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Pouzity software

Siemens NX

KISSsys

KI1SSsoft

MITcalc

PTC Mathcad Prime 4.0

Seznam priloh

Vykres sestavy

Vyrobni vykres pevného télesa

Kusovnik

Ptiloha ¢. 1: Zprava vypoctu sestavy z programu KISSsys.

Ptiloha ¢. 2: Zprava vypoc¢tu hiidele 1 z programu KISSsoft.
Ptiloha ¢. 3: Zprava vypoc¢tu hiidele 2 z programu KISSsoft.
Ptiloha ¢. 4: Zprava vypoc¢tu hiidele 3 z programu KISSsoft.

Ptiloha ¢. 5: Zprava vypocétu vietene z programu KISSsoft.
Ptiloha ¢. 6: Zprava vypoétu femene z programu KISSsoft.
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1. Uvod
1.1. Historie Skodovych zivodi v Plzni

Pocatek dnesSni strojirenské vyroby v Plzni se vaze k roku 1859, kdy hrabé Valdstejn zalozil
V Plzni pobocku slévarny a strojirny. Vyznamnym milnikem byla koupé podniku tehdejsim
hlavnim inZenyrem Emilem Skodou v roce 1869. Pod jeho vedenim dochéazi k vyraznému
roz$ifeni, zavod se zaméfil zejména na tézké strojirenstvi. Po transformaci na akciovou
spole¢nost roku 1899 se stavaji Skodovy zavody nejvétsi zbrojovkou Rakouska-Uherska.
Dodévaly armadé i namotnictvu munici a zejména tézka déla. V dob¢ pted prvni svétovou
valkou byla Skoda uz mnohooborovym zavodem. Mezi jeho hlavni odvétvi kromé zbrani patila
vyroba zatizeni pro cukrovary, pivovary, slévarenstvi a vyroba ¢asti lokomotiv. V roce 1911
zahajily Skodovy zavody vyrobu vlastnich obrabécich strojil. Prvni svétovéa valka znamenala
zesileni zbrojni vyroby a vyrazné zvyseni kapacit. V roce 1917 zaméstnaval plzenisky zadvod
ptes 35 tisic lidi. Po skonceni valky doslo k vyrazné transformaci a k ¢astecnému opusténi
zbrojni vyroby, vznikla napiiklad samostatna Skodovacka ,,Lokomotivka®. V roce 1920 se
zahajuje vyroba soustruhi pro opracovani klikovych hiideli. Druha svétova véalka znamenala
zaclenéni do zbrojniho programu Némecka. Kviili bombardovani v roce 1945 doslo ke zniceni
az 70% aredlu. Po konci valky byl podnik zestatnén a postupné rozdélen na jednotlivé podniky.
V Plzni ztstalo tézké strojirenstvi a vyroba dopravnich prosttedkt. Export zacal smétovat témer
vyhradné do zemi tehdejSiho vychodniho bloku. Vyznamného tspéchu v oblasti obrabécich
strojii dosdhla v roce 1958 horizontalni vyvrtavatka SKODA WD 200, ktera ziskala na EXPO
V Bruselu zlatou medaili. Tyto stroje byly vyrabény az do sedmdesatych let. Dalsim milnikem
je rok 1980, kde se staly béznou soucasti vyroby CNC stroje. Jenom o tfi roky pozd¢ji doslo
k vyraznému technickému pokroku zahdjenim vyroby stroji s hydrostatickym vedenim. V roce
1990 doslo k pievedeni podniku na akciovou spoleénost. Ke vzniku ndzvu Skoda Machine Tool
doslo vroce 1993 zalozenim spolecného podniku s némeckou firmou Dorries Scharmann.
Plzen se stala v ramci koncernu centrem v oblasti tézkych horizontek. Rok 1994 je vyznamny
Z diivodu dokonceni vyvoje prvnich dvouosych kontinudlné fizenych hlav UFK 1600 pro
pétiosé obrabéni. Na prelomu tisicileti byl zahdjen vyvoj horizontek typu HCW a FCW.
Vyznamnym exportnim partnerem se stala Cina, coz dokladuje i vznik pobotky SKODA
EASTERN v Shenyang. Nejnovéjsim uspéchem SMT je prodej nejvétsi horizontky v historii
v roce 2016. Pfed nedavnem doslo ke zméné nazvu na SMT a.s. [1, 2]

1.2. Vyrobni program SMT a.s.

SMT a.s. se historicky soustfed'uje na tézké obrabéci stroje. Hlavnim cilem je umoznéni
sloZitého obrabéni tézkych nebo velkych obrobkll. Reaguje tim na poptavku firem s vyrobou
tézkych a tvarove slozitych soucasti, jako naptiklad rotord turbin, bloky motort, klikové hiidele
atd. zejména v energetice, dulnim a tézebnim pramyslu ptipadné dopravni technice. [3]

1.2.1.  Horizontalni vyvrtavacky

Horizontalni vyvrtavacky (slangové horizontky) jsou velmi univerzalni stroje. Je na nich mozné
provadét komplikované obrabéci operace. Hlavni fezny pohyb je oto¢ny pohyb néstroje.
Vyhodou strojil je mozny soucasny pohyb nastroje i obrobku. Podle koncepce se dé€li na stolové
a deskové.

Prvnim vyrdbénym typem v portfoliu SMT a.s. jsou vyvrtavacky FCW. Jejich hlavni vyhodou
je Sirokd moznost uplatnéni. Je mozné je vyuzit i ve velmi prasném prostfedi a to nejen pro
obrabéni oceli ale 1 litin, plastickych hmot nebo GFK. Jednd se o vysoce spolehlivé stroje
s jednoduchou tdrzbou a pomérné nizkou cenou. Konstrukéné jsou zajimavé vyuzitim valivého
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vedeni pro posuv stojanu po lozi a vieteniku po stojanu. Posun loze je realizovan systémem
Master-slave. [3]

Tab. 1: Maximalni parametry FCW [3]

Maximalni parametry FCW
Vykon hlavniho motoru 64/81 kW
Otacky vietena 3500 ot/min
Kroutici moment 3000 Nm
Primér vietena 180 mm

N

R

Obr. 1: Horizontalni vyvrtavacka FCW 150 [3]

Pro zékazniky s nejvy$S§imi poZadavky jsou pfipraveny stroje fady HCW 1 - 4. Jednd se
0 horizontky umoziujici dosazeni jak vysokého momentu pro hrubovaci operace, tak extrémné
vysokych otacek v piipadé dokoncovacich operaci. Takto vysoky rozsah je umoznén diky
tiistupniové prevodovce. Dalsi konstrukéni zajimavosti je Siroké pouziti hydrostatického vedenti,
coz spole¢né s mimotadnou stabilitou skiilovych dilii umoZiiuje obrabéni v mikronovych
piesnostech.

Tab. 2: Maximalni parametry HCW 1-4 [3]

Maximalni parametry HCW 1-4
HCW 1 HCW 2 HCW 3 HCW 4

Primér vietena (mm) 150/160 | 160/180/200 | 200/225/250/262 | 262/280/300
Vykon hlavniho motoru (kW) 71 100 129 147
Otacky vietena (ot/min) 3000 2500 2000 1600
Vysuv pinoly v ose Z (mm) 1200 1300 1600 2000
Vysuv vietena v ose W (mm) 1000 1200 1500 1800
Max. pojezd stojanu vose Y | 5000 7000 9000 10000
(mm)
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Pro ptipad slozitého obrabéni s nutnosti velkého vysuvu pinoly a vysokych rychlosti nastroje
ma SMT ptipraveny stroje fady HCW 2000 — 3000. Hlavni pohon vestavény v pinole umoziuje
dosahnout vyssiho vysuvu pinoly a tim zlepsit pracovni moznosti stroje. [3]

Tab. 3: Maximalni parametry HCW 2000 — 4000 [3]

Maximalni parametry HCW 2000 - 4000

HCW 2000 HCW 3000 HCW 4000
Primér vietena (mm) 160/180 180/200/225 225/250/262
Vykon hlavniho motoru (kW) 64 103 120
Otacky vietena (ot/min) 3500 3000 2500
Vysuv pinoly v 0se Z (mm) 1750 2000 2500
Vysuv vietena v ose W (mm) 1250 1400 1500
Max. pojezd stojanu v ose Y (mm) 5000 7000 9000

Obr. 2: Horizontalni vyvrtavacka HCW 3000 [3]

1.2.2.  Univerzalni horizontalni soustruhy

Dilezitou &ast sortimentu SMT a.s. tvoii univerzalni horizontalni soustruhy. Jedna se o NC
stroje umoznujici presné opracovani tézkych rotacnich obrobki. V nabidce je také Siroka Skala
ptisluSenstvi, ktera umoziuje optimalizovat konfiguraci stroje tak, aby bylo mozné realizovat

SR 1-5 jsou soustruhy umoznujici obrobit az tficetimetrové obrobky. Jejich hlavni dily jsou

z Sed¢ litiny, coz zajist'uje vysokou presnost a stabilitu i pii vysokych feznych silach. Modularni
konstrukce umoznuje sestavit stoj zdkaznikovi na miru.

16



Zapadoceska univerzita v Plzni, Fakulta strojni Diplomova prace, akad. rok 2020/2021
Katedra konstruovani stroj Bc. David Fait

Tab. 4: Maximalni parametry SR [3]

Maximalni parametry SR
Priimér nad lozem (mm) 6000
Délka obrobku (mm) 30000
Hmotnost obrobku (t) 350
Vykon (kW) 355
Otacky vietena (ot/min) 700

Obr. 3: Soustruh typu SR [3]

Mezi univerzalni hrotové soustruhy se svou koncepci fadi také Multifunkéni stroj typu S-MT.
Tento stroj umoziuje jak soustruznické a frézovaci operace, hluboké vrtani a ptipadné vyuziti
aditivnich technologii. Samoziejmosti je automatickd vymeéna ndstrojii a piisluSenstvi.
Zakaznikovi umoznuje realizovat obrabéni slozitych obrobki na jedno upnuti.

Tab. 5: Maximalni parametry S-MT [3]

Maximalni parametry S-MT
Hmotnost obrobku (kg) 250000
Primér obrobku (mm) 5000
Délka obrobku (mm) 15000

Frézovaci vietenik je doddvéan ve dvou variantach. Jejich parametry je mozné najit v nasledujici
tabulce.

Tab. 6: Parametry pohonu frézovaciho vi‘eteniku

Parametry pohonu frézovaciho vieteniku

Varianta 1 Varianta 2
Maximalni vykon 64 kKW 80 kW
Maximalni moment 4500 Nm 4500 Nm
Maximalni otacky 3500 ot/min 3000 ot/min
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Provedeni soustruznického vieteniku je zavislé na velikosti stroje a obrobku. SMT dodava

celkem Ctyfi varianty. [3]

Tab. 7: Varianty soustruznického vieteniku [3]

Parametr Jednotky | S150 MT | S200 MT | S320 MT | S500 MT
Velikost vieteniku t 32 70 160 250
Max. otacky 1/min 700 400 300 200
Max. vykon kw 71 95 190 190
Max. moment kNm 50-85 85-140 140-250 250
Pocet prevod. stupnt 2 2 nebo 3 3 3
Standartni rozmér mm 1000 1600 2000 3000
upinaci desky
Standartni vyska hrott mm 900 1100 2000 3000
1.2.3.  DalSi produkty

Dal§im typem strojii je fada SKODA FC. Jedna se o frézovaci stroj uréeni pro opracovani
sttedné velkych dilt. Typické pro konstrukci jsou predepnutd valiva loZiska na vSech
pohybovych osach. Hlavni pohon je mozné nalézt ve smykadle, pomoci néhoz jsou naklanény

hlavy.

Obr. 4: Frézovaci stroj typu FC [3]

SMT a.s. se také zabyva vyrobou pracovist pro specialni technologické operace nebo pro
obrabéni specifickych obrobkii. Jako ptiklad je mozné vyzdvihnout stroj zaméteny na obrabéni
generatoru a turbinovych rotord nebo stroj pro obrabéni velkych klikovych hiideli.
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Obr. 5: Cty¥i pracovisté soustruhového typu u zikaznika [3]

Dalsi neopomenutelnou soucasti sortimentu jsou portalova pracovisté. Konkrétné se jedna
0 provedeni WP a GANTRY WPA. V piipadé stolového provedeni WP je mozné obrabét
obrobky o vaze az 250 tun. Vyhodou dvousloupového uspofadani je vysoka tuhost ramu
a presnost celého stroje. VSechny osy stroje jsou plné hydrostatické. Oba stroje je mozné osadit
vieteniky v provedeni SPEED nebo HEAVY. Prvni moznost se vyuzivé pro vysoké pracovni
otacky, druha pro vysoké momenty. Samoziejmou soucasti pracovisteé je i automatickd vyména

v

nastroji. Moznosti obrabéni se daji rozsifit umisténim nékteré ze specialnich hlav. [3]
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-

Obr. 6: Portal v provedeni GANTRY WPA [3]
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1.2.4.  PrisluSenstvi stroji

Mezi vyznamny artikl SMT a.s. patii také rizné obrabéci hlavy, pomoci nichz se vyznamné

vvvvv

vyvrtavani hlubokych dér nebo obrabéni v netypickych thlech. Hlavovy sortiment ma za kol
rozsitit i hlava BSMTL1.

Obr. 8: Zarizeni pro automatickou vyménu hlav [3]

Samoziejmosti modernich obrabécich stroji je automatickd vyména néstrojii a hlav. SMT a.s.
realizuje tento technicky systém pomoci robotl. Ve stojich mliZzeme najit podavaci roboty
se stacionarnim, nezavisle pohyblivym i pohyblivym, vdzanym na stroj ramenem.
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Obr. 9: Staticky zasobnik nastrojii, nezavisle pohyblivy robot [3]

Dal$im zatizenim prodavanym SMT a.s. jsou oto¢né€, posouvaci ptipadné karuselovaci hlavy.
Tato zafizeni rozsifuji moznosti obrabéni. Jejich presnosti dosahuji mikronil a thlovych vtetin.

[3]

\ v’

Obr. 10: Naklapéci stil Skoda TDV TILT [3]

2. Vstupni pozadavky na konstrukci brousici hlavy BSMT1 pro
multifunk¢ni stroj S — MT

V nasledujici tabulce jsou vypsany parametry, podle kterych bude navrzena brousici hlava.
Varianty koncepce jsou popsany v kapitole 4.

Tab. 8: Vstupni pozadavky na konstrukei brousici hlavy

Jednotky Hodnota Pozn.
Primér brousiciho kotouce mm 900
Siika brousiciho kotoude mm 80
Max. hloubka z4pichu mm 260
Max. vykon kw 50 - 80
Max. moment Nm 1000
Max. otacky kotouce 1/min 1000
Natoceni hlavy kolem svislé osy — | © +20 Varianta koncepce
nataceni
Automatické vyvazovani kotouce Zvlastni provedeni
Max. primér obrobku mm 765
Material obrobku CSN 12050(C45)
Ptipojeni brusky na stroj S — MT | Piiruba smykadla
Hlavni pohon brusky Vieteno stroje/samostatny pohon | Varianta koncepce
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Zivotnost hod | 4000
Chlazeni brousiciho kotouce Emulze oleje 1-5% a vody Privedeno tryskami
na kotou¢
Maximalni vykon frézovaciho kW 80 Pro variantu
vieteniku S vysSim vykonem
Maximalni vykon frézovaciho kW 64 Pro variantu
vieteniku S niz§im vykonem
Maximalni moment Nm 4500
Maximalni otacky ot/min 3000 Pro variantu
S vysSim vykonem
Maximalni otacky ot/min 3500 Pro variantu
S niz§im vykonem
Mazani ozubeni a lozisek tuk
Stiedni teplota lozisek °C 60

3. Brouseni

Brousenti je jednou z nejstarSich metod opracovani materidlu. Nejstar§imi brousicimi materialy
byly naptiklad piskovec, smirek, kiemen nebo bfidlice. Piivodné byly vyuzivany na ostieni
nastroju. Tuto funkci si uchovaly az do konce 19. stoleti, kdy se jejich role vyrazné¢ zménila
diky bouflivému rozvoji obrabécich technologii. Nasobn¢ vyss$i pozadavky na piesnost,
pozadovand vzajemna vymeénitelnost a objev novych brusnych materialii zpiisobilo zménu
principu technologie brouseni na princip pouzivany dodnes. [4]

3.1. Popis technologie brouseni

Brouseni je technologie, pii niz dochazi k hromadnému oddélovani malych ¢asti povrchovych
vrstev obrobkil pomoci zrn brusiva. Hlavni fezny pohyb je vétSinou rotacni pohyb nastroje,
ktery se nazyva brusny kotou¢. Jedna se o dokoncovaci operaci. Brousenim se da dosahnout na
drsnost povrchu az 0,025 um. Je mozné brousit plochy rovinné, rotacni, kuzelové, Sroubové,
tvarové s vysokou rozmérovou a tvarovou presnosti a malou drsnosti povrchu. Obrabét 1ze
tvrdé, kalené a cementované soucasti, slinuté karbidy a dalsi jiné tvrdé kovové a nekovové
materialy. Brousenim Ize obnovovat fezné plochy nastroji, tento proces se nazyva ostfeni. [4]

00 .0 940 e emtezts TN
i £ .

Obr. 11: Princip brouseni [8]
Hlavnimi funkcemi brouseni v souc¢asnosti jsou:

a) Opracovani soucasti na presny geometricky tvar a rozméry, s vysokou jakosti
povrchové vrstvy.

b) Opracovani soucasti a materiald, pro néz je jiny zptisob obrabéni obtizny nebo nemozny.

€) Opracovani soucasti a materiald, pro néz je brouseni nejhospodarné;si.
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V ptipadé¢ brouseni plati stejné zakonitosti jako v ptipad¢ jinych obrabécich metod. Jedna se
ovSem o obrabéni velmi velkymi feznymi rychlostmi (obvykle 30 az 100 m/s). Je tieba také
brat v ivahu velmi malé tiisky (fadové 10°mm?) a dalsi zvlastnosti tvaru brouseni:

e Riznotvarnost geometrické formy zrn brusiva a neurcitost jejich vzdjemné polohy, které
mayji za nasledek nepravidelny ubér tiisky.

e Nestejné, vétSinou zaporné thly Cela zrn brusiva, které silné ovliviuji charakter
obrabécich procest.

e Pomémé slabé uchyceni zrna ve vazb¢ brousiciho kotouCe. Tato charakteristika
vyznamn¢ omezuje maximalni feznou silu.

e Samoostieni, neboli samovolné uvoliiovani zrn brusiva pii brouseni. [5]

3.2.

Diky neurcitosti geometrie brousiciho néstroje a pomérné vysokému rozpéti vyuziti brousicich
operaci jsou vétsinou brusky dimenzovany podle zkusenosti konstruktéra. Nasledujici odstavce
vysvétluji vypocet firmy Dynomax, podle kterého je mozné se nasledné orientovat pii
dimenzovani pohonu brusky. Vstupni hodnoty byly zjistény experimentalné.

Zavislost vlastnosti stroje na charakteristice brouseni

Prvnim krokem je vyjasnéni vlastnosti pouzitého brousiciho kotouce. V nasledujici tabulce je
mozné vidét typické doporucené parametry. Obvykla hloubka fezu pti hrubovani je 0,025 mm.

[6]

Tab. 9: Doporucené parametry brouseni [6]

Recommended grinding
parameter

SI- Metric Units

Inch Units

Wheel speed

1200 to 1800 m/min

4000 to 6000 fpm

Work speed

20 to 40 m/min

70 to 140 fpm

Depth of cut for roughing grinding

0.01 to 0.025 mm

0.0004 to 0.001 inch

Depth of cut for finish grinding

around 0.005 mm

around 0.0002 inch

Grit sizes for roughing grinding for

easy-to-grind materials 46 to 60
Grit sizes for roughing grinding for > 80
difficult-to-grind materials

Internal griding grit sizes for small 100 to 320

holes

200 to 500
mm?®/mm width/min

0.3to0 0.75
in®/inch width/min

Specific metal removal rate - SMRR *

Rezna rychlost kotouce:

m m
vg = 1800 — = 30—
min S

Obvodova rychlost obrobku:

m m
vg =40——= 0,667 —
min S
Hloubka fezu:
a, = 0,025 mm

Podle prilozené tabulky byla zvolena velikost konstant Cpa C,, které udavaji pomér mezi
Sitkou kotouce a Sitkou zabéru.
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Tab. 10: BéZné poméry mezi posunutim a Sifkou kotouce [6]

Work Material Roughing, C Finishing, C
Steel 2/3 -3/4 1/3 - 3/8
Stainless Steel 1/2 1/4
Cast Iron 3/4 3/8
Hardened Steel 1/2 1/4

Podélné brouseni:
C, = 0,66
FiniSovani:
;=1
V piipadé brusky BSM1 je pouzit brousici kotou€ s primérem 900 mm a Sitkou 80 mm.
Dg =900mm B =80mm

Z charakteristiky kotouce jsem vypocital ptedpokladanou Sitku zabéru v podélném sméru a pfi
zapichovani.

Sitka zabéru v podélném sméru:
fsp = Cp* B =0,66%0,08=0,053m
Sitka zabéru pii zapichovani:
fsz=C;*B=1%0,08=0,08m

Siika zabéru:

fs = [fsp fsz]
Maximalni primér obrobku je dle zadani firmy SMT a.s.

dy =765 mm

Hodnota mérné fezné sily byla pievzata z nasledujici tabulky. Po domluveé se zadavatelem bylo
urceno, ze bruska bude dimenzovana na netvrzenou ocel.

Tab. 11: Hodnoty mérné fezné sily [6]

Material Ke [N/mm?] Kc [psi]
unhardened steel 50,000 to 70,000 N/mm? 7,250,000 toc 10,150,000
hardened steel 150,000 to 200,000 N/mm? 21,750,000 to 29,000,000

Hodnota mérné fezné sily pro netvrzenou ocel:
Kc = 70000 MPa

Pomoci této hodnoty byly zjistény hodnoty fezné sily pii brouseni v podélném sméru a pii
zapichovani.
Tecna slozka fezné sily:
Vo
F=K;*a, * [, K= [2,053 x10% 3,111 = 103]N
K
F=FT
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i=0..1

Soucinitel radidlni slozky fezné sily:

_I2
fe=13]
Radidlni slozka fezné sily (podéIng, zapich):
_ _ [4,107 = 103
Fro = Tri* B = |1 oag 104]

Vykon brousiciho vietene vypoéteme pronasobenim tecné slozky fezné sily s feznou rychlosti
kotouce.

Vykon brousiciho vietene:

61,6

3,333] W

PK =F x Vg = [9
Obdobn¢ se postupuje pii vypoctu vykonu vietene obrobku.
Vykon vietene obrobku:

3
Py = Fuvy = 1,369*10]

" 12,074 % 103

Vykon brousiciho vietene je vétsi nez maximalni mozny vykon frézovaciho vietene stroje.
V tomto piipadé bude nutné zmensit hloubku fezu na 0,019 mm.

Hloubka fezu:
a, = 0,019 mm

Podle tabulky 10 byly zvoleny obvyklé konstanty C, které udavaji pomér mezi $ifkou kotouce
a Sitkou zabéru.

Podélné brouseni:
C, = 0,66
FiniSovani:
;=1
V piipadé€ brusky BSM1 je pouzit brousici kotou¢ s primérem 900 mm a Sitkou 80 mm.
Dg =900mm B =80mm

Z charakteristiky kotouce jsem vypocital predpokladanou Sitku zdbéru v podélném sméru
a pfi zapichovani.

Sitka zabéru v podélném sméru:
fsp = C, B =0,66+0,08=0,053m
Sitka zabéru pii zapichovani:

fi, =C;*B =1%0,08=0,08m
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Sitka zabéru:
fo = fep fiz ]
Maximalni primér obrobku je dle zadani firmy SMT a.s.
dy =765 mm

Hodnota mérné fezné sily byla pievzata z nasledujici tabulky. Po domluveé se zadavatelem bylo
urceno, ze bruska bude dimenzovana na netvrzenou ocel.

Tab. 12: Hodnoty mérné fezné sily [6]

Material Kc [N/mm?] Kc [psi]
unhardened steel 50,000 to 70,000 N/mm? 7,250,000 to 10,150,000
hardened steel 150,000 to 200,000 N/mm? 21,750,000 to 29,000,000

Hodnota mérné fezné sily pro netvrzenou ocel:
Kc = 70000 MPa

Pomoci této hodnoty zjistim hodnoty fezné sily pfi brouSeni v podélném sméru a pii
zapichovani.

Tecna slozka fezné sily:

Vo
F =K; *a,  f, = [1,561 * 10° 2,364 * 103]N

K
F=FT
i=0..1
Soucinitel radialni slozky fezné sily:
_I2
Jr = [4]
Radidlni slozka fezné sily (podéIné, zapich):
3,121 * 103]
Fp.=fr. xF;, =1
R = Tri* Fi = g 458 4 104

Vykon brousiciho vietene vypocteme pronasobenim te¢né slozky fezné sily s feznou rychlosti
kotouce.

Vykon brousiciho vietene:

46,816

PK:F*”K:[70933

| kw

Obdobné¢ se postupuje pii vypoctu vykonu vietene obrobku.
Vykon vietene obrobku:

1,04 x 103 ]
1.576 * 103

Poté nasledovalo zjisténi potfebného maximdlniho momentu a momentu pfi jmenovitych
otackach.

P0=F*1_70=
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Jmenovité otacky kotouce:

1
= 636,62 —
T * DK min

nK =
Minimalni primér kotouce:
2
DKmin = § * DK = 06m

Maximalni otacky kotouée — pti Dkmin

_ UK _ 95493 —
M = * DKmin a ’ min
Jmenovity moment:
Py 702.24
My = e = L1064 109] ¥
Moment pii maximalnich otackach kotouce:
Py 468,16
Minim = 2% T * Ny - [709,333] Nm

Bc. David Fait

Vysledkem celého vypoctu jsou nasledujici matice, obsahujici hodnoty momentu, otacek a

vykont pfi riznych operacich.

My, 702,24 1
M = ML1 _ 1,064 * 103
| Minkmo| 468,16

M pnkm 709,333 |

(4,682 * 104

7,093 * 10*

Pr=Mx2xmxn; = 4,682*104‘
(7,093 * 10*

636.62
636.62
954.93 | min
954.93

Podle vypoctu bude potiebny vykon 50 az 75 kW. Dals§imi dulezitymi parametry pro dalsi
vypocet jsou hodnota jmenovitého momentu pfti stavu jedna (702,24 Nm) a jmenovité otacky

kotouce (636,62 za minutu).

Dale byly ziskany hodnoty pro te¢nou a radialni silu pfi riznych operacich.

Fol [1,561 = 10%]
Fi| 12,364 %103

F = =
Fo| 1,561 =102
Fy 2,364 * 103
Fro —3,121 %1031 podélné brouseni
Fpq _|-9,458 « 103 zapichovani

Fp = Fro *(—1) =

—3,121 * 103 podelné brousSeni

Fr1 —9,458 x 103 zapichovani
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Prumér kotouce:
Dy 0.9
DKmin 0.6
D, = = m
K Dy 0.9
DKmin 0.6

Ptredpokladame, ze rozlozeni sily v brusném kotouci bude rovnomérné, proto lze jeji pruvodic
zasadit do poloviny kotouce.

Soutadnice pravodice fezné sily:

450 30 0
_ Dk _ ]300 _ |30 _ o
X =—"=[350|mm ¥ =|3g|mm z = |g|mm
300 30 0
3.3. Zatézovaci stavy

Z hodnot momentt, otacek a vykoni vypocteme pomérnou dobu béhu a pomérné otacky
a momenty. Predpokladana doba béhu je 4000 hodin.

T, = 4000 h

Pomérna doba béhu:

K
Il
oo
N W W

Pomérny moment:

1
M |1515
Tm =y, = 10,667
1,01

Pomé&rné otacky:
1
1

n
=5 = (15
1.5
4. Varianty koncepce brousici hlavy

4.1. Popis variant

U v8ech variant je pouzit findlni pfevod klinovym femenem. Tato koncepce znemoziuje pienos
vibraci z ptevodového mechanismu na brousici kotouc.

4.1.1.  Oto¢na bruska s pohonem kotouce vi‘etenem stroje s kladkou dole

Varianta jedna ma konstrukci tvofenou dvéma kuzelovymi koly a femenem. Varianta umoziuje
naklapéni brusného kotouce v pozadovaném rozsahu. Hnaci femenice se nachazi pod trovni
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vietene. Kotou¢ je uloZen ve vzdalenosti Lx piiblizn¢ 650 mm. Vyska télesa pirevodu se bude
pohybovat okolo 1100 mm.

Obr. 12: Koncepce varianty 1 Obr. 13: Parametry varianty 1

4.1.2. Otocna bruska s pohonem kotouce vietenem stroje a polozkiiZenym
opasanim
V ptipadé¢ druhé varianty je prevod jednodussi. Realizovan je pomoci jednoho paru kuzelovych
kol a polozkiizenym klinovym femenem. VySka zafizeni v tomto pfipadé bude dosahovat
ptiblizn¢ 1000 mm. Druhy par ozubenych kol nebude zapotiebi. Problémem této varianty je
komplikované napinani a kryti femene.

Obr. 14: Koncepce varianty 2

4.1.3.  Otoc¢na bruska s pohonem kotouce vietenem stroje S kladkou nahore

U tfeti varianty je pfevod realizovan dvéma kuzelovymi koly a femenem. VyloZeni kotouce Lx
je okolo 650 mm. Nevyhodou brusky je pomérné rozmérmné téleso pievodu. Planovana vyska
Lz se bude pohybovat okolo 1100 mm.
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Lz

Obr. 15: Koncepce varianty 3 Obr. 16: Rozméry varianty 3

4.1.4. Otocfna bruska s pohonem samostatnym motorem

Varianta ¢islo Ctyfi obsahuje pfivésny dodate¢ny motor. Konstrukce pfevodu je realizovana
pomoci dvou pari kuzelovych kol a klinovym femenem. Koncepce je konstrukéné velice
komplikovana. Motor znemoZiluje automatickou vyménu zatizeni. Problémové by bylo také
jeho napajeni. K hlavé je ptiveden proud pouze 12A, coz je pro motor nedostacujici. V ptipade,
Ze by byl motor situovan nahoru, nebyla by AV tolik limitovana, ov§em stale by doslo k zabrani
velkého prostoru v pickupu nebo na paleté. Odhadovana vyska Lz se pohybuje okolo 2000 mm,
vyloZeni se bude pohybovat okolo 650 mm.

18

motor

v
Obr. 17: Koncepce varianty 4 Obr. 18: Parametry varianty 4

4.2. Hodnoceni variant

V tabulce ¢islo sedm jsou ohodnoceny varianty na Sale od 0 do 3. Nula vyjadiuje zcela
nevyhovujici feseni, Cislo tfi nejvyssi kvalitu dané vlastnosti.
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Tab. 13: Hodnoceni variant konstrukce

Vlastnost Cislo varianty Poznamka
1]12|3)|4

Cislo obrazku 12 1415 | 17

Vylozeni brusného kotouce Urcuje maximalni primér brouSeni a
3131313 o ]

(Lx) zatiZeni uchyceni.

Ma zésadni vliv na hmotnost celého
zafizeni, ktera pfimo ovlivilyje
Rozmér télesa (Lz) 2 | 3 | 2 | 0 |vlastnosti celého obrabéciho stroje.
(pfesnost, dynamickou poddajnost) a
naklady (material, vyroba)

Hodnocena je slozitost konstrukce a
2 | 1| 3| 2 |ovlivnéni funk¢nich vlastnosti celého
obrabéciho zafizeni.

Nataceni brusky vrozsahu +£20°
Natéaceci mechanismus 2 | 3 | 3 | 3 |zvySuje moznosti obrabéni. Zaroven se
jedné o pozadavek od zékaznika.

Konstrukce ptevodu a
ptivodil energie

Celkovy pocet bodii: 9 10|11 8

Z hodnoceni vyplynulo, Ze vSechny varianty spliuji pozadavky zédkaznika. Hlavni nevyhodou
varianty ¢islo jedna je zabrani prostoru pod hlavou, ve kterém by mohlo dojit ke kolizi. Druhé
varianta je nejjednodussi, ovSem polozkiizeny femen by ptinasel provozni i konstrukéni
problémy s jeho napinanim. Déle by také ztézoval konstrukei oto¢ného télesa. Varianta ¢islo
Ctyti je také nevhodnou kvuli komplikovanosti konstrukce a pfili§ velikému rozméru hlavy.
Tyto nedostatky by vyrazné zhorSily vlastnosti obrabéciho stroje. Suboptimalni konstrukéni
variantou je tedy moznost Cislo tii. Jeji slabou strankou je predevsim celkovy rozmér télesa.

5. Konstrukéni navrh brousici hlavy BSMT1

5.1. Usporadani na pracovisti
Schéma usporadani na pracovisti je mozné vidét na nasledujicim obrazku. Maximalni primér
brouseni Do je 900 mm, minimalni pot¢ 600 mm. Maximalni mozna vzdalenost mezi ¢elem
smykadla a osou stroje je 2200 mm.

Q .
? Do
Ls

Obr. 19: Uspoiadani na pracovisti

«
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5.2. Vypoctovy model KISSsys/KISSsoft

5.2.1.  Vstupni hodnoty

Pro navrh prevodového mechanismu byl vyuzit program KISSsys/KISSsoft. V programu
bruska bsmtl e.ks jsou zadany nasledujici vstupni parametry.

Pomérna doba béhu — Frequency:

Pomérny moment - Torque:

Pomérné otacky - Speed:

=5, |15
1.5

Teéna sila
F, [1,561 * 103]
Fi| 12,364 %103
Fo 1,561 * 103
Fy 2,364 % 103
Radialni sila:
Fro] [3/121x 103] podélné brouSeni
Fri| 9,458 x 103 | zapichovani

Fr = Fro 3,121 = 103J podelné brouseni
Fr1 9,458 * 103 zapichovani
Soufadnice pravodice fezné sily:
450 30 0
_ Dk _ 1300 _ {30 2= % mm
X =77 |4as0|™ V= [30|™M =10
300 30 0

Vzhledem k orientaci soustavy soutadnic v KISSsys je Fr kladna hodnota a x zaporna.
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Tyto hodnoty byly zadany do tabulky Load Spectrum.
Frequency Torque Speed F FR.
11 0.3 1 1 1561 3121 -450
2 0.2 1.5 1 2364 2458 -300
3 0.3 0.06 1.5 1361 3121 -450
4 0.2 1 1.5 2364 2458 -300
Obr. 20: Load Spectrum
Centric force
Label F
Center point of load application on shaft 40,0000 mm
Obr. 21: Zadani sily na kotou¢
Hodnoty byly zadany na okrajovou podminku Boundary 2
u Select element for Boundary2
Element: ’”‘.GroupBox.vret_trn_koloz.brus_kot.CoupIing3 v]
Speed constrained: l\’es v]
Speed: -636.0000  1min
Torque constrained: [Yes ']
PowerTorgque input; ’Torque with sign V]
Torgue: 7020000 MNm
Power: 46,7544 kw
[ OK ] [ Cancel l

Obr. 22: Zadani okrajové podminky

Vypoctovy model je tvofen strukturou pohonu (htidele, loziska, spojeni, vstupni a vystupni
spojky, prevody ozubené a femenové vcetné rozmért, hmotnosti a materialu). Dale je zadano
mazani loZisek a ozubeni, provozni teplota. Vstupni a vystupni parametry jsou zadany pro
referen¢ni zatiZeni (moment, otacky, vykon) v tabulkach Boundary 1 a 2. V programu jsou také
zahrnuta mista pro zadani centrickych a excentrickych sil. Casti vypoctu je také spektrum
zatizeni (Load Spectrum). Dale jsou také zaneseny hrubé rozméry zatizeni.
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5.2.2.

Hridel 4

Bc. David Fait

Hridel 3

Hridel 1

Htidel 2

Obr. 23: Vypoctovy model hlavy

Pocatec¢ni kontrola navrZenych soucasti pohonu a jejich apravy

V nasledujicich odstavcich bude rozebran postup pfi vypoftu parametri ozubenych kol,
femenového pievodu, lozisek, hiideli a hidelovych spojeni.
Ozubena kola byla navrZena v podprogramu Kisssoft pomoci funkce Fine sizing pro zatéZovaci

stav 1.

X Con_kolol_sh7 ~
X con_kolo2_sh7

b shaft7

= kolot

 koloz2 s x

Projects

<

b pouzdrol
RollerBearing13
o pouzdro2
RollerBearingl14
=k sh2_kolo1_2_sh_calc
~ | sh3_kolo_sh
X Con_kolo_sh10
b Shaft1o
= kolo
=k sh3_kolo_sh_calc
~ | sh_kolo_sh4
X Con_ko_sh4
o Shafta
= kolo
=k sh_kolo_sh4_calc

<

~ L vret_trn_kolo2 Manual

X Con_brus_tmn
X con_ko2_vret
X Con_ko2_vret_1
X Con_trn_vret
< brus_kot
5 kolo2
o trn
e wret_trn_kolo2_calc
b vreteno

v g
= z2_z1_calc

N ]
0 24_23_calc

(7 Housing

B LoadSpectrum

By ShaftCalculations

General

elts and chain drives
Automotive

Various

KISSsys

Bibliography and Index

A

m KISSsoft - Student version - Bevel and Hypoid gears - Untitled

_ M File view Calculation Report Graphics Extras Help

DresEsxn s e aBeeeser B8N

Basic data

Prod ~
m F

X

fe Sizin - m)
Configuration I
Type Conditions I Conditions T Conditions TIT Results Graphics [
Maximal no of solutions 1000 |
Geometry
Norminal rati...ation in +9% Y I, 1.7800 5.0000
Mean c
oudf pitch..eter | Minimum Maximum Step El I:
| Mean normal module Mo | 3.5343 ‘ ‘ 3.5343‘ mm O ‘ ﬂ.uuuul mm
ormal pressure { foon
Outer pitch...eter gear 2 dy [ 210.0000] | 210.0000| mm @ [ 0.0000| mm
Gear 1 b700
Wean spiral angie | OV cone distance gear 2 R [ regesi][  10zem)mm O ] 0.0000] mm i
. .
Angle modiicatiop O Pressure angle @, [ 20.0000] | 20,0000 | [ 0.0000 S
Mean spiral angle gear 2 B IN 30.0000] | 30.0000 © I 0.0000] ©
\
Facewidth gear 2 b, | \ 35.0000 ‘ ‘ 35.0000 ‘ mm ‘ U.DDDDl mm | —
Profile shift...icient Gear 1 Xy 0.0000 O
Material and lub
aterial and WBNEvpoid offset a [ \o.o0o | | 0.0000 | mm [ 0.0000| mm
X
Gear 1 Cas%l Number of teeth, gear 1 2, [ N\ ] 2] [ 1] “ EZB
Fome | AN =
Tnformation
Fix number of teeth z O
] The Check butt
©  The Radio butt{
The Sizing butt
The Convert by
] The Plus butor Accept Delete Calculate Close Contact analysis| | Restore

& system
B9 vBeltCalculation

Sea... Examp...

—

Results (basic ca\cq

I

Obr. 24: Vypocet kol

Po zadéani vSech parametra byl v prostfedi Kisssys spustén vypocet.

Jako prvni jsou kontrolovana ozubeni pfi zatézovacim stavu 1.
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z2 z1 calc z4 z3 calc
fileName
P 50.799 48,757
T1 751.98 7315
T2 731.5 702.24
ni 636.52 636,62
n2 636.62 636,62
beta2 30 30
71 22 22
z2 22 22
b1 3% 3
b2 3% 3
SF1 26381
Materialy kol SF2 2.62%
SH1 16107 .
SH2 1.6098 .
SSint -1 -1
RefProfilel 1.25/0.33 [ 1.0 150 53:11.25 /0,38 / 1.0150 53:1 Bezpecnost ozubeni
RefProfile2 1.25/0.38 / 1.0 150 53:11.25 /0,38 / 1.0 150 53:1
materiall 18CrNiNMo7-6 18CrNiMo7-6
material2  15CrNMo7-6 18CrhiMo 76
Q1 6 &
Q2 5 3
TtToll  DIN 3967 cd25 DIN 3367 cd25
TtTol2  DIN 3967 cd25 DIN 3367 cd25

Obr. 25: Kontrola ozubeni
Ekvivalentnim materidlem dle CSN normy pro 18CrNiMo7-6 je CSN EN 16326.
Ziskané bezpecnosti ozubeni vyhovuji pozadovanym bezpecnostem.

Service life, damage

Required safety for tooth root [SFmin] 1.40
Required safety for tooth flank [SHmin] 1.00
Obr. 26: Dovolené bezpecnosti ozubeni

Po kontrole ozubeni je moZné se presunout ke kontrole loZisek. PoZadovana Zivotnost dle
zadani je 4000 hodin. Dals§im dulezitym parametrem je statickd bezpecnost fs. Jeji minimalni
hodnota se pohybuje mezi 1 a 2. Pocate¢ni kontrola loZisek se provadi pro zatéZovaci stav 1.
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RollerBearina?

RollerBearina8

RollerBearinal0 RollerBearina9

RollerBearinal3 RollerBearinal4 RollerBearinall

Bc. David Fait

RollerBearina12

shaftl

BForm Taper roller bearing iTaper roller bearing {Taper roller bearing (Taper roller bearing {Meedle roller bearingMeedle reller bearingTaper roller bearing (singleTaper roller bearing (single’
BTvpe SKF 32220 SKF 32220 SKF 32218 SKF 32218 SKF RMA 4526 SKF RMA 45326 SKF 32220 SKF 32220 £
d 100 100 90 a0 145 145 100 100
D 180 180 180 180 165 165 180 180
b 49 49 42.5 42,5 35 35 49 49
Fx -8920.5 1957.5 11284.46301 -1360.5 -2,.3055e-18 9924 -2537.8
Fv S0&4.8 -6412.9 -B603.6 1457.9 -74.878 5439 -6651
Fz 12140.73483 -2128.1 5470.4 -4314.7 - -13074 2478
Tx -253.27 -43,353 105.74 79.814 -2.044%e-13 Rozméry lozisek 273.91 57.803
Tv 0.76792 0,25681 0.56648 0.26580 0.11017 0,11017 0.52457 0.28414
Tz -186.15 -44,309 -207.65 -25.296 9.3141e-14 3.5924e-18 207.97 57.324
Lh 33084594.536 17532004.69 1643327.674 61197538.26 1000000 1000000 2457029.872 15008551.82
=i} 29,206 686,91 25,841 75.153 9999,99 9999.99 26,806 82,022
deltax 0 0 0 0 0 [i [i 0
deltay 0 0 0 0 0 0 0
deltaz o ? Hledané parametry ° 0 o o
deltaRx i} o] 0 0 0 o
deltarz i} 0 0 0 i 0 i} 0

RollerBearinad

Obr. 27: Bezpe¢nost loZisek — ¢ast 1

RollerBearinat

RollerBearinals

RollerBearinale

RollerBearina3

vreteno

RollerBearinad

vreteno

Taper roler bearing (singleTaper roller bearing (singledngular contact ball bearirAngular contact ball bearirdnagular contact ball bearirdngular contact ball bearir

SKF 30320 SKF 30320 SKF 7226 BGAF SKF 7226 BGAM SKF 7224 ACD/HCP4A  SKF 7224 ACD/HCP4A
100 100 130 130 120 120)
215 215 230 230 215 215
51.5 51.5 40 40 40 e
77477 -5876.7 -502.46 3768.3 2709.5 1120.5
11504, 17627 ~4598.6 11778.436 11778 3241.6 32417,
10623.38052 -16634 692,17 76885 -3444,5 -11.607,
22599 -331.91 56,649 Rozméry loZisek | 139,45 0.68301
0.81372 1.026 06434 0.74379 0.35265 0.2824
-144,34 116,92 40,209 -288.69 109,46 44,717,
1335672.229 2189798.835 9543437107 262708.3966 2190038.227 7553581.533
28.946 27.776 55.3 22,541 41,755 102,11
0 0 0 0 0 0
o o o o o
o o a o o o
o Hledané parametry o o o o
o o o o o o

Obr. 28: Bezpec¢nost loZisek — ¢ast 2
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Dalsim zkoumanym aspektem lozisek jsou teplotné stabilni otdcky. Zkoumaji se pro stav 4.

Tab. 14: Teplotné stabilni otacky loZisek

Lozisko - ¢islo | Typ loziska Otacky Tep.  stabilni
(1/min) | otacky (1/min)

Hridel 1

RollerBearingll | SKF 32220 X 5132.77 |5187.91

RollerBearing12 | SKF 30320 X 5132.77 | 7518.71
Hridel 2

RollerBearing7 | SKF 32220 5132.77 | 5338.28

RollerBearing8 | SKF 32220 5132.77 | 7669.08

RollerBearing10 | SKF 32220 5132.77 | 5714.22

RollerBearing9 | SKF 32220 5132.77 | 7293.15

RollerBearing13 | SKF RNA 4838 2911.95 | 4862.72

RollerBearingl4 | SKF RNA 4838 2911.95 | 4862.72
Hridel 3

RollerBearing5 | SKF 30320 4573.54 | 5426.61

RollerBearing6 | SKF 30320 4573.54 | 4890.65
Hridel 4

RollerBearingl5 | SKF 7226 BGAF 4288.14 | 4836.72

RollerBearing16 | SKF 7226 BGAF 4288.14 | 4585.46

RollerBearing3 | SKF 7224 ACD/HCP4A | 4674.94 | 5820.82

RollerBearing8 | SKF 7224 ACD/HCP4A | 4674.94 | 6163.25

Ln L]
F5 & o
185 75
|—|-—-|-—-| Cuter contour

RollerBearingl1

5

23 s B
J 185 73 o] Inner contour

RollerBearing12

Obr. 29: Vypocétovy model —

37

Hiidel 1



Zapadoceska univerzita v Plzni, Fakulta strojni

Diplomova prace, akad. rok 2020/2021

Katedra konstruovani stroju Bc. David Fait
! oD
™ LN A wnn o n ™
ST 130 7 270 e 305 o 177 i
[t =T =TT - =1 Outer contour
! oD
i <t LN o Ln on
2R F__in @ —-
N 270.7 1 65 305 e 177 a
= T I - i Inner contour
RollerBearing8
Ny
1 v O Pl
— A S | 1 S — g W e <)
: : v ! ~
_ N[
! X
RollerBearing13 RollerBearing14 RollerBearing?
in 1n o | RollerBearingl0 " o o3
o R - i > ., oo
61 , 84.8 371.7 383 81 939 .
Bearing
Obr. 30: Vypoétovy model — Hiidel 2
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Obr. 31: Vypo¢tovy model — Hridel 3
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Obr. 32: Vypoctovy model — Hiidel 4

Dale byl kontrolovan femenovy pievod pfi druhém zatéZovacim stupni.

VBelt calcl

fileName

KA

P
T1

T2

nl

n2

n3
neff
Usage
a

d1

d2

d3

I

prio Abtrieb

Config  ohne Spannrolle

1

Type XPC-High-performance v

70,224

1053.4

1053.4

636.62

536.62

B35

6

39.91

200

265

265

265

2032.5

Obr. 33: Vypocet Femenu
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Htidele a jejich spojeni byly také zkontrolovany pfi zatéZovacim stavu 2.

sh2 kolol 2 sh calc  sh3 kolo sh calc sh kolo sh4 calc vret trn kolo2 calc

n : 95-‘5: 954 954 636.62
dn dockwise counter clockwise counter dockwise
matarial

®min -0.025043 -0.02441 -0.13749 -0.0025699
Hmax 0.013293 0.030084 0.0029031 0.052939
Zmin -0.024227 -0.0389381 -0.31154 -0.021118
Zmax 0.045716 0.029104 0.030208 0.056209
SDA 4,0087 5.099 3.8295 9999.99
S5A 3.6504 3.5063 42449 9999.99

Obr. 34: Kontrola h¥ideli

Tab. 15: Minimalni hodnoty bezpe¢nosti

Miniméalni hodnoty bezpecnosti
SDA — dynamicka bezpecnost 1,25-2
SSA — statickd bezpecnost 1,25-2

Dalsi spojovaci prvky jako nalisovani a drdzky pro pera byly kontrolovany ve druhém
zatézovacim stupni. Délka spojeni perem je 50 mm.

Results (basic calculation)

Shaft Hub Key
Pressure stress (N/imm?) 105.3360 1053360 105.3360
Safeties 3.16 367 415

Obr. 35: Kontrola pera na h¥ideli 3

Results (basic calculation)

Shaft Hub Key
Pressure stress (N/mm?) 93.6320 93.6320 93.6320
Safeties 2.96 3.44 3.92

Obr. 36: Kontrola pera na vieteni
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Cylindrical interference fit

Operating data

Nominal torque T 1097.2500 | Nm ol Axial force Fu 0.0000 | N 1‘
Bending moment Mz 0.0000 [ Nm Radial force Fa 0.0000 | N
Application factor K 1.0000 bl Speed n 636.6200 | 1/min

Multiple interference fit

External press... (min/mid/masx) P Dan/ Pamar | D.DDDDl | D.DDDD| | D.DDDDl Nfmm?2 Define...

Geometry

Diameter of joint Dy 50.0000 | mm L Length of Interference fit | 90.0000 | mm L

Inside diameter, Shaft D, 0.0000 | mm Manufacturing tolerance Shaft s5

Outside diameter, Hub D, 90,0000 | mm 4 Manufacturing tolerance Hub 6 4

Obr. 37: Zadani lisovaného spoje

Results (basic calculation) F X
Stress: Elastic only
medium minimum maximum

Safety against sliding [S/] 1.68 1.06 2.30
Safety against fracture, Shaft [Siam] 12.07 8.82 19.11
Safety against fracture, Hub [Siaml 4.89 3.58 7.74
Safety against yield point, Shaft [Simpl 7.09 518 11.22
Safety against yield point, Hub [Sirpl 324 237 512
Embedding (um) [s] 3.8400

Obr. 38: Vysledné bezpeénosti

5.3. Konstrukéni navrh — model konstrukce hlavy

5.3.1.  Pripojeni zafizeni ke smykadlu stroje — téleso brousici hlavy

Hlava bude pfipojena na smykadlo pomoci univerzalni ptiruby — multitask. Pfiruba je
naSroubovana na skiiil obrabéci hlavy. Umoziuje piipojeni brousici hlavy ke smykadlu stroje
— tuhé spojeni pomoci Etyt upinacich jednotek, thlovou polohu a stfedéni, pfipojeni pohonu
brousiciho kotouce, dale zdroju energie a informaci (elektricka ¢ast pro automatické

vyvazovani kotouce a indikaci dotyku, hydraulicka ¢ast pro chlazeni brusu).

Obr. 39: Univerzalni p¥iruba
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5.3.2. Otocené téleso brousiciho zarizeni

Dle zadani méa byt umoznéno nataceni kotouCe okolo vertikdlni osy v rozmezi +20°.
Mechanismus by mél umoznit dostatecnou moznost polohovani a zaroven bezpecné zajisténi
pfi obrabéni. V nasledujici tabulce je mozné vidét mozné varianty tohoto konstrukéniho uzlu.

Tab. 16: Varianty ota¢eciho mechanismu [11]

1. Zajisténi Srouby s T-maticemi, pienastaveni ozubenym pievodem na oto¢ném télese

N

N

Hirthova spojka

Privod

Spojka

Unaseci kameny

Vieteno stroje

Jako findlni feSeni byla vybrana varianta s pfenastavenim pomoci ozubeného pievodu a se
zajisténim pomoci Sroubl. Hlavni vyhodou tohoto feSeni je jeho jednoducha konstrukce
a ergonomicky jednoduchy zptisob pienastaveni thlu brusky. Cetnost piestavovani je nizka
azména Uhlu zabere velice malou cast celkové doby obrabéni. Proto neni zapotiebi
elektronizovat cely proces piestavovani.
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5.3.3.  Dimenzovani Sroubt a T-matic
Vypocet sily na Sroub vychazi z feznych sil obrabéni a z hmotnosti oto¢né Casti.
Sily plisobici na spojeni oto¢né casti:

Tecéna sila:

Fy 1,561 * 103
P Fi| [2,364 * 1031
Fy 1,561 * 103

Fl 12,364+ 10%)
Maximalni hodnota: F = 2,364 * 103N
Radialni sila:
Fro] [3121+ 103]
Fri| 19,458 % 103 |

" |Fro| 3,121 % 103
Fry 9,458 % 103

Maximalni hodnota: Fr = 9,458 x 103N
Tiha oto¢né ¢asti:
Fo=[0 0 —8750IN
Vektor puisobici sily:
Fe;=[—Fr 0 F]=[-9458x10® 0 2364x*10%]N
Privodic fezné sily:
= =[925 365 —96] mm

Pocatek soutadnic se nachazi na pruseciku osy otaceni otocného télesa a horni plochy pevného
télesa.

925

H i 4;177

/

(€
T

Obr. 40: Soutadnice priivodice Fezné sily — 1
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Obr. 41: Souradnice pravodice Fezné sily — 2
Soutadnice privodice tihové sily:
ro=[171 16 —15]mm
Vektor zatizeni:
F.=F¢ +Fy=[-9458%10° 0 —6.386x10°]N
Moment v poc¢atku soufadnice X, y, z:

722.86
M =1 xFEL, +1) xFj =|217.518
3452

Nm

Soufadnice Sroubu:
x =[1884 —-188.4 —-210.4 -—234.7 —-243 -—-234.7 -2104 -—-188.4 188.4]
y=[24.8 248 1215 629 0 —-629 -—-1215 -—-248 -24.3]

Byl zvolen Sroub M16. Tloustka upinané ptiruby je 125 mm. Hodnota s Sroubového spoje
vyjadiuje polohu stfedu pruznosti V soufadném systému. Tato hodnota byla ziskéna

z KISSsoftu.
125.9
S = [ 0 mm

0
Vysledny moment na spojeni:
722.86
Mg=M+sXxXEl =| 1022
3452
Dalsim krokem bylo dimenzovani Sroubt. K tomu byl pouzit program KISSsoft. Do modulu

Bolt calculation byly zadany vypoctené parametry vcetné pozice Sroubll. Navrzené Srouby jsou
rozméru M16.

Nm
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Operating data

Bc. David Fait

Configuration Multi-bolted joint with arbitrary position of the bolts ~ (|
Tarque My 3452.0000 | Nm #odal force (min/max) B 0.0000] | 0.0000] 1

Shearing force Fox N Bending moment (min/max) May | EI.I]IJ[IEI| ‘ 0.0000 ‘ Nm
Shearing force Fay 0.0000 | N Bending moment {min/max) Mz, | D.UDUD| ‘ 0.0000 ‘ Nm
Clamping force for sealing Fe 9000.0000 | N Coefficient of friction between parts Hr 0.1000 1
Bolt data

Bolt type Cylindrical screw with socket head bolt DIN EN ISO 4762:2004 ~
Nominal diameter d 16.0000 | mm « | Surface roughness of thread N8 Rz=16 (Milling) w R, 16.00 | pm
Bolt length | mm | Surface roughness of head support M8 Rz=16 (Milling) ~ Ry pm
Strength class 12.9 w Define...

Type of bolting Washer Tightening technique

@® Blind hole Define... ] under bolt head Define... Own Input e
O Hut Define... under nut Define... Mean value e

[] Length of engagement Define...

[] under balt head

under nut

Tightening factor a,

Extension sleeves without external forces

Define...

Define...

Obr. 42: Zadani vypo¢tu spoje

1.7000

Basic data Clamped parts Position of balt Conditions
x-coordinate f/mm1  v-coordinate fmm1 Factor Axial force F.. [N1 Axial force F.. TN1 Reauired clampina force Fu.. N1

1 188,400 24300 100 0.000 0.000 36653.687
2 -158.400 24,800 1.00 7814.459
3 -210.400 121,500 1.00 0.000 0.000 17201.320
4 -234.700 652.900 1.00

3 -243.000 0.000 1.00 0.000 0.000 13612.239
6 -234,700 62,500 1.00 0.000 0.000 14611.079
7 -210.400 -121,500 1.00 17

8 -188.400 -24.800 1.00 0.000 f817.318
9 158,400 -24.500 1.00 0.000 0.000

125.9 mm

Obr. 44: Schéma spojeni
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Z vysledkt byly zjistény bezpecnosti daného spojeni. Minimalni hodnota bezpecnosti je 1,25.

Calculation with the maximum required assembly preload with tightening factor: 1.70

Safety against yield point [SF] 249
Safety against fatigue [SD] 1000.00
Safety against pressure [SP] 224

Obr. 45: Bezpeénosti §roubového spojeni

Z vysledkt byly dale zjistény pfedepinaci sily a utahovaci moment.
Minimalni pfedepinaci sila:

Fymin = 39117.06 N
Maximalni piedepinaci sila:

Eymax = 66497.68 N
Minimalni utahovaci moment:

Mymin = 85.85 Nm
Maximalni utahovaci moment:

Mymax = 145.94 Nm
Z téchto hodnot byla vypoctena sila na kli¢.

Stfedni hodnota upinaciho momentu Sroubti:

_85.85+145.94

s 5 = 115.895 Nm
Zvolena délka ramene momentového klice:
L =465mm

Sila na kli¢i:

N

M
F, = A 249.237 N

5.3.4. Navrh otaceciho mechanismu

Otaceci mechanismus je tvofen ozubenym kolem a vysec¢i ozubeného vénce piichycené pomoci
Sroubli na oto¢né téleso. Vypocet potiebné osové vzdalenosti a prevodového poméru byl
proveden v programu Mathcad.

Vypocet tocivého momentu:
Tiha oto¢né ¢asti

Fo=[0 0 -8750IN
Soutadnice privodice sily:

ro=[171 16 —15]mm
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Vzdalenost pritvodice sily od pocatku souradnic ve vodorovné roving:
Toxy = ’rQZl + 15, = 171.747 mm

140
—1496
0

Pienos klopného momentu plochou v poddajné radialnim uloZeni — naklopeni na horni roving.

Toc¢ivy moment:

My =1y XFj = Nm

Vnéjsi polomér drazky:

a; = 253mm
Vnitini polomér drazky:

b =235mm
Primér hrany otaceni na pevné skiini:

c=216mm

Obr. 46: Priméry na vrchni strané pevné &asti

Délka mezi podporami:

_a;+b

P > +c =460 mm

Vylozeni tihy:
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a= /erx +15, — ¢ =+1712 + 162 — 216 = —44.253 mm

Reakce na hran¢ roviny:

a+Lp

p

Reakce v misté Sroubu:
Fro = —Fo+Fry =[0 0 —841.771IN
Koeficient tfeni:
f=0.2
Tteci moment:
Myo = (Frr*c+Fra*xa))xf=[0 0 299.042]N xm
Ptenos klopného momentu radialnim ulozenim.
Zvolené axialni lozisko ma polomér 82.5.
k =82.5mm
Klopny moment:
My, = Fp, * 0,75« k * f = 108.281 Nm
Jako vypocétovy moment se bere vyssi hodnota tedy Maa.
Zvolené vstupni otacky otocné casti:
n, = 10 min™?

Rozte¢né priméry kol:

D, =560 mm
D; =40 mm
Pievod:
i1 = g—i =14
Osova vzdalenost:
D, + D,
a= > = 300 mm

Navrh ozubeného pievodu byl proveden v programu KISSsys.
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Gear 1 Gear 2
Number of teeth z | 20| | 2?8|
Facewidth b | ZD.DDDD| | ZD.DDDD| mm
Profile shift coefficient x | 04615 | |
Quality (DIN 3961)  Q | 6| | 6|

C45 (2), flame/find. hardened, ISO 6336-5 Figure 11/12 (MQ) Flank & root hardened

|C45 (2), flame/ind. hardened, ISO 6336-5 Figure 11/12 (MQ) Flank & root hardened

Geometry

Normal module m, | 2.DDDD| mm $
Normal pressure angle d, | ZD.DDDD| ° >
Gear 1 spur gear v 1
Helix angle at reference circle p | D.DDDD| °

Center distance a | BDD.DDDD| mm o
Material and lubrication

Gear 1 Through hardening steel ~

Gear 2 Through hardening steel w

Lubrication |Grease lubrication ~ | |9 Grease: ISOFLEX TOPAS L 32

Obr. 47: Vypocet ozubeni v programu KISSsys

GearFair constl

fileName
P 0.019443
T1 18.573
T2 253
nl 10
n2 0.71942
mn2 2
beta2 0
aloha2 20
alohawt 21.024
Fal 20
2 273
a 300
b1 0
b2 0
x1 0.4615
x2 0.5632
dal 45.7465
da2 562.15
df1 36.846
dfz 553.25
SF1 6.3623
SF2 6.4237
SH1 1.8373
SH2 2,42
SSint -1
Materialy kol 58 -

RefProfile1 1.25/0.38 / 1.0 150
RefProfile2 1.25/0.38 / 1.0 150

materiall C45(2)

material2 45 ()

| Bezpecnosti ozubeni

Obr. 48: Bezpecnosti kol ota¢eciho mechanismu

Vystupem z programu byl stl. model ozubeného pievodu, ktery byl naimportovan do CAD.
Mechanismus byl doplnén o téleso nataceni. Pastorek je uloZen v samomazném pouzdie
z PPMF od firmy Mateza. Na t¢lesu otaceni bude umisténa stupnice.
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Obr. 49: Otaceci mechanismus

54. Remenovy pievod

Remenovy pfevod byl vloZzen do mechanismu kviili jeho schopnosti tlumit razy. Dalsimi jeho
vyhodami jsou cena, tichy chod a konstrukéni jednoduchost. Na druhou stranu je nutné zajistit
jeho stalé napnuti. Déle je také mélo odolny vii€i vys$Sim teplotdm a necistotam z prostiedi. Jeho
parametry byly navrZeny v prostfedi programu KISSsys pro zatézovaci stav dvé, tedy pfti
vykonu 70 kW a 636 otackach za minutu.

Operating data

Mominal power Pa lew Input speed n: 1/min O
Application factor fa ﬁ Cutput speed n: 1/min ©
Geometry

Belt type XPC-High-performance v-belt-DIN 7753:1988/150 4184: 1992-{CONTIFO-Z) ||l
Number of belts Nes I:I L Ratio i O
Center distance a mm | (- Diameter d: O
Belt length | i 1‘ Diameter dz @

Tensioning pulley

Configuratior | with tensioning pulley inside K¥-coordinate 250,0000 | mm

Diameter d: 200.0000 | mm ¥-coordinate 200.0000 | mm

Obr. 50: Vypocet Femene

5.5. Napinaci kladka Femenového pievodu

Napinaci kladka slouzi k napnuti femene. Mechanismus miiZe byt sefizovan automaticky nebo
manualng. V piipad¢é rucnich napinact dochazi k napinani otaCenim Sroubu. Automaticky
systém je vétSinou napinan pruzinou. [7]

Varianty konstrukce tohoto uzlu jsou zndzornény v nasledujici tabulce.
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Tab. 17: Varianty FeSeni napinaci kladky

Univerzélni napindk Rosta Napnuti pojezdem po vlastnich sanich

| |
Napnuti naklopenim Napnuti pojezdem po vlastnich sanich

umisténych na desce

Jako finalni feSeni byla zvolena varianta se sanémi umisténymi na desce. Jeji hlavni vyhodou
je nasledna snadna konstrukce krytu femene a jednoduché upevnéni napinaci kladky.

Vypocet potiebné sily na kladku byl proveden v programu KISSsys a MITCalc. Byl zvolen
femen fady XPC. Priméry femenic jsou 265 mm, prumér napinaci kladky byl zvolen 200 mm.
Zjistény teoreticky pocet fement je 5,33.
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V-belt Configuration

Operating data

Input speed

Output speed

XPC-High-performance v-belt-DIN 7753:1988/1S0 4184:1992-(CONT-FO-Z)

Nominal power P, 70.0000 | kw
Application factor f; 1.0000

Geometry

Belt type

Number of belts  n.. l:l

Center distance  a 675.3328 | mm 1‘
Belt length | mm
Tensioning pulley

Configuration with tensioning pulley inside -~

]

.

o

Diameter d; 200.0000 | mm
Results (basic calculation)
Operating power (kW) [Pzl T0.0000
Slip (%) [s] 0.4717
Belt speed (mi's) [v] 55333
| Theorstical no of belts el 53318 ||
Utilization (%) [a] 58.8635

Ratio

Diameter

Diameter

¥-coordinate

Y-coordinate

Obr. 51: Zadani vypo¢tu Femene

ny

nz

i
d;

d;

Bc. David Fait

636.6200 | 1/min

636.6200 | 1/min

1.0000
265.0000 | mm

265.0000 ~ | mm

250.0000 | mm

200.0000 | mm

O
O]

® O Oz

Program MITCalc byl pouzit k navrhu napinaci kladky. Ugelem bylo zjistit potfebny rozsah
pfenastaveni a silu pasobici na kladku.

3.14|- Predpéti Fo 6993,93 6558,26 166,34 [N]
3.15|- Staticka sila na hridel (v klidovém stavu) Frs 13615,80 13799,41 5389,14 [M]
3.16]- Sila v zatizené vétvi femene F1 10960,06 10827,59 6993,93 [M]
3.17|- Sila v odlehCené vétvi femene F2 3027,81 3160,28 6993,93 [MN]
3.18]- Celkova radialni sila na hfidel (loZiska) Fr 13736,55 13856,30 5389,14 [N]
Obr. 52: Sila na kladku

3.5|0sova prestavitelnost cl2 c23 c31

3.6/- Pro napinani femene X 22,98 22,67 58,05 [mm]

3.7|- Pro snazsi nasazeni femene y 11,49 11,34 29,02 [mm]

Obr. 53: Pi‘enastavitelnost kladky

Tyto hodnoty byly pouzity pii navrhu vnitinich loZisek napinaci kladky za pomoci programu
KISSsoft. Byla zvolena loziska SKF 6312 ZNR.
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Obr. 54: Vypoctovy model kladky
Zjisténa Zivotnost loziska jedna je 14252 hodin, loziska dva 15434 hodin.

Do konstrukce byla vlozena ptedepinaci talifovd pruzina. Jeji parametry byly navrzeny
v programu MITcalc. Jedna se o jednodiskovou pruzinu o vnéj$im praméru 50 mm, vnitinim
pramérem 25,4 a vySce 3,5 mm.

Tab. 18: Bezpe¢nost talifové pruZiny

Pevnostni kontrola (staticke zatizeni)
Dovolené napéti v tlaku 1965 [MPa]
Max. tlakove napéti 1406,5 [MPa]
Max. tahové napéti 864 [MPa]
Doporucena mira bezpecnosti 1,00
Mira bezpecnosti 1,40
9000 —-‘ Zatizeni vs. Deformace Osa: Y=[N], X=[mm] v ‘
8000 -
7000 -
6000 -
5000 — \Mezni zatiZzeni
4000 - s Provozni zatizeni
3000 - e P[né stlaceni
2000 -
1000 +
0 - i
0 0,5 1 1,5

Obr. 55: Zavislost zatiZeni na deformaci pruZiny

5.6. Tuhost brusky v misté nastroje

Tuhost brusky mé ptimy vliv na vyslednou dynamickou stabilitu obrabéciho procesu a tim i na
kvalitu obrobeného povrchu. Jedna se predevsim o tuhost ve sméru kolmém na brusny kotou¢
(smér x na obrazku). Hodnota vysledné tuhosti zabezpecujici dynamickou stabilitu méfena na
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vlastnim stroji je 30 — 50 KN/mm [6]. Tato tuhost se sklada z tuhosti uloZeni victene, téles
brusky, obrobku a stroje.

Vztah pro celkovou tuhost:

1 1 1 1 1

= +—+—+
kc kvret ktel kstr kobr

Tuhost stroje a obrobku se pfi vypoctu zanedbava.

Obr. 56: Smér tuhosti

5.6.1. Tuhost uloZeni vietene

Ke stanoveni tuhosti uloZeni vietene byl pouZzit program KISSsys. Tuhost je dana vztahem mezi
pusobici silou a posunutim.
B

k t—
vre €

V misté kotouce je Fp rovna 9458 N a posunuti 0,0406 mm.

9458

k... = = 232,956 kN
vret 70,0406 mm

5.6.2. Tuhost téles

Tuhost téles brusky byla ur¢ena pomoci programu Siemens NX metodou kone¢nych prvkii. Do
vypoctu bylo zahrnuto pevné téleso, pohyblivé téleso, spodni deska a ptiruby.

Nejprve bylo potieba v mistech loZisek ,,nafiznout* plochu. Dale byly odebrany vSechny detaily
ze vSech téles. Pro tuhostni ulohu je zapottebi pouze hruba sit’, proto byl model nasitovan
tetrahedry o velikosti 30 mm. Loziska byla nahrazena rigidovou siti a hfidele beamy
S odpovidajicimi pevnostnimi parametry a velikostmi. V pfedbéZnych analyzach byl postupné
zkouSen kontakt mezi jednotlivymi télesy a nasimulovani Sroubového spojeni. OvSem tato
simulace méla jen maly vliv na celkovou tuhost a prodluzovala ¢as vypoctu, proto bylo
pristoupeno k nastaveni kontaktu ,,Gluingem®.

Model byl uchycen na ploSe pfiruby multitask za pomoci pevné vazby ve vSech smérech.
ZatiZeni bylo aplikovano do bodu dotyku kotouce s obrobkem. ZatiZzeni pfedstavuji fezné sily
pti druhém zatézovacim stupni, tedy 9458 N v radidlnim sméru a 2364 N Vv tecném smeéru.
Z bodu dotyku kotouce byla sila pienesena rigidovou siti na vnitini plochu uloZeni vietene
V oto¢ném télese.
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vypoctovy model sim5 : Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, 1

Min 1 -0.0242, Max : 0.0271, Units = mm
Coord sys : Native

Deformation : Displacement - Nedal Magnitude

l 0.0271
0.0229
=
0.0186
0.0143

0.0100

0.0058

Obr. 57: Posunuti ve sméru x
Posunuti ve sméru x v misté néstroje je 0,0271 mm.

Ve sméru x je hlava zatizena silou 9458 N. Tuhost t€les vV tomto sméru je poté:

_E, 9458
e 0,0271

ktel -

kN
= 349,003 —
mm

5.6.3.  Celkova tuhost — porovnani s mezni hodnotou
Celkovou tuhost je mozné zjistit ipravou vztahu z tivodu kapitoly:

koreckeer 232,956 %349,003 kN

k. = = = 9
¢ = Toret + kuoy 232,956 + 349,003 mm

Tato hodnota je vyrazné vyssi nez dovolena hodnota (30 — 50 KN/mm) [6]. Konstrukce proto
vyhovuje.

5.7. Vlastni frekvence a tvary kmitu sestavy

Vlastni kmity a s nimi korespondujici tvary, takzvané médy, se urcuji pomoci modalni analyzy.
Jedna se o nejjednodussi typ ulohy pro stanoveni zakladnich dynamickych vlastnosti daného
zafizeni. V ptipadé, Ze se hodnoty vlastnich frekvenci blizi k budici frekvenci, miize struktura
zalit rezonovat, coz by mohlo vést k poskozeni zatizeni. Tvary vlastnich frekvenci mohou
poukazovat na potencialni slaba mista konstrukce.

Vypoctovy model se sklada z pevného télesa, pohyblivého télesa, spodni desky, pfirub a hiideli.
Loziska byla nahrazena rigidovym spojenim. Podobné jako u tuhostni analyzy je pouzito pevné
spojeni téles. Model je vetknut pevnym spojenim v misté ptiruby multitask. V ptipadé modalni
analyzy neni tfeba téleso zatéZzovat.
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vypoctovy model vk fem1 sim1 : Solution 1 Result
Subcase - Eigenvalue Method 1, Mode 8, 527.525Hz
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.1018, Units = mm

Deformation : Displacerment - Nodal Magnitude

0.1018
; 0.0933
0.0843
0.0763
0.0678
0.0594
0.0509
0.0424
0.0339
0.0254
0.0170

0.0085

||| [

0.0000

Obr. 58: Ukazka vysledku modalni analyzy

Frekvence vlastnich kmiti je potfeba porovnat s budici frekvenci motoru pfi riznych stavech
a s frekvencemi zubovych zabéra. Frekvence se uvadi v hertzich, pti¢emz jeden hertz odpovida
60 otackam za minutu.
f n
60

Rozsah otacek motoru je 636 aZ 954 ot/min. To odpovida rozsahu frekvenci 10,6 Hz az 15,9
Hz.
Frekvence zubovych zabért se vypocte ze vztahu:

_zZ*n

V ptevodovém mechanismu jsou pouze kola s poctem zubt 22. Vysledny rozsah frekvence je
tedy 233,2 az 349,8 Hz.

22 * 636

0 =~ — = 2332 Hz
22 x 954

v = o = 3498 Hz

v

Tyto hranice je tieba rozsitit odpovidajicimi koeficienty bezpecnosti.
fro1 = fo1 ¥ 0,4 =93,3Hz
froz = fo1 * 1,6 = 559,7 Hz

Vlastni frekvence zatizeni by se tedy nemély pohybovat v rozmezi 93 az 560 Hz.
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Tab. 19: Vlastni frekvence

Modd | Vlastni frekvence (Hz)
1 68,36
2 73,75
3 225,37
4 290,65
5 430,15
6 432,53
7 505,11
8 527,53
9 607,59

10 610,67
11 657,07
12 704,57
13 750,14
14 772,16
15 787,28
16 797,27
17 797,45
18 842,96
19 893,58
20 961,21

Do tohoto rozmezi spada Sest vlastnich frekvenci. V ptipadé shody pii procesu by doslo
k rezonanci a tim i ke zhorSeni kvality obrabéni. Rezonanci je mozné se vyhnout zaménou
kuzelovych kol za jiny druh ptevodu, coz je v ptipadé zvolené konstrukce brousici hlavy ovsem
nemozné. Dale by také mohly byt izolovany zdroje buzeni od ulozeni vietene. Nejjednodussim
feSenim by byla vhodna volba feznych podminek, tedy otacek tak, aby se budici frekvence
vyhnula vlastnim frekvencim.

5.8. Automatické vyvazovani a indikace dotyku kotouce

Se zvysujicimi se otackami vieten brusek rostou i poZzadavky na udrZeni kontroly jejich vibraci.
Vibrace maji pfimy vliv na vyslednou kvalitu povrchu a také na Zivotnost stroje. Zdrojem
rozdéleni brusiva a pojiva, asymetrickd montaz kotouce a ptiruby, nerovnomérné opotiebeni,
trhliny v kotouci a nasledna absorpce chladici kapaliny. Proto je nutné kompenzovat, pokud
mozno, veSkeré tyto nevyvazenosti vietene. Nezddouci vibrace ve stroji vykazuji stejnou
frekvenci jako otaCky vietene. K jejich eliminaci se pouZziva systém, ktery méfi zrychleni a
provadi korekci pomoci zmény pozice internich zavazi. [14]

5.8.1.  Princip vyvaZovani

Na nasledujicim obrazku je mozné vidét princip vyvazovani brusného kotouce. Nevyvazenosti
brusného kotouce jsou proménné v Case. Jejich zména ovliviiuje nejenom vibrace ve stroji ale
i vyslednou geometrickou presnost a drsnost obrabéného povrchu.
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A
Nevyvazenost
brusného kotouce

......

Vyvazovani
brusného
. kotouce

Prahova hodnota L3 - prili$ silné vibrace

Vibrace
(Nevyvazenost brusného kot

Prahova hodnota L2 — akceptovatelné

Prahova hodnota L1 - optimalni vyvazeni

Obr. 59: Princip vyvaZovani [14]

Bézné jsou brusné kotouce vyvazovany mimo stroj pomoci zmény usporadani vyvazovacich
zavazi. Tento proces je velmi Casové narony a navic je Knému zapotiebi kvalifikovany
personal. Kotou¢ miize byt optimalizovan jen pro jeho momentalni stav. Automatizaci procesu
dojde kuspoife Casu, zvySeni flexibility, eliminaci prace stroje Snevyvazenym kotoucem,
uspote kvalifikovanych lidskych zdroji a zvysSeni bezpecnosti prace. Na nésledujicim obrazku
je mozné vidét porovnani uzitnych vlastnosti stroje s a bez vyvazovani. [14]

Opotiebeni stroje

Otacky brusného kotouce

Pocet prostoja stroje

Kvalita obrobkd

Vyvazeny brusny Nevyvazeny
- kotouc - brusny kotou¢

Obr. 60: Porovnani uZitnych vlastnosti brusnych kotoucu [14]
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5.8.2.  Vybér vyvazovaciho systému

Vyvazovaci hlavy od firmy Marposs tvoii elektromechanicky systém, ktery méii kmitani
brusného kotouce a ptislusné méni polohu vyvazovacich zavazi. Jedna se o zafizeni urcena jak
pro konvencni kotouce, tak i pro CBN nebo diamantové kotouce. Je mozné je d¢€lit na hlavy
piirubové a vkladané do vietene stroje.

g\/\" ,‘“. 7?'
= e

P

Obr. 61: Ukazka prirubovych a vkladanych hlav s pFisluSenstvim [15]

Pro konstrukci této brousici hlavy byla vybrana vyvazovaci hlava STCG s bezkontaktnim
pohonem a integrovanym akustickym spina¢em pro kontrolu brusnych kotoucii. Jedna se o typ
vkladany do vietene stroje. Tato hlava se vyznacuje bezidrzbovym provozem a jednoduchou
montazi, spliluje také pozadavky na plynulé automatické vyvaZovani s maximalni citlivosti a
dobou odezvy. Integrovany Sirokopasmovy snimac¢ zarucuje odezvu pro dojizdéni na jiskru,

orovnavani a pfi kolizi brusnych kotouct.
2
© Q
e

L ‘ ) 210+1200

110 |

§
4

125

Obr. 62: Schéma vyvazZovaci hlavy [15]

Vhodny typ hlavy se urcuje z diagramu pro definici vyvaZzovaciho vykonu od vyrobce. Pro
konven¢ni kotouce zavisi model kotouce na vnéjsim priméru a tloust’ce brusného kotouce.
V ptipad€ brusky BSMT je primér kotouce 900 mm a tloustka 80 mm. Témto parametrim
odpovida vyvazovaci vykon 6000 cgm. [15]
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Obr. 63: Diagram pro definici vyvaZovaciho vykonu [15]

L (mm) 104 119 134 149 194 254
Max. & Max. c Max. c Max. c Max. c Max. C
(mm) em  (gem) | rpm  (gem) | rpm  (gem) | pm  (gem) | pm (gem) | mpm  (gem)
42 6500 400 | 5900 500 | 5400 600 | 5.000 700 | 4400 900 | 3.500 1.400
50 4600 810 | 4200 1.000 | 3.800 1.180 | 3.600 1.360 | 3.200 1.730 | 2.600 2.650
80 3.800 1.190 | 3400 1500 | 3.100 1.810 | 2.800 2.120 | 2500 2.730 | 2.000 4.280
70 2600 2530 | 2300 3.130 | 2200 3.730 | 2.000 4.330 | 1.800 5.530 | 1.400 8.520
81 2100 3.850 | 1.900 4.840 | 1.700 5.840 | 1.600 6.830 | 1.400 8.820 | 1.100 13.800

Obr. 64: Modely vyvaZovaci hlavy [15]

Podle této hodnoty byl vybran z nabidky model spliujici vykonové pozadavky. V daném
ptipadé se jedna o model STCG s prumérem 81 mm a délkou L 149 mm. Elektricky je zafizeni
piipojeno k fidicimu systému pies konektor ptiruby.
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6. Zavér
6.1. Technicko-ekonomické hodnoceni

Cilem prace bylo konstruk¢ni feSeni brousici hlavy BSMT1 pro multifunkéni stroj S — MT.
Hlava se upind ke stroji pomoci univerzalni ptiruby multitask. Brusny kotou¢ je pohanén
pohonem stroje. Parametry pfevodového ustroji jsou dany charakteristickou brousici operace
a moznostmi motoru. Pfi feSeni byl kladen diraz na pouziti standardnich typt lozisek
a spojovacich soucasti.

Uvod prace kratce shrnuje historii vyroby obrabécich strojit ve Skodovych zavodech v Plzni.
V dalsi kapitole byla pfedstavena nabidka zadavatele, firmy SMT a.s. Vlastni tloha za¢ina
vypoctem pozadovanych vlastnosti stroje ze zadané charakteristiky brouseni. Dale je popsan
postup navrhu ptfevodového mechanismu pomoci programit KISSsys a KISSsoft. Byly pouzity
pro vypocet bezpecnosti soukoli a k pevnostni kontrole hiidelti v danych zatézovacich stavech.
Dale byla také navrzena loziska vzhledem k jejich zatizeni, zivotnosti a tepeln¢ stabilnim
otackam. V neposledni fad¢ byl stejny program pouzit pro ndvrh femenového pievodu,
otaCecitho mechanismu a kontrole Sroubl. Néavrh napinaci kladky a kontrola femenového
ptevodu byly provedeny v programu MITcalc.

Dalsim krokem byl import designu do prosttedi CAD programu Siemens NX. Nasledné byla
celd konstrukce domodelovéna a doplnéna vSemi dilezitymi soucdstmi. Po vyfeSeni konstrukce
byl proveden tuhostni MKP vypocet. Vysledna tuhost byla porovnana s tabulkovou hodnotou.
Dale byl proveden vypocet vlastnich kmitd. Ziskané frekvence byly porovnany s budicimi
frekvencemi a s frekvencemi zubovych zabéri. Do zafizeni byla vybrana vhodna vyvazovaci
hlava od firmy Marposs.

V zéavéru prace byl popsan postup ndvrhu feSeni a vypracovana vyrobni dokumentace. Obdobna
zatizeni je mozné vyrobit za 1,5 az 1,75 milionu K¢. Lze proto ocekavat, Ze se cena vyroby
bude pohybovat v téchto mezich. Cely obrabéci stroj bez prislusenstvi stoji okolo 30 miliont
K¢. Uzitim brousici hlavy se zvys$i cena dan¢ho pracovisté o cca 6%. To znamend, Ze nedojde
K vyraznému zvyseni odpisu stroje a tim i k narustu nakladi na obrabéni. Vyssi cena bude
vykompenzovana pfinosem zafizeni, které snizi ndklady na brousici operace provadéné
V obrabécim centru ve srovnani s brousenim na specialni brusce. Dal§im pfinosem je zkraceni
¢asu vyroby vyplyvajici z redukce manipula¢nich ¢asti (doprava, prostoje, upinani).

6.2. Tabulka technickych parametri
V nésledujici tabulce jsou uvedeny zékladni parametry vysledného zatizeni.

Tab. 20: Tabulka technickych parametri

Jednotky Hodnota
Primér brousiciho kotouce mm 900
Siika brousiciho kotoude mm 80
Max. hloubka z4pichu mm 260
Max. vykon kw 50 - 80
Max. moment Nm 1000
Max. otacky kotouce 1/min 1000
Natoceni hlavy kolem svislé osy — © +20
nataceni
Automatické vyvaZovani kotouce Marposs — STCG uvniti vietene
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Max. prumér obrobku mm | 765
Material obrobku CSN 12050(C45)
Ptipojeni brusky na stroj S — MT Pfiruba smykadla
Hlavni pohon brusky Vieteno stroje
Zivotnost hod | 4000
Chlazeni brousiciho kotouce Tryskami na krytu kotouce — emulze

oleje 1-5% a vody
Maximalni vykon frézovaciho kw 80
vieteniku (varianta s vyssim vykonem)
Maximalni vykon frézovaciho kw 64
vieteniku (varianta s niz§im vykonem)
Maximalni moment Nm 4500
Maximalni otacky vieteniku (varianta | ot/min 3000
S vy$§im vykonem)
Maximalni otacky vieteniku (varianta | ot/min 3500
S niz§im vykonem)
Mazani ozubeni a lozisek tuk
Stiedni teplota lozisek °C 60
Ptevodovy pomér mechanismu 1:1
Celkova tuhost hlavy KN/mm 139

6.3.  Naért3D,2D

Obr. 65: Model zarizeni — pohled 1
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Obr. 67: Odkrytované zafizeni
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KISSsoft Release 2020 A.1

KISSsoft — student license (not for commercial use)
File

Unnamed
Uzivatel

Name

Changed by: on: 07.05.2021 at: 19:41:16

Bc. David Fait

bruska bsmtl e2 oprava
Power inputs:

_0O.Boundaryl
Speed [1/min] 636.62
Torque [Nm] 761.979
Power [kw] 50.799

Power outputs:

_0O.Boundary2
Speed [1/min] -636.62
Torque [Nm] 702.24
Power [kw] 46.816

Calculations:
_0O.GroupBox.Belt_const1.VBelt_calcl
_0.GroupBox.sh2_kolol_2_sh.Con_kolol_sh7.InterFit_calcl
_0.GroupBox.sh2_kolol_2_sh.Con_kolo2_sh7.FeatherKey_calc3
_0.GroupBox.sh2_kolol_2_sh.sh2_kolol_2_sh_calc
_0.GroupBox.sh3_kolo_sh.sh3_kolo_sh_calc
_0O.GroupBox.sh_kolo_sh4.Con_ko_sh4.FeatherKey_calc4
_0.GroupBox.sh_kolo_sh4.sh_kolo_sh4_calc
_0O.GroupBox.vret_trn_kolo2.Con_ko2_vret.FeatherKey_calcl
_0O.GroupBox.vret_trn_kolo2.vret_trn_kolo2_calc
_0.GroupBox.z2_z1.z2_z1_calc
_0O.GroupBox.z4_z3.z4_z3_calc

_0O.GroupBox.Belt_constl.VBelt calcl

V-Belt calculation

Basis: According to manufacturer data
V-belt
Type
(CONTI-FO-2)
Length (mm) Mn 2183.19
Number of belts [neff] 6
Sheave width (mm) [b] 161.50
Nominal power (kW) [Pn] 46.82
Effective diameter (mm) [dwk] 265.00
Service torque (Nm) M 702.29
Center distance (mm) [a] 675.333
Nominal power acc. catalogue (kW) [P] 15.266
Pretension according to catalog values
Critical speed for no load / load (m/s) [verit] 25.98
Tension distance (mm) [sw] 2.70
Pretension according to calculation with coefficient of friction (min: values)
Calculation according to Niemann, Book Ill, with rope friction law
Critical speed for no load / load (m/s) [verit] 10.38
Tension distance (mm) [sw] 1.88
Utilization: (%) [A] 59.43

Formula: A = belt.nth / belt.neff * 100

265.00
702.29
/ 55.34
/ 49.95

XPC-High-performance v-belt-DIN 7753:1988/ISO 4184:1992-

_0O.GroupBox.sh2 _kolol 2 sh.Con_kolol sh7.InterFit_calc

1

Cylindrical interference fit
Calculation method: According to DIN 7190-1:2017, elastic range
with additions such as centrifugal force, micro sliding, mounting, etc.
for a horizontal or longitudinal interference fit

Diameter shaft (mm) [DIiAJ/[DIl] 50.00 / 0.00
Diameter hub (mm) [DaA)/[Dal] 90.00 /50.00
Length of Interference fit (mm) [n 5.00
Diameter of joint (mm) [DF] 50.00
Tolerance Shaft s5

Tolerance hub H6

Service torque (Nm) [Th] 731.50

Axial force (N) [FA] 0.00
Bending moment (Nm) [Mb] 0.00
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Radial force (N)

Circumferential force (N)

Speed (1/min)

Safety against sliding

Required safety against sliding
Equivalent stress according to von Mises
Hub mean external pressure (N/mm?)
Hub minimum external pressure (N/mm?)
Hub maximum external pressure (N/mm?)
Shaft

Material

Safety against fracture

Required safety against fracture

Safety against yield point

Required safety against yield point

Hub

Material

Safety against fracture

Required safety against fracture

Safety against yield point

Required safety against yield point

100 O0.GroupBox.sh2 kolol 2 sh.Con_kolo2 sh7.FeatherKe

y calc3

Key
Calculation method:
Key width (mm)
Key height (mm)
Shaft diameter (mm)
Nominal torque (Nm)
Maximum torque (Nm)
Minimal frictional torque for interference fit (Nm)
Number of load peaks
Number of keys
Load factor
Shaft
Material
Permissible surface pressure (N/mm?)
Minimal safety
Hub
Material
Permissible surface pressure (N/mm?)
Minimal safety
Key
Material
Permissible surface pressure (N/mm?)
Minimal safety
Remarks:
Safety = Minimum (pzul/peq, fL*pzul/pmax)
Condition according to DIN 6892 Safety >= 1.0
Supporting key height: h - t1

DIN 6892-C:2012

O.GroupBox.sh2 kolol 2 sh.sh2 kolol 2 sh calc

_Analvsis of shafts, axle and beams

Label

Drawing

Initial position (mm)
Length (mm)

Speed (1/min)
Direction of rotation:
Material

Label

Drawing

Initial position (mm)
Length (mm)

Speed (1/min)
Direction of rotation:
Material

Label

Drawing

Initial position (mm)
Length (mm)

Speed (1/min)
Direction of rotation:

[Fr]
[Fu]
]
[Sr]
[SSr]

[pam]
[pamin]
[pamax]

C45 (1)

[SiRm]
[SSi.Rm]
[Si.Rp]

[SSi.Rp]

C45 (1)
[Si.Rm]
[SSi.Rm]
[Si.Re]
[SSi.Re]

[b]
[h]
[d]
[Tn]
[Tmax]
[TRmin]
[NL]
[
[phi]
E335 (St60.2)

[pzul]
[SF]

C45 (1)

[pzul]
[SF]

E335 (St60.2)

[pzul]
[SF]

Shaft7

clockwise
C45 (1)
kolol

clockwise
C45 (1)
kolo2

clockwise

0.00

29260.00
636.62
0.14 ( 0.09 ..

1.00

0.00
0.00
0.00

12.07 (19.11 ..

1.50

7.09 (11.22 ..

1.00

489 (774 ..

1.50

3.24 (512 ..

14.00
9.00
50.00
731.50
1646.02
0.00
1000

1.00

283.50
0.11

387.00
0.15

301.50
0.12

33.000
1005.000
636.62

855.000
177.000
636.62

37.300
177.000
636.62

0.19

8.82

5.18

3.58

2.37

)
)

Bc. David Fait
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Material

Label

Drawing

Initial position (mm)
Length (mm)

Speed (1/min)
Direction of rotation:
Material

Label

Drawing

Initial position (mm)
Length (mm)

Speed (1/min)
Direction of rotation:
Material

Type of force element
Position on shaft (mm)
Type of force element
Position on shaft (mm) ]

Rolling bearing rating life according to ISO/TS 16281:2008
Shaft 'kolo1' Rolling bearing 'RollerBearing7'

Dynamic equivalent load

Static equivalent load

Minimum EHL lubricant film thickness
Results according to ISO 281:

Basic bearing rating life

Static safety factor

Calculation with approximate bearings internal geometry
Operating bearing clearance

Reference rating life

Effective static safety factor

Static safety factor
Static equivalent load

Shaft 'kolo1' Rolling bearing 'RollerBearing8’
Dynamic equivalent load

Static equivalent load

Minimum EHL lubricant film thickness
Results according to ISO 281:

Basic bearing rating life

Static safety factor

Calculation with approximate bearings internal geometry
Operating bearing clearance

Reference rating life

Effective static safety factor

Static safety factor
Static equivalent load

Shaft 'kolo2' Rolling bearing 'RollerBearing10'
Dynamic equivalent load

Static equivalent load

Minimum EHL lubricant film thickness
Results according to ISO 281:

Basic bearing rating life

Static safety factor

Calculation with approximate bearings internal geometry
Operating bearing clearance

Reference rating life

Effective static safety factor

Static safety factor
Static equivalent load

Shaft 'kolo2' Rolling bearing 'RollerBearing9’
Dynamic equivalent load

Static equivalent load

Minimum EHL lubricant film thickness
Results according to ISO 281.:

Basic bearing rating life

Static safety factor

Calculation with approximate bearings internal geometry
Operating bearing clearance

Reference rating life

Effective static safety factor

Static safety factor
Static equivalent load

Shaft 'pouzdrol' Rolling bearing 'RollerBearing13'
Dynamic equivalent load

Static equivalent load

C45 (1)
pouzdrol
0.000
200.000
0.00
clockwise
C45 (1)
pouzdro2
485.000
65.000
0.00
clockwise
C45 (1)
Bevel gear
12.0000
Bevel gear
164.9000
15.06 kN
15.06
0.000
1.3449e+06
29.21
0.000
3.3119e+06
16.14
23.87
18.44
10.13 kN
6.57
0.000
5.0421e+06
66.93
0.000
1.7548e+07
31.00
58.89
7.47
17.15 kN
13.22
0.000
8.7300e+05
33.28
0.000
3.3466e+06
18.70
29.17
15.09
4.57 kN
4.57
0.000
7.1693e+07
96.30
0.000
1.2008e+08
35.60
71.23
6.18
0.00 kN
0.00

kN
um

um

kN

kN
um

kN

kN

um

Mm

kN

kN
um

kN

kN

Bc. David Fait
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Minimum EHL lubricant film thickness [Nimin] 0.000
Results according to ISO 281.:

Basic bearing rating life [Lan] 1.0000e+10
Static safety factor [So] 9999.99
Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 135.000
Reference rating life [Larn] 1.0000e+06
Modified reference rating life [Lnmn] 1.0000e+06
Effective static safety factor [Sow] 13.85
Static safety factor [Sore] 20.29
Static equivalent load [Pore] 35.00
Shaft '‘pouzdro2' Rolling bearing 'RollerBearing14'

Dynamic equivalent load [P] 0.00 kN

Static equivalent load [Po] 0.00
Minimum EHL lubricant film thickness [Pimin] 0.000
Results according to ISO 281.:

Basic bearing rating life [Lnn] 1.0000e+10
Static safety factor [So) 9999.99
Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 95.000
Reference rating life [Len] 1.0000e+06
Modified reference rating life [Lrmn] 1.0000e+06
Effective static safety factor [Sow] 2399.33
Static safety factor [Soref] 9999.99
Static equivalent load [Pore] 0.00
Bearing 'Con_kolo1_sh7'

Bearing 'Con_kolo2_sh7'

Strength calculation according to DIN 743:2012

Summary

Shaft7

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 (cav/omv = const)

Results:

Cross section Bo KFo K2d SD

Free cross section 1.00 0.90 0.87 6.00
Required safeties: 1.20

O.GroupBox.sh3 kolo_sh.sh3 kolo_sh calc

Analysis of shafts, axle and beams
Label
Drawing
Initial position (mm)
Length (mm)
Speed (1/min)
Direction of rotation:
Material
Label
Drawing
Initial position (mm)
Length (mm)
Speed (1/min)
Direction of rotation:
Material
Type of force element
Position on shaft (mm)
Type of force element
Position on shaft (mm) [Viocall
Rolling bearing rating life according to ISO/TS 16281:2008
Shaft 'kolo' Rolling bearing 'RollerBearing11’
Dynamic equivalent load [P]

Shaft10

clockwise
C45 (1)
kolo

clockwise
C45 (1)

[yl ocal]

16.01 kN

Static equivalent load [Po]

Minimum EHL lubricant film thickness [Pimin]
Results according to ISO 281:

Basic bearing rating life [Lnn]
Static safety factor [So]

Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd]

Reference rating life [Larn]
Effective static safety factor [Sow]
Static safety factor [Sorer]

40.000
280.000
636.62

60.000
185.000
636.62

Coupling

275.0000

Bevel gear

12.8000

16.01
0.000

1.0971e+06
27.48

0.000
2.7619e+06

15.53

22.64

pum

kN

kN
um

pum

kN

SS
5.47
1.20

kN
um

Bc. David Fait
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Static equivalent load [Pore] 19.43 kN
Shaft 'kolo' Rolling bearing 'RollerBearing12’

Dynamic equivalent load [P] 10.45 kN

Static equivalent load [Po] 6.82 kN
Minimum EHL lubricant film thickness [Nimin] 0.000 um
Results according to 1ISO 281.:

Basic bearing rating life [Lnn] 4.5489e+06 h
Static safety factor [So] 64.49
Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 0.000 um
Reference rating life [Larn] 1.6082e+07 h
Effective static safety factor [Sow] 30.23

Static safety factor [Sore] 56.78

Static equivalent load [Pore] 7.75 kN
Bearing 'Con_kolo_sh10'

Strength calculation according to DIN 743:2012

Summary

Shaft10

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 (cav/omv = const)

Results:

Cross section Bo KFo K2d SD SS
Free cross section 1.00 0.90 0.87 7.64 5.26
Required safeties: 1.20 1.20

_0O.GroupBox.sh_kolo_sh4.Con_ko_sh4.FeatherKey calc4

Key

Calculation method:
Key width (mm)

Key height (mm)
Shaft diameter (mm)

DIN 6892-C:2012
[b]
(]
[d]

Nominal torque (Nm) [Tn]
Maximum torque (Nm) [Tmax]
Minimal frictional torque for interference fit (Nm) [TRmin]
Number of load peaks [NL]
Number of keys [i]
Load factor [phi]
Shaft

Material C45 (1)
Permissible surface pressure (N/mm?) [pzul]
Minimal safety [SF]
Hub

Material C45 (1)
Permissible surface pressure (N/mm?) [pzul]
Minimal safety [SF]
Key

Material C45 (1)
Permissible surface pressure (N/mm?) [pzul]
Minimal safety [SF]

Remarks:
Safety = Minimum (pzul/peq, fL*pzul/pmax)
Condition according to DIN 6892 Safety >= 1.0

20.00
12.00
70.00
702.24
1580.17
0.00
1000
1
1.00

333.00
0.25

387.00
0.29

441.00
0.33

supporting key height: h -1 _O.GroupBox.sh_kolo_sh4.sh_kolo_sh4 calc

Analysis of shafts, axle and beams
Label
Drawing
Initial position (mm)
Length (mm)
Speed (1/min)
Direction of rotation:
Material
Label
Drawing
Initial position (mm)
Length (mm)
Speed (1/min)
Direction of rotation:
Material

Shaft4

C45 (1)
kolo

C45 (1)

Vi

46.000
400.000
636.62

counterclockwise

61.000
177.000
636.62

counterclockwise
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Type of force element

Position on shaft (mm) [Viocal
Type of force element
Position on shaft (mm) [Viocal

Rolling bearing rating life according to ISO/TS 16281:2008
Shaft 'kolo' Rolling bearing 'RollerBearing5'
Dynamic equivalent load [P]

Static equivalent load [Po]

Minimum EHL lubricant film thickness [Pimin]
Results according to ISO 281.:

Basic bearing rating life [Lnn]
Static safety factor [So)

Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd]

Reference rating life [Laen]
Effective static safety factor [Sow]
Static safety factor [Sorer]
Static equivalent load [Poref]

Shaft 'kolo' Rolling bearing 'RollerBearing6'
Dynamic equivalent load [P]

Static equivalent load [Po]

Minimum EHL lubricant film thickness [Pimin]
Results according to ISO 281.:

Basic bearing rating life [Lnn]
Static safety factor [So]

Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd]

Reference rating life [Lom]
Effective static safety factor [Sow]
Static safety factor [Soret]
Static equivalent load [Porer]

Bearing 'Con_ko_sh4'
_0O.GroupBox.vret_trn_kolo2
cl

Key

Calculation method: DIN 6892-C:2012

Bc. David Fait
Rope sheave
309.0000
Bevel gear
11.8000
25.64 kN

17.65 kN
0.000 um

3.1862e+05 h
27.76
0.000  pm

1.2524e+06 h
15.60
23.59
20.77 kN

18.57 kN

18.57 kN
0.000 um

9.3388e+05 h
26.39
0.000 um

1.8438e+06 h
13.83
20.01
24.49 kN

.Con_ko2_vret.FeatherKey cal

Key width (mm) [b] 25.00
Key height (mm) [h] 14.00
Shaft diameter (mm) [d] 90.00
Nominal torque (Nm) [Tn] 702.24
Maximum torque (Nm) [Tmax] 1900.00
Minimal frictional torque for interference fit (Nm) [TRmin] 0.00
Number of load peaks [NL] 1000
Number of keys [i] 1
Load factor [phi] 1.00
Shaft

Material C45 (1)

Permissible surface pressure (N/mm?) [pzul] 333.00
Minimal safety [SF] 0.30
Hub

Material C45 (1)

Permissible surface pressure (N/mm?) [pzul] 387.00
Minimal safety [SF] 0.34
Key

Material C45 (1)

Permissible surface pressure (N/mm?) [pzul] 441.00
Minimal safety [SF] 0.39

Remarks:

Safety = Minimum (pzul/peq, fL*pzul/pmax)
Condition according to DIN 6892 Safety >= 1.0
Supporting key height: h - t1

O.GroupBox.vret_trn_kolo2

Analysis of shafts, axle and beams
Label
Drawing
Initial position (mm)
Length (mm)
Speed (1/min)
Direction of rotation:
Material
Label
Drawing

kolo2

brus_|

.vret_trn_kolo2 calc

kot

-72.000
80.000
636.62
counterclockwise

C45 (1)

vii
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Initial position (mm)
Length (mm)

Speed (1/min)
Direction of rotation:
Material

Label

Drawing

Initial position (mm)
Length (mm)

Speed (1/min)
Direction of rotation:
Material

Label

Drawing

Initial position (mm)
Length (mm)

Speed (1/min)
Direction of rotation:
Material

Type of force element
Position on shaft (mm)
Type of force element
Position on shaft (mm)
Type of force element
Paosition on shaft (mm)
Type of force element
Position on shaft (mm)

[Viocal]
[Yiocall
[Yiocall
[Viocal]

Rolling bearing rating life according to ISO/TS 16281:2008
Shaft 'kolo2' Rolling bearing 'RollerBearing15'

Dynamic equivalent load

Static equivalent load

Minimum EHL lubricant film thickness
Spin to roll ratio

Results according to ISO 281.:

Basic bearing rating life

Static safety factor

Calculation with approximate bearings internal geometry

Operating bearing clearance
Reference rating life
Effective static safety factor
Static safety factor

Static equivalent load

Shaft 'kolo2' Rolling bearing 'RollerBearing16'

Dynamic equivalent load

Static equivalent load

Minimum EHL lubricant film thickness
Spin to roll ratio

Results according to ISO 281:

Basic bearing rating life

Static safety factor

Calculation with approximate bearings internal geometry

Operating bearing clearance
Reference rating life
Effective static safety factor
Static safety factor

Static equivalent load

Shaft 'vreteno' Rolling bearing 'RollerBearing3'

Dynamic equivalent load

Static equivalent load

Minimum EHL lubricant film thickness
Spin to roll ratio

Results according to ISO 281.:

Basic bearing rating life

Static safety factor

Calculation with approximate bearings internal geometry

Operating bearing clearance
Reference rating life
Effective static safety factor
Static safety factor

Static equivalent load

Shaft 'vreteno' Rolling bearing 'RollerBearing8'

Dynamic equivalent load

Static equivalent load

Minimum EHL lubricant film thickness
Spin to roll ratio

290.000
467.000
636.62
counterclockwise
C45 (1)
trn
-100.000
130.000
636.62
counterclockwise
C45 (1)
vreteno
-85.000
842.000
636.62
counterclockwise
C45 (1)
Coupling
25.0000
Eccentric force
40.0000
Centric force
40.0000
Rope sheave
356.0000
[P] 7.13 kN
[Po] 3.51
[Nrmin] 0.000
[w_s/w_roll] 0.204
[Lon] 4.6479e+05
[So) 54.92
[Pd] 0.000
[Laen] 8.9976e+05
[Sou] 59.39
[Soref] 34.06
[Pored] 5.67
[P] 10.04 kN
[Po) 9.09
[Pimin] 0.000
[w_s/w_roll] 0.203
[Lan] 1.6628e+05
[So] 21.22
[Pd] 0.000
[Lomn] 2.2815e+05
[Sow] 26.37
[Sored] 15.16
[Pored] 12.73
[P] 511 kN
[Po] 5.01
[Nmin] 0.000
[w_s/w_roll] 0.134
[Lan] 1.3463e+06
[So) 36.51
[Pd] 0.000
[Laen] 1.5207e+06
[Sow] 45.56
[Soref] 32.05
[POref] 571
[P] 3.30 kN
[Po] 1.63
[Pimin] 0.000
[w_s/w_roll] 0.135

viii

kN
um

um

kN

kN
um

Mm

kN

kN
um

Mm

kN

kN
um

Bc. David Fait
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Results according to ISO 281.:

Basic bearing rating life [Lnn] 5.0
Static safety factor [So)

Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd]

Reference rating life [Len] 6.7
Effective static safety factor [Sow]

Static safety factor [Sore]

Static equivalent load [Poref]

Bearing 'Con_brus_trn'

Bearing 'Con_ko2_vret'

Bearing 'Con_trn_vret'

Strength calculation according to DIN 743:2012

Summary

brus_kot

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 (cav/omv = const)

Results:

Cross section KFo K2d SD
Free cross section 0.93 0.80 9999.99
Required safeties: 1.20

O.GroupBox.z2 z1.z2 z1 calc

Bevel gear calculation, bevel gear pair

Calculation method
Geometry calculation according to method

Power (kW)

Speed (1/min)

Torque (Nm)

Application factor

Required service life

Hypoid offset (mm)

Mean normal module (mm)
Mean spiral angle (°)

Number of teeth

Facewidth (mm)

Safety for tooth root stress
Safety factor for contact stress, cHP/oHB/D
Required safety for tooth flank
System service life (h)

Bc. David Fait

062e+06 h
112.19

0.000  pm
327e+06  h
105.28
73.86
2.48 kN

SS
9999.99
1.20

Bevel gear DIN 3991:1988

0, 1ISO 23509:2016
Standard, fig 1 (Tip, Pitch and Root apex in one point)

[P]
(]

O.GroupBox.z4 z3.z4 z3 calc

Bevel gear calculation, bevel gear pair

Calculation method
Geometry calculation according to method

Power (kW)

Speed (1/min)

Torque (Nm)

Application factor

Required service life

Hypoid offset (mm)

Mean normal module (mm)
Mean spiral angle (°)

Number of teeth

Facewidth (mm)

Safety for tooth root stress
Safety factor for contact stress, cHP/oHB/D
Required safety for tooth flank
System service life (h)

6
7

50.799
36.6 636.6
62.0 762.0
1.25
1200.00
0.000
5.7293
30.0000
22 22
36.00 36.00
2.64 2.62
161 161
1.00
> 1000000

Bevel gear DIN 3991:1988

0, 1ISO 23509:2016
Standard, fig 1 (Tip, Pitch and Root apex in one point)

[P]
(]

[SF=0FP/cF]
[SH]

[SHminN]
[Hatt]

> 1000000
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Analysis of shafts, axle and beams
Input data

Coordinate system shaft:

Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Direction of rotation:

Material

Young's modulus (N/mm?)
Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*mm?)
Momentum of mass GD2 (Nm?)
Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Direction of rotation:

Material

Young's modulus (N/mm?)
Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*m?)

Momentum of mass GD2 (Nm?)

Position in space (°)

Consider deformations due to shearing

Shear correction factor

(10-6/K)

(107-6/K)

see picture W-002
Shaft10

40.000
280.000
636.62
clockwise
C45 (1)
206000.000
0.300
7830.000
11.500
0.000
4.305
4.305
1345.240
0.053
kolo

60.000
185.000

636.62

clockwise
C45 (1)

206000.000
0.300
7830.000
11.500
0.000
8.533
8.533
0.013
0.523
0.000

1.100

Rolling bearing stiffness is calculated from inner bearing geometry

Tolerance field:
Reference temperature (°C)

Mean value
20.000

e

TP —

Figure: Load applications
Shaft definition

(Shaft10)

Xi
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Outer contour
Cylinder (Cylinder)

0.000 mm ... 280.000 mm

Bc. David Fait

driven (input)

Double helical gearing, left-

Tip to the left

driving (output)

Diameter (mm) [d] 50.0000
Length (mm) {1 280.0000
Surface roughness (um) [Rz] 8.0000
Forces
Type of force element Coupling
Label in the model Coupling2(Boundaryl)
Position on shaft (mm) [Viocall 275.0000
Position in global system (mm) [Vgioball 315.0000
Effective diameter (mm) 30.0000
Radial force factor (-) 0.0000
Direction of the radial force (°) 0.0000
Axial force factor (-) 0.0000
Length of load application (mm) 10.0000
Power (kW) 50.7986
Torque (Nm) 761.9790
Axial force (N) 0.0000
Shearing force X (N) 0.0000
Shearing force Z (N) 0.0000
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) 0.0000
Mass (kg) 0.0000
Mass moment of inertia Jp (kg*m?) 0.0000
Mass moment of inertia Jxx (kg*m?) 0.0000
Mass moment of inertia Jzz (kg*m?) 0.0000
Eccentricity (mm) 0.0000
Shaft definition (kolo)
Outer contour
Cylinder (Cylinder) 0.000 mm ... 185.000 mm
Diameter (mm) [d] 100.0000
Length (mm) [ 185.0000
Surface roughness (um) [Rz] 8.0000
Inner contour
Cylindrical bore (Cylindrical bore) 0.000 mm ... 185.000 mm
Diameter (mm) [d] 50.0000
Length (mm) [ 185.0000
Surface roughness (um) [Rz] 8.0000
Forces
Type of force element Bevel gear
Label in the model z1(z2_z1)
Position on shaft (mm) [Viocal] 12.8000
Paosition in global system (mm) [Vgioball 72.8000
Operating pitch diameter (mm) 145.5443
Helix angle (°) 30.0000
right
Pitch angle (°) 45.0000
Working pressure angle at normal section (°) 20.0000
Position of contact (°) 180.0000
Facewidth (mm) 36.0000
Power (kW) 50.7986
Torque (Nm) -761.9792
Axial force (N) -1162.9640
Shearing force X (N) 7386.3710
Shearing force Z (N) -10470.7542
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) 84.6314
Bearing
Label in the model RollerBearing11
Bearing type SKF 32220
Bearing type Taper roller bearing (single row)
SKF Explorer
Bearing position (mm) [Viokal 62.000
Bearing position (mm) [Vgiobal 122.000
Attachment of external ring Set fixed bearing right
Inner diameter (mm) [d] 100.000
External diameter (mm) [D] 180.000
Width (mm) [b] 49.000
Corner radius (mm) [ 3.000
Number of rolling bodies [2] 20
Rolling body reference circle (mm) [Dpw] 139.014
Diameter rolling body (mm) [Dw] 21.770
Rolling body length (mm) [Lwel 28.121
Distance a (mm) [a] 40.981

xii
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Diameter, external race (mm) [do] 160.155

Diameter, internal race (mm) [d] 117.873

Calculation with approximate bearings internal geometry (*)

Bearing clearance 0.00 ym

The bearing pressure angle will be considered in the calculation
Position (center of pressure)

(mm
)
45.5
190
Basic static load rating (kN) [Cal 440.000
Basic dynamic load rating (kN) [C] 390.000
Fatigue load limit (kN) [Cl] 48.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheo) 326.172
Basic static load rating (kN) [Cotheo] 440.000
Correction factor Basic dynamic load rating
[fe] 1.000
Correction factor Basic static load rating
[fcal 1.000
Label in the model RollerBearing12
Bearing type SKF 32220
Bearing type Taper roller bearing (single row)
SKF Explorer
Bearing position (mm) [Viokar] 150.000
Bearing position (mm) [Vgioball 210.000
Attachment of external ring Set fixed bearing left
Inner diameter (mm) [d] 100.000
External diameter (mm) [D] 180.000
Width (mm) [b] 49.000
Corner radius (mm) [ 3.000
Number of rolling bodies [2] 20
Rolling body reference circle (mm) [Dpu] 139.014
Diameter rolling body (mm) [Dy] 21.770
Rolling body length (mm) [Le] 28.121
Distance a (mm) [a] 40.981
Diameter, external race (mm) [do] 160.155
Diameter, internal race (mm) [d] 117.873
Calculation with approximate bearings internal geometry (*)
Bearing clearance 0.00 ym
The bearing pressure angle will be considered in the calculation
Position (center of pressure)
(mm
)
166.
4810
Basic static load rating (kN) [Cq] 440.000
Basic dynamic load rating (kN) [C] 390.000
Fatigue load limit (kN) [Cl] 48.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheo) 326.172
Basic static load rating (kN) [Cotheol 440.000
Correction factor Basic dynamic load rating
[fe] 1.000
Correction factor Basic static load rating
[fca] 1.000

CONNECTIONS
(Con_kolo_sh10) 108.000 mm
Degrees of freedom
X: fixedY: fixedZ: fixed
Rx: fixedRy: fixedRz: fixed

Results

Shaft

Maximum deflection  31.596 (um) (Shaft10 pos = 40.000 mm)

Mass center of gravity

Shaft10 (mm) 140.000
kolo (mm) 92.500
Total axial load

Shaft10 (N) 0.000
kolo (N) -1162.964
Torsion under torque

Shaft10 (°) 0.186
kolo (°) 0.002

Xiii
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Bearing

Probability of failure [n] 10.00 %

Axial clearance (ISO 281) [ual 10.00 um

Lubricant ISOFLEX PDB 38 CX 1000

Lubricant - service temperature [Tg] 70.00 °C

Rolling bearing rating life according to ISO/TS 16281:2008
Shaft 'kolo' Rolling bearing 'RollerBearing11’

Position (Y-coordinate) vl 62.00 mm

Dynamic equivalent load [P] 16.01 kN

Static equivalent load [Po] 16.01 kN
Minimum EHL lubricant film thickness [Nimin] 0.000 um
Life modification factor for reliability[as] 1.000
Results according to ISO 281.:

Lubricant ISOFLEX PDB 38 CX 1000

Load ratio [CIP] 24.360
Operating viscosity [v] 6.072 mm?/s
Reference viscosity [v4] 0.000 mm?/s
Viscosity ratio [K] 0.000

Basic bearing rating life [Lnn] 1.0971e+06 h
Static safety factor [So] 27.48
Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 0.000 um
Reference rating life [Laen] 2.7619e+06  h
Effective static safety factor [Sow] 15.53

Static safety factor [Sore] 22.64

Static equivalent load [Porei] 19.43 kN
Bearing reaction force [Fx] -9.628 kN

Bearing reaction force [Fy] -5.405 kN

Bearing reaction force [Fz] 12.791 kN

Bearing reaction force [Fr] 16.010 kN (126.97°)

Bearing reaction moment [Mx] -266.52 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] -200.70 Nm

Bearing reaction moment [Mr] 333.64 Nm (-143.02°)

Oil level [H] 0.000 mm

Load-independent moment of friction [Mo] 0.135 Nm
Load-dependent moment of friction [Mi] 0.672 Nm
Moment of friction, cylindrical roller bearing[M;] 0.000 Nm
Moment of friction for seals determined according to SKF main catalog 4000/IV T DE:1994

Torque of friction [Mioss] 0.808 Nm
Power loss [Pioss] 53.838 W

The moment of friction is calculated according to the details in SKF Catalog 1994.
The factors used to calculate the torque loss have been assumed for this bearing.

Displacement of bearing [u] 9.445 um
Displacement of bearing [uy] -8.101 um
Displacement of bearing [u,] -12.677 um
Displacement of bearing [u] 15.808 um (-53.31°)
Misalignment of bearing [rd] 0.141 mrad (0.48")
Misalignment of bearing [ry] -0.000 mrad (0"
Misalignment of bearing [r2] 0.111 mrad (0.38")
Misalignment of bearing [r] 0.179 mrad (0.62")
Shaft 'kolo' Rolling bearing 'RollerBearing12'

Position (Y-coordinate) vl 150.00 mm

Dynamic equivalent load [P] 10.45 kN

Static equivalent load [Po] 6.82 kN

Minimum EHL lubricant film thickness [Pimin] 0.000 um

Life modification factor for reliability[as] 1.000

Results according to 1ISO 281.:

Lubricant ISOFLEX PDB 38 CX 1000

Load ratio [CIP] 37.323

Operating viscosity [v] 6.072 mm?/s
Reference viscosity [vi] 0.000 mm?/s
Viscosity ratio [K] 0.000

Basic bearing rating life [Lnn] 4.5489e+06 h

Static safety factor [So] 64.49

Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 0.000 um
Reference rating life [Laen] 1.6082e+07 h

Effective static safety factor [Sow] 30.23

Static safety factor [Sorei] 56.78

Static equivalent load [Pores] 7.75 kN

Bearing reaction force [FX] 2.242 kN

Bearing reaction force [Fy] 6.567 kN

Bearing reaction force [Fz] -2.195 kN

Bearing reaction force [Fr] 3.137 kN (-44.39°)

Xiv
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Bearing reaction moment [Mx] -50.48 Nm
Bearing reaction moment [My] 0.00 Nm
Bearing reaction moment [Mz] -50.05 Nm
Bearing reaction moment [Mr] 71.08 Nm (-135.25°)
Oil level [H] 0.000 mm
Load-independent moment of friction [Mo] 0.135 Nm
Load-dependent moment of friction [M4] 0.132 Nm
Moment of friction, cylindrical roller bearing[M;] 0.000 Nm
Moment of friction for seals determined according to SKF main catalog 4000/IV T DE:1994
Torque of friction [Mioss] 0.267 Nm
Power loss [Pross] 17.796 W
The moment of friction is calculated according to the details in SKF Catalog 1994.
The factors used to calculate the torque loss have been assumed for this bearing.
Displacement of bearing [u] 0.885 um
Displacement of bearing [uy] -27.865 um
Displacement of bearing [ug] -1.486 um
Displacement of bearing [u] 1.730 um (-59.22°)
Misalignment of bearing [rd] 0.127 mrad (0.44")
Misalignment of bearing [r] -0.000 mrad (0"
Misalignment of bearing [rz] 0.097 mrad (0.33")
Misalignment of bearing [r] 0.160 mrad (0.55")
Bearing 'Con_kolo_sh10'
Position (Y-coordinate) vl 108.00 mm
Bearing reaction force [Fx] 0.000 kN
Bearing reaction force [Fyl -0.000 kN
Bearing reaction force [Fz] 0.042 kN
Bearing reaction force [Fr] 0.042 kN (89.92°)
Bearing reaction moment [Mx] 3.05 Nm
Bearing reaction moment [My] -761.98 Nm
Bearing reaction moment [Mz] 0.01 Nm
Bearing reaction moment [Mr] 3.05 Nm (0.18°)
Displacement of bearing [u] 0.000 um
Displacement of bearing [uy] 0.000 um
Displacement of bearing [u,] 0.000 um
Displacement of bearing [u] 0.000 um
Misalignment of bearing [rd] 0.000 mrad (0"
Misalignment of bearing [ry] 0.000 mrad (0"
Misalignment of bearing [r2] 0.000 mrad (0"
Misalignment of bearing [r] 0.000 mrad (0"
Damage (%) [Lreqg] ( 1200.000 )
Binno Bl B2

1 0.04 0.01
> 0.04 0.01
Utilization (%) [Lreq] ( 1200.000 )

B1 B2

9.80 5.78
Note: Utilization = (Lreg/Lh)"(1/k)
Ball bearing: k = 3, roller bearing: k = 10/3
B1 :RollerBearingll
B2 : RollerBearing12
Calculation of the factors required to define reliability R(t) using the Weibull distribution. t in (h):
Calculation method: Bertsche
Bearing|p fac b t0 T R(H)%
1 Bearing 17 135 9.167e+06 2.034e+08 100.00
2 Bearing 3 135 9.167e+06 2.034e+08 100.00
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Reliability of the configuration for required service life (%) 99.00
0.030 —
] 4 — Components - Arbitrary plane
0.020 — ]
0.010 —|
=
H -0.010 —
'E- -0.020 — . ‘
o q 7 7 .
-0.030 —
-0.040 —|
-0.050 —
I I T I
© & o Ko »® &
~ Axial direction Y [mm]
Figure: Deformation (bending etc.) (Arbitrary plane 307.4888612 124)
_ ] — Egquivalent stress (GEH)
600 | — Equivalent stress (SSH)
54.0 — i
480 —|
420 —|
g 36.0 —|
2
@ 300 —|
Uz’ 240
18.0 —| 4
12,0 — /
6.0 —| /
0 [ I I
° é '3‘“ \QD '\P‘Q ’5“0
‘Axia! dirTction Y‘[mm] .
S .
Nominal stresses, without taking into account stress concentrations
GEH(von Mises): sigV = ((sigB+sigZ,D)"2 + 3*(tauT+tauS)"2)"1/2
SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2
Figure: Equivalent stress
Strength calculation according to DIN 743:2012
Summary
Shaft10
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 (cgav/omv = const)
Cross section Position (Y-Coord) (mm)
Free cross section 85.82 Own Input
Results:
Cross section Bo KFo K2d SD SS
Free cross section 1.00 0.90 0.87 7.64 5.26
Required safeties: 1.20 1.20
Abbreviations:
Bo: Notch factor, bending
KFo: Surface factor
K2d: size factor bending
SD: Safety endurance limit
SS: Safety against yield point
End of Report lines: 436
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Name : Unnamed
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Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft7
Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Direction of rotation:

Material

Young's modulus (N/mm?)
Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*mm?)
Momentum of mass GD2 (Nm?)
Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Direction of rotation:

Material

Young's modulus (N/mm?)
Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*m?)
Momentum of mass GD2 (Nm?)
Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Direction of rotation:

Material

Young's modulus (N/mm?)
Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*m?)
Momentum of mass GD2 (Nm?)
Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Direction of rotation:

Material

Young's modulus (N/mm?)
Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*m?)

Momentum of mass GD2 (Nm?)

Label

(107-6/K)

(107-6/K)

(107-6/K)

(107-6/K)

clockwise
C45 (1)

kolol

clockwise
C45 (1)

kolo2

clockwise
C45 (1)

pouzdrol

clockwise
C45 (1)

pouzdro2

XViii

33.000
1005.000
636.62

206000.000
0.300
7830.000
11.500
0.000
15.451
15.451
4828.450
0.189

855.000
177.000
636.62

206000.000
0.300
7830.000
11.500
0.000

8.164

8.164

0.013

0.501

37.300
177.000
636.62

206000.000
0.300
7830.000
11.500
0.000

8.164

8.164

0.013

0.501

0.000
200.000
0.00

206000.000
0.300
7830.000
11.500
0.000
23.224
23.224
0.245

9.620
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Drawing
Initial position (mm) 485.000
Length (mm) 65.000
Speed (1/min) 0.00
Direction of rotation: clockwise
Material C45 (1)
Young's modulus (N/mm?2) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 0.000
Weight of shaft (kg) 7.634
Weight of shaft, including additional masses (kg) 7.634
Mass moment of inertia (kg*m?) 0.049
Momentum of mass GD2 (Nm?) 1.910
Weight towards 0.000
Weight towards -1.000
Weight towards 0.000
Consider deformations due to shearing
Shear correction factor 1.100
Rolling bearing stiffness is calculated from inner bearing geometry
Tolerance field: Mean value
Reference temperature (°C) 20.000

. = A=

4 N
7
= A LS
2 AN = S
o
X
= 1Bd BS

Figure: Load applications
Shaft definition (Shaft7)
Outer contour
Cylinder (Cylinder) 0.000 mm ... 182.000 mm
Diameter (mm) [d] 50.0000
Length (mm) n 182.0000
Surface roughness (um) [Rz] 8.0000

Radius right (Radius right)

r=2.00 (mm), Rz=8.0, Machined (Ra=3.2um/125yin)

Cylinder (Cylinder)
Diameter (mm) [d]
Length (mm) [1]
Surface roughness (um) [Rz]
Shaft definition

Outer contour

Cylinder (Cylinder)

Diameter (mm) [d]
Length (mm) [1]
Surface roughness (um) [Rz]
Inner contour

Cylindrical bore (Cylindrical bore)
Diameter (mm)

Length (mm) [1]
Surface roughness (um) [Rz]
Forces

182.000 mm ...1005.000 mm
50.0000
823.0000
8.0000
(kolol1)

0.000 mm ... 177.000 mm
100.0000
177.0000
8.0000

0.000 mm ... 177.000 mm
50.0000
177.0000
8.0000

XiX
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Type of force element

Label in the model

Position on shaft (mm) [Viocall
Position in global system (mm) [Vgioball
Operating pitch diameter (mm)

Helix angle (°)

right

Pitch angle (°)

Working pressure angle at normal section (°)
Position of contact (°)

Facewidth (mm)

Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)

Bending moment Z (Nm)

Bearing

Bevel gear
z3(z4_z3)
12.0000
867.0000
145.5443
30.0000

45.0000
20.0000
-0.0000
36.0000
48.7667
-731.5000
-1116.4455
-7090.9161
10051.9240
-0.0000
-81.2461

Label in the model
Bearing type
Bearing type

RollerBearing7

SKF 32220

Taper roller bearing (single row)
SKF Explorer

Bearing position (mm) [Yiokall 63.000
Bearing position (mm) [Vgiobal 918.000
Attachment of external ring Set fixed bearing right
Inner diameter (mm) [d] 100.000
External diameter (mm) [D] 180.000
Width (mm) [b] 49.000
Corner radius (mm) [ 3.000
Number of rolling bodies [2] 20
Rolling body reference circle (mm) [Dpu] 139.014
Diameter rolling body (mm) [Dy] 21.770
Rolling body length (mm) [Lel 28.121
Distance a (mm) [a] 40.981
Diameter, external race (mm) [do] 160.155
Diameter, internal race (mm) [d] 117.873
Calculation with approximate bearings internal geometry (*)
Bearing clearance 0.00 ym
The bearing pressure angle will be considered in the calculation
Position (center of pressure)
)
190
Basic static load rating (kN) [Cd] 440.000
Basic dynamic load rating (kN) [C] 390.000
Fatigue load limit (kN) [Cy] 48.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheo) 326.172
Basic static load rating (kN) [Cotheo) 440.000
Correction factor Basic dynamic load rating

[fe] 1.000
Correction factor Basic static load rating

[feo] 1.000
Label in the model RollerBearing8
Bearing type SKF 32220
Bearing type Taper roller bearing (single row)

SKF Explorer

Bearing position (mm) [Yiokall 144.000
Bearing position (mm) [Vgioba] 999.000
Attachment of external ring Set fixed bearing left
Inner diameter (mm) [d] 100.000
External diameter (mm) [D] 180.000
Width (mm) [b] 49.000
Corner radius (mm) [ 3.000
Number of rolling bodies [Z] 20
Rolling body reference circle (mm) [Dpw] 139.014
Diameter rolling body (mm) [Dy] 21.770
Rolling body length (mm) [Lwe] 28.121
Distance a (mm) [a] 40.981
Diameter, external race (mm) [do] 160.155
Diameter, internal race (mm) [d] 117.873

XX
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Double helical gearing, left-

Tip to the left

driving (output)

(mm

46.5
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Calculation with approximate bearings internal geometry (*)

Bearing clearance 0.00 ym
The bearing pressure angle will be considered in the calculation
Position (center of pressure)

(mm
)

160.
4810
Basic static load rating (kN) [Cq] 440.000
Basic dynamic load rating (kN) [C] 390.000
Fatigue load limit (kN) [Cl] 48.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheo) 326.172
Basic static load rating (kN) [Cotheo] 440.000
Correction factor Basic dynamic load rating

[fc] 1.000
Correction factor Basic static load rating
[fcal 1.000
Shaft definition (kolo2)
Outer contour
Cylinder (Cylinder) 0.000 mm ... 177.000 mm
Diameter (mm) [d] 100.0000
Length (mm) [ 177.0000
Surface roughness (um) [Rz] 8.0000
Inner contour
Cylindrical bore (Cylindrical bore) 0.000 mm ... 177.000 mm
Diameter (mm) [d] 50.0000
Length (mm) [ 177.0000
Surface roughness (um) [Rz] 8.0000
Forces
Type of force element Bevel gear
Label in the model z2(z2_z1)
Position on shaft (mm) [Viocal] 164.9000
Position in global system (mm) [Vgiobal 202.2000
Operating pitch diameter (mm) 145.5443
Helix angle (°) 30.0000 Double helical gearing, right-
left
Pitch angle (°) 45.0000 Tip to the right
Working pressure angle at normal section (°) 20.0000
Position of contact (°) 90.0000
Facewidth (mm) 36.0000
Power (kW) 48.7667 driven (input)
Torque (Nm) 731.5000
Axial force (N) -7090.9161
Shearing force X (N) 10051.9240
Shearing force Z (N) 1116.4455
Bending moment X (Nm) 516.0211
Bending moment Z (Nm) -0.0000
Bearing
Label in the model RollerBearing10
Bearing type SKF 32220
Bearing type Taper roller bearing (single row)
SKF Explorer

Bearing position (mm) [Viokar] 123.000
Bearing position (mm) [Vgiobal 160.300
Attachment of external ring Set fixed bearing left
Inner diameter (mm) [d] 100.000
External diameter (mm) [D] 180.000
Width (mm) [b] 49.000
Corner radius (mm) [ 3.000
Number of rolling bodies [2] 20
Rolling body reference circle (mm) [Dpw] 139.014
Diameter rolling body (mm) [Dy] 21.770
Rolling body length (mm) [Lwel 28.121
Distance a (mm) [a] 40.981
Diameter, external race (mm) [do] 160.155
Diameter, internal race (mm) [d] 117.873
Calculation with approximate bearings internal geometry (*)
Bearing clearance 0.00 ym
The bearing pressure angle will be considered in the calculation
Position (center of pressure)

(mm

)
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139.

4810
Basic static load rating (kN) [Cq] 440.000
Basic dynamic load rating (kN) [C] 390.000
Fatigue load limit (kN) [Cl] 48.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheo) 326.172
Basic static load rating (kN) [Cotheo] 440.000
Correction factor Basic dynamic load rating

[fc] 1.000
Correction factor Basic static load rating

[fcol 1.000
Label in the model RollerBearing9
Bearing type SKF 32220
Bearing type Taper roller bearing (single row)

SKF Explorer

Bearing position (mm) [Viokar] 43.000
Bearing position (mm) [Vgioba] 80.300
Attachment of external ring Set fixed bearing right
Inner diameter (mm) [d] 100.000
External diameter (mm) [D] 180.000
Width (mm) [b] 49.000
Corner radius (mm) [ 3.000
Number of rolling bodies [2] 20
Rolling body reference circle (mm) [Dpu] 139.014
Diameter rolling body (mm) [Dw] 21.770
Rolling body length (mm) [Lel 28.121
Distance a (mm) [a] 40.981
Diameter, external race (mm) [do] 160.155
Diameter, internal race (mm) [d] 117.873
Calculation with approximate bearings internal geometry (*)
Bearing clearance 0.00 ym

The bearing pressure angle will be considered in the calculation
Position (center of pressure)

(mm
)
26.5

190
Basic static load rating (kN) [Cd] 440.000
Basic dynamic load rating (kN) [C] 390.000
Fatigue load limit (kN) [Cy] 48.000
Values for approximated geometry:
Basic dynamic load rating (kKN) [Cineol 326.172
Basic static load rating (kN) [Cotheo) 440.000
Correction factor Basic dynamic load rating

[fc] 1.000
Correction factor Basic static load rating

[fcal 1.000
Shaft definition (pouzdrol)
Outer contour
Cylinder (Cylinder) 0.000 mm ... 50.000 mm
Diameter (mm) [d] 210.0000
Length (mm) [ 50.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 50.000 mm ... 70.000 mm
Diameter (mm) [d] 300.0000
Length (mm) [ 20.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 70.000 mm ... 200.000 mm
Diameter (mm) [d] 210.0000
Length (mm) n 130.0000
Surface roughness (um) [Rz] 8.0000
Inner contour
Cylindrical bore (Cylindrical bore) 0.000 mm ... 55.000 mm
Diameter (mm) [d] 180.0000
Length (mm) {1 55.0000
Surface roughness (um) [Rz] 8.0000
Cylindrical bore (Cylindrical bore_2) 55.000 mm ... 184.000 mm
Diameter (mm) [d] 180.0000
Length (mm) n 129.0000
Surface roughness (um) [Rz] 8.0000
Bearing
Label in the model RollerBearingl13
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Bearing type

Bearing type

Bearing position (mm)
Bearing position (mm)
Attachment of external ring
Inner diameter (mm)

External diameter (mm)
Width (mm)

Corner radius (mm)

Number of rolling bodies
Rolling body reference circle (mm)
Diameter rolling body (mm)
Rolling body length (mm)
Diameter, external race (mm)
Diameter, internal race (mm)

[Yiokal]
[yglobal]

Bc. David Fait

SKF RNA 4838
Needle roller bearing (with/without internal ring)
25.000
25.000
Fixed bearing
210.000
240.000
50.000
1.500
57
217.500
7.500
39.094
225.067
209.933

Calculation with approximate bearings internal geometry (*)

Bearing clearance

DIN 620:1988 CO (135.00 um)

Basic static load rating (kN) [Cq] 710.000
Basic dynamic load rating (kN) [C] 220.000
Fatigue load limit (kN) [Cl] 73.500
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheol 235.198
Basic static load rating (kN) [Cotheo] 710.000
Correction factor Basic dynamic load rating

[fc] 1.000
Correction factor Basic static load rating

[fcol 1.000
Shaft definition (pouzdro2)
Outer contour
Cylinder (Cylinder) 0.000 mm ... 10.000 mm
Diameter (mm) [d] 180.0000
Length (mm) [ 10.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 10.000 mm ... 30.000 mm
Diameter (mm) [d] 220.0000
Length (mm) n 20.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 30.000 mm ... 65.000 mm
Diameter (mm) [d] 145.0000
Length (mm) [1 35.0000
Surface roughness (um) [Rz] 8.0000
Inner contour
Cylindrical bore (Cylindrical bore) 0.000 mm ... 65.000 mm
Diameter (mm) [d] 110.0000
Length (mm) [ 65.0000
Surface roughness (um) [Rz] 8.0000
Bearing
Label in the model RollerBearing14
Bearing type SKF RNA 4826
Bearing type Needle roller bearing (with/without internal ring)
Bearing position (mm) [Viokar] 50.000
Bearing position (mm) [Vgiobal 535.000
Attachment of external ring Fixed bearing
Inner diameter (mm) [d] 145.000
External diameter (mm) [D] 165.000
Width (mm) [b] 35.000
Corner radius (mm) [r 1.100
Number of rolling bodies [Z] a7
Rolling body reference circle (mm) [Dpw] 151.000
Diameter rolling body (mm) [Dy] 6.000
Rolling body length (mm) [Lwel 27.277
Diameter, external race (mm) [do] 157.048
Diameter, internal race (mm) [d] 144.952
Calculation with approximate bearings internal geometry (*)
Bearing clearance DIN 620:1988 CO (95.00 um)
Basic static load rating (kN) [Col 325.000
Basic dynamic load rating (kN) [C] 119.000
Fatigue load limit (kN) [Cl] 36.500
Values for approximated geometry:
Basic dynamic load rating (kN) [Cinedl 124.945
Basic static load rating (kN) [Cotheo] 325.000
Correction factor Basic dynamic load rating

[fc] 1.000

Correction factor Basic static load rating
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CONNECTIONS
(Con_kolo1_sh7)

Degrees of freedom

X: fixedY: fixedZ: fixed

Rx: fixedRy: fixedRz: fixed
(Con_kolo2_sh7)

Degrees of freedom

X: fixedY: freeZ: fixed

Rx: fixedRy: fixedRz: fixed

[fcal 1.000

915.000 mm

125.000 mm

Results

Shaft

Maximum deflection  36.395 (um) (Shaft7 pos = 665.775 mm)

Mass center of gravity

Shaft7 (mm) 502.500
kolol (mm) 88.500
kolo2 (mm) 88.500
pouzdrol (mm) 102.906
pouzdro2 (mm) 24.467

Total axial load

Shaft7 (N) 0.000
kolol (N) -1116.445
kolo2 (N) -7090.916
pouzdrol (N) 0.000
pouzdro2 (N) 0.000
Torsion under torque

Shaft7 (°) -0.681

kolo1 (°) 0.003
kolo2 (°) 0.004
pouzdro1 (°) -0.000
pouzdro2 (°) -0.000
Bearing

Probability of failure [n] 10.00 %

Axial clearance (ISO 281) [ual 10.00
Lubricant ISOFLEX PDB 38 CX 1000

Lubricant - service temperature [Tg] 70.00
Rolling bearing rating life according to ISO/TS 16281:2008

Shaft 'kolo1' Rolling bearing 'RollerBearing7'

Position (Y-coordinate) vl 63.00 mm

Dynamic equivalent load [P] 15.06 kN

Static equivalent load [Po] 15.06
Minimum EHL lubricant film thickness [Pimin] 0.000
Life modification factor for reliability[as] 1.000
Results according to ISO 281.:

Lubricant ISOFLEX PDB 38 CX 1000

Load ratio [CIP] 25.895
Operating viscosity [v] 6.072
Reference viscosity [va] 0.000
Viscosity ratio [K] 0.000
Basic bearing rating life [Lan] 1.3449e+06
Static safety factor [So] 29.21
Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 0.000
Reference rating life [Lien] 3.3119e+06
Effective static safety factor [Sow] 16.14
Static safety factor [Soref] 23.87
Static equivalent load [Pore] 18.44
Bearing reaction force [FX] 8.923 kN

Bearing reaction force [Fy] -5.063 kN

Bearing reaction force [Fz] -12.133 kN

Bearing reaction force [Fr] 15.061 kN (-53.67°)

Bearing reaction moment [Mx] 253.10 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] 186.21 Nm

Bearing reaction moment [Mr] 314.22 Nm (36.34°)

Oil level [H] 0.000 mm

Load-independent moment of friction [Mo] 0.135
Load-dependent moment of friction [M4] 0.633
Moment of friction, cylindrical roller bearing[M5] 0.000

Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994

Torque of friction
Power loss

[Mioss] 0.768
[Ploss] 51.182

The moment of friction is calculated according to the details in SKF Catalog 1994.

XXIV
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The factors used to calculate the torque loss have been assumed for this bearing.

Displacement of bearing [u] -9.124 um
Displacement of bearing [uy] -9.245 um
Displacement of bearing [ug] 12.497 um
Displacement of bearing [u] 15.473 um (126.13°)
Misalignment of bearing [rd] -0.146 mrad (-0.5"
Misalignment of bearing [r] -11.887 mrad (-40.86")
Misalignment of bearing [rz] -0.111 mrad (-0.38")
Misalignment of bearing [r] 0.183 mrad (0.63)
Shaft 'kolo1' Rolling bearing 'RollerBearing8’

Position (Y-coordinate) vl 144.00 mm

Dynamic equivalent load [P] 10.13 kN

Static equivalent load [Po] 6.57 kN

Minimum EHL lubricant film thickness [Nimin] 0.000 um

Life modification factor for reliability[ai] 1.000

Results according to ISO 281.:

Lubricant ISOFLEX PDB 38 CX 1000

Load ratio [CIP] 38.494

Operating viscosity [v] 6.072 mm?/s
Reference viscosity [va] 0.000 mm?/s
Viscosity ratio [K] 0.000

Basic bearing rating life [Lan] 5.0421e+06 h

Static safety factor [So] 66.93

Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 0.000 um
Reference rating life [Laen] 1.7548e+07 h

Effective static safety factor [Sow] 31.00

Static safety factor [Sore] 58.89

Static equivalent load [Pore] 7.47 kN

Bearing reaction force [Fx] -1.959 kN

Bearing reaction force [Fyl 6.411 kN

Bearing reaction force [Fz] 2.123 kN

Bearing reaction force [Fr] 2.889 kN (132.7°)

Bearing reaction moment [Mx] 49.25 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] 44.35 Nm

Bearing reaction moment [Mr] 66.27 Nm (42°)

Oil level [H] 0.000 mm

Load-independent moment of friction [Mo] 0.135 Nm
Load-dependent moment of friction [Mi] 0.121 Nm

Moment of friction, cylindrical roller bearing[M5] 0.000 Nm

Moment of friction for seals determined according to SKF main catalog 4000/IV T DE:1994

Torque of friction [Mioss] 0.257 Nm

Power loss [Pioss] 17.101 W

The moment of friction is calculated according to the details in SKF Catalog 1994.

The factors used to calculate the torque loss have been assumed for this bearing.

Displacement of bearing [u] -1.060 um
Displacement of bearing [uy] -27.449 um
Displacement of bearing [u,] 1.652 um
Displacement of bearing [u] 1.963 um (122.68°)
Misalignment of bearing [rd] -0.134 mrad (-0.46")
Misalignment of bearing [ry] -11.887 mrad (-40.86")
Misalignment of bearing [r2] -0.100 mrad (-0.34")
Misalignment of bearing [r] 0.167 mrad (0.58")
Shaft 'kolo2' Rolling bearing 'RollerBearing10'

Position (Y-coordinate) vl 123.00 mm

Dynamic equivalent load [P] 17.15 kN

Static equivalent load [Po) 13.22 kN

Minimum EHL lubricant film thickness [Pimin] 0.000 um

Life modification factor for reliability[a,] 1.000

Results according to ISO 281.:

Lubricant ISOFLEX PDB 38 CX 1000

Load ratio [CIP] 22.746

Operating viscosity [v] 6.072 mm?/s
Reference viscosity [vi] 0.000 mm?/s
Viscosity ratio [K] 0.000

Basic bearing rating life [Lnn] 8.7300e+05 h

Static safety factor [So] 33.28

Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 0.000 um
Reference rating life [Larn] 3.3466e+06 h

Effective static safety factor [Sow] 18.70

Static safety factor [Sorer] 29.17

Static equivalent load [Pore] 15.09 kN

Bearing reaction force [FX] -11.353 kN

XXV
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Bearing reaction force [Fy] 8.643
Bearing reaction force [Fz] -5.499
Bearing reaction force [Fr] 12.614
Bearing reaction moment [Mx] -119.12
Bearing reaction moment [My] 0.00
Bearing reaction moment [Mz] 234.57
Bearing reaction moment [Mr] 263.08
Oil level [H] 0.000

Load-independent moment of friction [Mo]
Load-dependent moment of friction [M4]
Moment of friction, cylindrical roller bearing[M;]

Moment of friction for seals determined according to SKF main catalog 4000/IV T DE:1994

[Mloss]
[Ploss]

Torque of friction
Power loss

The moment of friction is calculated according to the details in SKF Catalog 1994.
The factors used to calculate the torque loss have been assumed for this bearing.

Displacement of bearing [u]

Displacement of bearing [uy]

Displacement of bearing [ug]

Displacement of bearing [u]

Misalignment of bearing [rd]

Misalignment of bearing [ry]

Misalignment of bearing [r2]

Misalignment of bearing [r]

Shaft 'kolo2' Rolling bearing 'RollerBearing9’

Position (Y-coordinate) vl 43.00
Dynamic equivalent load [P] 4.57
Static equivalent load [Po]

Minimum EHL lubricant film thickness [Pimin]

Life modification factor for reliability[as]
Results according to ISO 281.:

Lubricant ISOFLEX PDB 38 CX 1000
Load ratio [CIP]

Operating viscosity [v]

Reference viscosity [va]

Viscosity ratio [K]

Basic bearing rating life [Lnn]

Static safety factor [So]

Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd]

Reference rating life [Lien]

Effective static safety factor [Sow]

Static safety factor [Sorer]

Static equivalent load [Pore]

Bearing reaction force [Fx] 1.428
Bearing reaction force [Fyl -1.472
Bearing reaction force [Fz] 4.340
Bearing reaction force [Fr] 4.569
Bearing reaction moment [Mx] -90.20
Bearing reaction moment [My] 0.00
Bearing reaction moment [Mz] 29.82
Bearing reaction moment [Mr] 95.00
Oil level [H] 0.000

Load-independent moment of friction
Load-dependent moment of friction
Moment of friction, cylindrical roller bearing[M,]

Moment of friction for seals determined according to SKF main catalog 4000/IV T DE:1994

[Mloss]
[Ploss]

Torque of friction
Power loss

The moment of friction is calculated according to the details in SKF Catalog 1994.
The factors used to calculate the torque loss have been assumed for this bearing.

Displacement of bearing [uy]
Displacement of bearing [uy]
Displacement of bearing [ug]
Displacement of bearing [u]
Misalignment of bearing [rd
Misalignment of bearing [ry]
Misalignment of bearing [r2]
Misalignment of bearing [r]

Shaft 'pouzdrol’ Rolling bearing 'RollerBearing13'

Position (Y-coordinate) [yl 25.00
Dynamic equivalent load [P] 0.00
Static equivalent load [Po]

Minimum EHL lubricant film thickness [Pimin]

Life modification factor for reliability[a;]

XXVi

kN
kN
kN (-154.16°)
Nm
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3.262
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0.156
mm
kN
4.57
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0.000
1.000
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Results according to ISO 281.:

Lubricant ISOFLEX PDB 38 CX 1000

Load ratio [C/P] 5050990161345662976.000
Operating viscosity [v] 6.072 mm?/s
Reference viscosity [va] 0.000 mm?/s
Viscosity ratio [K] 0.000

Basic bearing rating life [Lnn] 1.0000e+10 h
Static safety factor [So] 9999.99
Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 135.000 um
Reference rating life [Larn] 1.0000e+06 h
Modified reference rating life [Larmn] 1.0000e+06 h
Effective static safety factor [Sow] 13.85

Static safety factor [Sore] 20.29

Static equivalent load [Poret] 35.00 kN
Bearing reaction force [FX] -0.000 kN

Bearing reaction force [Fy] 0.228 kN

Bearing reaction force [Fz] -0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] -0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (-2.95°)

Oil level [H] 0.000 mm

Load-independent moment of friction [Mo] 0.329 Nm
Load-dependent moment of friction [Mi] 0.000 Nm
Moment of friction, cylindrical roller bearing[M;] 0.000 Nm
Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994

Torque of friction [Mioss] 0.329 Nm
Power loss [Ploss] 0.000 w

The moment of friction is calculated according to the details in SKF Catalog 1994.
The factors used to calculate the torque loss have been assumed for this bearing.

Displacement of bearing [u] -0.000 um
Displacement of bearing [uy] -17.590 um
Displacement of bearing [u,] -0.000 um
Displacement of bearing [u] 0.000 um
Misalignment of bearing [r] 0.000 mrad (0"
Misalignment of bearing [ry] -0.000 mrad (0"
Misalignment of bearing [r2] -0.000 mrad (0"
Misalignment of bearing [r] 0.000 mrad (0"
Shaft '‘pouzdro2' Rolling bearing 'RollerBearing14'

Position (Y-coordinate) vl 50.00 mm

Dynamic equivalent load [P] 0.00 kN

Static equivalent load [Po] 0.00 kN
Minimum EHL lubricant film thickness [Pimin] 0.000 um

Life modification factor for reliability[a,] 1.000

Results according to ISO 281.:

Lubricant ISOFLEX PDB 38 CX 1000

Load ratio [C/P] 38935446797312958922752.000
Operating viscosity [v] 6.072 mm?/s
Reference viscosity [va] 0.000 mm?/s
Viscosity ratio [K] 0.000

Basic bearing rating life [Lnn] 1.0000e+10 h

Static safety factor [So) 9999.99

Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 95.000 um
Reference rating life [Laen] 1.0000e+06 h
Modified reference rating life [Larmn] 1.0000e+06 h
Effective static safety factor [Sow] 2399.33

Static safety factor [Sorei] 9999.99

Static equivalent load [Pore] 0.00 kN
Bearing reaction force [Fx] -0.000 kN

Bearing reaction force [Fy] 0.075 kN

Bearing reaction force [Fz] -0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] -0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (-32.84°)

Oil level [H] 0.000 mm

Load-independent moment of friction [Mo] 0.110 Nm
Load-dependent moment of friction [M4] 0.000 Nm
Moment of friction, cylindrical roller bearing[M;] 0.000 Nm
Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994

Torque of friction [Mioss] 0.110 Nm
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Power loss [Pross] 0.000 W
The moment of friction is calculated according to the details in SKF Catalog 1994.
The factors used to calculate the torque loss have been assumed for this bearing.
Displacement of bearing [u] -0.000 um
Displacement of bearing [uy] -14.272 um
Displacement of bearing [u,] -0.000 um
Displacement of bearing [u] 0.000 um
Misalignment of bearing [rd 0.000 mrad (0"
Misalignment of bearing [ry] -0.000 mrad (0"
Misalignment of bearing [rz] -0.000 mrad (0"
Misalignment of bearing [r] 0.000 mrad (0"
Bearing 'Con_kolol_sh7'
Position (Y-coordinate) vl 915.00 mm
Bearing reaction force [FX] -0.127 kN
Bearing reaction force [Fy] 0.152 kN
Bearing reaction force [Fz] 0.042 kN
Bearing reaction force [Fr] 0.134 kN (161.57°)
Bearing reaction moment [Mx] -38.20 Nm
Bearing reaction moment [My] -731.50 Nm
Bearing reaction moment [Mz] -53.23 Nm
Bearing reaction moment [Mr] 65.52 Nm (-125.66°)
Displacement of bearing [u] 0.000 um
Displacement of bearing [uy] 0.000 um
Displacement of bearing [u,] 0.000 um
Displacement of bearing [u] 0.000 um
Misalignment of bearing [r] 0.000 mrad (0"
Misalignment of bearing [ry] 0.000 mrad (0"
Misalignment of bearing [r2] 0.000 mrad (0"
Misalignment of bearing [r] 0.000 mrad (0"
Bearing 'Con_kolo2_sh7'
Position (Y-coordinate) [yl 125.00 mm
Bearing reaction force [Fx] 0.127 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] -0.042 kN
Bearing reaction force [Fr] 0.134 kN (-18.43°)
Bearing reaction moment [Mx] 4.77 Nm
Bearing reaction moment [My] 731.50 Nm
Bearing reaction moment [Mz] -47.06 Nm
Bearing reaction moment [Mr] 47.30 Nm (-84.21°)
Displacement of bearing [u] 0.000 um
Displacement of bearing [uy] 196.893 um
Displacement of bearing [u,] 0.000 um
Displacement of bearing [u] 0.000 um
Misalignment of bearing [rd 0.000 mrad (0"
Misalignment of bearing [ry] 0.000 mrad (0"
Misalignment of bearing [r2] 0.000 mrad (0"
Misalignment of bearing [r] 0.000 mrad (0"
Damage (%) [Lreq] ( 1200.000 )
Binno Bl B2 B3 B4 B5 B6

1 0.04 0.01 0.04 0.00 0.12 0.12
> 0.04 0.01 0.04 0.00 0.12 0.12
Utilization (%) [Lreq] ( 1200.000 )

B1 B2 B3 B4 B5 B6

9.28 5.63 9.25 3.16 13.30 13.30
Note: Utilization = (Lreg/Lh)*(1/k)
Ball bearing: k = 3, roller bearing: k = 10/3
B1 : RollerBearing7
B2 : RollerBearing8
B3 : RollerBearing10
B4 : RollerBearing9
B5 : RollerBearingl13
B6 : RollerBearing14
Calculation of the factors required to define reliability R(t) using the Weibull distribution. tin (h):
Calculation method: Bertsche
Bearing|p fac b to T R(H)%
1 Bearing 14 135 9.167e+06 2.034e+08 100.00
2 Bearing 3 135 9.167e+06 2.034e+08 100.00
3 Bearing 14 135 9.167e+06 2.034e+08 100.00
4 Bearing 0 135 9.167e+06 2.034e+08 100.00
5 Bearing 0 135 2e-10 4.437e-09 100.00
6 Bearing 0 135 2e-10 4.437e-09 100.00
Reliability of the configuration for required service life (%) 99.00
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Figure: Deformation (bending etc.) (Arbitrary plane 116.3694064 124)
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Nominal stresses, without taking into account stress concentrations
GEH(von Mises): sigV = ((sigB+sigZ,D)"2 + 3*(tauT+tauS)"2)"1/2
SSH(Tresca): sigV = ((sigB-sigZ,D)*2 + 4*(tauT+tauS)"2)"1/2
Figure: Equivalent stress

Strength calculation according to DIN 743:2012

Summary

Shaft7

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 (cav/omv = const)

Cross section Position (Y-Coord) (mm)

Free cross section 297.77 Own Input

Results:

Cross section Bo KFo K2d SD SS
Free cross section 1.00 0.90 0.87 6.00 5.47
Required safeties: 1.20 1.20
Abbreviations:

Bo: Notch factor, bending
KFo: Surface factor

K2d: size factor bending

SD: Safety endurance limit
SS: Safety against yield point

End of Report lines: 952
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KISSsoft Release 2020 A.1
KISSsoft — student license (not for commercial use)

File
Name : Unnamed
Changed by: Uzivatel on: 07.05.2021 at: 19:45:22
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft4
Drawing
Initial position (mm) 46.000
Length (mm) 400.000
Speed (1/min) 636.62
Direction of rotation: counterclockwise
Material C45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 0.000
Weight of shaft (kg) 14.655
Weight of shaft, including additional masses (kg) 14.655
Mass moment of inertia (kg*m?) 0.012
Momentum of mass GD2 (Nm?) 0.459
Label kolo
Drawing
Initial position (mm) 61.000
Length (mm) 177.000
Speed (1/min) 636.62
Direction of rotation: counterclockwise
Material C45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 0.000
Weight of shaft (kg) 5.551
Weight of shaft, including additional masses (kg) 5.551
Mass moment of inertia (kg*m?) 0.010
Momentum of mass GD2 (Nm?) 0.406
Weight towards 0.000
Weight towards 0.000
Weight towards -1.000
Consider deformations due to shearing
Shear correction factor 1.100
Rolling bearing stiffness is calculated from inner bearing geometry
Tolerance field: Mean value
20.000

Reference temp}erature (°C)

LR

7
VAR

7
YN
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Figure: Load applications

Shaft definition

Outer contour

Cylinder (Cylinder)

Diameter (mm) [d]

Length (mm) [

Surface roughness (um) [Rz]
Radius right (Radius right)

(Shaft4)
0.000 mm ... 194.000 mm
70.0000
194.0000
8.0000

r=2.00 (mm), Rz=8.0, Machined (Ra=3.2um/125pin)

Cylinder (Cylinder)

Diameter (mm) [d]
Length (mm) [
Surface roughness (um) [Rz]
Cylinder (Cylinder)

Diameter (mm) [d]
Length (mm) {1
Surface roughness (um) [Rz]

Radius left (Radius left)

194.000 mm ... 214.000 mm
110.0000
20.0000
8.0000

400.000 mm
80.0000
186.0000
8.0000

214.000 mm ...

r=2.00 (mm), Rz=8.0, Machined (Ra=3.2um/125yin)

Forces

Type of force element

Label in the model

Position on shaft (mm)
Position in global system (mm)
Direction of belt force (°)
Sheave diameter (mm)

Length of load application (mm)
Power (kW)

Torque (Nm)

Axial force (N)

Shearing force X (N)

Shearing force Z (N)

Bending moment X (Nm)
Bending moment Z (Nm)

Sum of the belt forces (N)
Shaft definition

Outer contour

Cylinder (Cylinder)

Rope sheave

Bc. David Fait

RopeSheave2(Belt_const1)

309.0000
355.0000
-120.0000
265.0000
161.5000
46.8160
702.2400
0.0000
-3975.2362
-6885.3111
0.0000
0.0000
7950.4724

[yl ocal]
[YQ Iobal]

(kolo)

0.000 mm ... 177.000 mm

Diameter (mm) [d] 100.0000
Length (mm) [ 177.0000
Surface roughness (um) [Rz] 8.0000
Inner contour

Cylindrical bore (Cylinder inside) 0.000 mm ... 177.000 mm

Diameter (mm) [d] 70.0000
Length (mm) [ 177.0000
Surface roughness (um) [Rz] 8.0000
Forces

Type of force element Bevel gear
Label in the model z4(z4_z3)
Position on shaft (mm) [Viocall 11.8000
Position in global system (mm) [Vgioball 72.8000
Operating pitch diameter (mm) 145.5443
Helix angle (°) 30.0000
left

Pitch angle (°) 45.0000
Working pressure angle at normal section (°) 20.0000
Position of contact (°) 90.0000
Facewidth (mm) 36.0000
Power (kW) 46.8160
Torque (Nm) -702.2400
Axial force (N) 6807.2795
Shearing force X (N) -9649.8471
Shearing force Z (N) 1071.7877
Bending moment X (Nm) -495.3803
Bending moment Z (Nm) 0.0000
Bearing

Label in the model RollerBearing5

Bearing type SKF 30320

Bearing type Taper roller bearing (single row)
Bearing position (mm) [Yiokall 60.000
Bearing position (mm) [Vgioba] 121.000
Attachment of external ring Set fixed bearing right

Inner diameter (mm) [d] 100.000
External diameter (mm) D] 215.000

XXXii
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Width (mm) [b] 51.500
Corner radius (mm) [ 4.000
Number of rolling bodies [2] 16
Rolling body reference circle (mm) [Dpul 158.849
Diameter rolling body (mm) [Dy] 30.450
Rolling body length (mm) [Lwel 28.869
Distance a (mm) [a] 40.161
Diameter, external race (mm) [do] 188.727
Diameter, internal race (mm) [di] 128.971
Calculation with approximate bearings internal geometry (*)
Bearing clearance 0.00 ym
The bearing pressure angle will be considered in the calculation
Position (center of pressure)
(mm
)
45.5

890
Basic static load rating (kN) [Cq] 490.000
Basic dynamic load rating (kN) [C] 431.000
Fatigue load limit (kN) [Cl] 53.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheol 410.363
Basic static load rating (kN) [Cotheo] 490.000
Correction factor Basic dynamic load rating

[fc] 1.000
Correction factor Basic static load rating

[fcol 1.000
Label in the model RollerBearing6
Bearing type SKF 30320
Bearing type Taper roller bearing (single row)
Bearing position (mm) [Yiokall 149.000
Bearing position (mm) [Vgioball 210.000
Attachment of external ring Set fixed bearing left
Inner diameter (mm) [d] 100.000
External diameter (mm) [D] 215.000
Width (mm) [b] 51.500
Corner radius (mm) [ 4.000
Number of rolling bodies [2] 16
Rolling body reference circle (mm) [Dpul 158.849
Diameter rolling body (mm) [Dy] 30.450
Rolling body length (mm) [Lue] 28.869
Distance a (mm) [a] 40.161
Diameter, external race (mm) [do] 188.727
Diameter, internal race (mm) [d] 128.971
Calculation with approximate bearings internal geometry (*)
Bearing clearance 0.00 ym
The bearing pressure angle will be considered in the calculation
Position (center of pressure)(mm)163.4110
Basic static load rating (kN) [Cd] 490.000
Basic dynamic load rating (kN) [C] 431.000
Fatigue load limit (kN) [Cy] 53.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheo) 410.363
Basic static load rating (kN) [Cotheo) 490.000
Correction factor Basic dynamic load rating

[fe] 1.000
Correction factor Basic static load rating

[feo] 1.000
CONNECTIONS

(Con_ko_sh4) 159.000 mm

Degrees of freedom
X: fixedY: fixedZ: fixed
Rx: fixedRy: fixedRz: fixed
Results
Shaft
Maximum deflection 247.399 (um) (Shaft4 pos = 446.000 mm)
Mass center of gravity
Shaft4 (mm) 212.769
kolo (mm) 88.500
Total axial load
Shaft4 (N) 0.000
kolo (N) 6807.279
Torsion under torque
Shaft4 (°) 0.030
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kolo (°) 0.006

Bearing

Probability of failure [n] 10.00 %

Axial clearance (ISO 281) [ua] 10.00 um

Lubricant ISOFLEX PDB 38 CX 1000

Lubricant - service temperature [Tg] 70.00 °C

Rolling bearing rating life according to ISO/TS 16281:2008
Shaft 'kolo' Rolling bearing 'RollerBearing5'

Position (Y-coordinate) vl 60.00 mm

Dynamic equivalent load [P] 25.64 kN

Static equivalent load [Po] 17.65 kN
Minimum EHL lubricant film thickness [Nimin] 0.000 um
Life modification factor for reliability[a;] 1.000
Results according to 1ISO 281.:

Lubricant ISOFLEX PDB 38 CX 1000

Load ratio [CIP] 16.811
Operating viscosity [v] 6.072 mm?/s
Reference viscosity [va] 0.000 mm?/s
Viscosity ratio [K] 0.000

Basic bearing rating life [Lan] 3.1862e+05 h
Static safety factor [So] 27.76
Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 0.000 um
Reference rating life [Laen] 1.2524e+06 h
Effective static safety factor [Sow] 15.60

Static safety factor [Soref] 23.59

Static equivalent load [Pore] 20.77 kN
Bearing reaction force [Fx] 7.992 kN

Bearing reaction force [Fy] -11.751 kN

Bearing reaction force [Fz] -11.684 kN

Bearing reaction force [Fr] 14.155 kN (-55.63°)

Bearing reaction moment [Mx] 249.58 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] 149.03 Nm

Bearing reaction moment [Mr] 290.69 Nm (30.84°)

Oil level [H] 0.000 mm

Load-independent moment of friction [Mo] 0.192 Nm
Load-dependent moment of friction [M4] 0.669 Nm
Moment of friction, cylindrical roller bearing[M;] 0.000 Nm
Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994

Torque of friction [Mioss] 0.861 Nm
Power loss [Pioss] 57.420 W

The moment of friction is calculated according to the details in SKF Catalog 1994.
The factors used to calculate the torque loss have been assumed for this bearing.

Displacement of bearing [u] -4.571 um
Displacement of bearing [uy] 67.656 um
Displacement of bearing [u,] -1.722 um
Displacement of bearing [u] 4.885 um (-159.36°)
Misalignment of bearing [rd -0.372 mrad (-1.28")
Misalignment of bearing [ry] -0.045 mrad (-0.16")
Misalignment of bearing [r2] 0.064 mrad (0.22")
Misalignment of bearing [r] 0.377 mrad (1.3")
Shaft 'kolo' Rolling bearing 'RollerBearing6'

Position (Y-coordinate) vl 149.00 mm

Dynamic equivalent load [P] 18.57 kN

Static equivalent load [Po] 18.57 kN

Minimum EHL lubricant film thickness [Pimin] 0.000 um

Life modification factor for reliability[a,] 1.000

Results according to ISO 281.:

Lubricant ISOFLEX PDB 38 CX 1000

Load ratio [CIP] 23.211

Operating viscosity [v] 6.072 mm?/s
Reference viscosity [vi] 0.000 mm?/s
Viscosity ratio [K] 0.000

Basic bearing rating life [Lnn] 9.3388e+05 h

Static safety factor [So] 26.39

Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 0.000 um
Reference rating life [Larn] 1.8438e+06 h

Effective static safety factor [Sow] 13.83

Static safety factor [Sorei] 20.01

Static equivalent load [Porei] 24.49 kN

Bearing reaction force [Fx] 5.633 kN

Bearing reaction force [Fy] 4,945 kN
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Bearing reaction force
Bearing reaction force
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Oil level

Load-independent moment of friction

Load-dependent moment of friction
Moment of friction, cylindrical roller bearing[M;]
Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994

Torque of friction
Power loss

[Fz]
[Fr]

[Mx]
[My]
[Mz]
[Mr]
[H]

[Mq]
[M4]

[Mloss]
[Ploss]

17.694
18.569
354.84
0.00
-112.59
372.27
0.000

kN

kN (72.34°)

Nm

Nm

Nm

Nm (-17.6°)

mm
0.192
0.877
0.000

1.070
71.322

The moment of friction is calculated according to the details in SKF Catalog 1994.
The factors used to calculate the torque loss have been assumed for this bearing.

Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Bearing 'Con_ko_sh4'
Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Damage (%)
Binno Bl B2

1 0.10 0.07

> 0.10 0.07

Utilization (%)
Bl B2

12.43 11.07

Note: Utilization = (Lreg/Lh)"(1/k)

Ball bearing: k = 3, roller bearing: k = 10/3

B1 : RollerBearing5
B2 : RollerBearing6

Calculation of the factors required to define reliability R(t) using the Weibull distribution. t in (h):
Calculation method: Bertsche

[ud
[w]
[uz]
[u]
[rd
[r]
[r]
[r]

vl
[Fx]
[Fy]
[Fz]
[Fr]
[Mx]
[My]
[Mz]
[Mr]
[ud
[u]
[uz]
[u]
[rd
[rv]
[r]
[r]

159.00
3.975
0.001
7.028
8.074

1363.59
-702.24
-779.04
1570.43

[Lreq] ( 1200.000

[Lreq] ( 1200.000

-9.720
47.720
-28.255
29.880
-0.313
-0.000
0.064
0.320

kN (60.51°)

Nm

Nm

Nm

Nm (-29.74°)
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

)

)

Bc. David Fait

Nm
Nm
Nm

Nm

um
um

um

um (-108.98°)
mrad (-1.08")
mrad (0"
mrad (0.22")
mrad (1.1

um
um
um
um
mrad (0"
mrad (0"
mrad (0"
mrad (0"

Bearing|p

fac

b

to

T

R(H)%

1 Bearing

37

135

9.167e+06

2.034e+08

100.00

2 Bearing

25

135

9.167e+06

2.034e+08

100.00

Reliability of the configuration for required service life (%)

99.00
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Equivalent stress (GEH)

Figure: Deformation (bending etc.) (Arbitrary plane 247.9240093 124)

Equivalent stress (SSH)
48.0 —|

42.0 —

36.0

Stress [N/mm?]

Axial direction Y [mm]

Nominal stresses, without taking into account stress concentrations
GEH(von Mises): sigV = ((sigB+sigZ,D)"2 + 3*(tauT+tauS)"2)"1/2
SSH(Tresca): sigV = ((sigB-sigZ,D)*2 + 4*(tauT+tauS)"2)"1/2
Figure: Equivalent stress

End of Report lines: 414
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KISSsoft — student license (not for commercial use)

KISSsoft Release 2020 A.1

File

Name : Unnamed
Changed by: Uzivatel

on: 07.05.2021

at: 19:45:55

Analysis of shafts, axle and beams
Input data

Coordinate system shaft:

Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Direction of rotation:

Material

Young's modulus (N/mm?)
Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*m?)
Momentum of mass GD2 (Nm?)
Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Direction of rotation:

Material

Young's modulus (N/mm?)
Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*m?)
Momentum of mass GD2 (Nm?)
Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Direction of rotation:

Material

Young's modulus (N/mm?)
Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*m?)
Momentum of mass GD2 (Nm?)
Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Direction of rotation:

Material

Young's modulus (N/mm?)
Poisson's ratio nu

Density (kg/m?)

Coefficient of thermal expansion
Temperature (°C)

Weight of shaft (kg)

Weight of shaft, including additional masses (kg)
Mass moment of inertia (kg*m?)

Momentum of mass GD2 (Nm?)

(107-6/K)

(10"-6/K)

(107-6/K)

(107-6/K)

see picture W-002
brus_kot

-72.000
80.000
636.62
counterclockwise
C45 (1)
206000.000
0.300
7830.000
11.500
0.000
352.733
352.733
39.816
1562.372
kolo2

290.000
467.000
636.62
counterclockwise
C45 (1)
206000.000
0.300
7830.000
11.500
0.000
25.273
25.273
0.079
3.099
trn

-100.000
130.000
636.62
counterclockwise
C45 (1)
206000.000
0.300
7830.000
11.500
0.000
75.555
75.555
1.066
41.817
vreteno

-85.000
842.000

636.62

counterclockwise
C45 (1)

206000.000
0.300
7830.000
11.500
0.000
46.601
46.601
0.087
3.420
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Weight towards 0.000

Weight towards 0.000

Weight towards -1.000
Consider deformations due to shearing

Shear correction factor 1.100

Rolling bearing stiffness is calculated from inner bearing geometry

Tolerance field: Mean value

Reference temperature (°C) 20.000

.l
[ llagg o &

=2 e ")

‘L ‘—" R | I S ————— (_ L
®E— w7
.l

Figure: Load applications

Shaft definition (brus_kot)

Outer contour

Cylinder (Cylinder) 0.000 mm ... 80.000 mm
Diameter (mm) [d] 900.0000
Length (mm) [ 80.0000
Surface roughness (um) [Rz] 8.0000
Inner contour

Cylindrical bore (Cylindrical bore) 0.000 mm ... 80.000 mm

Diameter (mm) [d] 305.0000
Length (mm) [ 80.0000
Surface roughness (um) [Rz] 8.0000
Forces

Type of force element Coupling

Label in the model Coupling3(Boundary?2)
Position on shaft (mm) [Viocall 25.0000
Position in global system (mm) [Vgioball -47.0000
Effective diameter (mm) 55.0000
Radial force factor (-) 0.0000
Direction of the radial force (°) 0.0000
Axial force factor (-) 0.0000
Length of load application (mm) 10.0000
Power (kW) 46.8160 driving (output)
Torque (Nm) 702.2400
Axial force (N) 0.0000
Shearing force X (N) 0.0000
Shearing force Z (N) 0.0000
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) 0.0000
Mass (kg) 0.0000
Mass moment of inertia Jp (kg*m?) 0.0000
Mass moment of inertia Jxx (kg*m?) 0.0000
Mass moment of inertia Jzz (kg*m?) 0.0000
Eccentricity (mm) 0.0000
Type of force element Eccentric force
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Label in the model F1

Position on shaft (mm) [Viocal 40.0000
Position in global system (mm) [Vgioball -32.0000
Center point of load application, X-coordinate (mm) -450.0000
Center point of load application, Z -coordinate (mm) 0.0000
Length of load application (mm) 0.0000
Power (kW) 0.0000
Torque (Nm) 0.0000
Axial force (N) 0.0000
Shearing force X (N) 0.0000
Shearing force Z (N) 0.0000
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) -0.0000
Type of force element Centric force
Label in the model F2

Position on shaft (mm) [Viocal 40.0000
Position in global system (mm) [Vgioball -32.0000
Length of load application (mm) 0.0000
Power (kW) 0.0000
Torque (Nm) 0.0000
Axial force (N) 0.0000
Shearing force X (N) 0.0000
Shearing force Z (N) 0.0000
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) 0.0000

Shaft definition
Outer contour
Cylinder (Cylinder)

(kolo2)

0.000 mm ... 467.000 mm

Diameter (mm) [d] 130.0000
Length (mm) n 467.0000
Surface roughness (um) [Rz] 8.0000
Inner contour

Cylindrical bore (Cylindrical bore) 0.000 mm ... 467.000 mm

Diameter (mm) [d] 90.0000
Length (mm) n 467.0000
Surface roughness (um) [Rz] 8.0000
Forces

Type of force element
Label in the model

Rope sheave
RopeSheave2(Belt_const1)

Position on shaft (mm) [Viocall 356.0000
Paosition in global system (mm) [Vgioball 646.0000
Direction of belt force (°) 60.0000
Sheave diameter (mm) 265.0000
Length of load application (mm) 161.5000
Power (kW) 46.8160 driven (input)
Torque (Nm) -702.2400
Axial force (N) 0.0000
Shearing force X (N) 3975.2362
Shearing force Z (N) 6885.3111
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) 0.0000
Sum of the belt forces (N) 7950.4724
Bearing

Label in the model RollerBearing15

Bearing type SKF 7226 BGAF

Bearing type Angular contact ball bearing (single row)
Bearing position (mm) [Viokar] 20.000
Bearing position (mm) [Vgiobal 310.000
Attachment of external ring Set fixed bearing right

Inner diameter (mm) [d] 130.000
External diameter (mm) [D] 230.000
Width (mm) [b] 40.000
Corner radius (mm) [ 3.000
Number of rolling bodies [2] 16
Rolling body reference circle (mm) [Dpw] 180.000
Diameter rolling body (mm) [Dy] 31.750
Distance a (mm) [a] 96.000
Diameter, external race (mm) [do] 212.121
Diameter, internal race (mm) [d] 147.879
Radius of curvature, external race (mm) [ro] 16.828
Radius of curvature, internal race (mm) [ri] 16.510
Calculation with approximate bearings internal geometry (*)

Bearing clearance 0.00 ym

The bearing pressure angle will be considered in the calculation
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Katedra konstruovani stroji Bc. David Fait
Position (center of pressure)(mm)56.0000
Basic static load rating (kN) [Col 193.000
Basic dynamic load rating (kN) [C] 186.000
Fatigue load limit (kN) [Cl] 6.100
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheo) 185.035
Basic static load rating (kN) [Cotheo] 191.481
Correction factor Basic dynamic load rating

[fc] 1.000
Correction factor Basic static load rating

[fcol 1.000
Label in the model RollerBearing16
Bearing type SKF 7226 BGAM
Bearing type Angular contact ball bearing (single row)
Bearing position (mm) [Viokall 229.000
Bearing position (mm) [Vgioba] 519.000
Attachment of external ring Set fixed bearing left
Inner diameter (mm) [d] 130.000
External diameter (mm) [D] 230.000
Width (mm) [b] 40.000
Corner radius (mm) [ 3.000
Number of rolling bodies [2] 16
Rolling body reference circle (mm) [Dpu] 180.000
Diameter rolling body (mm) [Dw] 31.750
Distance a (mm) [a] 96.000
Diameter, external race (mm) [do] 212.121
Diameter, internal race (mm) [d] 147.879
Radius of curvature, external race (mm) [ro] 16.828
Radius of curvature, internal race (mm) [ri] 16.510
Calculation with approximate bearings internal geometry (*)
Bearing clearance 0.00 ym
The bearing pressure angle will be considered in the calculation
Position (center of pressure)

(mm
)
305.

0000
Basic static load rating (kN) [Cq] 193.000
Basic dynamic load rating (kN) [C] 186.000
Fatigue load limit (kN) [Cl] 6.100
Values for approximated geometry:
Basic dynamic load rating (kN) [Cinedl 185.035
Basic static load rating (kN) [Cotheol 191.481
Correction factor Basic dynamic load rating

[fc] 1.000
Correction factor Basic static load rating

[fca] 1.000
Shaft definition (trn)
Outer contour
Cylinder (Cylinder) 0.000 mm ... 108.000 mm
Diameter (mm) [d] 305.0000
Length (mm) n 108.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 108.000 mm ... 130.000 mm
Diameter (mm) [d] 380.0000
Length (mm) [ 22.0000
Surface roughness (um) [Rz] 8.0000
Inner contour
Cylindrical bore (Cylinder inside) 0.000 mm ... 10.000 mm
Diameter (mm) [d] 100.0000
Length (mm) [n 10.0000
Surface roughness (um) [Rz] 8.0000
Conical bore (Conical bore) 10.000 mm ... 130.000 mm
Diameter left (mm) [d] 71.2500
Diameter right (mm) [d] 95.2500
Length (mm) {1 120.0000
Surface roughness (um) [Rz] 8.0000
Shaft definition (vreteno)
Outer contour
Cone (Taper) 0.000 mm ... 115.000 mm
Diameter left (mm) [d] 72.2500
Diameter right (mm) [d] 95.2500
Length (mm) n 115.0000
Surface roughness (um) [Rz] 8.0000
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Katedra konstruovani stroji

Cylinder (Cylinder)

Diameter (mm) [d]
Length (mm) [
Surface roughness (um) [Rz]
Cylinder (Cylinder)

Diameter (mm) [d]
Length (mm) {1
Surface roughness (um) [Rz]
Cylinder (Cylinder)

Diameter (mm) [d]
Length (mm) {1
Surface roughness (um) [Rz]
Cylinder (Cylinder)

Diameter (mm) [d]
Length (mm) [
Surface roughness (um) [Rz]

Inner contour
Cylindrical bore (Cylinder inside)

Diameter (mm) [d]
Length (mm) {1
Surface roughness (um) [Rz]
Bearing

115.000 mm ...

260.000 mm ...

269.000 mm ...

375.000 mm ...

0.000 mm ... 842.000 mm

260.000 mm
120.0000
145.0000

8.0000

269.000 mm

130.0000
9.0000
8.0000

375.000 mm
145.0000
106.0000

8.0000

842.000 mm

90.0000
467.0000
8.0000

42.0000
842.0000
8.0000

Label in the model
Bearing type
Bearing type

)

RollerBearing3

SKF 7224 ACD/HCP4A

Angular contact ball bearing (single row)

Bearing position (mm) [Viokar] 170.000
Bearing position (mm) [Vgiobal 85.000
Attachment of external ring Set fixed bearing right
Inner diameter (mm) [d] 120.000
External diameter (mm) [D] 215.000
Width (mm) [b] 40.000
Corner radius (mm) [ 2.100
Number of rolling bodies [2] 15
Rolling body reference circle (mm) [Dpu] 168.571
Diameter rolling body (mm) [Dw] 30.162
Distance a (mm) [a] 59.600
Diameter, external race (mm) [do] 198.874
Diameter, internal race (mm) [d] 138.268
Radius of curvature, external race (mm) [ro] 15.986
Radius of curvature, internal race (mm) [ri] 15.684
Calculation with approximate bearings internal geometry (*)
Bearing clearance 0.00 ym
The bearing pressure angle will be considered in the calculation
Position (center of pressure)
4000
Pretension force (N) [FV] -1300.000
Bearing offset, Y-direction (mm) [5,] -0.012
Basic static load rating (kN) [Cq] 183.000
Basic dynamic load rating (kN) [C] 190.000
Fatigue load limit (kN) [Cy] 6.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Cinedl 189.164
Basic static load rating (kN) [Cotheo) 183.743
Correction factor Basic dynamic load rating

[fc] 1.000
Correction factor Basic static load rating

[fcal 1.000
Label in the model RollerBearing8
Bearing type SKF 7224 ACD/HCP4A
Bearing type Angular contact ball bearing (single row)
Bearing position (mm) [Viokal 243.000
Bearing position (mm) [Vgioba] 158.000
Attachment of external ring Set fixed bearing left
Inner diameter (mm) [d] 120.000
External diameter (mm) [D] 215.000
Width (mm) [b] 40.000
Corner radius (mm) [ 2.100
Number of rolling bodies [Z] 15
Rolling body reference circle (mm) [Dpu] 168.571
Diameter rolling body (mm) [Dw] 30.162

xlii

Bc. David Fait

(mm

130.



Zapadoceska univerzita v Plzni, Fakulta strojni Diplomova prace, akad. rok 2020/2021

Katedra konstruovani stroj Bc. David Fait
Distance a (mm) [a] 59.600

Diameter, external race (mm) [do] 198.874

Diameter, internal race (mm) [di] 138.268

Radius of curvature, external race (mm) [ro] 15.986

Radius of curvature, internal race (mm) [ri] 15.684

Calculation with approximate bearings internal geometry (*)

Bearing clearance 0.00 ym

The bearing pressure angle will be considered in the calculation
Position (center of pressure)

(mm
)
282.
6000
Pretension force (N) [FV] 1300.000
Bearing offset, Y-direction (mm) [5,] 0.012
Basic static load rating (kN) [Col 183.000
Basic dynamic load rating (kN) [C] 190.000
Fatigue load limit (kN) [CJ] 6.000
Values for approximated geometry:
Basic dynamic load rating (kN) [Ciheol 189.164
Basic static load rating (kN) [Cotheo) 183.743
Correction factor Basic dynamic load rating
[fc] 1.000
Correction factor Basic static load rating
[fcol 1.000

CONNECTIONS
(Con_brus_trn) -27.000 mm
Degrees of freedom
X: fixedY: fixedZ: fixed
Rx: fixedRy: fixedRz: fixed
(Con_ko2_vret) 660.000 mm
Degrees of freedom
X: fixedY: freeZ: fixed
Rx: fixedRy: fixedRz: fixed
(Con_trn_vret) -18.000 mm
Degrees of freedom
X: fixedY: fixedZ: fixed
Rx: fixedRy: fixedRz: fixed
Results
Shaft
Maximum deflection  39.987(um) (kolo2 pos = 757.000 mm)
Mass center of gravity

brus_kot (mm) 40.000

kolo2 (mm) 233.500

trn(mm) 69.725

vreteno (mm) 379.625

Total axial load

brus_kot (N) 0.000

kolo2 (N) 0.000

trn(N) 0.000

vreteno (N) 0.000

Torsion under torque

brus_kot (°) -0.000

kolo2 (°) 0.000

trn(°) -0.000

vreteno (°) -0.039

Bearing

Probability of failure [n] 10.00 %

Axial clearance (ISO 281) [ua] 10.00 um
Lubricant ISOFLEX TOPAS L 32

Lubricant - service temperature [Ts] 60.00 °C

Rolling bearing rating life according to ISO/TS 16281:2008
Shaft 'kolo2' Rolling bearing 'RollerBearing15'

Position (Y-coordinate) vl 20.00 mm

Dynamic equivalent load [P] 7.13 kN

Static equivalent load [Po] 3.51 kN
Minimum EHL lubricant film thickness [Pimin] 0.000 um
Spin to roll ratio [w_s/w_roll] 0.204

Life modification factor for reliability[a,] 1.000

Results according to ISO 281.

Lubricant ISOFLEX TOPAS L 32

Load ratio [CIP] 26.087

Operating viscosity [v] 9.138 mm?/s
Reference viscosity [vi] 0.000 mm?/s
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Katedra konstruovani stroj Bc. David Fait
Viscosity ratio [K] 0.000

Basic bearing rating life [Lnn] 4.6479e+05 h

Static safety factor [So) 54.92

Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 0.000 um
Reference rating life [Len] 8.9976e+05 h

Effective static safety factor [Sow] 59.39

Static safety factor [Sore] 34.06

Static equivalent load [Poref] 5.67 kN

Bearing reaction force [FX] 0.414 kN

Bearing reaction force [Fy] -12.036 kN

Bearing reaction force [Fz] 0.649 kN

Bearing reaction force [Fr] 0.770 kN (57.45°)

Bearing reaction moment [Mx] -53.73 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] 33.89 Nm

Bearing reaction moment [Mr] 63.53 Nm (147.76°)

Oil level [H] 0.000 mm

Load-independent moment of friction [Mo] 0.252 Nm
Load-dependent moment of friction [M4] 0.402 Nm
Moment of friction, cylindrical roller bearing[M,] 0.000 Nm
Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994

Torque of friction [Mioss] 0.653 Nm

Power loss [Ploss] 43.551 w

The moment of friction is calculated according to the details in SKF Catalog 1994.

Displacement of bearing [u] 1.295 um
Displacement of bearing [uy] 25.116 um
Displacement of bearing [u,] 2.626 um
Displacement of bearing [u] 2.928 um (63.75°)
Misalignment of bearing [rd] 0.052 mrad (0.18")
Misalignment of bearing [ry] -0.699 mrad (-2.4")
Misalignment of bearing [r2] -0.028 mrad (-0.1")
Misalignment of bearing [r] 0.059 mrad (0.2')
Shaft 'kolo2' Rolling bearing 'RollerBearing16'

Position (Y-coordinate) [yl 229.00 mm

Dynamic equivalent load [P] 10.04 kN

Static equivalent load [Po] 9.09 kN
Minimum EHL lubricant film thickness [Pimin] 0.000 um

Spin to roll ratio [w_s/w_roll] 0.203

Life modification factor for reliability[a,] 1.000

Results according to ISO 281.:

Lubricant ISOFLEX TOPAS L 32

Load ratio [CIP] 18.519

Operating viscosity [v] 9.138 mm?/s
Reference viscosity [va] 0.000 mm?/s
Viscosity ratio [K] 0.000

Basic bearing rating life [Lnn] 1.6628e+05 h

Static safety factor [So) 21.22

Calculation with approximate bearings internal geometry

Operating bearing clearance [Pd] 0.000 um
Reference rating life [Laen] 2.2815e+05 h

Effective static safety factor [Sow] 26.37

Static safety factor [Sorei] 15.16

Static equivalent load [Poret] 12.73 kN

Bearing reaction force [Fx] -4.346 kN

Bearing reaction force [Fyl 12.036 kN

Bearing reaction force [Fz] -7.989 kN

Bearing reaction force [Fr] 9.095 kN (-118.55°)

Bearing reaction moment [Mx] -611.04 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] 332.49 Nm

Bearing reaction moment [Mr] 695.64 Nm (151.45°)

Oil level [H] 0.000 mm

Load-independent moment of friction [Mo] 0.252 Nm
Load-dependent moment of friction [M4] 0.512 Nm
Moment of friction, cylindrical roller bearing[M;] 0.000 Nm
Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994

Torque of friction [Mioss] 0.763 Nm

Power loss [Pross] 50.871 W

The moment of friction is calculated according to the details in SKF Catalog 1994.

Displacement of bearing [u] 7.593 um
Displacement of bearing [uy] -21.187 um
Displacement of bearing [ug] 14.134 um
Displacement of bearing [u] 16.045 um (61.75°)
Misalignment of bearing [rd 0.063 mrad (0.22")
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Katedra konstruovani stroji

Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

[r]
[r]
[r]

Shaft 'vreteno' Rolling bearing 'RollerBearing3'

Position (Y-coordinate)

Dynamic equivalent load

Static equivalent load

Minimum EHL lubricant film thickness
Spin to roll ratio

Life modification factor for reliability[a;]
Results according to ISO 281.:
Lubricant

Load ratio

Operating viscosity

Reference viscosity

Viscosity ratio

Basic bearing rating life

Static safety factor

Iyl 170.00
[P] 5.11
[Po]

[Pimin]

[w_s/w_roll] 0.134

ISOFLEX TOPAS L 32
[CIP]

[v]

[v4]

[K]

[Lnﬂ

Calculation with approximate bearings internal geometry

Operating bearing clearance
Reference rating life

Effective static safety factor

Static safety factor

Static equivalent load

Bearing reaction force

Bearing reaction force

Bearing reaction force

Bearing reaction force

Bearing reaction moment

Bearing reaction moment

Bearing reaction moment

Bearing reaction moment

Oil level

Load-independent moment of friction
Load-dependent moment of friction

[So]

[Pd]

[I—nrh]

[Sou]

[SOref]

[Poref]

[Fx] 0.425
[Fy] -3.511
[Fz] 4.994
[Fr] 5.012
[Mx] -202.06
[My] 0.00
[Mz] 17.29
[Mr] 202.80
[H] 0.000
[Mo]

[M4]

Moment of friction, cylindrical roller bearing[M,]
Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994

Torque of friction
Power loss

[Mloss]
[Ploss]

-0.699
-0.035
0.072

mm
kN
5.01
0.000

1.000

37.187
9.138
0.000
0.000

1.3463e+06
36.51

0.000
1.5207e+06

45.56

32.05

571

kN (85.14°)

Nm

Nm

Nm

Nm (175.11°)

mm
0.203
0.179
0.000

0.382
25.465

The moment of friction is calculated according to the details in SKF Catalog 1994.

Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

[ud
[u]
[u]
[u]
[rd
[r]
[r]
[r]

Shaft 'vreteno' Rolling bearing 'RollerBearing8'

Position (Y-coordinate)

Dynamic equivalent load

Static equivalent load

Minimum EHL lubricant film thickness
Spin to roll ratio

Life modification factor for reliability[as]
Results according to ISO 281.:
Lubricant

Load ratio

Operating viscosity

Reference viscosity

Viscosity ratio

Basic bearing rating life

Static safety factor

vl 243.00
[P] 3.30
[Po]

[Nrmin]

[w_s/w_roll] 0.135

ISOFLEX TOPAS L 32
[CIP]

[v]

[v1]

[K]

[Lnﬂ

Calculation with approximate bearings internal geometry

Operating bearing clearance
Reference rating life
Effective static safety factor
Static safety factor

Static equivalent load
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction moment
Bearing reaction moment

[Sol

[Pd]

[Lnrh]

[Sow]

[SOref]

[POref]

[Fx] -0.468
[Fy] 3511
[Fz] 0.366
[Fr] 0.594
[Mx] 13.08
[My] 0.00

xlv

-0.569
5.662
-9.454
9.471
0.084
-0.089
-0.013
0.085

mm
kN
1.63
0.000

1.000

57.612
9.138
0.000
0.000

5.0062e+06

112.19

0.000
6.7327e+06

105.28

73.86

2.48

kN (141.95°)
Nm
Nm

Bc. David Fait

mrad (-2.4")
mrad (-0.12")
mrad (0.25")

kN
pum

mm?/s
mm?/s

pum

kN

Nm
Nm
Nm

um (-93.44°)
mrad (0.29")
mrad (-0.31")
mrad (-0.04")
mrad (0.29")

kN
um

mm?/s
mm?/s

um

kN
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Katedra konstruovani stroji

Bearing reaction moment
Bearing reaction moment
Oil level

Load-independent moment of friction
Load-dependent moment of friction

[Mz]
[Mr]
[H]

[Mq]
[M]

Moment of friction, cylindrical roller bearing[M;]
Moment of friction for seals determined according to SKF main catalog 4000/1V T DE:1994

Torque of friction
Power loss

[Mloss]
[Ploss]

19.25
23.27
0.000

The moment of friction is calculated according to the details in SKF Catalog 1994.

Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Bearing 'Con_brus_trn'
Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Bearing 'Con_ko2_vret'
Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Bearing 'Con_trn_vret'
Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Damage (%)
Binno Bl B2

1 0.13 0.53

[ud
[u]
[u]
[u]
[rd
[r]
[r]
[r]

vl
[Fx]
[Fy]
[Fz]
[Fr]
[Mx]
[My]
[Mz]
[Mr]
[ud
[uy]
[u]
[u]
[rd
[r]
[r]
[r]

vl
[Fx]
[Fy]
[Fz]
[Fr]
[Mx]
[My]
[Mz]
[Mr]
[ud
[u]
[uz]
[u]
[rd
[v]
[r]
[r]

vl
[Fx]
[Fy]
[Fz]
[Fr]
[Mx]
[My]
[Mz]
[Mr]
[ud
[uy]
[u]
[u]
[rd
[r]
[r]
[r]

B3 B4
0.08 0.02

-27.00
0.000
-0.000
-3.460
3.460
17.26
702.24
0.01
17.26

660.00
0.043
0.000

-0.703
0.704

171.90

-702.24

-45.74

177.88

-18.00
-0.000
0.000
4.200
4.200
-57.47
-702.24
-0.01
57.47

[Lreg] ( 1200.000

xlvi

Nm
Nm (55.8°)
mm
0.203
0.085
0.000
0.288
19.194
0.376
-11.003
-3.755
3.774
0.074
-0.121
-0.014
0.076
mm
kN
kN
kN
kN (-90°)
Nm
Nm
Nm
Nm (0.02°)
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
mm
kN
kN
kN
kN (-86.46°)
Nm
Nm
Nm
Nm (-14.9°)
0.000
-72.846
0.000
0.000
0.000
0.000
0.000
0.000
mm
kN
kN
kN
kN (90°)
Nm
Nm
Nm
Nm (-179.99°)
0.000
0.000
0.000
0.000
0.000
0.000
-0.000
0.000

Nm
Nm
Nm

Nm
W

um
um
um

Bc. David Fait

um (-84.29°)

mrad
mrad
mrad
mrad

um
um
um

mrad
mrad
mrad
mrad

um
um
um

mrad
mrad
mrad
mrad

um
um
um
um
mrad
mrad
mrad
mrad

(0.26))
(-0.42"
(-0.05")
(0.26")

(@)
(@)
@)
@)

(@)
(@)
(@)
@)

(@)
(@)
@)
©)
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Katedra konstruovani stroj Bc. David Fait

> 0.13 0.53 0.08 0.02

Utilization (%) [Lreq] ( 1200.000 )
B1 B2 B3 B4

11.01 17.39 9.24 5.63

Note: Utilization = (Lreg/Lh)"(1/k)

Ball bearing: k = 3, roller bearing: k = 10/3

Bl : RollerBearingl5

B2 : RollerBearing16

B3 : RollerBearing3

B4 : RollerBearing8

Calculation of the factors required to define reliability R(t) using the Weibull distribution. t in (h):

Calculation method: Bertsche

Bearingp fac b t0 T R(H)%
1 Bearing 51 110 9.167e+06 2.928e+08 100.00
2 Bearing 201 110 9.167e+06 2.928e+08 100.00
3 Bearing 30 110 9.167e+06 2.928e+08 100.00
4 Bearing 7 110 9.167e+06 2.928e+08 100.00
Reliability of the configuration for required service life (%) 99.00
L Components - Y-component
0.04 — | — Components - Arbitrary plane
0.02 —
o] -

£ -0.02 —
E ]
H 0.04 —
g |
@
g 0.06 —
E 4
7]
=) -0.08 —

010 — |

-0.12 —

-0.14 —

| ' \ ' [ ' \ ! |
A\ D O S ]
S e & <5

Axial direction Y [mm]

Figure: Deformation (bending etc.) (Arbitrary plane 60.81062741 124)
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Katedra konstruovani stroji

12.0 — \

Stress [N/mm?]

6.0 —| -

4.0 —

2.0

e v
,,,,,,, Axial direction Y [mm]

Nominal stresses, without taking into account stress concentrations
GEH(von Mises): sigV = ((sigB+sigZ,D)"2 + 3*(tauT+tauS)"2)"1/2
SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2
Figure: Equivalent stress

‘ Equivalent stress (GEH)
14.0 — \ —— Equivalent stress (SSH)

Strength calculation according to DIN 743:2012
Summary
brus_kot

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 (cgav/omv = const)

Cross section Position (Y-Coord) (mm)

Free cross section 54.60 Own Input
Results:

Cross section Bo KFo K2d
Free cross section 1.00 0.93 0.80
Required safeties:

Abbreviations:

Bo: Notch factor, bending
KFao: Surface factor

K2d: size factor bending

SD: Safety endurance limit
SS: Safety against yield point

SD
9999.99
1.20

SS
9999.99
1.20

Bc. David Fait

End of Report
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V-Belt calculation
Basis:
V-belt
Type
(CONTI-FO-2)

According to manufacturer data

XPC-High-performance v-belt-DIN 7753:1988/ISO 4184:1992-

Elasticity (N) [E] 280000.00
Weight per length (kg/m) [wi] 0.3700
Length (mm) Mn 2264.58
Max. perm. Belt speed. (m/s) [vmax] 50.00
Number of belts [neff] 6
Theoretical no of belts [nth] 5.82
Sheave width (mm) [b] 161.50
Nominal power (kW) [Pn] 70.22
Operating factor [f1] 1.00
Operating power (kW) [Pmax] 70.22
Configuration with three rollers, tensioning pulley inside
Roller 1 Roller 2
Tensioning pulley
Effective diameter (mm) [dwk] 265.00 265.00 200.00
Loop (°) 147.17 158.78 54.05
Speed (1/min) [n] 636.62 636.62 843.52
Service torque (Nm) M 1053.44 1053.44
Ratio [n] 1.000
Center distance (mm) [a] 675.333
Angle factor [c1] 0.917
Length factor [c3] 0.862
Load coefficient for input to the fast [f2] 1.000
Nominal power acc. catalogue (kW) [P] 15.266
Additional power due to ratio (kW) [dP] 0.000
elt speed (m/s) [v] 8.83
Frequency of bending (Hz) [fB] 7.80
Slip (%) [s] 0.47
Circumferential force (from torque) (N) [Fu] 1325.08
Centrifugal force (N) [Ff] 28.87
Pretension according to catalog values
Test force (N) [Fe] 125.00
Slack (mm) [te] 15.80
End of rope force in stand (N) [Fstat] 1176.83
End of rope force in no load/load (N) [Ft] 485.42 |/ 1810.50
Critical speed for no load / load (m/s) [verit] 37.28 |/ 70.51
Tension distance (mm) [sw] 4.93
Sheave 1 Sheave 2
Radial force in service (N) [Fab] 13403.60 13618.93
Radial force standing. (N) [Fas] 13546.24 13880.56
Pretension according to calculation with coefficient of friction (min: values)
Calculation according to Niemann, Book Ill, with rope friction law
Coefficient. of friction [my] 1.40
End of rope force in stand (N) [Fstat] 728.79
End of rope force in no load/load (N) [F1] 37.38 |/ 1362.46
Critical speed for no load / load (m/s) [verit] 13.38 / 61.32
Tension distance (mm) [sw] 3.05
Sheave 1 Sheave 2
Radial force in service (N) [Fab] 8364.07 8384.20
Radial force standing. (N) [Fas] 8388.91 8595.95
Utilization: (%) [A] 96.96
Formula: A = belt.nth / belt.neff * 100
End of Report lines: 86




1 T Q) L L O <
0Ok o
Z w 0}
Sy .
_ SRE 5 e
3¢ o |
9 ) N
© A | a . -
N AN A\ ~S S XN ANV T 5 N
a o
\ < Ny
| \ ‘ // \ 77 p m . M
V_ -.ll// \_ \ ] P )
ffu // 7/ g W W )
™ \ . 1//| \ // p M N e
C /// 1 \ [/ . m <
11 K _ — w 1 "
£ — . sl
A1 [ il |2
| | R 3§ ug w |
@ | — 0
e i N o 2 82 |o
///
// £ @ o
< | \ | 7 U/ . <
) — | C
// |
| N ) —_— ||
/ \\ / _
1
NN N\ NN\ N NN\ N\ NN NN N\
| Y] o
(o] (o]
I~ AR \’\ _\\‘ilh N\ N~
O NN
, . N,
Vo %ﬁ@\@«.&\ \
2597
i N7 B
(e 0] 8 (e 0]
N
(e)) »
 —t
= =
N
e p)
—_— / —
N
N
N
N ,H
< \
N O ) N
/ @
\ T,
& N ) &
= (| i@ Q
o A\ AN = O
. N “uvi / / / \ 1 ~—_
i ) , W \ / T~ i
- A \
1 % —~— ™
/
w = — @ / /Q%U ©
_— F— I
L
I m @ I
- <
© ©
= I~
LLl
© ©
2 2
o o
(Q\ (Q\
~ ~
™ ™ m
(Q\ (Q\] m
= T © m O < _




4 3 2 1
Poz. Nazev - rozmer Polotovar Material konecny/vychozi T.O. Hr.hmot Cislo vykresu Pocet ks.
Pos. Title - size Blank End material/Start material C.w. R.weight Drawing No. Quant.
1 OTOCNA_SKRIN ODLITEK CSN 422640 719,32 1
2 PEVNA_SKRIN ODLITEK CSN 422640 22417 1
3 KRYT_KOTOUCE ODLITEK CSN 422640 91,18 1
0OB00057950-A PRIRUBA
4 MULTITASK_STP 83,91 !
D 5 KLADKA CSN 42 5510 CSN 11500 72,47 2
6 HRIDEL_4_VRETENO CSN 42 5510 CSN 16220 70,04 1
7 DOLNI_NOSNA_DESKA PLECH 50 - VYPALEK | S235JRG:CSN 11375 66,91 1
8 PRIRUBA_VRETENO _1 CSN 42 5510 CSN 11600 61,05 1
9 KRYT_KOTOUCE_VNEJSI |PLECH 10 - VYPALEK |S235JRG:CSN 11375 32,68 1
10 | NAPINACI_KLADKA CSN 42 5510 CSN 11500 32,65 1
11 DESKA PLECH 8 - VYPALEK S235JRG:CSN 11375 31,37 1
12 |POUZDRO_1_HRIDEL2 CSN 42 5510 CSN 11600 20,35 1
13 |HRIDEL3_VNITREK CSN 42 5510 CSN 11600 17,53 1
—1 14 HRIDEL2_ST CSN 42 5510 CSN 11600 17,03 1
15 ELSJA:ICNI_TRUBKA_VRET CSN 42 5510 CSN 11600 15,87 1
16 EOUZDRO—HORNI—HRIDEL CSN 42 5510 CSN 11600 14,86 1
17 PRIRUBA_VRETENO_2 CSN 42 5510 CSN 11600 14,25 1
18 POUZDRO_HRIDEL3 CSN 42 5510 CSN 11600 13,51 1
19 HRIDEL_1 CSN 42 5510 CSN 16220 13,09 1
20 |KOLO_3 CSN 42 5510 CSN 16220 12,17 1
C 21 HRIDEL_2 CSN 42 5510 CSN 16220 11,37 1
22 |POUZDRO_VRETENO_1 CSN 42 5510 CSN 11600 11,36 1
23 POUZDRO1_HRIDEL1 CSN 42 5510 CSN 11600 9,67 1
24 PRIRUBA2_HRIDEL2 CSN 42 5510 CSN 11600 9,42 1
25 |KRYT_REMENE ODLITEK AISi9Cu3(Fe) 8,50 1
26 |30320_STP 7,95 2
27 | PREDEPINANI_LOZE PLECH 10 - VYPALEK | S235JRG:CSN 11375 7,93 1
POUZDRO_VRETENO_LAB
28 YRINT3 - CSN 42 5510 CSN 11600 7,75 1
| 29 |HRIDEL 3 CSN 42 5510 CSN 16220 7,68 1
30 |BRUSNY_KOTOUC @900 - 80 7,21 1
31 7226 BGAF_STP 6,95 2
32 PREDEPINANI_VIDLICE CSN 11600 5,48 1
33 HRIDEL_PREDEPINANI CSN 42 5510 CSN 11600 5,46 1
34 POUZDRO_S_LABYRINTEM | CSN 42 5510 CSN 11600 5,18 1
35 |32220_STP 4,91 6
36 |REMEN 2265 - 22 XPC -V BELT DIN 7753:1988 4,54 6
37 | 7224 ACD_HCP4A_STP 4,41 2
B 38 |PRIRUBA_HLAVY CSN 42 5510 CSN 11600 3,56 1
39 |RNA4838 STP 3,21 1
40 |VICKO_HRIDEL3 CSN 42 5510 CSN 11600 3,20 1
41 DIS_TRUBKA_VR CSN 425510 CSN 11600 3,10 1
VYVAZOVACI_HLAVA_STC
42 PR81_L149 - - 7= | @55 - 155 MARPOSS - STCG 2,84 1
43 | VICKO_HR2_HORNI CSN 42 5510 CSN 11600 2,26 1
44 KROUZEK_DISTANCNI2_VR CSN 42 5510 CSN 11600 2,18 1
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45 NAPINACI_SROUB CSN 42 5510 CSN 11600 1,16 1
46 |KOSTKA_ROZVOD CSN 42 5522.01 CSN 11375 1,00 1
47 | TRUBKA2_PREDEPINANI CSN 42 5510 CSN 11600 0,87 1
48 EEBUZEK—DISTANCNI—HRI CSN 42 5510 CSN 11600 0,83 1
D 49 g';leJZEK—DISTANCNI—HRI CSN 42 5510 CSN 11600 0,76 2 D
50 STUWE_SHRINK_DISC_TYP SERIES 20 - 760 0,73 1
E_HSD
51 KOLO2_MECH_OT_STP CSN 42 5510 CSN 16220 0,61 1
52 |DIS_PODLOZKA2_VR CSN 42 5510 CSN 11600 0,59 1
53 | MATICE_VRETENO CSN 02 1401 CSN 17240 0,56 1
54 |DIS_PODLOZKA2_HR2 CSN 42 5510 CSN 11600 0,55 1
55 |HADICE2 ?6,7 POM 0,53 1
— TP-1_4-M20X30- OKO —
56 ZAVESNE TP 1.4 M20X30 DIN 580 CSN 12020 0,47 3
57 |DIS_PODLOZKA_HR2 CSN 42 5510 CSN 11600 0,45 1
58 |DIS_PODLOZKA1_VR CSN 42 5510 CSN 11600 0,45 1
59 6012-RS1_STP 0,42 2
60 DIS_TRUBKA_HR4 CSN 42 5510 CSN 11600 0,33 1
61 DIS_TRUBKA_HR3 CSN 42 5510 CSN 11600 0,32 1
62 | TRUBKA_PREDEPINANI CSN 42 5510 CSN 11600 0,28 2
63 |PERO CSN 02 2562 CSN 11600 0,27 4
C|_64 |KOLO1_MECH_OT _STP CSN 42 5510 CSN 16220 0,26 1 C
65 M16_UPINACI_SROUB CSN 4762 CSN 17240 0,24 9
66 |DIS_KROUZEK CSN 42 5510 CSN 11600 0,20 1
67 |HRADITKO PLECH 1 - VYPALEK S235JRG:CSN 11375 0,20 1
68 |HADICE1 ?6,7 POM 0,17 3
69 |OBJIMKA_M8_1 DIN 3567 CSN 11373.0 0,15 1
70 | MATICE_M30 CSN 02 1401 CSN 17240 0,12 2
71 M10_100 CSN 4762 CSN 17240 0,08 4
72 MATICE_M20 CSN 02 1401 CSN 17240 0,07 1
1 73 PODLOZKA CSN 02 1727 CSN 11600 0,07 1 ]
74 | SROUB_M12 CSN 4762 CSN 17240 0,06 20
75 |PODLOZKA_HRIDEL3 CSN 02 1727 CSN 11600 0,06 1
76 |VENTIL G 1/4 0,06 1
77 |MATICE_DO T DRAZKY |DIN 508 - M16 0,05 9
78 SROUB_M10 CSN 4762 CSN 17240 0,04 10
79 SROUB_M10_40 CSN 02 1101 CSN 17240 0,04 10
80 |PODLOZKA2_NAPINANI CSN 02 1727 CSN 11600 0,04 2
81 PODLOZKA HRIDEL2 CSN 02 1727 CSN 11600 0,04 1
B 82 |M10_25 CSN 4762 CSN 17240 0,03 8 B
83 |POJISTNY KROUZEK @80 |[CSN 022930 CSN 15260 0,03 2
84 |POUZDRO_PPMF MATEZA 202321.5 $23 | PPMF 0,02 1
85 |SROUB_M8 CSN 4762 CSN 17240 0,02 7
86 SROUB_M8_VR CSN 4762 CSN 17240 0,02 6
87 |TRYSKA 76,7 POM 0,02 3
88 KONEKTOR_PRIRUBA G 1/4 POM 0,02 1
89 M8_15 CSN 4762 CSN 17240 0,01 12
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90 |PRUZNA PODLOZKA CSN 02 1740.11 CSN 14260 0,01 6
91 [ms_10 CSN 4762 CSN 17240 0,01 2
92 | ZATKA CSN 42 5510.12 CSN 11373 0,01 2
93 |KONEKTOR G 1/4 POM_1/4 0,01 5
94 |LABYRINT_HR3 TFC - 110 CSN 11423 0,01 1
D 95 |SROUB_M5 CSN 4762 CSN 17240 0,01 8
96 |LABYRINT_VR2 TFC - @155 CSN 11423 0,01 1
97 |LABYRINT_VR1 TFC - @165 CSN 11423 0,01 1
98 |PRUZINA_NAPINANI DIN 2093 @50 CSN 12090 0,01 2
99 | MATICE_M10 CSN 02 1401 CSN 17240 0,01 1
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