6.598
Tooth thickness (Arc) (mm) [sn] 9.416
(mm) [sn.e/i] 9.336 / 9.286
3. GEAR ACCURACY
According to
ISO 1328:1995:

Accuracy grade [Q-1501328] 6
Single pitch deviation (pm) [fpt] 10.00
Base circle pitch deviation (pm) [fpb] 9.50
Cumulative circular pitch deviation over k/8 pitches (um)

[Fpk/8] 20.00
Profile form deviation (pm) [ffa] 12.00
Profile slope deviation (pm) [fHa] 9.50
Total profile deviation (um) [Fal 15.00
Helix form deviation (pm) [ffb] 15.00
Helix slope deviation (pm) [fHD] 15.00
Total helix deviation (um) [Fb] 20.00
Total cumulative pitch deviation (pm) [Fp] 36.00
Concentricity deviation (um) [Fr] 29.00
Total radial composite deviation (pm) [Fi"] 51.00
Radial tooth-to-tooth composite deviation (pm)

[£i™] 22.00
4. ADDITIONAL DATA
Weight - calculated with da (kg) [Mass] 99.209

Moment of inertia
calculation without consideration of the exact tooth shape
single gears ((da+df)/2...di) (kg*m?) [TraeghMom] 0.69932

5. DETERMINATION OF TOOTHFORM

Data for the tooth form calculation
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Data not available.

REMARKS :

- Specifications with [.e/i] imply: Maximum [e] and Minimal value [i] with
consideration of all tolerances
Specifications with [.m] imply: Mean value within tolerance

End report lines: 172
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Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 1189.500
Speed (1/min) 5650.00
Sense of rotation: clockwise

Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (10"-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 577.375
Mass moment of inertia (kg*m?) 16.926
Momentum of mass GD2 (Nm?) 664.177

(Notice: Weight stands for the shaft only without considering the gears)

Weight towards (
Regard gears as masses and stiffness
Consider deformations due to shearing
Shear correction coefficient

Contact angle of roller bearings is considered
Housing material 18CrNiMo7-6

1.100

Warmth elongation coefficient (10"-6/K) 11.500
Temperature of housing (°C) 90.000
Reference temperature (°C) 20.000

0.000,-0.000,-1.000)
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Figure: Load applications

SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...2.00 (mm)
d=42.00 (mm), 1=2.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 2.00...32.00 (mm)
d=195.00 (mm), 1=30.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 32.00...125.00 (mm)
d=90.00 (mm), 1=93.00 (mm), Rz=32.0

Radius right (Radius right)
r=10.00 (mm), Rz=32.0

Radius left (Radius left)
r=4.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 125.00...382.00 (mm)
d=180.00 (mm), 1=257.00 (mm), Rz= 1.8

Relief groove right (Relief groove right)
r=1.60 (mm), t=0.30 (mm), 1=3.00 (mm), Rz=32.0
Own Input, Form B, FKM

Cylinder (Cylinder) y= 382.00...392.00 (mm)
d=235.00 (mm), 1=10.00 (mm), Rz=32.0

Chamfer left (Chamfer left)
1=10.00 (mm), alpha=10.00 (°)

Cylinder (Cylinder) y= 392.00...622.00 (mm)
d=535.00 (mm), 1=230.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 622.00...642.00 (mm)
d=240.00 (mm), 1=20.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 642.00...872.50 (mm)
d=180.00 (mm), 1=230.50 (mm), Rz= 1.8

Relief groove right (Relief groove right)
r=1.60 (mm), t=0.30 (mm), 1=3.00 (mm), Rz=32.0
Own Input, Form B, FKM

Relief groove left (Relief groove left)
r=1.60 (mm), t=0.30 (mm), 1=3.00 (mm), Rz=32.0
Own Input, Form B, FKM

Cylinder (Cylinder) y= 872.50...892.50 (mm)
d=230.00 (mm), 1=20.00 (mm), Rz= 1.8

Cylinder (Cylinder) y= 892.50...954.50 (mm)
d=180.00 (mm), 1=62.00 (mm), Rz=16.0

Chamfer left (Chamfer left)
1=9.10 (mm), alpha=-70.00 (°)

Cylinder (Cylinder) y= 954.50...962.10 (mm)
d=170.00 (mm), 1=7.60 (mm), Rz=32.0

Radius left (Radius left)
r=4.00 (mm), Rz=32.0

Taper (Cone) y= 962.10...1129.50 (mm)
dl=170.00 (mm), dr=153.00 (mm), 1=167.40 (mm), Rz= 8.0

Key way (Key way) y= 965.10...1125.10 (mm)
1=160.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 1129.50...1135.50 (mm)

d=122.00 (mm), 1=6.00 (mm), Rz=32.0

Radius left (Radius left)
r=1.60 (mm), Rz=32.0
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Radius right (Radius right)
r=1.60 (mm), Rz=32.0

Cylinder (Cylinder) y= 1135.50...1189.50 (mm)
d=130.00 (mm), 1=54.00 (mm), Rz= 8.0
Chamfer right (Chamfer right)
1=3.00 (mm), alpha=45.00 (°)
Thread (Thread) y= 1135.50...1186.50 (mm)
t=1.50 (mm), 1=51.00 (mm), Rz=32.0
Inner contour
Forces
Cylindrical gear (kolo z97 b230 x00326) y= 507.00 (mm)
Operating pitch diameter (mm) 550.3546
Helix angle (%) 13.5402 left
Working pressure angle at normal section(®) 20.4535
Position of contact point (%) 0.0000
Length of load application (mm) 230.0000
Power (kW) 18070.0000 driving (Output)
Torque (Nm) -30540.8477
Axial force (N) -26727.7199
Shearing force X (N) -42576.6591
Shearing force Z (N) 110986.0701
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) -7354.8619
Coupling (Coupling / Motor) y= 1045.80 (mm)
Eff. Diameter (mm) 170.0000
Radial force coefficient (=) 0.0000
Direction of radial force (%) 0.0000
Axial force coefficient (=) 0.0000
Length of load application (mm) 167.4000
Power (kW) 18070.0000 driven (Input)
Torque (Nm) 30540.8477
Mass (kg) 0.0000
Bearing
Free bearing (radialni lozisko leve) y= 252.00 (mm)
Degrees of freedom
X: fixed, Y: free, Z: fixed
Rx: free, Ry: free, Rz: free
Free bearing (radialni lozisko prave) y= 762.00 (mm)
Degrees of freedom
X: fixed, Y: free, Z: fixed
Rx: free, Ry: free, Rz: free
Own Input (axialni lozisko) y= 32.00 (mm)

Degrees of freedom
X: free, Y: fixed, Z: free
Rx: free, Ry: free, Rz: free

Shaft 'Shaft 1': Cylindrical gear 'kolo z97 b230 x00326' (y= 507.0000 (mm)) is taken into account as
component of the shaft.
EI (y= 392.0000 (mm)): 828423189.2250 (Nm?), EI (y= 622.0000 (mm)): 828423189.2250 (Nm?), m (yS=

507.0000 (mm)) : 23.5716 (kg)
Jp: 1.7358 (kg*m?), Jxx: 0.9718 (kg*m2?), Jzz: 0.9718 (kg*m?)
maximum deflection 20.52 pm (Shaft 1, 1189.50 (mm))

Center of mass
Shaft 1 460.1 mm

Deformation due to torsion
Shaft 1 [phi.t] 0.09 °

Roller bearings, classical calculation (contact angle considered)
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Shaft 'Shaft 1' Bearing 'radialni lozisko leve'

Position (Y-coordinate) [y] 252.00 mm

Bearing reaction force [Fx] 35.710 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -52.934 kN

Bearing reaction force [Fr] 63.853 kKN (=56°)
Displacement of bearing [ux] -0.000 mm
Displacement of bearing [uy] -0.180 mm
Displacement of bearing [uz] 0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] 0.045 mrad (0.16"'
Misalignment of bearing [ry] 0.000 mrad (0")
Misalignment of bearing [rz] 0.022 mrad (0.07")
Misalignment of bearing [rr] 0.050 mrad (0.17")
Shaft 'Shaft 1' Bearing 'radialni lozisko prave'

Position (Y-coordinate) [v] 762.00 mm

Bearing reaction force [Fx] 6.867 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -52.157 kN

Bearing reaction force [Fr] 52.607 kKN (-82.5°)
Displacement of bearing [ux] -0.000 mm
Displacement of bearing [uy] -0.591 mm
Displacement of bearing [uz] 0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] -0.044 mrad (-0.15")
Misalignment of bearing [ry] 0.477 mrad (1.64")
Misalignment of bearing [rz] -0.015 mrad (-0.05")
Misalignment of bearing [rr] 0.047 mrad (0.16'
Shaft 'Shaft 1' Bearing 'axialni lozisko'

Position (Y-coordinate) [y] 32.00 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] 26.728 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN
Displacement of bearing [ux] 0.005 mm
Displacement of bearing [uy] -0.000 mm
Displacement of bearing [uz] -0.010 mm
Displacement of bearing [ur] 0.011 mm (-64.81°)
Misalignment of bearing [rx] 0.046 mrad (0.16"'
Misalignment of bearing [ry] 0.000 mrad (0")
Misalignment of bearing [rz] 0.022 mrad (0.07")
Misalignment of bearing [rr] 0.051 mrad (0.18")

Dlgplacaoant [mm]
0.03n o

-hh“*-_q__ﬁ___
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Components - Acbibcdcey plane

L o L o
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Figure: Displacement (bending etc.) (Arbitrary plane -72.28221612 °)
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GEH (von Mises): sigV = ((sigB+sigZ,D)”"2 + 3* (tauT+tauS)"2)"1/2

Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2000

Summary

Label Shaft 1
Drawing

Material c45 (1)

Material type Through hardened steel

Material treatment unalloyed, through hardened

Surface treatment No

Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section Position (Y-Coord) (mm)

zaplich levy 382.00 Shoulder with relief groove

zapich pravy 642.00 Shoulder with relief groove

zapich rozstrikovaciho krouzku 872.50 Shoulder with relief groove
Results:

Cross section Kfb Kfsig K2d SD SS

zaplich levy 3.16 0.88 0.80 3.74 19.70

zapich pravy 3.18 0.88 0.80 2.75 4.86

zapich rozstrikovaciho krouzku 3.14 0.88 0.80 3.55 4.97
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending
Kfsig: Surface factor

K2d: Size coefficient bending
SD: Safety endurance limit

SS: Safety against yield point

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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Figure: Strength

Calculation details:

General statements

Label
Drawing
Length (mm)
Speed (1/min)

Material c45 (1)

Fa

Material type Through hardened steel
Material treatment unalloyed, through hardened

Surface treatment No

Load factor static calculation
Load factor endurance limit

Reference diameter material (mm)

sigB according DIN 743 (at dB) (N/mm?)
) (N/mm?)

sigS according DIN 743 (at dB
[sigzdW] (bei dB) (N/mm?)
[sigbW] (bei dB) (N/mm?)
[tautW] (bei dB) (N/mm?)
Thickness of raw material (mm)

Material data calculated according DIN743/3 with K1 (d)
Material strength calculated from size of raw material

1189.50
5650.00

Shaft 1

Tension/Compression Bending Torsion Shearing
1.700 1

1.700
1.000

[dB]

[sigB]
[sigS]

[dWerkst]

16.
700.
490.
280.
350.
210.
540.

.700 1.700
1.000 1.

000 1.000

Geometric size coefficient Kld calculated from raw material diameter

[sigBeff] (N/mm?)
[sigSeff] (N/mm?2)
[sigbF] (N/mm?)
[tautF] (N/mm?)

[sigzdW] (N/mm?)
[sigbW] (N/mm?)
[tautW] (N/mm?)

Endurance limit for single stage use

469.
328.
393.
227.

187.
234.
140.

Calculation for load case 2 (sig.av/sig.mv = const)

Cross section 'zaplich levy' Shoulder with relief groove

Comment
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Position (Y-Coordinate) (mm) [v] 382.00

External diameter (mm) [da] 180.000

Inner diameter (mm) [di] 0.000

Notch effect Shoulder with relief groove

[D, d, D1, r, t] (mm) 235.00 179.40 180.00 1.60 0.30
Shape B

Mean roughness (pm) [Rz] 32.000

Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)

Mean value -13363.9 0.0 0.0 0.0
Amplitude 13363.9 8386.9 0.0 64358.6
Maximum value -45437.1 14257.7 0.0 109409.6
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 25277.5 566849 1133698 25277.5
Stresses: (N/mm?)
[sigzdm, sigbm, taum, tauqm] (N/mm?) -0.529 0.000 0.000 0.000
[sigzda, sigba, taua, taugal (N/mm?) 0.529 14.796 0.000 3.395
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -1.798 25.153 0.000 5.771
Technological size influence [K1(sigB)] 0.670
[K1l(sigs)] 0.670
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.362 3.787 2.443
References stress slope [G"] 1.514 1.514 0.719
Notch sensitivity factor n [n] 1.199 1.199 1.137
Notch effect coefficient [betal 3.638 3.158 2.149
Geometrical size influence [K2 (d)] 1.000 0.800 0.800
Influence coefficient surface roughness
[KF] 0.877 0.877 0.930
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 3.777 4.087 2.761

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?) [sigmV] 0.529
Equivalent mean stress (N/mm?) [taumV] 0.305
Fatigue limit of part (N/mm?) [sigWK] 49.666 57.374 50.951

Influence coeff. mean stress sensitivity.
[PsisigK] 0.056 0.065 0.057

Permissible amplitude (N/mm?) [s1gADK] 52.607 57.508 50.951
Margin of safety endurance limit [S] 3.741

Required safety [Smin] 1.200

Result (%) [S/Smin] 311.7

Present margin of safety
for proof against exceed of yield point:

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 377.545 453.054 227.453
Margin of safety yield stress [S] 19.702

Required safety [Smin] 1.200

Result (%) [S/Smin] 1641.8

Cross section 'zapich pravy' Shoulder with relief groove

Comment zapich loziska B
Position (Y-Coordinate) (mm) [v] 642.00
External diameter (mm) [dal 180.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder with relief groove

[D, d, D1, r, t] (mm) 240.00 179.40 180.00 1.60 0.30
Shape B

Mean roughness (upm) [Rz] 32.000

Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)

Mean value -0.0 0.0 15270.4 0.0
Amplitude 0.0 6553.6 15270.4 53589.4
Maximum value -0.0 11141.0 51919.4 91102.0
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 25277.5 566849 1133698 25277.5

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugqm] (N/mm?) -0.000 0.000 13.470 0.000
[sigzda, sigba, taua, taugal] (N/mm?) 0.000 11.561 13.470 2.827
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 19.654 45.797 4.805
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Technological size influence [K1(sigB)] 0.670
[K1l(sigS)] 0.670
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.403 3.809 2.465
References stress slope [G'] 1.512 1.512 0.719
Notch sensitivity factor n [n] 1.199 1.199 1.137
Notch effect coefficient [betal 3.672 3.177 2.168
Geometrical size influence [K2(d)] 1.000 0.800 0.800
Influence coefficient surface roughness
[KF] 0.877 0.877 0.930
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 3.812 4,111 2.785
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 23.330
Equivalent mean stress (N/mm?) [taumV] 13.470
Fatigue limit of part (N/mm?) [s1igWK] 49.211 57.044 50.515
Influence coeff. mean stress sensitivity.
[PsisigK] 0.055 0.065 0.057
Permissible amplitude (N/mm?) [sigADK] 0.016 50.452 47.794
Margin of safety endurance limit [S] 2.753
Required safety [Smin] 1.200
Result (%) [S/Smin] 229.4

Present margin of safety
for proof against exceed of yield point:

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammakF] 1.150 1.150 1.000

Yield stress of part (N/mm?) [sigFK] 377.545 453.054 227.453
Margin of safety yield stress [S] 4.855

Required safety [Smin] 1.200

Result (%) [S/Smin] 404.6

Cross section 'zapich rozstrikovaciho krouzku' Shoulder with relief groove
Comment zapich u rozstrikovaciho krouzku

Position (Y-Coordinate) (mm) [v] 872.50

External diameter (mm) [da] 180.000

Inner diameter (mm) [di] 0.000

Notch effect Shoulder with relief groove

[D, d, D1, r, t] (mm) 230.00 179.40 180.00 1.60 0.30
Shape B

Mean roughness (um) [Rz] 32.000

Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)

Mean value -0.0 0.0 15270.4 0.0
Amplitude 0.0 70.3 15270.4 529.5
Maximum value -0.0 119.5 51919.4 900.2
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 25277.5 566849 1133698 25277.5

Stresses: (N/mm?)

[sigzdm, sigbm, taum, tauqm] (N/mm?) -0.000 0.000 13.470 0.000
[sigzda, sigba, taua, taugal (N/mm?) 0.000 0.124 13.470 0.028
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.211 45,797 0.047
Technological size influence [K1(sigB)] 0.670
[K1l(sigS)] 0.670
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.314 3.761 2.418
References stress slope [G'] 1.518 1.518 0.719
Notch sensitivity factor n [n] 1.199 1.199 1.137
Notch effect coefficient [betal 3.598 3.136 2.127
Geometrical size influence [K2(d)] 1.000 0.800 0.800
Influence coefficient surface roughness
[KF] 0.877 0.877 0.930
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 3.737 4.060 2.734
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 23.330
Equivalent mean stress (N/mm?) [taumV] 13.470
Fatigue limit of part (N/mm?) [sigWK] 50.198 57.764 51.458

Influence coeff. mean stress sensitivity.
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[PsisigK] 0.057 0.066 0.058

Permissible amplitude (N/mm?) [sigADK] 0.016 2.396 48.635
Margin of safety endurance limit [S] 3.549

Required safety [Smin] 1.200

Result (%) [S/Smin] 295.8

Present margin of safety
for proof against exceed of yield point:

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 377.545 453.054 227.453
Margin of safety yield stress [S] 4.967

Required safety [Smin] 1.200

Result (%) [S/Smin] 413.9

Remarks:

- The shearing force is not considered in the analysis according to DIN 743..
- Cross section with square groove:

The reference diameter for the notch number is not defined.

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

The notching factor for the light fit case 1is no longer defined in DIN 743.
The values are imported from the FKM-Guideline..

End report lines: 577
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KISSsoft - Release 03-2012F
KISSsoft academic license for Uni Pilsen

Project
Name : DP

File
Name : hridel 2 rychlobezna
Changed by : jcertik on: 13.03.2014

at:

17:35:59

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Sense of rotation: clockwise

Material

Young's modulus (N/mm?)

Poisson's ratio nu

Specific weight (kg/m?)

Warmth elongation coefficient (10"-6/K)
Temperature (°C)

Weight of shaft (kg)

Mass moment of inertia (kg*m?)

Momentum of mass GD2 (Nm?)

Position in space (°)
Consider deformations due to shearing
Shear correction coefficient

Shaft 1

0.
1122.
12465.

18CrNiMo7-6

206000.

Contact angle of roller bearings is considered

Reference temperature (°C)

20.

000
500
00

000

.300
.000
.500
.000
.867
.921
.151

.000

.100

000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...18.20 (mm)
d=80.00 (mm), 1=18.20 (mm), Rz=32.0

Thread (Thread) y= 2.00...18.20 (mm)
t=1.00 (mm), 1=16.20 (mm), Rz=32.0

Chamfer left (Chamfer left)
1=2.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) y= 18.20...22.20 (mm)
d=76.00 (mm), 1=4.00 (mm), Rz=32.0

Radius left (Radius left)
r=1.50 (mm), Rz=32.0

Radius right (Radius right)
r=1.50 (mm), Rz=32.0

Taper (Cone) y= 22.20...153.20 (mm)
dl=121.54 (mm), dr=127.00 (mm), 1=131.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 153.20...168.00 (mm)
d=127.00 (mm), 1=14.80 (mm), Rz=32.0

Radius right (Radius right)
r=10.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 168.00...230.00 (mm)
d=150.00 (mm), 1=62.00 (mm), Rz=16.0

Chamfer right (Chamfer right)
1=10.92 (mm), alpha=-70.00 (°)

Cylinder (Cylinder) y= 230.00...250.00 (mm)
d=210.00 (mm), 1=20.00 (mm), Rz= 1.8

Cylinder (Cylinder) y= 250.00...471.00 (mm)
d=160.00 (mm), 1=221.00 (mm), Rz= 1.8

Relief groove left (Relief groove left)
r=1.60 (mm), t=0.30 (mm), 1=3.00 (mm), Rz=32.0
Own Input, Form B, FKM

Relief groove right (Relief groove right)
r=1.60 (mm), t=0.30 (mm), 1=3.00 (mm), Rz=32.0
Own Input, Form B, FKM

Cylinder (Cylinder) y= 471.00...760.00 (mm)
d=225.00 (mm), 1=289.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 760.00...1000.00 (mm)
d=160.00 (mm), 1=240.00 (mm), Rz= 1.8

Relief groove left (Relief groove left)
r=1.60 (mm), t=0.30 (mm), 1=3.00 (mm), Rz=32.0
Own Input, Form B, FKM

Cylinder (Cylinder) y= 1000.00...1090.50 (mm)

d=90.00 (mm), 1=90.50 (mm), Rz=32.0

Radius left (Radius left)
r=10.00 (mm), Rz=32.0

Radius right (Radius right)
r=4.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 1090.50...1120.50 (mm)

d=195.00 (mm), 1=30.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 1120.50...1122.50 (mm)

d=42.00 (mm), 1=2.00 (mm), Rz=32.0

Inner contour
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Forces
Cylindrical gear (kolo z44 b235 x01939) y= 615.50 (mm)
Operating pitch diameter (mm) 249.6454
Helix angle (%) 13.5402 right
Working pressure angle at normal section(®) 20.4535
Position of contact point (%) 180.0000
Length of load application (mm) 235.0000
Power (kW) 18070.0000 driven (Input)
Torque (Nm) 13843.2242
Axial force (N) -26707.7397
Shearing force X (N) 42544 .8310
Shearing force Z (N) 110903.1027
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) 3333.7320
Coupling (Coupling / Motor) y= 87.60 (mm)
Eff. Diameter (mm) 127.0000
Radial force coefficient (=) 0.0000
Direction of radial force ) 0.0000
Axial force coefficient (=) 0.0000
Length of load application (mm) 131.0000
Power (kW) 18070.0000 driving (Output)
Torque (Nm) -13843.2242
Mass (kg) 0.0000
Bearing
Free bearing (lozisko prave) y= 870.50 (mm)
Degrees of freedom
X: fixed, Y: free, Z: fixed
Rx: free, Ry: free, Rz: free
Free bearing (lozisko leve) y= 360.50 (mm)
Degrees of freedom
X: fixed, Y: free, Z: fixed
Rx: free, Ry: free, Rz: free
Own Input (axialni lozisko) y= 1090.50 (mm)
Degrees of freedom
X: free, Y: fixed, 7Z: free
Rx: free, Ry: free, Rz: free
maximum deflection 39.92 pum (Shaft 1, 0.00 (mm))
Center of mass
Shaft 1 756.9 mm
Deformation due to torsion
Shaft 1 [phi.t] 0.09 °

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'lozisko prave'

Position (Y-coordinate) [v] 870.50 mm

Bearing reaction force [Fx] -14.736 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -55.454 kN

Bearing reaction force [Fr] 57.378 kKN (-104.88°)
Displacement of bearing [ux] 0.000 mm
Displacement of bearing [uy] -0.003 mm
Displacement of bearing [uz] 0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] -0.103 mrad (-0.35")
Misalignment of bearing [ry] 1.513 mrad (5.2")
Misalignment of bearing [rz] 0.037 mrad (0.13")
Misalignment of bearing [rr] 0.109 mrad (0.38")
Shaft 'Shaft 1' Bearing 'lozisko leve'

Position (Y-coordinate) [y] 360.50 mm

Bearing reaction force [Fx] -27.809 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -55.454 kN

Bearing reaction force [Fr] 62.037 kKN (-116.63°)
Displacement of bearing [ux] 0.000 mm
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mrad
mrad
mrad
mrad

0.35")
3.83")
-0.14")
0.38")

(-109.96°)
(-0.35")
(5.2")
(0.13")
(0.38")

L Eg - ¥-n E
Components - Acbibcdcey plane

L o L o

Displacement of bearing [uy] -0.004
Displacement of bearing [uz] 0.000
Displacement of bearing [ur] 0.000
Misalignment of bearing [rx] 0.103
Misalignment of bearing [ry] 1.113
Misalignment of bearing [rz] -0.041
Misalignment of bearing [rr] 0.111
Shaft 'Shaft 1' Bearing 'axialni lozisko'
Position (Y-coordinate) [v] 1090.50
Bearing reaction force [Fx] 0.000
Bearing reaction force [Fy] 26.708
Bearing reaction force [Fz] 0.000
Bearing reaction force [Fr] 0.000
Displacement of bearing [ux] -0.008
Displacement of bearing [uy] -0.000
Displacement of bearing [uz] -0.023
Displacement of bearing [ur] 0.024
Misalignment of bearing [rx] -0.103
Misalignment of bearing [ry] 1.513
Misalignment of bearing [rz] 0.037
Misalignment of bearing [rr] 0.109
Digplazemant [mm]

0.040

0.o03g =

0.o0zn =

o.o01p =

o.oo00 = -

-0.010 =

-0.020

-0.03p =

-0.040 TI- “ 1

0.0 _l 200.000
Ehriad fd[ ]

Figure: Displacement (bending etc.) (Arbitrary plane 68.00165929 °)
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a0.
59.
q8.
q2.
8.
ao.
29.
18.

1z2.

GEH (von Mises) :

StcgEg [W/mmT]

Figure:

KISSsorT

= Equivalent gtceam

|

Fimy

Equivalent stress

—LJzuul.uuu

sigV = ((sigB+sigZz,D)”"2 + 3*(tauT+tauS)”"2)"1/2
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Strength calculation as specified in
DIN 743:2000

Summary

Label Shaft 1
Drawing

Material 18CrNiMo7-6

Material type Case-carburized steel

Material treatment case-hardened

Surface treatment No

Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)

Cross section Position (Y-Coord) (mm)

zapich leveho loziska 471.00 Shoulder with relief groove
zapich praveho loziska 760.00 Shoulder with relief groove
Results:

Cross section Kfb Kfsig K2d SD SS
zapich leveho loziska 2.97 0.79 0.80 5.57 11.81
zapich praveho loziska 2.97 0.79 0.80 6.38 26.26
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending
Kfsig: Surface factor

K2d: Size coefficient bending
SD: Safety endurance limit

SS: Safety against yield point

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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Utilizakizon [4%]
22.000

l8.000

le.000

1q.000

1z2.o000

i0.o000

oy

Figure: Strength

Calculation details:

General statements

Label
Drawing
Length
Speed

(mm)

18CrNiMo7-6

Material type Case-carburized steel
Material treatment case-hardened

Surface treatment No

Material

(1/min) [n]

1122.50
12465.00

Shaft 1

Tension/Compression Bending Torsion Shearing

Load factor static calculation 1.700
Load factor endurance limit 1.000
Reference diameter material (mm) [dB]

sigB according DIN 743 (at dB) (N/mm?) [sigB]
sigS according DIN 743 (at dB) (N/mm?) [sigS]
[sigzdW] (bei dB) (N/mm?)

[sigbW] (bei dB) (N/mm?)

[tautW] (bei dB) (N/mm?)

Thickness of raw material (mm) [dWerkst]

Material data calculated according DIN743/3 with K1 (d)

1.
1.

700 1

000 1.

16.
1150.
830.
460.
575.
345.
230.

Geometric size coefficient Kld calculated with shaft diameter D

For shoulders,
(Requirement:
Notice:

the first cross-section,
to their actual

[sigBeff] (N/mm?)
[sigSeff] (N/mm?)
[sigbF] (N/mm?)
[tautF] (N/mm?)
[sigzdW] (N/mm?)
[sigbW] (N/mm?)
[tautW] (N/mm?)

Endurance limit for single stage use

7/9

1024.
739.
813.
469.

409.
512.
307.

The following material values are only valid for
the next ones are corresponding
'Diameter for size coefficient'..

.700

000

1.700
1.000

the geometric size coefficient Kld is calculated with shaft diameter d
Material strength calculated from shaft diameter
Heat treatment of pre-turned shaft)



Calculation for load case 2 (sig.av/sig.mv = const)

Cross section 'zapich leveho loziska' Shoulder with relief groove

Comment

Position (Y-Coordinate) (mm) [v] 471.00
External diameter (mm) [da] 160.000
Inner diameter (mm) [di] 0.000
Diameter for size coefficients (mm) [deff] 159.400

Notch effect Shoulder with relief groove

[D, d, D1, r, t] (mm) 225.00 159.40 160.00 1.60 0.30
Shape B
Mean roughness (um) [Rz] 32.000
Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)
Mean value -0.0 0.0 13843.2 0.0
Amplitude 0.0 6854.8 0.0 62035.2
Maximum value -0.0 11653.1 23533.5 105459.9
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 19955.7 397617 795234 19955.7
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 17.408 0.000
[sigzda, sigba, taua, taugal (N/mm?) 0.000 17.240 0.000 4,145
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 29.307 29.593 7.046
Technological size influence [K1(sigB)] 0.740
[K1(sigS)] 0.740
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.295 3.693 2.424
References stress slope [G'] 1.509 1.509 0.719
Notch sensitivity factor n [n] 1.245 1.245 1.169
Notch effect coefficient [betal 3.450 2.966 2.074
Geometrical size influence [K2(d)] 1.000 0.800 0.800
Influence coefficient surface roughness
[KF] 0.792 0.792 0.880
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 3.713 3.971 2.728
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 30.151
Equivalent mean stress (N/mm?) [taumV] 17.408
Fatigue limit of part (N/mm?) [sigWK] 91.736 107.221 93.638
Influence coeff. mean stress sensitivity.
[PsisigK] 0.057 0.067 0.058
Permissible amplitude (N/mm?) [s1gADK] 0.023 95.946 0.022
Margin of safety endurance limit [S] 5.565
Required safety [Smin] 1.200
Result (%) [S/Smin] 463.8
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.100 1.100
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 706.735 777.408 390.293
Margin of safety yield stress [S] 11.809
Required safety [Smin] 1.200
Result (%) [S/Smin] 984.1

Cross section 'zapich praveho loziska' Shoulder with relief groove

Comment

Position (Y-Coordinate) (mm) [v] 760.00
External diameter (mm) [da] 160.000
Inner diameter (mm) [di] 0.000
Diameter for size coefficients (mm) [deff] 159.400

Notch effect Shoulder with relief groove

[D, d, D1, r, t] (mm) 225.00 159.40 160.00 1.60
Shape B
Mean roughness (um) [Rz] 32.000

Tension/Compression Bending Torsion Shearing

Stress: (N) (Nm)

Mean value 13353.9 0.0 0.0
Amplitude 13353.9 6340.1 0.0
Maximum value 45403.2 10778.2 0.0
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Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 19955.7 397617 795234 19955.7

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?) 0.669 0.000 0.000 0.000
[sigzda, sigba, taua, taugal (N/mm?) 0.669 15.945 0.000 3.834
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) 2.275 27.107 0.000 6.517
Technological size influence [K1(sigB)] 0.740
[K1(sigS)] 0.740
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.295 3.693 2.424
References stress slope [G'] 1.509 1.509 0.719
Notch sensitivity factor n [n] 1.245 1.245 1.169
Notch effect coefficient [betal 3.450 2.966 2.074
Geometrical size influence [K2(d)] 1.000 0.800 0.800
Influence coefficient surface roughness
[KF] 0.792 0.792 0.880
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 3.713 3.971 2.728
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.669
Equivalent mean stress (N/mm?) [taumV] 0.386
Fatigue limit of part (N/mm?) [s1igWK] 91.736 107.221 93.638
Influence coeff. mean stress sensitivity.
[PsisigK] 0.057 0.067 0.058
Permissible amplitude (N/mm?) [s1gADK] 86.794 106.920 1.008
Margin of safety endurance limit [S] 6.376
Required safety [Smin] 1.200
Result (%) [S/Smin] 531.3

Present margin of safety
for proof against exceed of yield point:

Static notch sensitivity factor [K2F] 1.000 1.100 1.100
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 706.735 777.408 390.293
Margin of safety yield stress [S] 26.255

Required safety [Smin] 1.200

Result (%) [S/Smin] 2187.9

Remarks:

- The shearing force is not considered in the analysis according to DIN 743..
- Cross section with square groove:

The reference diameter for the notch number is not defined.

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

The notching factor for the light fit case is no longer defined in DIN 743.
The values are imported from the FKM-Guideline..

End report lines: 498
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36 TEPLOMER KOBOLD TBE-31 D20 918 000 0,65 kg L
35 ZATKA G1/2" 1 600 0,03 kg 8
3L PODLOZKA 8 €SN 02 1741 0,001 kg 1%
33 PODLOZKA 12 €SN 02 1741 0,003 kg 40
32 PODLOZKA 16 SN 02 1741 0,007 kg 54
31 MATICE M16 €SN 02 1401 0,03 kg 30
30 MATICE M33x2 €SN 02 1401 0,38 kg 12
29 SROUB M8x25 SN 02 1143 0,017 kg 10
28 SROUB M8x50 €SN 02 1143 0,026 kg L
27 SROUB M12x25 €SN 02 1143 0,04 kg 24
26 SROUB M12x35 SN 02 1143 0,05 kg 16
25 | SROUB M16x40 SN 02 1143 0,011 kg 2%
2L SROUB M16x45 €SN 02 1174 0,095 kg 16
23 SROUB M16x50 SN 02 174 0.1 kg 14
22 SROUB M33x2/260 15 230 1.9 kg 6
21 KOLIK 16x60 €SN 02 2150 0,09 kg 2
20 TESNICT KROUZEK 30x38 SN 02 9310.2 0,007 kg 2
19 ZATKA M30x15 €SN 02 1915 0.1 kg 2
18 KROUZEK TESNICI DN200 PN6 SN 13 1553 2
17 KROUZEK TESNICi DN50 PN6 €SN 13 1553 L
16 LOZISKO M8174 WAUKESHA BEARINGS 4,68 kg L
15 LOZISKO TJ160-160/2DF - 75° WAUKESHA BEARINGS 41 kg 1
14 LOZISKO TJ160-160/2DF - 63° WAUKESHA BEARINGS 41 kg 1
13 PRIRUBA PN6 DN200-05 SN EN 1092-1 1313 123 kg 2
12 PRIRUBA PN6 DN50-05 €SN EN 1092-1 138 169 kg L
L MAZANI - SPRCHA 1313 22 kg 1
10 LABYRINT RYCHLOBEZNY L2 4201 2,7 kg 1
9 LABYRINT POMALOBEZNY 42 4201 3,3 kg 1
8 LOZISKO RADIALNi 63 kg 2
7 ViKO NAHLIZECi 11373 £,76 kg 1
6 RYCHLOBEZNA HRIDEL 18CrNiMo6-7 220 kg 2
5 POMALOBEZNA HRIDEL 1BCrNiMo6-7 597 kg 1
L ViKO AX. LOZISKA 11373 14,8 kg 1
3 ULOZENI AX. LOZISKA 1383 75 kg 2
2 SKRIN viko 1383 705 kg 1
1 SKIiRN SPODNi 138 1520 kg 1
PROMITANT MERITKO | pRESNOST ISO 2768 - mK HMOTNOST < <
Q @ 1:5  [ToLerovani 1s0 a0 3560 kg - E
MATERIAL ROZMER - POLOTOVAR
. KRESLIL E RTIK JO DATUM 5 CISLO VYKRESU SESTAVY
> H,\KULTA. STBOJNI TECH. REFERENT : i DATUM 25200

ZAPADOCESKE €iSLO SEZNAMU POLOZEK

UNIVERZITY SCHVALIL DATUM

v PLN A TYP DOKUMENTU

NAZEV vy . ISO 16016 VYKRES SESTAVY
RTCHLOBEZNA CiSLO VYKRESU
Kateora Konstruovani Strost PREVODOVKA DP 2014

ust/usto 171
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