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1 Uvod

Tato diplomova prace se zabyva konstrukéni upravou frézovaci hlavy IFVW 103. Uprava
spociva v zavedeni chladiciho systému do télesa hlavy a zméné mazani kuzelového soukoli a
ptipadné i lozisek. Prace zacina reSersi, kde jako prvni je piedstaven zadavatel diplomové
prace SKODA MACHINE TOOL a.s. Jsou uvedeny jeho vyrobky, a to horizontalni frézovaci
a vyvrtavaci stroje a jejich ptislusenstvi. Zminény jsou také konkuren¢ni produkty. Nasleduje
dikladny popis stavajicitho provedeni frézovaci hlavy IFVW 103 a pozadavky na zménu.
Prace pokracuje resSerSi zplsobii mazani. Praktickd Céast zaCina navrzenim a vypoctenim
ulozeni. Navazuje navrh variant mazani a vybér suboptimalni varianty a jeji konstrukéni
rozpracovani. Jako posledni je uvedeno technickoekonomické zhodnoceni a celd prace je
shrnuta v zavérecné kapitole a je zhodnoceno nové konstrukéni feseni frézovaci hlavy.

2 Zadavatel - SKODA MACHINE TOOL a.s.

Historie firmy Skoda saha aZ do roku 1859, kdy v Plzni zalozil Hrabé Valdstejn pobocku své
slévarny a strojirny. Roku 1869 tovarnu odkoupil jeji hlavni inZenyr (od roku 1866) Emil
Skoda, jehoZ jméno firma pozd&ji nesla (jako tzv. Skodovy zavody) [1]. Zagatkem 20. stoleti
zaujala firma Skoda pfedni misto mezi evropskymi strojirenskymi zdvody. Prvni obrabéci
stroje pro vlastni pottebu se zde zacaly vyrabét v roce 1911, po ukonceni prvni svétové valky
se zaCaly vyrabé&t i pro tuzemské a zahrani¢ni zakazniky. Za druhé svétové valky doslo k
poklesu a k obnoveni vyroby a vyvoje doSlo az po skonceni valky. Toto obdobi se
vyznacovalo vyrobou stroji, které diky svému originalnimu feSeni patfily ke svétové Spicce.
Porevoluc¢ni doba je spojena s privatizaci podniku, ktery se transformoval na nové trhy, aby
byl schopen konkurence. Byl vytvoien podnik SKODA MACHINE TOOL a.s. — DORRIES
SCHARMANN GROUP, s.r.0. a byla zahajena vyroba zcela novych produktii. Podnik ménil
majitele jeSté¢ jednou, poslednim majitelem je rusky koncern Stankomplex Group. Nyni se
podnik zabyva hlavné konstrukci, vyrobou, montazi a servisem tézkych horizontalnich
frézovacich a vyvrtavacich stroji Skoda HCW, univerzalnich hrotovych soustruhti Skoda SR,
dale oto¢nych stol TDV, frézovacich, vyvrtavacich hlav a ostatniho pfislusenstvi [2].

3 Uvod do problematiky

Vyrobni stroje miizeme rozd€lit podle mnoha aspekti. Pro upfesnéni oblasti nasi
problematiky se nejlépe hodi rozdéleni dle technologického procesu.

| I3 s |

v v Y v
ik i B : STROJE PRO
meé‘ﬁ#}?ﬁ},m TVARECI STROJE m;‘;“;g‘fg SEQIOVACL SPECIALNI
_ oo
“ Stroje pro plosné Stroje pro Svatovaci stroje Jednoucelové stroje
tvatreni konvenéni
Slévarenske stroje zplisoby obrabéni Nitovaci stroje Specidlni stroje
Stroje pro
Btroje pro praskovoun objemové tvareni Stroje pro Virobni centra
metalurgii nekonvenéni
Stroje pro déleni zplisoby obrabéni
materialu

Obr. 1. Vyrobni stroje [3]
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Vyrobni stroje mizeme rozdélit do nékolika skupin. V nasem piipadé nas budou zajimat
obrabéci stroje. Hlavnim ucelem vSech vyrobnich strojii je uprava tvaru polotovaru na
pozadovany tvar vyrobku. Obrabéci stroje ziskaji pozadovany tvar vyrobku pomoci odebirani
pfebyte¢ného materialu. Realizace odebrani materialu se provadi nekonvenéni metodou
neboli nemechanicky. Naptiklad elektroerozivni, ultrazvukové obrabéni, dale obrabéni
laserem ¢i plasmou a jiné. Nebo konvenéni metodou, tudiZ mechanickym ub&rem materialu
pomoci nastroje. Zde rozdélujeme podle charakteristiky hlavniho fezného pohybu metody
soustruzeni, frézovani, obrazeni, hoblovani, brouseni, protahovani a rizné dalsi. Frézovaci
hlavy spadaji pod problematiku frézovani. Konkrétné jsou piisluSenstvim k horizontalnim

w7

4 Horizontalni vyvrtavaci a frézovaci stroje

Horizontalni vyvrtavaci a frézovaci centra, nebo také horizontky, jak se bézn¢ nazyvaji, se
vyrabi ve dvou provedenich. Deskové a stolova, kde stolova se dale déli na T — provedeni a
S pevnym stojanem. Hlavnimi charakteristickymi rysy horizontek je upnuty obrobek, hlavni
fezny pohyb vykonava rotujici nastroj, posuvné pohyby kona néstroj i obrobek. Pouziva se
pro obrabéni tvarové narocnych obrobkl. Vynikéd piedevsim diky své univerzalnosti a jeho
operace Ize automatizovat.

4.1 Stolové provedeni

Stolové horizontky se v dneSni dob& pouzivaji predevSim u menSich a stfedné velikych
obrobki. U téchto stroji leze lehce zakomponovat veskeré prvky automatizace jako je
automatickd vymeéna nastroju ¢i obrobki a podobné. Funkénimi skupinami jsou:

Loze, stojan

Vietenik — vieteno

Stal

Pohon, posuvy

Vedeni, spojeni, upinani

4.1.1 Pevny stojan

Zakladem celého stroje je loze. Na lozi je pevné umistén stojan a pohyblivy stil. Na pevném
stojanu je umistén posuvny vietenik, z kterého se vysouva vieteno. Toto feSeni se pouziva pro
obrabéni mensich obrobk.

Obr. 2. Horizontka s pevnym stojanem vlevo starsi stroj od firmy Skoda vpravo stroj od TOS Varnsdorf ‘[21‘] [5]
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4.1.2 T - provedeni

4995

6950

Bc. Jifi Petrou

Obr. 3. T —vlevo f)rovedeni WHQ 13 vpravo Giddings and Lewis [4]

Z Obr. 3 je patrné ze T — provedeni umoziiuje i posuv se stojanem, coz nam nabizi veEtsi
prostor pro obrobek. Stroj Ize také pomoci vyménnych stolti zakomponovat do vyrobni linky.
Horizontka WHQ 16 miiZe pohybovat s obrobkem a natacet jej pomoci os X a B. Dale
pomoci 0S Y a Z nastavit pozadovanou polohu vietena. Samotné vieteno se mize pohybovat

ve sméru osy W, a to az do 900 mm u tohoto stroje.

4.2 Deskové provedeni

U deskového provedeni je obrobek upnut na nepohyblivé desce veSkeré posuvy musi
vykonavat stojan. Stojan se tedy pohybuje po lozi, znazornéna osa X. Vyska vietene je
nastavend pomoci nastaveni vySky vfeteniku na stojanu, osa Y. Vysunuti vietene je parametr
W. Vfteteno je ulozeno v pinole, kterd je také vysuvna. Vysunuti pinoly se oznacuje
pismenem Z. Stroje jsou ureny pro piesné a vysoce produktivni soufadnicové vrtani,

vyvrtdvani, frézovani a ftezani
zavitll zejména obrobki velkych
rozméri  a hmotnosti nebo
prostoroveé Clenitych obrobki z
litiny, ocelolitiny a oceli. [6]

Stroje naleznou pouziti v mnoha
odvétvich, jako jsou napiiklad
dopravni  technika, tézebni
technika, lodni primysl a
energetika. Obrobky pro
horizontky jsou naptiklad bloky
dieselovych motorti do lodi, ramy
vagoni a podvozky a hojné
vyuzivané  jsou  stroje  pro
obrabéni  vrchliki  vétrnych
elektraren.

Obr. 4. WRD 130 TOS VARNSDOREF [6]
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4.3 Horizontalni vyvrtavaci stroje vyrabéné Skoda Machine Tool

Spolegnost Skoda Machine Tool vyrabi horizontalni a vyvrtivaci stroje ve tiech zakladnich
fadach. Prvni fada FCW jsou mensi stroje s vybornou dynamikou diky valivému vedeni na
ose X. Dalsi vyhodou je jednoducha udrzba a vyhodny pomér cena vykon.

HCW 1 — 4 jsou oproti FCW pIn¢ hydrostaticky vedené a nabizeji vysoky kroutici moment,
ale 1 dostatecné vysoky rozsah otac¢ek na dokoncovaci operace.

Stroje typu HCW 2000 — 4000 jsou plné hydrostaticky vedené. Diky pfevodovce vestavéné

v pinole je stroj schopen dosahovat velikych vysuvil a vysokych otacek.

Vykon Otack Vysuv | Vysuv Max.
Primér vietena | hlavniho e tenZL pinoly | vietena | pojezd
(mm) motoru (ot/min) voseZ |vose W | stojanuv
(kW) (mm) (mm) ose Y (mm)
FCW 140 140 37 3000 1000 900 5000
FCW 150 150 52 3000 1200 900 5000
FCW 160 160/180 58/74 33%%%/ 1500 1000 6000
HCW 1 150/160 71 3000 1200 1000 5000
HCW 2 160/180/200 100 2500 1300 1200 7000
HCW 3 200/225/250/262 129 2000 1600 1500 9000
HCW 4 262/280/300 147 2000 2000 1800 10000
v 130 37 3000 | - 900 3000
HCW 2000 160/180 64 3500 1750 1250 5000
HCW 3000 180/200/225 103 3000 2000 1400 7000
HCW 4000 225/250/262 120 3000 2500 1500 9000

* kluzné vedeni

X=0-20 009 =

\+Z = 2500

Tabulka 1. Pfehled Horizontalnich vyvrtavacich strojii od Skoda Machine Tool

Obr. 5. FCW, HCW 1-4, HCW 2000-4000




Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad. rok 2017/18
Katedra konstruovani stroja Bc. Jifi Petrou

5 Prislusenstvi pro horizontalni vyvrtavaci a frézovaci stroje

Piislusenstvi k horizontalnim vyvrtavacim a frézovacich stroji zvySuje uzitnost stroji a
zkracuje strojni Casy. Pomoci dneSniho moderniho pfislusenstvi je mozné Cislicové tizené
obrabéni Vv péti osach. Pomoci moderni vymény néstrojit minimalizujeme prostoje a
zefektiviiujeme vyrobni proces.

5.1 Vyména nastroji

V dnes$ni dobé probiha vyména ndstroji na stroji automaticky. Dvéma nejrozsifenéjSimi
zpusoby, a to automatickou vyménou néstrojli pomoci piijeti vyméiovace na sloupu stroje
(ATC). Druhy zptisob se nazyva roboticka vyména (RTC). Pfi robotické vymeéné robot vyjme
novy nastroj ze zakladace a pomoci svych klesti vyméni néstroje na vietenu stroje ¢i vietenu
frézovaci hlavy v pozadované pozici. Tato metoda je Casovée ptiznivejsi.

Obr. 6. RTC roboticka vyména nastrojii (vlevo), ATC automaticka vyména nastroji (vpravo) [5]

5.2 Otocné stoly

Oto¢né stoly muzeme povazovat jako samostatny produkt, ¢i jako pfislusenstvi pro
horizontky. Mohou se pomoci nich provadét i soustruznické operace (Karuselovaci stoly).
Stoly Ize uzpisobit, aby bylo mozné jejich naklopeni. Toho se nejvice vyuziva pii obrabéni
vrchlikl pro vétrné elektrarny.

] i
Obr. 7. Naklapéci stil pii obrabéni vrchliku vétrné elektrarny (Skoda tdv tilt) [5]
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5.3 Frézovaci a vyvrtavaci hlavy

Frézovaci hlavy mohou byt jednoosé ¢i dvouosé. Polohovani os miize byt ruéni, nebo pomoci
Hirtovo spojky mizeme tzv. indexovat. To znamené nastaveni hlavy vétSinou po 1° nebo 2,5°
do pozadované polohy. Toto otaceni nelze provadét pii feznych operacich. Proto existuje treti
feSeni nataeni pohonnym mechanismem (napf. ozubenymi koly). Tato moznost se pouziva u
CNC hlav, kde mizeme pomoci kontinualniho polohovani umoznit CNC obrabéni.

Vyvrtavaci hlavy umoziiuji obrabéni velikych otvord.

Obr. 8. MozZnosti vyuZiti frézovaci hlavy [7]

5.3.1 Frézovaci hlavy spole¢nosti Skoda Machine Tool

Ruéni IFVW 2C, | Pravouhla | 101, Ruéni IFVW 3C | Univerzalni | IFVW

jednoosa | 4C hlava 102, dvouosa 45° hlava 203

hlava 103, 104 | hlava

Max. 55 kW Max. 25-85 Max. 55 kW Max. vykon: | 30 kW

vykon: vykon: kW vykon:

Max. 2600 Nm | Max. 1000- Max. 2600 Nm | Max. 1500Nm

moment: moment: 4000Nm | moment: moment:

Uhel: libovolny | Uhel: al°a Uhel: libovolny | Uhel: ale/a
2,5° 2,5

Tabulka 2. Frézovaci hlavy firmy Skoda [5]

o g

Obr. 9. IFVW 4C, 102, IFVW 3C, IFVW 203 [5]
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Prodlouzena | IFVW 40 | Univerzalni | IFVW | Mala IFVW CNC UFK 600,
prima hlava 90° hlava 206, Pravouhla | 112, univerzalni | 1000, 2000,

207, hlava 113, hlava 2400

208 114
Max. vykon: | 80 kW Max. 25-73 | Max. 25 kW | Max. 25-50 kW

vykon: kw vykon: vykon:

Max. 7000 Nm | Max. 1000- | Max. 600Nm | Max. 600-2 400 Nm
moment: moment: 3500 moment: moment:

Nm
Délka: 1230 mm | Uhel: al1°a | Uhel: al1°4a | Uhel: kontinualni

2,5° 2,5°

Délka: az 1570
mm

Tabulka 3. Frézovaci hlavy firmy Skoda [5]

Obr. 10. IFVW 40, IFVW 206, IFVW 112, UFK 600 [5]

Standartni | IWD Velka IWD 1100, | Mikro- IFVW Mikro- IFVW
vyvrtavaci | 125, vyvrtavaci | 2000 indexovaci | 110 indexovaci | 201 Ml,
hlava 320, hlava jednoosa dvouosa 210 MI
500, 700 hlava hlava
Velikost 125-700 | Velikost 1100-2000 | Max. 25 kKW Max. 25-30
hlavy: mm hlavy: mm vykon: vykon: kw
Primér az 1765 | Primér 1150-3200 | Max. 600 Nm | Max. 800-1000
obrabéni: mm obrabéni: mm moment: moment: Nm
Hloubka az 5100 Uhel: 40,001° | Uhel: 20,001°
obrabéni mm

Tabulka 4. Frézovaci a vyvrtavaci hlavy [5]

Obr. 11. IWD 125, IWD 1100, IFVW 110, IFVW 201 Ml [5]
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5.3.2 Frézovaci hlavy od spolecnosti Tos Varnsdorf

Frézovaci hlavy od spole¢nosti Tos Varnsdorf jsou technickym feSenim obdobné tém od
spoleénosti Skoda Machine Tool a. s. Jsou viak koncipované na mensi vykony. Specialitou je
hlava HV / E-H, ktera je pohanéna vestavénym elektro vietenem. Pomoci této hlavy jsme
schopni dosahnout velice vysokych otacek, ¢ehoz se vyuziva u High speed cuttingu (HSC).

HPI1 50

Jednoosa frézovaci hlava pravotihla polohovana po 1°.

Pocet os 1

Otacky (min™) 3500 R

Vykon (kW) 37 s T

Moment (Nm) 1200 =t |

Polohovani 1° ' * I

Hmotnost (kg) 600 -
Tabulka 5. Parametry HPI1 50 [6]

HV /E-H

Frézovaci hlava vidlicova 1 nebo 20s4 s integrovanym elektro-vietenem.

Pocet os 2 2

Otacky (min™) 22000 18000

Vykon (kW) 20 28

Moment (Nm) 30 90

Polohovani 0,001° 0,001°

Hmotnost (kg) 800 800

Tabulka 6. Parametry HV / E-H [6]
5.3.3 DalSi frézovaci hlavy

FidiaM5H

Frézovaci hlava M 5H od italské spolenosti Fidia je
zastupcem v kategorii dvouosych frézovacich hlav s pohonem
pomoci ozubeného ptevodu od vietena stroje.

Osa A +110°
OsaC + 200° (optional £ 360°)
Otacky 3000 1/min | 24000 1/min | 10000 1/min
Vykon 47 kW 35 kw 35 kw
Toolholder 1ISO50 HSK63A HSK100A
Obr. 12. M 5 H [8]
Krout. Mom. | 1100 Nm 56 Nm 160 Nm

Tabulka 7. Parametry frézovaci hlavy M 5 H [8]
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Pama

Italska spolecnost Pama obdobné jako Skoda Machine Tool se zabyva vyrobou horizontalnich
vyvrtavacich a frézovacich stroji. V jeji nabidce miizeme nalézt Sirokou nabidku frézovacich
hlav.

Obr. 13. Frézovaci hlava pro obrabéni T drazek, jednoosa pravoihla frézovaci hlava [9]

5.4 Dalsi prisluSenstvi

Horizontalni frézovaci a vyvrtavaci stroje mohou byt vybaveny mnoho dalSimi prvky, které
pomahaji v fizeni stroje ¢i udrZzovani Cistoty pracovniho prostfedi. Nasledujici prvky se
nechaji nakonfigurovat dle pozadavkl zdkaznika.

+  Ridici systémy

* Chlazeni néstroje

* Dopravnik tfisek

*  Vodici podpéry vietena
+ Sondy

¢ Mazaci systémy

1 . HR550
* Hydraulické agregaty Heidenhain iTNC 530 HSCI

Obr. 14. Ridici sytém Heidenhain [6]

* Upinaci zatizeni
* PICK UP systém

Y

Obr. 15. Dopravnik tfisek, Chlazeni nastroje [6]
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b

— g

Upinaci uhelniky:
UU 800 - UU 6 000

Upinaci kostky: UK 500 - UK 3 000

Obr. 17. Upinaci zatizeni [6]

=

Obr. 18. PICK UP systém od spole¢nosti TOS Varnsdorf [6]

13



ZapadocCeska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad. rok 2017/18
Katedra konstruovani stroja Bc. Jiti Petrou
6 Analyza stavajiciho FeSeni s poZadavky na zménu

Stavajici feSeni frézovaci hlavy IFVW 103 je vysledkem né&kolika leté prace. V souc¢asné dobé
je spolecnosti Skoda Machine Tool nabizena hlava IFVW 103 C. Pismeno C znaci jiz tteti
verzi této frézovaci hlavy.

6.1 Hlava IFVW 103
150 L60 180

—{
[ ]
L]
&
|-

320
C

300
¥
o00

640

Obr. 19. IFVW 103 [5]

IFVW 103 je jednoosa pravouhla frézovaci hlava. Nataceni osy je provedeno indexovanim za
pomoci Hirtovo spojky. Je to druha nejvykonngjsi frézovaci hlava v této fad¢.

celkovy zivi 12

Zdvihé

1

13575
L F
7

—

Obr. 20. Rez frézovaci hlavou IFVW 103 A
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Frézovaci hlava se sklada z dvou na sebe kolmych htideld, pti¢emz vystupni hiidel je Vieteno
frézovaci hlavy. Vstupni hiidel je po pfipojeni hlavy na stroj spojen s vietenem stroje.
Kroutici moment je tedy piendSen z vietena stroje na vstupni hfidel zafizeni. Pomoci
kuzelového soukoli s pfevodovym pomérem 1:1 je dale vykon pfenesen na samotné vieteno
zatizeni. Déle je v pevné ¢asti hlavy uloZena Hirtova spojka pro umoznéni nataceni frézovaci
hlavy. Pro provedeni natoCeni je zapotiebi zastavit ota¢eni hlavy a pomoci vysuvu vietena
stroje odtlacit od sebe zuby Hirtovi spojky. Nésledné natocit vieteno stroje do pozadované
polohy hlavy a vieteno zasunout zpét. Hirtova spojka je poté jesté zajisténa proti rozpojeni
hydraulickou tlakovou kapalinou.

Ulozeni  vstupniho  hiidele je
Valeckové lozisko provedeno na piedepjatych
kuzelikovych loziskach. Vieteno je
ulozeno na tfech predepjatych
kulickovych loziskach s kosouhlym
stykem a vhorni casti je jesté
valeckové lozisko ulozené na
kuzelové plose. Kulickova
pfedepjatd  loziska s kosouhlym
stykem zajistuji v misté nastroje
optimalni tuhost a tim 1 pfesnost
obrabéni.

Kuzelikova loziska

Loziska 1 ozubené soukoli jsou
mazana tukem. U ozubeného soukoli
je zavedené domazavani.

. Loziska s kosouhlym stykem

Obr. 21. UloZeni stavajciho ieSeni

6.1.1 Parametry stavajiciho reSeni hlavy IFVW 103

Parametry
Vykon kwW 67
Moment Nm 4000
Jmenovité otacky min! 160
Maximalni otacky min! 2500
Pievod otacek i 1.1
Kuzel vietene ISO 50, 60
Natéaceni 1. osy 0 0-360 (1°/2,5°)
Hmotnost kg 750
Poznamky
Ozubena kola mazana tukem s domazévanim, loziska mazana tukem

Tabulka 8. Parametry stavajiciho FeSeni IFVW 103
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6.2 Pozadavky na zménu

Stavajici FeSeni PoZadované zmény
Vykon kw 67 Vykon kW 67
Moment Nm 4000 Moment Nm 4000
Jmenovité otacky |min? 160 Jmenovité otacky |mint |160
Maximalni otacky |min? |2500 Maximalni ota¢ky |min? |3000
Prevod otacek i 1:1 Pfevod otacek i 1:1
Kuzel vietene ISO 50, 60 Kuzel vietene 1ISO 50, 60
Natéaceni 1. osy 0 0-360 (1°/2,5°) | Nataceni 1. osy 0 0-360 (1°/2,5°)
Hmotnost kg 750 Hmotnost kg 750

Poznamky Poznamky
Ozubena kola mazana tukem Zavést mazani ozubenych kol olejem
s domazavanim, loziska mazana tukem Rozhodnout o0 metod€ mazani lozisek
Zajistit temperovani télesa hlavy

Tabulka 9. Pozadavky na zménu

Stavajici feSeni provedeni mazaciho systému predev§im mazani ozubenych kol tukem
neodpovidd dneSnim standardim. Toto feSeni omezuje hodnotu maximalnich otacek.
Zplsobuje nepfiznivy narist teploty zafizeni. Déle neptiznivé ovliviiuje hlucnost a opotiebeni
ozubeného soukoli. Zpisobuje také vyssi vykonové ztraty nez mazani olejem.

Nevyhodou olejového mazani je naopak naptiklad jeho téZka udrZitelnost v misté potieby.
Nabizeji se, ale 1 modernég;$i metody mazani olejem, které si uvedeme v nésledujici kapitole,
zajist'ujici lepsi ochlazovani télesa a aplikaci v misté potieby.

Temperovani télesa hlavy chceme zajistit z divodu vys$i mozné piesnosti béhem obrabéciho
procesu a delsi dosazené Zivotnosti lozisek.

/ Metody mazani

Mazani zavadime u strojnich soucasti, pfedev§im u vzajemné se pohybujicich, hned
z n¢kolika divodl. Nejhlavnéj§im je omezeni tfeni mezi povrchy, zvySeni UC€innosti a
omezeni otéru. Dal§imi funkcemi mohou byt déle napiiklad odvod tepla, zabranéni korozi
nebo rozpousténi a prenos necistot. Je nékolik metod mazéni, zékladni z nich budou popsany
Vv nésledujicich kapitolach.

. s Range of tangential speed v (m/s)
No. Lubrication g oL P 3
0 5 10 15 20 25
1 Grease lubrication —is
2 | Splash lubrication - —
3 |Forced orl carcultion Jubncation -

Obr. 22. Rozsah obvodovych rychlosti v zavislosti na potfebné metodé mazani [10]
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Obr. 22. Rozsah obvodovych rychlosti v zavislosti na potfebné metodé mazani znazornuje do
jakych ptibliznych obvodovych rychlosti 1ze pouzit dané metody mazani. Tyto hodnoty se
tykaji ozubenych kol s pfimymi a Sikmymi zuby a kuzelovych soukoli.

e Mazani tukem 0-5m/s
e Olejova lazen 4-15m/s
e Nucena olejova cirkulace ~ 13-30 m/s

7.1 Plastické mazivo (Tuk)

Za normalnich provoznich podminek se pouziva plastické mazivo pro mazéani valivych
lozisek ve vétsin€ uloZeni. Ve srovnani s olejem ma plastické mazivo tu vyhodu, ze se 1épe
udrzi v uloZeni, pfedev§im v uloZenich se Sikmou nebo svislou htideli, a dale pfispiva k
utésnéni ulozeni proti vniknuti ne€istot, vlhkosti nebo vody [11].

Mazani tukem u ozubeného soukoli neni tak Casto pouzivano, pouze v ptipadech nizkych
otacek, a kdyz je olejové mazivo tézko udrzitelné v misté potfeby (Oteviené ozubené
soukoli).

Metal-soap
Thickener 2-30%  LMetal-complex-soap
Polyurea

Gel, Bentonite, PTFE

Additives 0-10%

Base Oil 60-98%

Mineral Qil
Polyalphaolefin
Ester Qil

1 Polyglycol
Silicon Oil

= - Perfluoralkylether

Obr. 23. Zpiisob domazavani [11], SloZeni mazaciho tuku [12]

Mazaci tuk je slozen piedev§im z oleje. Jsou do né&j pfidany tuzidla pro vyssi viskozitu a
rizna aditiva pro zlepSeni vlastnosti.

Valiva loziska musi byt domazéavana v ptipadé€, ze zivotnost pouzitého plastického maziva
muze je krat$i nez predpokladand provozni trvanlivost loZiska. LoZisko je nutno domazat jiz
tehdy, kdyZz je jest¢ mazani loZiska uspokojivé zajiSténo. Délku domazdvaciho intervalu
ovlivitluje mnoho ¢initeld, jejichZz vzajemna zéavislost je velmi slozitd. Jedna se predevSim o
typ a velikost loziska, otacky, provozni teplotu, druh plastického maziva, prostor v ulozeni a
okolni podminky. [11]

7.2 Olejova lazen

Mazani valivych lozZisek olejem je v zasad¢ zvoleno tehdy, kdyz z diitvodl vysokych otacek ¢i
vysokych provoznich teplot nelze pouzit mazéni plastickym mazivem anebo kdyz teplo
vyvolané tfenim nebo vnéj$Sim zdrojem je tieba odvést z ulozeni, popt. kdyz souvisejici dily
(ozubena kola apod.) jsou mazany olejem [11].
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Gear Housing

e

Qil Level
Obr. 24. Mazani olejovou lazni loZiska / ozubeného soukoli [11]

Mazani lozisek Vv olejové 1azni spociva v ponoteni loZiska po urcitou hodnotu do maziva. Jak
se lozisko otaci, tak samovoln¢ rozndsi olej na vSechny své segmenty. U ozubeného soukoli je
princip obdobny. Cast kola je ponotena v oleji a zuby je pfinasen olej do mista zabéru.

7.3 Olejova cirkulace

Provoz pii vysokych otackach vyvold
nariist provozni teploty a urychluje
starnuti oleje. Mazani s nucenym ob&hem

oleje je vzdy urcCeno pro ulozeni, v nichz l
nema byt olej Casto vyménovan, avSak H

musi byt zajisStén ptivod oleje do ulozeni. T )
Obeh oleje zpravidla zajistuje Cerpadlo. g il
Jakmile olej projde loziskem, vrati se do \_]:

nadrze, v niz je pfefiltrovan a podle
potieby ochlazen, nez se vrati do loziska. T iy
Spravné filtrovani se projevi vysokymi
hodnotami soucinitele 1, a tedy pfispiva
k dlouhé provozni trvanlivosti loZiska.
Chlazeni oleje umoziuje udrzovat nizkou
provozni teplotu loZiska [11].

i
|
|
|
|
|
|
|
0
1

Obr. 26. PFivod oleje do mista zabéru ozubenych kol

Obr. 25. Schéma cirkulace u dvouiadého soudeckového
loZiska [11]
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7.4 Vstrikovani oleje

Ptfi velmi vysokych otdCkach musi byt do loziska ptivadéno dostatecné, avSak nikoli
nadmérné mnozstvi oleje, které zajisti spravné mazani bez zbytecného zvysSeni provozni
teploty. Obzvlasté ucinny zplisob mazani predstavuje ptimy vstiik oleje do loziska, kdy je
paprsek oleje pod vysokym tlakem nasmérovan ze strany do loziska. Rychlost paprsku musi
byt natolik vysokd (min 15 m/s), aby alesponn Cast oleje pronikla vzduchovymi viry
vyvolanymi rotujicim loziskem [11].

Obr. 27. Vstiikovani oleje [11]

7.5 Olej + vzduch

Olej + vzduch je pomérné moderni zpliisob mazani lozisek, ozubenych kol, vodicich list ¢i
nastrojii. Princip spociva ve stalém piivodu vzduchu do dané soucasti k promazavani.
V urcitych intervalech je zafizenim do tlakového vzduchu ptivadéno dané urcité mnoZstvi
oleje, ktery je dale nesen potrubim. V misté mazani se rozptyli olejové kapky do tenkého
filmu maziva. Do mista mazani se tak plynule dostdva minimalni potfebné mnozstvi maziva.
Vzduch poté opousti misto mazani a tim také zamezuje vnikéani necistot.

Cerpadlo alaje

(I )( Davkovani

oleja

Pfivod vzduchu 3 Veadeni
e , " " wzduchu
Skrtici wantil Michaci  olejem

wzduchu komora

Obr. 28. Schéma mazaciho systému Olej + vzduch [13]
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Obr. 29. Realné mazaci zaFizeni od firmy Woerner [13]

Na Obr. 29 je vidét zafizené pro mazani vzduch + olej od firmy Woerner. Sklada se z téchto
komponent [13]:

Zasobnik

Hladinovy spina¢

Plnici ptivod

Cerpadlo

OL rozvadéc s jednim vedenim VOE-D
Ptivod vzduchu G1/8

Odvzdusnovaci Sroub

Regulator tlaku

Vystup G1/8

. Prithledny dil pro optickou kontrolu pritoku
. Iniciator pro kontrolu pritoku

. Davkovaci ¢len DEB

. Skrtici ventil vzduchu

. Manometr pro zobrazeni tlaku vzduchu

. Tlakovy spina¢ pro kontrolu tlaku vzduchu

. Casovat¢

17.
18.
19.

3/2-cestny ventil
Michaci komora
Indikacni ¢ep
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8 Metody chlazeni télesa frézovaci hlavy

Téleso frézovaci hlavy je dobré chladit kvili tomu, aby pii vysokych otackach nedoslo
k piehfati zafizeni a tim padem i k jeho nucenému odstaveni. Odvadéni tepla je potiebné
predevsim v oblasti ulozeni vietena. Nejvice zatéZovana je spodni oblast vietene, kde je teplo
generovano lozisky a také se muze promitnout otepleni od nastroje. Dal§imi vyhodami
chlazeni jsou vyssi mozna dosazena piesnost pii obrabéni a vyssi dosazena Zivotnost lozisek.

o sueply

- } Return \ )

Obr. 30. Schéma chlazeni, Znazornéni vyvrtanych otvori pro chlazeni [7]

Z Obr. 30. Schéma chlazeni lze vidét feSeni u frézovaci hlavy spolecnosti SHW
Werkzeugmaschinen.Chladici medium je pfivedeno do zafizeni z pinoly stroje. Poté je
kapalina provedena celym té€lesem pomoci systému vyvrtanych otvorit a odvedena pry¢ ze
zatizeni opét pinolou stroje.

V pravé ¢asti Obr. 30. Schéma chlazeni jsou vidét realné kanalky pro chladici kapalinu
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Ze zminénych moZznosti mazani ndm vznikne nékolik variant kombinaci systémt mazani
ozubenych kol a lozisek. U téchto variant bude potieba rozhodnout, zda jsou na tuto aplikaci
vhodné ¢i nikoli.

) Zpusob mazani
Varianty Loziska Opubend kola Vypocty / Poznamky
1. Olej lazen Olej lazen Teplotni stalost loziska, hladina
2. Tuk Olej cirkulace Teplotni stalost loziska, odtok
3. Olej cirkulace Olej cirkulace Teplotni stalost loZiska, odtok
4. Tuk Olej + vzduch Teplotni stalost loziska, odfuk
5. Olej + vzduch Olej + vzduch Teplotni stalost loziska, odfuk

Tabulka 10. Navrhnuté varianty FeSeni

10 Pevnostni vypocty

K vypoctim uloZeni a pevnostni kontrole vietena a pastorku byl pouzit program KISSsys a
KISSsoft. V nasledujicich kapitolach budou uvedeny rozméry vietena a pastorku, které
vychéazi ze stavajicitho teSeni. Ovéfime soucasti z pevnostniho hlediska a uloZeni na
pozadovanou zivotnost 4000 hodin.

10.1 Zatizeni frézovaci hlavy

24

hlavou provadét. To zejména obrabéni plnych rovinnych ploch pii velkém ubé&ru materialu,
které zatizi frézovaci hlavu po strance pevnosti a unosnosti. Pak také stav pii maximalnich
otackach, ktery bude zatéZovat lozZiska z hlediska teplotni stalosti. K determinaci zatéznych
stavil byl pouzit online program Tool Guide od Sandvik Coromant.

Doba behu | <Ol | yaeiy | Radidlni sila | Axilni sila | OPVOdOVd
Zat&rny stav moment sila
q [%] M [Nm] | n [min?] Fr [N] Fa [N] Fo [N]
1 0.2 4000 160 -32000 24000 -40000
2. 05 2647 242 -21176 15882 -26470
3. 0,3 18 3000 -1252 939 -1565

Tabulka 11. Zatézné stavy

10.1.1 Prvni zatézny stav

Vyplyva ze zadani a byl uren zadavatelem. Pii tomto stavu je hlava namahana predevsSim
krouticim momentem a za nizSich otacek.

10.1.2 Druhy zatézny stav

Druhy stav je obdobou prvniho zatézného stavu s tim Ze se pohybujeme na vyssich otackach.
Zatézovaci stav vychazi z obrabéni rovinné plochy celni frézou o priméru DC= 200 mm s
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oznacenim 360-200Q60-Z10E19 s bfitovymi destiCkami s oznacenim 360R-19 06M-PH
4230. Veskeré rozméry a fezné podminky jsou K nalezeni v Pfiloze ¢. 3.

T
e il
-
DC
DCX ——
-
o

Obr. 31. Rezné télo s biitovou desti¢kou pro 2. Fezny stav

10.1.3 Treti zatéZny stav

Treti zatézny stav je kontrolou maximalnich otacek. Od zadavatele je pozadavek dosdhnout
ota¢ek n= 3000 min. Tato situace bude nastavat pii obrdbéni s malym primérem néstroje.
V nasem ptipad¢ Celni fréza o priméru DC= 23 mm s ozna¢enim R300-035C3-12H s feznymi
destickami R300-1240M-PH 4230. Veskeré¢ rozméry a tfezné podminky jsou k nalezeni
v Piiloze ¢. 3.
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Obr. 32. Rezné télo s biitovou desti¢kou pro 3. Fezny stav

10.1.4 Vypocet Feznych sil

Vypocet vychdzi z nésledujicich vzorct pfi jednotlivych stavech:
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Obr. 33. ZatiZeni vietene pfi frézovani pravou ¢elni frézou

10.2 Kuzelové soukoli
Zadané hodnoty

Soukoli je navrzeno na pievodovy pomér i = 1. Rozméry vychézi ze stavajiciho feSeni. Jsou
pouzity zuby vyrabény metodou Klingelnberg.
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Obr. 34. Rozméry ozubeného soukoli
Pastorek (Gear 1) Kolo (Grear 2)
Modul mmn [mm] 8,9546 8,9546
Rozte¢ny prumér de [mm] 220 220
Pocet zubti m 16 16
Sika ozubeni b [mm] 54 54
Smér spirdlového zatoceni Prave Levé
zubli
Uhel spiralového  zatogeni 38 38
zubll Bm [°]
Jednotkové posunuti 0 0
Material 1.6587 1.6587
(ekvivalent K CSN 16 343) (ekvivalent K CSN 16 343)
ca [°] 0 (konstantni tloustka zubu) | 0 (konstantni tloustka zubu)

Tabulka 12. Parametry ozubeni
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Hodnoty vypocétené se zatéZovym spektrem

Bc. Jifi Petrou

Soukoli spoéteme jak pii mazani tukem, tak pii mazani systémem olej + vzduch.

Vysledky pro soukoli Pastorek Kolo

mazzjne t,u !,“im , Bezpecnost Bezpecnost na Bezpecnost Bezpecnost na

(soucasné¢ reseni) Vv kofeni zubu boku zubu Vv kofeni zubu boku zubu
SF1 SH1 SF2 SH2

1. stav 1.475 1.311 1.475 1.311

2. stav 2.226 1.466 2.226 1.466

3. stav 145.682 12.144 145.682 12.144

Vysledky s ohledem na 1.476 1.31 1.476 1.31

spektralni zatizeni

Pozadované  hodnoty 14 10 14 10

bezpecnosti ' ' ' '

Vysledky pro soukoli Pastorek Kolo

gllgz in\;e;jys;ﬁmem Bezpecnost Bezpecnost na Bezpecnost Bezpecnost na

J u Vv kofeni zubu boku zubu Vv kofeni zubu boku zubu

SF1 SH1 SF2 SH2

1. stav 1.475 1.346 1.475 1.346

2. stav 2.226 1.505 2.226 1.505

3. stav 145.682 12.468 145.682 12.468

Vysledky s ohledem na 1.476 1.345 1.476 1.345

spektralni zatiZeni

Pozadované  hodnoty 14 10 14 10

bezpecnosti ' ' ' '

Tabulka 13. Vypoétené hodnoty ozubeni

Z Tabulka 13 je patrné, ze bezpecnosti na boku zubu vychazeji 1épe pii mazani systémem
olej + vzduch. Z tohoto diivodu byl pozadavek na piechod mazani ozubenych kol olejem.
Zvysi to jejich Zivotnost. Smérodatné vysledky jsou tedy vysledky pro systém olej + vzduch a
ty také vyhovuji minimalnim pozadovanym hodnotam. Podrobny vypis vypoctu je k nalezeni
v Piiloze ¢. 1.

Pouzitd media pro vypocet:

Tuk: ISOELEX TOPAS NCA 51

Olej: KLUBEROIL GEM 1-68

v= 31 mm?s...Kinematickd viskozita pti 40 °C
v=68 mm?%/s... Kinematicka viskozita pii 40 °C
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10.3 UloZeni pastorku
Zadané hodnoty

Pastorek bude zatizen od sil z ozubeni a bude pienaset potfebny kroutici moment. Zatézné
momenty vyplivaji z Tabulka 11.

UloZeni je provedeno na dvou valeckovych loziskach FAG NU 1020-XL-M1 (d= 100 mm,
D= 150 mm, B=24 mm). Axidlni posunuti je zajiSt¢no dvéma kulickovymi lozisky
s kosotihlym stykem SKF 7220 BECBY (d= 100 mm, D= 180 mm, B= 34 mm). Loziska
s kosouhlym stykem pomohou také zachytit radidlni sily.

oo ™l

o & o
198 34 2 Outer contour

9

0
9

(¥ IR
o 280 ™49 T
|——-|——-| Inner contour

Bearing4 Bearing 3  Bearing 2

\ / Bearing 1
P |
Q)

0
4
7
9

8, 2.0 % o

T 53 Y 47 7347 53 142 mo

I-—-l-n—l-|-—r-|-r—-|-r—l-} Bearing
Obr. 35. Parametry pastorku

Vypoctené hodnoty

Z daného zatiZzeni spoCteme sily pusobici na loziska, z kterych vypocteme Zivotnost Ln a
statickou bezpecénost So. Tento krok provedeme za pomoci programu KISSsys a KISSsofft.
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Radidlni sila ve sméru | Axidlni | Radiélni sila ve sméru
X sila y4
Fx [N] Fy [N] Fz [N]
Vialeckové lozisko (Bearingl)
1. stav -19691.1 0 -9398.3
2. stav -11360.3 0 -5317.4
3. stav 0 0 0
Kuli¢kové loZisko
s kosouhlym stykem
(Bearing?)
1. stav -6844.6 -7351.2 -3611.7
2. stav -6123.3 -6663 -3200.8
3. stav -116.6 -131.2 -53.9
Kuli¢kové loZisko
s kosouthlym stykem
(Bearing3)
1. stav 20946 46027.4 31274.8
2. stav 15207.7 32258.1 22575.6
3. stav 161.3 305.2 251.9
Valeckové lozisko (Bearing4)
1. stav 15529.9 0 25736.2
2. stav 8852.8 0 15060.1
3. stav 0 0 0

Tabulka 14. Reakcee loZisek na pastorku

Ze zatézujicich sil Fx a Fz se spocte celkova radidlni sila Fr. Axidlni sila Fy= Fa. Z téchto
dvou parametrt se loZisko zkontroluje na Zivotnost Ly a minimalni statickou unosnost Co.

Vypocet byl proveden opét za pomoci softwaru KISSsoft.
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Zivotnost Statickda bezpecnost
Valeckové lozisko (Bearingl) Ln [hod] So []
1. stav 27320 6.187
2. stav 114341 10.763
3. stav 1000000 9999.99
Vysledek se spektrem 83378 6.187
Kuli¢kové lozZisko
s kosouhlym stykem (Bearing?)
1. stav 552923 15.764
2. stav 513697 17.657
3. stav 1000000 950.013
Vysledek se spektrem 611602 15.764
Kuli¢kové lozisko
s kosouhlym stykem (Bearing3)
1. stav 4187 3.241
2. stav 7790 4.482
3. stav 1000000 407.868
Vysledek se spektrem 8909 3241
Vale¢kové lozisko (Bearing4)
1. stav 9390 4.491
2. stav 37900 7.728
3. stav 1000000 9999.99
Vysledek se spektrem 28743 4.491
PoZadované hodnoty 4000 3

Tabulka 15. Vypocétené hodnoty Zivotnosti a statickych bezpeénosti na pastorku

Zavér

Z pevnostniho i zZivotnostniho hlediska uloZeni pozadované hodnoty spliuje.

10.3.1 Teplotné stalé otacky

Ze zadani vyplyva pozadavek na maximalni otacky 3000 ot/min. Proto je nutné zkontrolovat
teplotné stalé otacky pro tento zatéZzovy stav a zkontrolovat, zdali jsou vSechna pouzita
loZiska schopna dosdhnout 3000 ot/min pfi teplotni stalosti pro rizné zpisoby mazani.

Vypocet teplotné stalych otacek vychazi z normy DIN 732. Vypocet je zalozen na zdkladé
rovnovahy teplot na lozisku. Teplotné stalé otacky ne jsou odvozeny z Teplotné referencnich
otacek ner za pouziti Rychlostniho poméru f,.

Teplotné referencni otaCky ner se vypoctou na zakladé normy DIN ISO 15312. Teplotné
referencni otacky jsou takové otacky, pfi kterych je dosazeno rovnovdhy mezi teplem
piivadénym (tfeni) a teplem odvadénym (skrz kontaktni plochy loziska a mazivem).
Mechanicka ani kinematickd kritéria nejsou brana v tvahu. Referen¢ni hodnoty jako teploty,
sily, viskozita maziva, kontaktni plochy loziska jsou pevné¢ dana.
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NFr = 103-Qr (1)

NFr Teplo zplsobené ttenim (Friction power) [W]
Qr Odvedené teplo (Dissipated heat flow) [kW]
Rovnice (1) prechézi v:

n'::r . (10_7 - fOr - (vr * nHr)é -dm3 + f1r- P1r- dm) = qr - ASr (2)
nOr Teplotné referencni otacky (thermal reference speed) [1/min]
for koeficient dle Tabulka 16 dle DIN 1SO 15312
r Viskozita maziva (Reference viscosity) [mm?/s]
dm Stredni pramér loziska (average rolling bearing diameter) [mm]
fir koeficient z Tabulka 16 dle DIN ISO 15312
Plr: Zatizeni (Reference load) [N]
qr Jednotkovy tepelny tok (Rolling bearing-specific reference heat flow density

(bearing contact, lubricant)) [KW/m2]
ASr Kontaktni plocha loziska (Reference surface area dissipating heat) [mm?]
fOr (tabulkova hodnota) flr

Kuli¢kové lozisko 1.7 0.00015
Vileckové lozisko 3 0.0003
Axialni kulickové lozisko 1.7 0.00015
Axidlni valeckové lozisko  |3.5 0.0015

Tabulka 16. Hodnoty koeficientia fOr a f1r
Z rovnice (2) jiz dokazeme zjistit nor.
Teplotné stalé otacky se poté vypoctou vzorcem:

nd = fn - nOr

no Teplotné stalé otacky [ot/min]
fn Rychlostni pomér [-]...Zjisti se iteraéné pomoci dalSich koeficienti z normy.
nor Teplotné referencni otacky [ot/min]

Vsechny tyto vypocty byly provedeny v programu KISSsoft a vysledné hodnoty jsou k vidéni
Vv nasledujici tabulce. Teplotné stalé otacky byly spocteny jak pro mazani tukem, tak pro
mazanim systémem olej + vzduch. Dalsi podrobnosti jsou k nalezeni v Pfiloze ¢. 2.
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Teplotné stalé otacky n6 [ot/min]
Mazani tukem Mazani olej + vzduch
Valeckove lozisko 6588.243 7026.655
(Bearingl)
Kulickové lozZisko
s kosothlym stykem 7164.310 6003.823
(Bearing?)
Kulickové lozisko
s kosothlym stykem 7164.310 5965.337
(Bearing3)
Valeckove lozisko 3325.266 3546.469
(Bearing4)
Tabulka 17. Teplotné stalé ota¢Kky u loZisek na pastorku

Pouzité maziva:
Tuk: KLUBER quiet BQ 42-32

Olej: KLUBEROIL GEM 1-68
Vypocet ovéril, ze vSechna loziska maji teplotné stalé otacky vysS$i nez pozadovanych

v= 25 mm?/s...Kinematicka viskozita pti 40 °C
v= 68 mm?/s... Kinematicka viskozita pii 40 °C

3000 ot/min a z tohoto hlediska vyhovuji.

10.4 Pevnostni kontrola pastorku
Z prabéhu napéti na pastorku vybereme kritickou hodnotu zkontrolujeme, zdali neptekroci

mez Kluzu materialu pastorku.
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Obr. 36. Priibéh redukovaného napéti na Pastorku dle von Mises 6eq = V6?2 + 3 * 2
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Ored max = /1,47 MPa
Material Pastorku 1.6587 (ekvivalent k CSN 16 343) => R, = 490 MPa

R, 490

= =6,8
Oredya, /147

S =
Pastorek vyhovuje s vysokou bezpe¢nosti s= 6,8.

10.5 Ulozeni vietene

Vieteno je uloZeno na 3 loziskach s kosouhlym stykem (SKF 7028 ACD/HCP4A d= 140 mm,
D= 210 mm, B= 33 mm) v blizkosti mista upinani nastroje. To zajist'uje optimalni tuhost.
V pravé casti je podepieno valeckovym loziskem (SKF NJ 1024 ML d= 120 mm,
D= 180 mm, B= 28 mm), které zachycuje sily od ozubeného kola. Valeckové lozZisko je
uloZené na kuZzelové ploSe, aby se pfedepnutim vymezily vile v loZisku.

Vieteno prenasi kroutici moment od ozubeného kola az k mistu néstroje v levé ¢asti. V misté
nastroje pisobi radidlni a axidlni sila od fezného procesu. Zatézujici sily vyvolava také
ozubeni.
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o M & F__in
1916 174 | 288 127011 Outer contour
o= — ===
1
o o 8 g 3 & _ 0
[ 92 Ll 4s g, 70 L, 64 175 le 92| Tnner contour
™ T T T T T -

Bearingl  RollerBearings Bearing2
o . @8, 8 &
.52 1337 46 380 ady
I L I = === Bearing
Obr. 37. UloZeni Vietene
Vypoctené hodnoty

Z daného zatiZzeni spoCteme sily pulsobici na loziska, z kterych vypocteme Zivotnost Ln a
statickou bezpecénost So. Tento krok provedeme za pomoci programu KISSsys a KISSsofft.
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Radidlni sila ve Axialni Radialni sila ve
smeru X sila sméru z
Kulickové loZisko Fx [N] Fy [N] Fz [N]
s kosouhlym stykem (Bearingl)
1. stav -22489.3 19617.2 | -29922.1
2. stav -14708.4 12845 -19183.4
3. stav -1368.2 1352.3 -1835.1
Kulickové lozisko
s kosothlym stykem (Bearing?2)
1. stav 12937.9 -17807.9 | -21598.7
2. stav 8428.5 -11823.5 | -15077.7
3. stav 1147.9 -1334.7 1246.5
Kulickové lozZisko
s kosouhlym stykem
(RollerBearing5)
1. stav -12518.9 12256.2 | -19990.9
2. stav -8390.1 8286.5 -13282.6
3. stav -857.7 876.6 -1174.4
Valeckové lozisko
(RollerBearing6)
1. stav 28746.3 0 -12486.4
2. stav 19087.6 0 -8041.7
3. stav 0 0 0

Tabulka 18. Reakce loZisek na vietenu

Obdobn¢ jako u pastorku provedeme vypocet Zivotnosti Ly a statické bezpecnosti So.
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Zivotnost | Staticka bezpe&nost
Kuli¢kové loZisko s kosouhlym stykem (Bearingl) Ln [hod] So []
1. stav 6181 4.168
2. stav 15174 6.453
3. stav 1000000 | 68.153
Vysledek se spektrem 15242 4.168
Kuli¢kové lozisko s kosouhlym stykem (Bearing2)
1. stav 18843 6.196
2. stav 40907 9.031
3. stav 1000000 | 92.062
Vysledek se spektrem 43221 6.196
Kulickové loZisko s kosouhlym stykem (RollerBearing5)
1. stav 24703 6.614
2. stav 55274 9.93
3. stav 1000000 | 107.268
Vysledek se spektrem 57333 6.614
Vileckové lozisko (RollerBearing6)
1. stav 13214 5.839
2. stav 34749 8.835
3. stav 1000000 | 9999.99
Vysledek se spektrem 33530 5.839
PoZadované hodnoty 4000 3

Tabulka 19. Vypocétené hodnoty Zivotnosti a statickych bezpeénosti na vi‘eteni

10.5.1 Teplotné stalé otacky

Obdobné jako v kapitole 10.5.1 spoéteme teplotné stalé otacky pro loziska na Vietenu.

Teplotné stalé otacky nb [ot/min]
Mazéni tukem Mazéni olej + vzduch

Kulickové loZisko

s kosouhlym stykem 5680.429 5038.022
(Bearingl)

Kuli¢kové lozisko

s kosothlym stykem 5744.254 5038.022
(Bearing2)

Kuli¢kové lozisko

s kosouhlym stykem 5808.079 5101.795
(RollerBearing5)

Vileckové lozZisko

(RollerBearings) 5869.668 5171.140

Tabulka 20. Teplotné stalé otacky u loZisek na Vieteni

Pouzité maziva:
Tuk: KLUBER quiet BQ 42-32
Olej: KLUBEROIL GEM 1-68
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Vypocet ovéfil ze vSechna loziska maji teplotné stalé otacky vySsi nez pozadovanych
3000 ot/min a z tohoto hlediska vyhovuji. Detailni hodnoty jsou k nalezeni v Ptiloze €. 2.

10.6 Pevnostni kontrola vietene

54.0 —
48.0 \
42.0 4 |
£ 36.0 h o
£ 1~
=30.0 — L >
g 240 L
& 18.0 — N
120 4 19 £

0 — . il

= A o N | 1 | — | 1 [
Q ‘ Ol 1O S S

LS D S M A
i e . M 1 q
Axial direction Y [mm]

Obr. 38. Priibéh redukovaného napéti na Pastorku dle von Mises 6,oq = V6% + 3 * T2

Ored max = 99, 15MPa

Material Pastorku 1.1191 ekvivalent CSN 12 050.
R, = 275 MPa
Re 275

T Grea.. 5515

4,9
Pastorek vyhovuje s vysokou bezpec¢nosti s= 4,9.

10.7 Tuhost v misté nastroje

Dulezitym parametrem u frézovaci hlavy je tuhost v misté¢ nastroje. Vychazi z vychyleni
vietena yvr @ jeho natoceni an. Hodnoty yvra an jsme spocetly pomoci programu KISSsoft

Vyr = 0,09 mm Posunuti v misté vietena

a, = 0,6 * 10~ 3rad Natoceni v misté vietena
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Obr. 39. Uhle natoteni (vlevo) a posunuti (vpravo); &erna barva rovina x-z, zelena barva smér y
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Obr. 40. Nakres pro vypocet tuhosti uloZeni

Z natoCeni v misté vietena jsme schopni spocitat posunuti v misté nastroje, jelikoZ zname
délku vysazeni nastroje L = 140 mm.

Yn = L-tan(ay,)
Yn = 140 - tan(0,6 - 1073) = 0,03438 mm
Ye =Yn +Yur
y. = 0,03438 + 0,09 = 0,12438

K urceni tuhosti budeme jesté potiebovat zatézujici silu F. Tu spocteme jako vyslednici sily
radidlni a obvodové. Hodnoty sil vyplyvaji ze zadani.

F = /F2 + F2

F= \/400002 + 240002 = 46648 N
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Ze zndmého vztahu poté dopocteme tuhost:

F
k=—
Ve
46648 376190 N
0,124 mm

Vypocétena tuhost je dostacujici vzhledem k mezni hodnoté 50 kN/mm uréujici dynamickou
stabilitu pro pfenaseny vykon.

11 Vybér varianty

V této kapitole se zamétime na vybér suboptimalni varianty z navrZzenych variant z kapitoly 9.
Tabulka 10. Nejdiive se zaméfime na zhodnoceni kazdé z variant oddélené a v zavéru
porovname varianty pomoci rozhodovaci tabulky. Vysledkem bude suboptimélni varianta, pro
kterou se dale zhotovi konstrukéni navrh.

11.1 Varianta 1. Olej lazen — Olej lazei

Varianta s mazanim Ozubenych kol a lozisek olejovou lazni vychazi z klasického konceptu
primyslové ptevodovky. Zde jsou ozubena kola z ¢asti ponoifena do oleje a pomoci rozstiiku
se mazivo dostane i na loziska. Toto feSeni pocita se stalou hladinou olejové lazné. To ovsem
V nasem piipadé neptipada v uvahu. Vieteno mize byt naklonéno témet pod jakymkoli thlem
a to znamena, ze urcit stalou hladinu je nemoZzné. Mohlo by se tedy stat, Ze kulickové loziska
s kosotihlym stykem budou ponofené celé v oleji a horni valeckové lozisko bude bez maziva.
Z tohoto diivodu je varianta velice nevhodna.

Vvyhody Nevvyhody

Dostacujici pro mazani ozubeného soukoli NemozZné urcit hladinu oleje

MozZnost zahlceni lozisek olejem

Tézko udrzitelné v misté potieby

Nutnost kontaktniho gumového tésnéni

Tabulka 21. Vyhody a nevyhody Varianty 1.

11.2 Varianta 2. Tuk — Olej cirkulace

Druhou variantou je mazani lozisek Tukem a ozubeného soukoli olejovou cirkulaci. Tato
moznost se pouziva také u primyslovych ptevodovek, kde je potfeba odvézt ze stroje vétsi
mnozstvi vniklého tepla. Tento zplisob mazani by pro nasi aplikaci dokazal zajistit dostatecné
mazani ozubenych kol pomémé velkym mnozstvim oleje. Problém je vSak opét v odtocich,
které jsou feSeny vétSinou gravitacné€. Toto velké mnozstvi oleje by se také muselo dobie
tésnit, aby se naptiklad olej nedostal k loZisktim, kde by znehodnotil mazaci tuk. Neptiznivym
aspektem by byla také vyssi pofizovaci cena.
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Vvhody Nevvyhody
Dostacujici pro mazani 0zubeného Soukoli Odtok gravita¢né = problém kviili pozici
hlavy
Moznost chlazeni u ozubenych kol Potieba odvézt pomérné velké mnozstvi oleje

Vyssi cena

Nutnost  kontaktniho gumového tésnéni
Kk zaslepeni loZisek

Tabulka 22. Vyhody a nevyhody Varianty 2.

11.3 Varianta 3.0lej cirkulace — Olej cirkulace

Varianta s mazanim olejovou cirkulaci v celé frézovaci ma podobné vyhody i nevyhody jako
predesla varianta, s tim ze odpada tésnéni k zaslepovani lozisek. Nadale vSak je problém

24

Vvhody Nevvyhody

Dostacujici pro mazani 0zubené¢ho Soukoli Odtok gravita¢né = problém kvuli pozici
hlavy

Moznost chlazeni u ozubenych kol a lozisek | Potieba odvézt pomérné velké mnozstvi oleje

Vyssi cena

Nutnost kontaktniho gumového tésnéni

Konstrukéné naro¢éné

Tabulka 23. Vyhody a nevyhody Varianty 3.

11.4 Varianta 4. Tuk — Olej + vzduch

Mazani lozisek tukem a ozubeného soukoli syst¢émem olej vzduch by umoznilo dostacujici
mazani ozubenych kol. Velkou vyhodou by byla mala spotieba oleje a odvod maziva z hlavy
by se vyfesil n¢kolika odfuky v télese hlavy. Pozitivni piinos je také neustalé proudéni
vzduchu, které zamezuje vniknuti necistot do hlavy. Mezi nevyhody této varianty patii vyssi
cena a nutnost pouziti kontaktniho gumového tésnéni k zaslepeni loZisek.

Vyhody Nevyhody
Dostacujici pro mazani ozubeného soukoli Vyssi cena
MozZnost chlazeni u ozubenych kol Nutnost kontaktniho gumového tésnéni k

zaslepeni loZisek

Mala spotieba oleje

Vzduch zabraiiuje vniknuti necistot do hlavy

Tabulka 24. Vyhody a nevyhody Varianty 4.

11.5 Varianta 5. Olej + vzduch — Olej + vzduch

Posledni varianta kompletniho mazani frézovaci hlavy syst¢émem olej + vzduch nabizi stejné
vyhody jako varianta €. 4. OvSem naklady na vyrobu by byli opét o néco vyssi, kviili potiebé
vice vyvrtanych otvort a celkova konstrukce by se stala daleko vice komplikovanou.
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Vvhody

Nevvyhody

Dostacujici pro mazani ozubeného soukoli

Vyssi cena

Moznost chlazeni u ozubenych kol a lozisek

Nutnost kontaktniho gumového tésnéni

Mala spotieba oleje

Konstrukéné naroéné

Vzduch zabranuje vniknuti neéistot do hlavy

Tabulka 25. Vyhody a nevyhody Varianty 5.

11.6 Rozhodovaci tabulka

Vybér suboptimalni varianty byl proveden pomoci rozhodovaci tabulky. Zvolenym kritériim
byli pfifazeny vahy, kterymi byli ndsobeny hodnoty stanovené pro jednotliva kritéria.

Kritéria [0-10]

Faktor vahy
[0-10] 1. 2. 3. 4, 5.

Varianta

Hodnota

Funk¢énost
Vazend hodnota |-10

10 40 40 90 80

Hodnota

4 6 9 5 6

Termoregulace
Vazena hodnota |5

20 30 45 25 30

5 Hodnota 5 6 8 7 8
Zivotnost

Vazena hodnota | -8 40 48 64 56 64
Jednoduchost Hodnota 3 4 2 6 4

konstrukce (cena) | v47ena hodnota | -9

27 36 18 54 36

Soucet vazenych hodnot 97 154 | 167 | 225 | 210
Tabulka 26. Rozhodovaci tabulka

11.7 Vybrana varianta

Vitézna varianta je mazani lozisek pomoci tuku a ozubené¢ho soukoli systémem

Olej + vzduch. K zhotoveni tohoto feseni bude potfeba zakoupit zafizeni pro davkovani
maziva do tlakového vzduchu a nékolik konstrukénich Uprav, které budou popsany

Vv nasledujici kapitole 12. Konstrukéni navrh.
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12 Konstrukéni navrh

Frézovaci hlava IFVW 103 se sklada z n€kolika zékladnich celkll. Zakladem je pfiruba, ktera
pfipeviiuje hlavu ke stroji. Ulozeni pastorku a vietena, které slouzi k pfenosu krouticiho
momentu a kK zachyceni feznych sil. Systém s Hirtovou spojkou pro nataceni hlavy. Ve vieteni
se nachdzi systétm pro upinani ndstroji, ktery je vyrobkem subdodavatele. Jednotlivé
podskupiny si nyni rozebereme v nésledujicich kapitolach.

Obr. 41. Nové FeSeni frézovaci hlavy IFWV 103
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12.1 Pripevnéni ke stroji

K upevnéni frézovaci hlavy ke stroji slouzi pfiruba frézovaci hlavy. V nasem piipadé byla
pouzita ptiruba pro stro) HCW 2.

_~ Otvor pro vstup

/ vietena stroje

" Kandly piivadgjici
pracovni media

Obr. 42. P¥iruba stroje HCW 2

12.2 UloZeni a prenos krouticiho momentu

Svérny spoj
pro pienos Mk

Labyrintové
tésnéni loZisek

Kameny pro pfenos Mk

Deska upinace

Obr. 43. UloZeni
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Vieteno stroje zajede do valcové cCasti priruby a kameny vietena stroje zapadnou do desky
upinace. Dale je pienos krouticiho momentu zajistén nejdiive dvéma kameny zapadajicimi
nastalo do svérného spoje na pastorku. Poté kroutici moment tee ptfes ozubeny pastorek do
ozubeného kola a je pfenesen na vieteno pomoci dalsitho svérného spojeni. Loziska (Zluta
barva) jsou ulozena v pouzdrech.

12.3 Aretace a nataceni frézovaci hlavy

Aretaéni krouzek

Peniz

Pouzdro proti vyjeti

Pruzina

Unasec Hirtovy
spojky

Kamen pro nataceni
Hirtovy spojky

Obr. 44. Soucasti areta¢niho FeSeni (pozice aretace)

Pozice aretace

Pfi této pozici je vieteno hlavy ve své vychozi poloze. Bude se pouzivat naptiklad pifi vyméné
nastroji nebo pii odloZeni hlavy. Aretace je zajiSténa kruhovym penizem, ktery zapadne do
drazky na aretacnim krouzku. Nastaveni této polohy je provedeno pruzinou, ktera odtlaci
sestavu upinace. Deska upinace se opie o pouzdro a zlstane v pozadované poloze.
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Obr. 45. Pozice aretace

Pozice obrabéni

Pfi pozici obrabéni je mezi Penizem a Aretacnim krouZkem mezera 1 mm. Stejné tak je
mezera | mm mezi Kamenem pro natidceni Hirtovy spojky a UnaseCem Hirtovy spojky.
Deska upinace se miize volné otacet a ptes Kameny pro ptenos Mk piedavat kroutici moment
dale na pastorek. Pro dosazeni této pozice musi vieteno stroje vytlacit Desku upinace o 6 mm
z polohy aretace.

550006660006000

Obr. 46. Pozice obrabéni
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Pozice nataceni

Pozice nataceni vyzaduje zapadnuti Kament pro nataceni Hirtovy spojky do UnaSece hirtovy
spojky. Tim bude zajisténa moznost otacet pohyblivou ¢asti Hirtovy spojky. Vieteno stroje
vytla¢i opét desku upinace o dalSich 6 mm. Deska upinace se tim dostane do kontaktu
s UnaseCem Hirtovy spojky. Tato pozice je vychozi pozici pro odtlaceni Hirtovy spojky.

Obr. 47. Pozice nataéeni

Nataceni frézovaci hlavy

"

Statické Hirtovo,

Pohyblivé Hirtovo
ozubeni

] 1 %] A v
A \ il ™ B
O VI VA SR ST L P

Obr. 48. Nataceni frézovaci hlavy

Nataceni frézovaci hlavy je zajiSt€éno pomoci Hirtovy ozubené spojky. V normalnim stavu
jsou k sob¢ piitlaovany ozubeni pomoci Hirtova upinace. V upinaci je vyvozena tlacna sila
pomoci talifovych pruzin a hydraulického pistu. Tato sila je na obrazku znazornéna zelenou
barvou a je oznacena Fn. Pii potiebé rozpojeni Hirtova ozubeni a jeho natoceni je Deska
upinace zavedena do polohy nataceni a dale pfitlacena silou Fyr o dal§ich 6 mm pro rozpojeni
Hirtova ozubeni.
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12.4 Rozvod pracovnich medii

Bc. Jifi Petrou

Po cel¢é frézovaci hlavé je potieba dopravit n¢kolik pracovnich medii s riznymi funkcemi.
Kvili tomuto je hlava navrtdna 8 riznymi kandlkami pro dopraveni medii na patficné misto.

Zkratka Nazev Barva v modelu Vedené medium

CHS Chlazeni stfedem svétle fialova Chladici kapalina

CHV Chlazeni vnéjsi zlutéd Chladici kapalina

UN Uvolnéni nastroje fialova Tlakovy hydraulicky olej
ov Ochrana vzduchem | tmav¢ fialova Vzduch

ZH1 Zpevnéni hirta 1 zelend Tlakovy hydraulicky olej
M Mazani kol Seda Olej + vzduch

CHT Chlazeni tam hnéda Chladici kapalina

CHZ Chlazeni zpét bila Chladici kapalina

Tabulka 27. Popis pracovnich medii

Obr. 49. Ptivod medii od pinoly stroje

Media jsou pfivedena vnittkem pinoly a jsou pievedena do frézovaci hlavy na piirubé
frézovaci hlavy ptes rychlospojky. Déle jsou media vedena pfes statickou ¢ast na Hnizdo pro

hirtGv upinac.
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drazka pro tésnéni  pxpander

Obr. 50. Vrtani statické ¢asti

Kanalky jsou vedeny rtiznymi variacemi vrtani a jeho néaslednym zaslepenim v misté potieby.
Ktomu v nasem pfipad¢é slouzi Expandery. Expander je valecek s kuli¢kou uvniti. Pted
montazi je kulicky vysunutd z valecku a poté se zarazi do véalecku, tim se valecek zaryje do
stén kanalku a plsobi jako stdlé tésné€ni. Vyhodou je tésnéni v obou smérech, moZnost
prichodu skrze jiné kanalky a jednoduchd montaz. Tésnéni mezi délicimi rovinami zajist'uje
O krouzek ©¥10 x 2.

dq d,
%
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Obr. 51. princip Expanderu

Na soucasti Hnizdo pro hirtiiv upina¢ jsou kanalky pievedeny na vnitini valcovou plochu, aby
mohly pfejit na rota¢ni kandlek na soucasti Rota¢ni prevad&c.

Vyjimkou jsou pouze ZH1 a OV. ZHI1 je pfivedeno ze statické Casti na vnéj$i valcovou
plochu, kde se nachazi rota¢ni drazka. Do té jsou navrtany vstupy do hirtovych upinaca, kde
zajistuji ptitlaceni hirtovy spojky. OV je vedena pouze skrze tuto soucast.

V soucasti je také namontovana spirala z tecalanové trubicky Vv trase mazani M. Spirala nam
zpusobi ulozeni oleje pii vypnuti stroje. Pfi opétovném zapnuti bude mnozstvi ulozené ve
spirale rychleji dopraveno do mista mazéani, nez by tomu bylo pfi pfivodu oleje az z agregatu
zafizeni olej + vzduch. Zamezime tim pocate¢nimu chodu zatizeni bez ptivodu maziva.
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Rotacni drazka pro ZH1 se
vstupy do hirtovych upinaca

Spirala proM

Obr. 52. Vrtani hnizda

Rotacni prevadé¢ souzi k prevedeni pracovnich medii pii jakémkoli natoceni hlavy. Na své
vngjsi valcové plose ma drazky, do kterych media vstupuji. Drazky jsou mezi sebou té€snéné
pomoci rota¢niho tésnéni. Na koncich je draZka pro vodici krouzky. Rotaéni ptevadé¢ pojizdi
pii natac¢eni vaci predchozi soucasti (Hnizdo pro hirtiv upinac). Vystup medii je na levém
Cele soucasti. Pracovni media dale pokracuji do souc¢ésti Sedlo hirt otocny.

Drézky pro tésnéni

Rotacni vstupy medii

&

e

r(' Y 7
< Drézka pro vodici Drézky pro Drazka pro vodici
Vystupy medii krouzek media krouzel

Obr. 53. Rotaéni pirevadéé
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Sedlo hirta oto¢ného je dalsi soucasti, ktera ptiblizuje pracovni media ke svému cili. Systém
vrtani je podobny jako u rotacniho pfevadéce.

Obr. 54. Sedlo hirt oto¢ny
Dale se kanalky vydavaji riznymi sméry do mista ur€eni, proto se na n¢ podivame jednotlive.

12.4.1 Upinani nastroje a chlazeni stfedem UN a CHS

UN a CHS je potfeba dovést na dvé rtizné vnitini valcové plochy ve viku vietena. Odtud
vstupuji do zatizeni pro upinani obrobki.

Viko vietena

Obr. 55. Kanalky UN a CHS
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12.4.2 Chlazeni vnéjsi CHV

Chlazeni vnéjskem je pfivedeno do rotaéni drazky ve spodnim pouzdie. Tou je rozvedeno
Kk osmi navrtanym kanalkiim, kde budou na konci umistény smérovaci trysky a budou
sméiovat chladi kapalinu do mista fezu.

Rozvodovd  privod /
rotatni Sedlo pro umisténi

drazka trysky

Spodni pouzdro

Rotacni drazka

ot

Obr. 56. CHV

12.4.3 Ochrana vzduchem OV

Ochrana vzduchem je pfivedena Sikmym vrtdnim a vyfrézovanou drazkou ve spodnim
labyrintu do prostor spodniho labyrintu, kde zabrafiuje vnikani necistot do spodnich lozisek
zatizeni.

Obr. 57. Ochrana labyrintu vzduchem
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12.4.4 Mazani systémem olej + vzduch

Systém olej + vzduch bude pfiveden do trysky, kterd jej bude sméfovat do mista zabéru
ozubenych kol. Timto dosahneme optimalniho davkovani ptimo v misté zabéru.

Obr. 58. Olej + vzduch

Pro dalsi udrzeni oleje v okoli ozubenych kol jsou v sestavé zakomponované dva kryty. Kryt
pastorku a kryt ozubeného kola.

Tésnéni

Obr. 59. Zakrytovani ozubeni; Tésnéni a odfuk

Po uniknuti maziva z mista potieby bude olej hnan vzduchem, skrz vyvrtané odfuky v tclese
hlavy, ven, kde bude mazivo sbirano pfisluSenstvim stroje. Loziska budou zatésnéna
V krouzky.
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12.4.5 Chlazeni hlavy CHT a CHZ

Jednim z bodl zadéani této diplomové prace bylo zavést chlazeni frézovaci hlavy. K tomuto
ucelu slouzi kanalky CHT a CHZ. Chladici kapalina bude nejdfive pfivedena ke spodnim
lozisktim, kterd budou nejvice teplotné namahané. Zde bude proudit tfikrat okolo lozisek
VvV obrobenych rotacnich kanalkach. Rota¢ni kanélky jsou propojeny vzdy na opacné strané
frézovanou drazkou. Dale je chlazeni vedeno télesem frézovaci hlavy a obdobny systém
kanalkt je pouzit u horniho valeckového loziska a u kuli¢kovych lozisek s kosothlym stykem
na pastorku. Odtud je chladici kapalina pfivedena na rotacni prevadé¢ a odvedena na celo
priruby.

ad ——8 0 = NN Nl

Obr. 60. Chlazeni hlavy
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13 Technickoekonomické hodnoceni a Zavér

Stavajici FeSeni Nové FeSeni
Vykon kW |67 Vykon kw 67
Moment Nm  [4000 Moment Nm 4000
Jmenovité otacky |mint |160 Jmenovité otacky | min? 160
Maximdlni otacky | min | 2500 Maximalni otacky | min™ 3000
Tuhost v misté
nastroje

UloZeni pastorku
Rotacni prevadéc
Hnizdo pro hirtiv | =28
upinac

UloZeni pastorku
Rotacni prevadécd
Hnizdo pro hirtav
upinac

Tabulka 28. Porovnani FeSeni
Piinosy
Zakladnim ptfinosem, ktery byl pozadovan i v zadéni, jsou maximalni otacky 3000 ot/min.
Tohoto pozadavku bylo dosazeno na zakladé vypoctu z programu KISSsys a KISSsoft.
Ove¢tili jsme jak zivotnost lozisek, tak jejich teplotné stalé otacky pti 70°C. U lozisek bylo
zachovano mazani tukem. Byla zkontrolovana i tuhost V misté nastroje, ktera vyhovuje vaci
minimalni hodnoté 50 KN/mm urcéujici dynamickou stabilitu pro pfenaseny vykon.

Druhym velkym piinosem je zavedeni mazani ozubenych kol systémem olej + vzduch. Tato
inovace nam zaruci vétsi bezpec¢nost na boku zubu. Delsi Zivotnost ozubeného soukoli, jelikoz
pfi pouziti oleje dosdhneme vétSi bezpe€nosti proti otéru na boku zubu (scuffing/
micropitting) [14]. Mensi hlu¢nost a mensi vykonové ztraty.

Ttetim pfinosem je zavedeni chlazeni frézovaci hlavy. Chlazeni ndm zajisti moZnost
presn€js$iho obrabéni. Ochlazovanim lozisek ptispéje k prodlouzeni jejich zivotnosti.

Nové vzniklé naklady

Nové vzniklé néalady na zhotoveni nového fteSeni budou ve velké mife zastoupeny
nakoupenymi polozkami a to:

mazaci zatizeni Woerner pro systém olej + vzduch
3x Sroubeni @ 8mm

1,5 m tecalon trubicky 8§ mm

Tésnéni

2x kulickova loziska s kosouhlym stykem

2x valeckova loziska

13x expader 9

[}
[}
[}
[}
[}
[}
[}
e 3x expander 7
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Dalsi budou ndklady na obrabéni. V novém feSeni bude zapotiebi obrobit vice ploch, a to

hlavné kanalky pro chlazeni viz. nasledujici obrazek. Bude se jednat pfiblizni o plochu velkou
284 573 mm?,
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Obr. 61. Kanalky chlazeni

V posledni fedé pribydou také nepatrné naklady na material, jelikoz rotacni prevadé¢, hnizdo
pro hirtlv upinac a staticka ¢ast jsou prodlouZeny V axidlnim sméru o 49 mm. Zménu bylo
nutné provést, aby na rotacnim prevadé¢i mohly vzniknout dva nové kanalky pro chlazeni.
Rozdil je patrny z obrazki v Tabulka 28.

Shrnuti

Nové navrhnuté feseni vyuziva jednu z modernich technik mazani, a to systém olej + vzduch
dale chlazeni soucasti hlavy.

Tento mazaci systém dava predpoklady pro zlepseni zabéru ozubenych kol a tim snizeni otéru
boku zubu a hlucnosti.

Zavedené chlazeni zvysuje presnost obrabéni pozadovanou pii dlouhodobych nepietrzitych
dokoncovacich operacich (napt. pii frézovani ¢elnich ploch s vzajemnym napojovanim).
Vyssi naklady jsou vyvazeny uvedenymi uzitnymi vlastnostmi frézovaci hlavy. Nové reseni
frézovaci hlavy IFVW 103 je zajisté vyhodnou investici pro vsechny firmy, které uvazuji o
koupi piislusenstvi tohoto typu.
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_0.GroupBox.GearPairConstl.BevelGearCalcl

KISSsoft Release 03/2017 E
KISSsoft - student license (not for commercial use)
File

Name : Unnamed
Changed by: SFin on: 08.05.2018 at: 21:25:20

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

1-> Calculation for load spectra:
The application factor should be set to 1.0!
(according 1ISO6336-6 or DIN3990-6)

2-> Some elements of the Load spectrum are unusually big.

Check the Load spectrum.
(Element no. 1, Element no. 3)

BEVEL-GEAR-CALCULATION (BEVEL-GEAR-PAIR)

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

Load spectrum

load_spectrum_100
Number of bins in the load spectrum: 3
Reference gear: 1

Bin Frequency Power Speed Torque Coefficients Temperature
No. [%] [kw] [1/min] [Nm] KV  KHB KHa Ky YM1 YM2 QilTemp

1 20.00000  67.0206 160.0 4000.0000 1.0019 1.8750 1.0000 1.0000 1.0000 1.0000 70

2 50.00000  67.0808 242.0 2647.0000 1.0035 1.8750 1.0000 1.0000 1.0000 1.0000 70

3 30.00000 5.6549 3000.0 18.0000 1.8230 1.8750 1.2369 1.0000 1.0000 1.0000 70

S-N curve (Woehler line) in the endurance domain according: according to standard

Notice:

Calculation-method according to:

- 1ISO 6336-6 / DIN3990-6

During the calculation all the load factors (ISO6336/DIN3990: KV, KHb, KFb; AGMA2001: Knu, Km, ..) for each load spectrum
bin are calculated separately.

Results

Safeties, calculated with load spectrum:
Root safety 1.476 1.476
Flank safety 1.345 1.345



Safeties against scuffing/micropitting/EHT/TFF are indicated for the most critical element of the load spectrum:

Scuffing safety (integral temperature)

2.738

Analysis of critical elements in load spectrum: See section

11

ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method

Bevel gear DIN 3991:1988

Geometry calculation according 1ISO 23509:2006, method 3

Uniform depth, fig 3 (Klingelnberg)
Manufacture process: lapped
Spiral toothing
Face hobbing (continuing indexing method)
Number of cutter blade groups
Cutter radius (mm)

Power (kW)
Speed (1/min)

Rotation direction, wheel 1, viewed on cone tip:

Torque (Nm)

Application factor

Distribution factor

Required service life

Gear driving (+) / driven (-)
Working flank gear 1: Right flank

1. TOOTH GEOMETRY AND MATERIAL

Hypoid offset (mm)

Shaft angle (°)

Mean normal module (mm)

Cutter blade module (mm)

Pressure angle at normal section (°)
Mean spiral angle (°)

Hand of gear

Number of teeth

Facewidth (mm)

Assumed and measured contact pattern width (mm)
DIN 3965

Accuracy grade according to

Internal diameter gearbody (mm)
Pitch apex to front of gear blank (mm)
Pitch apex to back of gear blank (mm)
V misalignment (E) (um)

H misalignment (P) (um)

J misalignment (G) (um)

Material

[z0]
[rc0]

[P]

(]

[T]

[KA]

[Kgam]

[H]
[a]
[Sigma]
[mmn]
[m0]
[alfn]
[betm]
(2]
(o]
[oe]

[Q-DIN3965]
[di]
yi]
[yol
[DeltaV]
[DeltaH]

[Deltad]

1.00
102.85
GEAR 1 -------- GEAR 2 -------
1.047
100.0 100.0
right
100.0 100.0
1.25
1.00
4000.00
GEAR 1 -------- GEAR 2 -------
0.000
90.0000
8.9546
8.00
20.0000
38.0000
right left
16
54.00 54.00
45.90 45.90
6 6
0.000 60.000
86.854 86.854
125.038 125.038
0.000
0.000
0.000

16



Gear 1: 18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC28

Gear 2: 18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm<HRC28

Surface hardness HRC 61
HRC 61
Fatigue strength. tooth root stress (N/mm?) [oFlim] 430.00 430.00
Fatigue strength for Hertzian pressure (N/mm?) [oHIlim] 1500.00 1500.00
Tensile strength (N/mm?) [oB] 1200.00 1200.00
Yield point (N/mm?) [0S] 850.00 850.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [v] 0.300 0.300
Roughness average value DS, flank (um) [RAH] 0.60 0.60
Roughness average value DS, root (um) [RAF] 3.00 3.00
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
Gear reference profile 1:
Reference profile 1.25/0.30/ 1.0 ISO 53:1998 Profil B
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.300 (rhofPmax*=0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height coefficient [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [alfKP] 0.000

not topping
Gear reference profile 2:
Reference profile 1.25/0.30/ 1.0 1ISO 53:1998 Profil B
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.300 (rhofPmax*=0.472)
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height coefficient [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [alfKP] 0.000

not topping

Summary of reference profile gears:

Dedendum reference profile [hfP*] 1.250 1.250
Tooth root radius Refer. profile [rofP*] 0.300 0.300
Addendum Reference profile [haP*] 1.000 1.000
Protuberance height coefficient [hprP*] 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000
Tip form height coefficient [hFaP*] 0.000 0.000
Ramp angle (°) [alfKP] 0.000 0.000
Type of profile modification: none (only running-in)

Tip relief (um) [Ca] 2.0 2.0
No modification at tip circle

Lubrication type Oll injection lubrication



Type of oil
Lubricant base

Kinem. viscosity  oil at 40 °C (mm?s)
Kinem. viscosity  oil at 100 °C (mm?s)

Specific density at 15 °C (kg/dm?)
Oil temperature (°C)

Overall transmission ratio

Gear ratio

Outer spiral angle (°)

Mean spiral angle (°)

Inner spiral angle (°)

Pinion offset angle in axial plane (°)
Pinion offset angle in pitch plane (°)
Offset in pitch plane (mm)

Outer normal module (mm)

Outer transverse module (mm)
Mean normal module (mm)

Mean transverse module (mm)
Inner normal module (mm)

Inner transverse module (mm)

Sum of profile shift coefficients

Profile shift coefficient

Undercut boundary

Tooth thickness modification coefficient

Outer pitch diameter (mm)
Outer tip diameter (mm)
Outer root diameter (mm)
Mean pitch diameter (mm)
Mean tip diameter (mm)
Mean root diameter (mm)
Inner pitch diameter (mm)
Inner tip diameter (mm)
Inner root diameter (mm)
Addendum (mm)

(mm)

(mm)
Dedendum (mm)

(mm)

(mm)
Tooth height (mm)

(mm)

(mm)
Working depth (mm)

(mm)
(mm)
Tip clearance (mm)
(mm)
(mm)

Quter cone distance (mm)
Mean cone distance (mm)
Inner cone distance (mm)
Pitch angle (°)
Face angle (°)
Addendum angle (°)

Oil: Kliberoil GEM 1-68 N

Mineral-oil base

[itot]
[u]
[bete]
[betm]
[beti]
[zetm]
[zetmp]
[ap]
[men]
[met]
[mmn]
[mmt]
[min]
[mit]

[Xhm1+xhm2]
[xhm]
[Xhmmin]
[xsmn]

[de]
[dae]
[dfe]
[dm]
[dam]
[dfm]
[di]
[dai]
[dfi]
[hae]
[ham]
[hai]
[hfe]
[hfm]
[hfi]
[he]
[hm]
[hi]
[whe]
[whm]
[whi]
[ce]
[cm]
[ci]
[Re]
[Rm]
[Ri]
[delta]
[dela]
[thea=dela-delta]

48.5657
38.0000
28.1659

13.7500

11.3635

8.9770

0.0000
-1.4244
0.0000

220.000
232.664
204.170
181.816
194.480
165.987
143.632
156.296
127.803
8.955
8.955
8.955
11.193
11.193
11.193
20.148
20.148
20.148

2.239
2.239
2.239
155.563
128.563
101.563
45.0000
45.0000
0.0000

68.00

9.00
0.880

70.000

-1.000
1.000

0.0000
0.0000

0.000
9.0992

8.9546

7.9140

0.0000

17.909
17.909
17.909

48.5657
38.0000
28.1659

13.7500

11.3635

8.9770

0.0000
-1.4244
-0.0000

220.000
232.664
204.170
181.816
194.480
165.987
143.632
156.296
127.803
8.955
8.955
8.955
11.193
11.193
11.193
20.148
20.148
20.148

2.239
2.239
2.239
155.563
128.563
101.563
45.0000
45.0000
0.0000



Root angle (°)
Dedendum angle (°)
Distance along axis to crossing point (mm)

Distance apex to crossing point (mm)

Distance in axial direction to the cone tip (mm)

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

*rk% \irtual cylindrical gear toothing *xxx*
Normal module (mm)

Transverse module (mm)

Pressure angle at normal section (°)
Pressure angle at pitch circle (°)

Helix angle at reference circle (°)
Base helix angle (°)

Virtual centre distance (mm)

Working transverse pressure angle (°)
Number of teeth

Gear ratio

Generating Profile shift coefficient
Theoretical tip clearance (mm)
Effective tip clearance (mm)
Reference diameter (mm)

Base diameter (mm)

Tip diameter (mm)

Tip form diameter (mm)

Active tip diameter (mm)

Operating pitch diameter (mm)

Root diameter (mm)

Root form diameter (mm)

Active root diameter (mm)

Reserve (dNf-dFf)/2 (mm)

Normal tooth thickness at tip circle (mm)
Normal-tooth thickness on tip form circle (mm)
Virtual gear no. of teeth

Maximum sliding speed at tip (m/s)
Pitch on reference circle (mm)

Base pitch (mm)

Transverse pitch on contact-path (mm)
Length of path of contact (mm)

(mm)

(mm)
(mm)

(mm)
(mm)

Virtual cylindrical gear toothing (ISO 10300:2001, Annex A):

Referenced to facewidth

Transverse contact ratio

Overlap ratio

Total contact ratio

(DIN 3991: epsva = 1.161, epsvb =

Characteristic values for sizing

1.005, epsvg =

[delf] 45.0000 45.0000

[thef=delta-delf] 0.0000 0.0000
[txo] 103.668 103.668
[txi] 65.484 65.484
[tz] 0.000 0.000
[tzF] 12.664 12.664
[tzR] -15.830 -15.830
[vel 110.000 110.000
[yae] 103.668 103.668
[yai] 65.484 65.484
[c] 2.239 2.239
[c.eli] 2.239/ 2.249 2239/ 2.249
[mn] 8.9546
[mtv] 11.3635
[alfvn] 20.0000
[alfvi] 24.7915
[betv] 38.0000
[betvb] 35.3474
[av] 257.127
[alfvwit] 24.7915
[2v] 22.627 22.627
[uv] 1.000

[xvE.efi] -0.0146/  -0.0222 -0.0146/  -0.0222
[c] 2.239 2.239
[c.eli] 2239/ 2.249 2239/ 2.249
[dv] 257.127 257.127
[dvb] 233.430 233.430
[dva] 275.036 275.036
[dvFa] 275.036 275.036
[dvNa] 275.036 275.036
[dvw] 257.127 257.127
[dvf] 234.741 234.741
[dvFf] 241.746 241.746
[dvNf] 243.754 243.754
[cF] 1.004 1.004
[svan] 6.911 6.911
[svFan] 6.911 6.911
[zvn] 43.160 43.160
[voa] 0.279 0.279
[pvt] 35.700
[pvbt] 32.409
[pvet] 32.409
[gva] 37.631
[bveff] 54.000
[epsva] 1.161
[epsvb] 1.182
[epsvg] 1.657

2.166)

[Re2/b2] 2.881
[b2/mmn] 6.030



2. FACTORS OF GENERAL INFLUENCE

Nominal circum. force at pitch circle (N)

Axial force (N)
Radial force (N)
Normal force (N)
Axial force (%)
Radial force (%)

Remarks:

Forces if rotation goes in opposite direction (coast side):

Axial force (N)
Radial force (N)
Normal force (N)
Axial force (%)
Radial force (%)

Tangent.load at p.c.d.per mm (N/mm) (N/mm)
Circumferential speed reference circle (m/s)

Singular tooth stiffness (N/mm*um)
Meshing stiffness (N/mm*um)
Single pitch deviation (um)
Running-in value y.a (um)

Profile form deviation (um)
Reduced mass (kg/mm)
Resonance speed (min-1)
Resonance ratio (-)

Subcritical range

Dynamic factor
Mounting factor
Face load factor - flank
- Tooth root
- Scuffing
Transverse load factor - flank
- Tooth root
- Scuffing

Helical load factor scuffing

Number of load cycles (in mio.)

3. TOOTH ROOT STRENGTH

Calculation of Tooth form coefficients according method: C

Manufacture process: generated
Calculated with profile shift
Tooth form factor

Stress correction factor

Bending moment arm (mm)

------- GEAR 1 -------- GEAR 2 -------
[Fmt] 1100.0 1100.0
Drive side
[Fa] 967.0 -248.4
[Fr] -248.4 967.0
[Fnorm] 1485.5 1485.5
[Fa/Ft] 87.905 -22.585
[FriFt] -22.585 87.905
[Fa] -248.4 967.0
[Fr] 967.0 -248.4
[Fnorm] 1485.5 1485.5
[Fa/Ft] -22.585 87.905
[FriFt] 87.905 -22.585
[w] 23.97
[v] 0.95 0.95
[c] 4.19
[cal 5.99
[fp] 15.00 15.00
[ya] 1.13
[ff] 0.00 0.00
[mRed] 0.015
[nE1] 11801
[N] 0.008
[KV] 1.01
[KHbbe] 1.25
[KHb] 1.88
[KFb] 1.88
[KBb] 1.88
[KHa] 151
[KFa] 151
[KBa] 151
[Kbg] 1.14
[NL] 24.000 24.000
------- GEAR 1 -------- GEAR 2 -------
] 0.00 0.00
[YF] 2.41 241
[YS] 1.73 1.73
[hF] 17.21 17.21



Force application angle (deg) [alfh]

Tooth thickness at root (mm) [sFn]
Tooth root radius (mm) [roF]
(hF*= 1.922/1.922 sFn*= 2.149/2.149 roF* = 0.469/0.469)
Contact ratio factor [Yeps]
Helix angle factor [Ybet]
Effective facewidth (mm) [b]
Bevel gear factor (root) [YK]
Nominal stress at tooth root (N/mm?) [sigFO]
Tooth root stress (N/mm?) [sigF]

Permissible bending stress at root of Test-gear

Notch sensitivity factor [YdrelT]
Surface factor [YRrelT]
size factor (Tooth root) [YX]
Finite life factor [YNT]

[YdrelT*YRrelT*YX*YNT]
Alternating bending factor (mean stress influence coefficient) [YM]
Stress correction factor [Yst]
Yst*sigFlim (N/'mm?) [sigFE]
Permissible tooth root stress (N/mm?) [sigFP]
Required safety [SFmin]
4. SAFETY AGAINST PITTING (TOOTH FLANK)

—mmeeee GEAR 1 --
Zone factor [ZH]
Elasticity factor (VN/mm?) [ZE]
Contact ratio factor [Zeps]
Helix angle factor [Zbet]
Bevel gear factor (flank) [ZK]
Nominal contact stress (N/mm?) [sigHO]
Effective contact stress (N/mm?) [sigH]
Lubrication coefficient at NL [zL]
Speed coefficient at NL [zV]
Roughness coefficient at NL [Z2R]
Material pairing coefficient at NL [zwW]
Finite life factor [ZNT]
[ZL*ZV*ZR*ZNT]
Limited pitting is permitted: No
Size factor (flank) [ZX]
Permissible contact stress (N/mm?) [sigHP]
Safety factor for contact stress at operating pitch circle
[SHw]

Single tooth contact factor [2B/zD]
Contact stress (N/mm?) [sigHB/D]
5. SCUFFING LOAD CAPACITY
Calculation method according to DIN 3990:1987
Lubrication coefficient (for lubrication type) [XS]
Scuffing test and load stage [FZGtest]

25.12 25.12
19.25 19.25
4.20 4.20
0.68
0.75
45.90 45.90
1.000
5.69 5.69
20.34 20.34
0.998 0.998
0.957 0.957
0.960 0.960
1.000 1.000
0.917 0.917
1.000
2.00
860.00 860.00
788.67 788.67
1.40 1.40
------ GEAR 2 -------
2.07
189.81
0.928
0.888
0.850
118.80
224.57
0.946 0.946
0.954 0.954
0.988 0.988
1.000 1.000
1.057 1.057
0.942 0.942
1.000 1.000
1412.83 1412.83
6.29 6.29
1.00 1.00
224.57 224.57
1.200

1.000

FZG - Test A/8.3/90 (ISO 14635 - 1)

14



Relative structure coefficient (Scuffing)

Thermal contact factor (N/mm/s”™.5/K)

Relevant tip relief (um)

Optimal tip relief (um)

Ca taken as optimal in the calculation (O=no, 1=yes)
Effective facewidth (mm)

Applicable circumferential force/facewidth (N/mm)
Angle factor

(€1:0.581, €2:0.581)

Flash temperature-criteria
Tooth mass temperature (°C)

(theMB = theoil + XS*0.47*theflamax)
Maximum flash temperature (°C)
Scuffing temperature (°C)

Coordinate gamma (point of highest temp.)

[Gamma.A]=-0.349 [Gamma.E]=0.349
Highest contact temp. (°C)

Geometry factor

Load sharing factor
Dynamic viscosity (mPa*s)
Coefficient of friction

Integral temperature-criteria

Tooth mass temperature (°C)
(theMC = theoil + XS*0.70*theflaint)
Mean flash temperature  (°C)
Integral scuffing temperature (°C)
Flash factor (°K*NA-.75*s".5*m"-.5*mm)
Contact ratio factor

Dynamic viscosity (mPa*s)

Mean coefficient of friction
Geometry factor

Meshing factor

Tip relief factor

Integral tooth flank temperature (°C)

6. ALLOWANCES FOR TOOTH THICKNESS

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

The following data apply on the middle of the facewidth
Tooth thickness (chordal) in pitch diameter (mm)

(mm)
Reference chordal height from dam (mm)

Circumferential backlash (mm)
(mm)
Normal backlash (mm)
(mm)

Axial displacement for the predefined backlash:
Required backlash due to axial displacement (mm)
Additional backlash per gear (mm)

Required axial displacement per gear (mm)

[

[

[

[
[
[

[
[
[
[
[

[

XWrelT] 1.000
BM] 13.780 13.780
Ca] 2.00 2.00
Ceff] 4.25
0 0
beff] 45.900
[wBt] 97.376
Xalfbet] 1.003
theMB] 0.00
theflamax] 0.00
theS] 586.83
Gamma] 0.000
theB] 0.00
XB] 0.000
XGam] 0.000
etaM] 17.34 ( 70.0 °C)
mym] 0.058
theMC] 71.89
theflaint] 2.25
theSint] 460.19
XM] 50.058
Xeps] 0.396
etaOil] 17.34 ( 70.0 °C)
mym] 0.058
XBE] 0.259
XQ] 1.000
XCa] 1.004
theint] 75.27
------- GEAR 1 -------- GEAR 2 -------
DIN 3967 cd25 DIN 3967 cd25
[As.eli] -0.095/ -0.145 -0.095/ -0.145
(1ISO23509):
[smnc] 14.063 14.063
[smnc.efi] 13.968/ 13.918 13.968/ 13.918
[hamc] 9.045 9.045
[imt] 0.356/ 0.233
[iet] 0.430/ 0.282
[imn] 0.273/ 0.179
[ien] 0.277/ 0.181
[Delj] 0.179
[Delj1,2] 0.090 0.090
[alf1,2] 0.174 0.174



Backlash for the predefined axial displacement:
Change of assembly distance (mm) [alf1,2] 0.100 0.100
Additional backlash per gear (mm) [Delj1,2] 0.051 0.051

7. GEAR ACCURACY

------- GEAR 1 -------- GEAR 2 --
According to DIN 3965:1986:
Accuracy grade
Total cumulative pitch deviation (um)
Runout (um)

[
[Fp] 52.00 52.00
[
Single flank composite, tooth-to-tooth (um) [
[
[
[

Fr] 40.00 40.00
1 26.00 26.00
i1 60.00 60.00
ful 19.00 19.00
pl 15.00 15.00

Single flank composite, total (um)
Adjacent pitch difference (um)
Single pitch deviation (um)

9. MODIFICATIONS AND TOOTH FORM DEFINITION

Data for the tooth form calculation :
Data not available.

10. ADDITIONAL DATA

Input data for calculating the gear measurements according to 1SO 23509:2006
Data of type 1 (according to table 3, 1SO 23509:2006):

xhmil= 0.0000 khap=1.0000 khfp= 1.2500 xsmn= 0.0000

Data of type 2 (according to table 3, 1SO 23509:2006):

cham= 0.5000 kd=2.0000 kc= 0.1250 kt= 0.0000

Coefficient of friction (

(Input)) [mum] 0.070
Wear sliding coef. by Niemann [zetw] 0.601
Gear power loss (kW) [PVZ] 0.010
Meshing efficiency (%) [etaz] 99.003
Weight - calculated with da (kg) [Mass] 8.995 8.150

Classification according to F.E.M. (Edition 1.001, 1998)
Spectrum factor

Spectrum class

Application class (predefined service life)

Machine class (predefined service life)

Application class (achievable service life)

Machine class (achievable service life)

km] 0.345

EdZ3C 3
0 © 0 U1 W

=

11. SERVICE LIFE, DAMAGE

Calculation with load spectrum
Required safety for tooth root [SFmin] 1.40
Required safety for tooth flank [SHmin] 1.00

Service life (calculated with required safeties):
System service life (h) [Hatt] > 1000000

Tooth root service life (h) [HFatt] 1e+006 1e+006



Tooth flank service life (h) [HHatt] 1e+006 1e+006
Note: The entry 1e+006 h means that the Service life > 1,000,000 h.

Damage calculated on the basis of the required service life [H] ( 4000.0 h)
No. F1% F2% H1% H2%
1 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00
b2 0.00 0.00 0.00 0.00

Most critical duty cycle elements for Scoring (SB, Sint), Tooth Flank Fracture (SFF), hardened layer (SEHT) and Micropitting
(Slam)

REMARKS:
- Specifications with  [.e/i] imply: Maximum [e] and Minimal value [i] with
consideration of all tolerances
Specifications with  [.m] imply: Mean value within tolerance
- Positive sign set for the apexes (tzF,tzR) means: Apex before the centerline. According to ISO 23509.

End of Report lines: 525
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_0.GroupBox.Shaftl.ShaftCalc1l

KISSsoft Release 03/2017 E

KISSsoft - student license (not for commercial use)
File

Name : Unnamed
Changed by: SFin on: 08.05.2018 at: 21:25:21

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

1-> [Nominal Power] Shaft 'Shaftl":

the sum of torques is not zero.

AT =200.000 Nm

2-> The speed limit of the bearing 'Shaft 'Shaftl', Rolling bearing 'Bearingl" is not known (in the database).
Verify the speed limit in the regulations given by the manufacturer.

3-> The speed limit of the bearing 'Shaft 'Shaftl’, Rolling bearing 'Bearing4" is not known (in the database).

Verify the speed limit in the regulations given by the manufacturer.

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaftl
Drawing

Initial position (mm) 0.000
Length (mm) 329.000
Speed (1/min) 100.00

Sense of rotation: clockwise

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) 20.000

Temperature for load spectrum
No. Temperature (°C)

1 20.000
2 20.000
3 20.000
Weight of shaft (kg) 18.102
Weight of shaft, including additional masses (kg) 18.102
Mass moment of inertia (kg*m?) 0.022
Momentum of mass GD2 (Nm?) 0.860

The direction of the weight is not considered
Consider deformations due to shearing

11



Shear correction coefficien

t

1.100

Rolling bearing stiffness is calculated from inner bearing geometry
Tolerance field: Mean value

Reference temperature (°C) 20.000
yINIIIA
VAT
L
S
Figure: Load applications
Shaft definition (Shaft1)
Outer contour
Cylinder (Zylinder) 0.000mm ... 198.000mm
Diameter (mm) [d] 100.0000
Length (mm) [n 198.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 198.000mm ... 232.000mm
Diameter (mm) [d] 94.0000
Length (mm) [n 34.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 232.000mm ... 329.000mm
Diameter (mm) [d] 90.0000
Length (mm) [n 97.0000
Surface roughness (um) [Rz] 8.0000

Radius left (Radius left)

12



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

Inner contour

Cylinder inside (Cylinder inside) 0.000mm ... 280.000mm
Diameter (mm) [d] 0.0000
Length (mm) [n 280.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylinder inside) 280.000mm ... 329.000mm
Diameter (mm) [d] 50.0000
Length (mm) [n 49.0000
Surface roughness (um) [Rz] 8.0000
Forces
Type of force element Bevel gear
Label in the model BevelGearl(GearPairConstl)
Position on shaft (mm) [Viocar] 0.0000
Position in global system (mm) [Vgiobal 0.0000
Coast flank is active.
Operating pitch diameter (mm) 181.8162
Helix angle (°) 38.0000 right
Pitch angle (°) 45.0000 Tip to the left
Working pressure angle at normal section (°) 20.0000
Position of contact (°) 0.0000
Facewidth (mm) 54.0000
Power (kW) 1.0472
Torque (Nm) 100.0000
Axial force (load spectrum) (N) 38678.8102 / 25595.7027 /
Shearing force X (load spectrum) (N) 9937.5282 / 6576.1593 /
Shearing force Z (Load spectrum) (N) 44000.4800 / 29117.3176/
Bending moment X (Load spectrum) (Nm) -0.0000/ -0.0000/
Bending moment Z (Load spectrum) (Nm) 3516.2171/ 2326.8567 /
Load spectrum, driven (input)
No. Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)
1 2.0000e+001 160.000 -67.021 -4000.000
2 5.0000e+001 242.000 -67.081 -2647.000
3 3.0000e+0013000.000 -5.655 -18.000
Type of force element Coupling
Label in the model Coupling1(Vstup)
Position on shaft (mm) [Yiocal 270.0000
Position in global system (mm) [Vgiobal 270.0000
Effective diameter (mm) 100.0000
Radial force factor (-) 0.0000
Direction of the radial force (°) 180.0000
Axial force factor (-) 0.0000
Length of load application (mm) 50.0000
Power (kW) 1.0472
Torque (Nm) 100.0000
Axial force (load spectrum) (N) 0.0000/ 0.0000/
Shearing force X (load spectrum) (N) -0.0000/ -0.0000/
Shearing force Z (Load spectrum) (N) 0.0000/ 0.0000/
Mass (kg) 0.0000
Mass moment of inertia Jp (kg*m?) 0.0000

13

174.0546
44,7189
198.0022
-0.0000
15.8230

0.0000
-0.0000
0.0000



Mass moment of inertia Jxx (kg*m?)
Mass moment of inertia Jzz (kg*m?)
Eccentricity (mm)

Load spectrum, driven (input)

No. Frequency (%) Speed (1/min) Power (kW)
1 2.0000e+001 160.000
2 5.0000e+001 242.000
3 3.0000e+0013000.000

Bearing

Label in the model

Bearing type

Bearing type

Bearing position (mm) [Viokall

Bearing position (mm) [Vgiobal

Attachment of external ring

Inner diameter (mm) [d]

External diameter (mm) [D]

Width (mm) [b]

Corner radius (mm) [r

Number of rolling bodies [Z]

Rolling body reference circle (mm) [Dpu]

Diameter rolling body (mm) [Dw]

Rolling body length (mm) [Lwe]

Diameter, external race (mm) [do]

Diameter, internal race (mm)

Calculation with approximate bearings internal geometry (*)

Bearing clearance

Basic static load rating (kN)

Basic dynamic load rating (kN)
Fatigue load rating (kN)

Values for approximated geometry:
Basic dynamic load rating (kN)
Basic static load rating (kN)

Label in the model
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)

Distance a (mm)

Diameter, external race (mm)
Diameter, internal race (mm)

Radius of curvature, external race (mm)
Radius of curvature, internal race (mm)

[d]

[Cdl
(C]
[Cu]

[Cineol
[Cotheo]

[Viokall
[yglobal]

[d]
[D]
[b]
[
[Z]
[Dpu]
[Du]
[al
[do]
[di]
[ro]
[ri

0.0000
0.0000
0.0000

Torque (Nm)

67.0214000.000

67.0812647.000
5.655 18.000

Bearingl
FAG NU1020-XL-M1
Cylindrical roller bearing (single row)
X-life
187.000
187.000
Free bearing
100.000
150.000
24.000
0.000
11
120.825
15.607
20.525
136.466
105.184

DIN 620:1988 CO (67.50 ym)
135.000
116.000
17.300

116.024
135.014

Bearing2
SKF 7220 BECBY
Angular contact ball bearing (single row)

134.000
134.000
Set fixed bearing left
100.000
180.000
34.000
2.100
15
140.000
26.154
76.000
166.460
113.540
13.861
13.600
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Calculation with approximate bearings internal geometry (*)

Bearing clearance

0.00 um

The bearing pressure angle will be considered in the calculation

Position (center of pressure)

Basic static load rating (kN)

Basic dynamic load rating (kN)
Fatigue load rating (kN)

Values for approximated geometry:
Basic dynamic load rating (kN)
Basic static load rating (kN)

Label in the model
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)
Distance a (mm)

Diameter, external race (mm)
Diameter, internal race (mm)

Radius of curvature, external race (mm)
Radius of curvature, internal race (mm)
Calculation with approximate bearings internal geometry (*)

Bearing clearance

[Co]
[C]
[CJ

[Clheo]
[COtheo]

[Viokall
[yglobal]

[d]
(D]
[b]
[
(2]
[Dpu]
[Du]
[a]
[do]
[di]
[ro]
[r]

122.000
135.000
4.400

136.140

120.552

Bearing3
SKF 7220 BECBY

Angular contact ball bearing (single row)

100.000
100.000
Set fixed bearing right
100.000
180.000
34.000
2.100
15
140.000
26.154
76.000
166.460
113.540
13.861
13.600

0.00 um

The bearing pressure angle will be considered in the calculation

Position (center of pressure)

Basic static load rating (kN)

Basic dynamic load rating (kN)
Fatigue load rating (kN)

Values for approximated geometry:
Basic dynamic load rating (kN)
Basic static load rating (kN)

Label in the model
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)

[Cdl
(C]
[Cu]

[Clheo]
[COtheo]

[Viokall
[yglobal]

[d]
(D]
(o]
1
[zl
(Do)
(Dw]
[Lwe]

122.000
135.000
4.400

136.140
120.552

Bearing4
FAG NU1020-XL-M1
Cylindrical roller bearing (single row)
X-life
53.000
53.000
Free bearing
100.000
150.000
24.000
0.000
11
120.825
15.607
20.525
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Diameter, external race (mm) [do] 136.466

Diameter, internal race (mm) [di] 105.184
Calculation with approximate bearings internal geometry (*)

Bearing clearance DIN 620:1988 CO (67.50 um)
Basic static load rating (kN) [Co] 135.000

Basic dynamic load rating (kN) [C] 116.000

Fatigue load rating (kN) [Cu] 17.300

Values for approximated geometry:

Basic dynamic load rating (kN) [Cineo) 116.024

Basic static load rating (kN) [Cotheo] 135.014

Results

Note: the maximum deflection and torsion of the shaft under torque,
the life modification factor alSO, and the bearing's thinnest lubricant film thickness EHL, are
predefined for the first load bin.

Shaft

Maximum deflection (um) 209.542
Position of the maximum (mm) 329.000
Mass center of gravity (mm) 150.732
Total axial load (N) -248.438
Torsion under torque (°) 0.002
Bearing

Probability of failure [n] 10.00 %
Axial clearance [ua] 10.00 um
Lubricant Grease: ISOFLEX TOPAS NCA 52
Lubricant - service temperature [Tg] 70.00 °C

Rolling bearing stiffness calculated from internal geometry

Shaft ‘Shaftl' Rolling bearing 'Bearingl’

Position (Y-coordinate) vl 187.00 mm
Life modification factor for reliability[a;] 1.000
Nominal bearing service life [Lan] 83377.68 h
Operating viscosity [v] 11.73 mm?/s
Minimum EHL lubricant film thickness [Pimin] -1.#10 um
Static safety factor [Sd] 6.19
Operating bearing clearance [Pd] 67.500 um
Reference rating service life [Lnen] 136961.54 h
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Fr (kN) Mx (Nm) My (Nm) Mz (Nm) Mr (Nm)

1 19.691 0.000 9.398 21.819 13.237 0.000 -22.840 26.398
2 11.360 0.000 5.317 12.543 7.754 0.000 -14.978 16.866
3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Displacement of bearing Misalignment of bearing

ux (um) uy (um) uz (um) rr (um) rx (mrad) ry (mrad) rz (mrad) rr (mrad)
1 -62.7738 36.7583 -31.3020 70.1453 -0.686 0.937 0.723 0.996
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2 -53.3461 26.7899 -26.3974 59.5200 -0.577 0.620
3 -2.3152 0.0040 -0.9608 2.5066 -0.035 0.004
Shaft ‘Shaftl' Rolling bearing 'Bearing2’
Position (Y-coordinate) vl 134.00 mm
Life modification factor for reliability[a;] 1.000
Nominal bearing service life [Lan] 611601.92 h
Operating viscosity [v] 11.73 mm?/s
Minimum EHL lubricant film thickness [Pimin] 0.000 um
Spin to roll ratio [w_s/w_roll] 0.215
Static safety factor [Sd] 15.76
Operating bearing clearance [Pd] 0.000 um
Reference rating service life [Lorn] 566703.51 h
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Fr (kN) Mx (Nm) My (Nm)
1 6.845 7.351 3.612 7.739 217.655 0.000
2 6.123 6.663 3.201 6.909 193.254 0.000
3 0.117 0.131 0.054 0.128 3.177 0.000
Displacement of bearing Misalignment of bearing
ux (um) uy (um) uz (um) rr (um) rx (mrad) ry (mrad)
1 -25.7970 36.7583 4.4222 26.1733 -0.700 0.665
2 -21.3018 26.7899 3.8525 21.6473 -0.585 0.440
3 -0.5315 0.0040 0.8718 1.0210 -0.035 0.003
Shaft 'Shaftl' Rolling bearing '‘Bearing3'
Position (Y-coordinate) vl 100.00 mm
Life modification factor for reliability[a;] 1.000
Nominal bearing service life [Lan] 8908.91 h
Operating viscosity [v] 11.73 mm?/s
Minimum EHL lubricant film thickness [Pimin] 0.000 um
Spin to roll ratio [w_s/w_roll] 0.209
Static safety factor [Sol 3.24
Operating bearing clearance [Pd] 0.000 um
Reference rating service life [Lnen] 9750.10 h
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Fr (kN) Mx (Nm) My (Nm)
1 -20.946 -46.027 -31.275 37.641 1989.169 0.000
2 -15.208 -32.258 -22.576 27.220 1411.414 0.000
3 -0.161 -0.305 -0.252 0.299 14.789 0.000
Displacement of bearing Misalignment of bearing
ux (um) uy (um) uz (um) rr (um) rx (mrad) ry (mrad)
1 -0.8286 36.6038 27.9341 27.9464 -0.732 0.490
2 -0.0639 26.6499 23.5735 23.5736 -0.606 0.324
3 0.6105 0.0012 2.0464 2.1356 -0.035 0.002
Shaft ‘Shaftl' Rolling bearing 'Bearing4'
Position (Y-coordinate) vl 53.00 mm
Life modification factor for reliability[a] 1.000
Nominal bearing service life [Lan] 28743.14 h
Operating viscosity [v] 11.73 mm?/s
Minimum EHL lubricant film thickness [Prmin] -1.#10 um
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0.619 0.846
0.034 0.048
Mz (Nm) Mr (Nm)
-404.860 459.658
-363.323 411.523
-6.852 7.553
rz (mrad) rr (mrad)
0.751 1.026
0.635 0.864
0.034 0.048
Mz (Nm) Mr (Nm)
-1383.520 2422.999
-980.118 1718.348
-9.478 17.566
rz (mrad) rr (mrad)
0.816 1.096
0.678 0.910
0.034 0.049



Static safety factor [Sd]
Operating bearing clearance [Pd]
Reference rating service life [Lren]

Bearing reaction force

Fx (kN) Fy (kN) Fz (kN)
1 -15.530 0.000 -25.736
2 -8.853 0.000 -15.060
3 0.000 0.000 0.000

Displacement of bearing

ux (pum) uy (um) uz (um)
1 41.2470 37.7273 66.9622
2 34.4631 27.3934 55.3747
3 2.2314 0.0063 3.7127

4.49
67.500  um
46373.33

Bearing reaction moment

Fr (kN) Mx (Nm) My (Nm) Mz (Nm) Mr (Nm)
30.059 29.202 0.000 -22.121 36.635
17.469 19.836 0.000 -13.184 23.818

0.000 0.000 0.000 0.000 0.000

Misalignment of bearing

rr (um) rx (mrad) ry (mrad) rz (mrad) rr (mrad)
78.6464 -0.858 0.248 0.996 1.315
65.2232 -0.692 0.164 0.800 1.058

4.3316 -0.035 0.001 0.035 0.050

(*) Note about roller bearings with an approximated bearing geometry:

The internal geometry of these bearings has not been input in the database.

The geometry is back-calculated as specified in ISO 281, from C and CO (details in the manufacturer's catalog).
For this reason, the geometry may be different from the actual geometry.

In some situations, this may result in significant variations in roller bearing stiffness.

Damage (%)

Binno Bl B2 B3 B4
1 2.93 0.14 19.11
2 1.75 0.39 25.67
3 0.12 0.12 0.12

> 4.80 0.65 44.90 13.92

Utilization (%)

B1 B2 B3 B4
40.21 18.70 76.57 55.34
Note: Utilization = (Lreg/Lh)*(1/k)

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

B 1: Bearingl
B 2: Bearing2
B 3: Bearing3
B 4: Bearing4

[Lreq] (  4000.000)
8.52

5.28
0.12

[Lreq] (  4000.000)
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Components - Y-component

Components - Arbitrary plane

Displacement [mm]
(=]

|
° o o o o
© N K 3

v »

Axial direction ¥ [mm]

Figure: Deformation (bending etc.) (Arbitrary plane 225.2670935 121)

Equivalent stress (GEH)

Equivalent stress (SSH)
64.0 —|

56.0 =
48.0 T
40.0 =

32.0 =

Stress [N/mm?]

24.0 = ..

16.0 = %

LLL LS,

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

19



_0.GroupBox.Shaft2.ShaftCalc2

KISSsoft Release 03/2017 E

KISSsoft - student license (not for commercial use)
File

Name : Unnamed
Changed by: SFin on: 08.05.2018 at: 21:25:23

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

1-> [Nominal Power] Shaft 'Shaft2"

the sum of torques is not zero.

AT =200.000 Nm

2-> The speed limit of the bearing 'Shaft 'Shaft2', Rolling bearing 'Bearingl" is not known (in the database).
Verify the speed limit in the regulations given by the manufacturer.

3-> The speed limit of the bearing 'Shaft 'Shaft2', Rolling bearing 'Bearing2" is not known (in the database).
Verify the speed limit in the regulations given by the manufacturer.

4-> The speed limit of the bearing 'Shaft 'Shaft2', Rolling bearing 'RollerBearing5" is not known (in the database).
Verify the speed limit in the regulations given by the manufacturer.

5-> The coefficient f2 cannot be determined with the entered values.

This is either because these values lie outside the catalog's diagram

or the bearing is of a type that is not supported.
The moment of friction M2 is set to 0.

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft2
Drawing

Initial position (mm) 0.000
Length (mm) 531.000
Speed (1/min) 100.00

Sense of rotation: clockwise

Material C45 (1)

Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Density (kg/m?3) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000

Temperature for load spectrum
No. Temperature (°C)
1 20.000
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2 20.000

3 20.000

Weight of shaft (kg) 39.617
Weight of shaft, including additional masses (kg) 39.617
Mass moment of inertia (kg*m?) 0.104
Momentum of mass GD2 (Nm?) 4.092

The direction of the weight is not considered

Consider deformations due to shearing

Shear correction coefficient 1.100
Rolling bearing stiffness is calculated from inner bearing geometry
Tolerance field: Mean value

Reference temperature (°C) 20.000

LLL

Y4

LLL L LLL

= = —— R

Figure: Load applications

Shaft definition (Shaft2)

Outer contour

Cylinder (Zylinder) 0.000mm ... 19.000mm
Diameter (mm) [d] 128.0000
Length (mm) [n 19.0000
Surface roughness (um) [Rz] 8.0000
Cylinder (Cylinder) 19.000mm ... 35.000mm

Diameter (mm) [d] 160.0000
Length (mm) [n 16.0000
Surface roughness (um) [Rz] 8.0000

21



Cylinder (Cylinder) 35.000mm ... 209.000mm
Diameter (mm) [d] 140.0000

Length (mm) [n 174.0000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 209.000mm ... 497.000mm
Diameter (mm) [d] 120.0000

Length (mm) [n 288.0000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 497.000mm ... 524.000mm
Diameter (mm) [d] 120.0000

Length (mm) n 27.0000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 524.000mm ... 531.000mm
Diameter (mm) [d] 112.0000

Length (mm) n 7.0000

Surface roughness (um) [Rz] 8.0000

Inner contour

Conical bore (Conical bore) 0.000mm ... 92.000mm
Diameter left (mm) [d] 70.0000

Diameter right (mm) [d] 43.0000

Length (mm) Mn 92.0000

Surface roughness (um) [Rz] 8.0000

Conical bore (Conical bore) 92.000mm ...  101.500mm
Diameter left (mm) [d] 43.0000

Diameter right (mm) [d] 52.0000

Length (mm) n 9.5000

Surface roughness (um) [Rz] 8.0000

Cylinder inside (Cylinder inside) 101.500mm ... 115.500mm
Diameter (mm) [d] 52.0000

Length (mm) Mn 14.0000

Surface roughness (um) [Rz] 8.0000

Conical bore (Conical bore) 115.500mm ... 116.500mm
Diameter left (mm) [d] 52.0000

Diameter right (mm) [d] 43.0000

Length (mm) Mn 1.0000

Surface roughness (um) [Rz] 8.0000

Cylinder inside (Cylinder inside) 116.500mm ... 125.000mm
Diameter (mm) [d] 43.0000

Length (mm) Mn 8.5000

Surface roughness (um) [Rz] 8.0000

Cylinder inside (Cylinder inside) 125.000mm ... 170.000mm
Diameter (mm) [d] 45.0000

Length (mm) Mn 45.0000

Surface roughness (um) [Rz] 8.0000

Cylinder inside (Cylinder inside) 170.000mm ... 240.000mm
Diameter (mm) [d] 41.0000
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Length (mm) [n 70.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylinder inside) 240.000mm ... 304.000mm
Diameter (mm) [d] 45.0000
Length (mm) [n 64.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylinder inside) 304.000mm ... 479.000mm
Diameter (mm) [d] 82.0000
Length (mm) [n 175.0000
Surface roughness (um) [Rz] 8.0000
Cylinder inside (Cylinder inside) 479.000mm ...  531.000mm
Diameter (mm) [d] 90.0000
Length (mm) n 52.0000
Surface roughness (um) [Rz] 8.0000
Forces
Type of force element Bevel gear
Label in the model BevelGear2(GearPairConstl)
Position on shaft (mm) [Yiocall 387.0000
Position in global system (mm) [Vgiobal 387.0000
Drive flank is active.
Operating pitch diameter (mm) 181.8162
Helix angle (°) 38.0000 left
Pitch angle (°) 45.0000 Tip to the left
Working pressure angle at normal section (°) 20.0000
Position of contact (°) -180.0000
Facewidth (mm) 54.0000
Power (kW) 1.0472
Torque (Nm) 100.0000
Axial force (load spectrum) (N) -9937.5282 / -6576.1593 /
Shearing force X (load spectrum) (N) 38678.8102 / 25595.7027 /
Shearing force Z (Load spectrum) (N) -44000.4800 / -29117.3176/
Bending moment X (Load spectrum) (Nm) -0.0000/ -0.0000/
Bending moment Z (Load spectrum) (Nm) 903.4018/ 597.8261/
Load spectrum, driven (input)
No. Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)
1 2.0000e+001-160.000 67.021 -4000.000
2 5.0000e+001-242.000 67.081 -2647.000
3 3.0000e+001-3000.000 5.655 -18.000
Type of force element Centric force
Label in the model CentricalLoadl
Position on shaft (mm) [Yiocall -140.0000
Position in global system (mm) [Vgiobal -140.0000
Length of load application (mm) 0.0000
Power (kW) 0.0000
Torque (Nm) 0.0000
Axial force (load spectrum) (N) -0.0000/ -0.0000/
Shearing force X (load spectrum) (N) -0.0000/ -0.0000/
Shearing force Z (Load spectrum) (N) -40000.0000 / -26470.0000 /
Bending moment X (Load spectrum) (Nm) -0.0000/ -0.0000/
Bending moment Z (Load spectrum) (Nm) -0.0000/ -0.0000/

Load spectrum:
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-44.7189
174.0546
-198.0022
-0.0000
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-0.0000
-0.0000
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No. Frequency (%) Speed (1/min)

Power (%) Torque (%) Force (%)

1 2.0000e+001 -160.000 64000.000 -40000.000 -40000.000
2 5.0000e+001 -242.000 64057.400 -26470.000 -26470.000
3 3.0000e+001-3000.000 46950.000 -1565.000 -1565.000
Type of force element Coupling
Label in the model Coupling2(vystup)
Position on shaft (mm) [Viocal -140.0000
Position in global system (mm) [Vgioba] -140.0000
Effective diameter (mm) 75.0000
Radial force factor (-) 0.0000
Direction of the radial force (°) 0.0000
Axial force factor (-) 0.0000
Length of load application (mm) 15.0000
Power (kW) 1.0472
Torque (Nm) 100.0000
Axial force (load spectrum) (N) 0.0000/ 0.0000/
Shearing force X (load spectrum) (N) 0.0000/ 0.0000/
Shearing force Z (Load spectrum) (N) 0.0000/ 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
Load spectrum, driven (input)
No. Frequency (%) Speed (1/min) Power (kW)  Torque (Nm)
1 2.0000e+001-160.000 -67.0214000.000
2 5.0000e+001-242.000 -67.0812647.000
3 3.0000e+001-3000.000 -5.655 18.000
Type of force element Eccentric force
Label in the model EccentricLoadl
Position on shaft (mm) [Viocal -140.0000
Position in global system (mm) [Vgiobal -140.0000
Center point of load application, X-coordinate (mm) 100.0000
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 (load spectrum) (N) -0.0000/ -0.0000/
Shearing force X (load spectrum) (N) -32000.0000 / -21176.0000 /
Shearing force Z (Load spectrum) (N) -0.0000/ -0.0000/
Bending moment X (Load spectrum) (Nm) -0.0000/ -0.0000/
Bending moment Z (Load spectrum) (Nm) -0.0000/ -0.0000/
Load spectrum:
No. Frequency (%) Speed (1/min) Power (%) Torque (%) Force (%)
1 2.0000e+001 -160.000 51200.000 -32000.000 -32000.000
2 5.0000e+001 -242.000 51245.920 -21176.000 -21176.000
3 3.0000e+001-3000.000 37560.000 -1252.000 -1252.000
Type of force element Eccentric force
Label in the model EccentricLoad2
Position on shaft (mm) [Viocar] -140.0000
Position in global system (mm) [Ygtobar] -140.0000
Center point of load application, X-coordinate (mm) 100.0000
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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 (load spectrum) (N) 24000.0000 / 15882.0000 /
Shearing force X (load spectrum) (N) 0.0000/ 0.0000/
Shearing force Z (Load spectrum) (N) 0.0000/ 0.0000/
Bending moment X (Load spectrum) (Nm) 0.0000/ 0.0000/
Bending moment Z (Load spectrum) (Nm) 2400.0000/ 1588.2000 /

Load spectrum:

No. Frequency (%) Speed (1/min) Power (%) Torque (%) Force (%)
1 2.0000e+001 -160.000 -38400.000 24000.000 24000.000
2 5.0000e+001 -242.000 -38434.440 15882.000 15882.000
3 3.0000e+001 -3000.000 -28170.000 939.000 939.000

Bearing

Label in the model Bearingl

Bearing type SKF 7028 ACD/HCP4A

Bearing type Angular contact ball bearing (single row)

Bearing position (mm) [Yiokal] 52.000

Bearing position (mm) [Vgiobal 52.000

Attachment of external ring Set fixed bearing right

Inner diameter (mm) [d] 140.000

External diameter (mm) [D] 210.000

Width (mm) [b] 33.000

Corner radius (mm) [ 2.000

Number of rolling bodies [Z] 20

Rolling body reference circle (mm) [Dpu] 175.000

Diameter rolling body (mm) [Dw] 23.165

Distance a (mm) [a] 57.500

Diameter, external race (mm) [do] 198.273

Diameter, internal race (mm) [d] 151.727

Radius of curvature, external race (mm) [ro] 12.277

Radius of curvature, internal race (mm) [ri] 12.046

Calculation with approximate bearings internal geometry (*)

Bearing clearance 0.00 pm

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

Basic static load rating (kN) [Co] 156.000

Basic dynamic load rating (kN) [C] 146.000
Fatigue load rating (kN) [Cu] 5.100

Values for approximated geometry:

Basic dynamic load rating (kN) [Ciheol 147.141

Basic static load rating (kN) [Cotheo] 154.662

Label in the model Bearing2

Bearing type SKF 7028 ACD/HCP4A
Bearing type Angular contact ball bearing (single row)
Bearing position (mm) [Viokal] 131.000
Bearing position (mm) [Vgioball 131.000
Attachment of external ring Set fixed bearing left
Inner diameter (mm) [d] 140.000
External diameter (mm) [D] 210.000
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Width (mm) [b]

Corner radius (mm) [r]
Number of rolling bodies [Z]
Rolling body reference circle (mm) [Dpu]
Diameter rolling body (mm) [Dw]
Distance a (mm) [a]
Diameter, external race (mm) [do]
Diameter, internal race (mm) [di]
Radius of curvature, external race (mm) [ro]
Radius of curvature, internal race (mm) [r]

Calculation with approximate bearings internal geometry (*)

Bearing clearance

33.000
2.000
20
175.000
23.165
57.500
198.273
151.727
12.277
12.046

0.00 um

The bearing pressure angle will be considered in the calculation

Position (center of pressure)

Basic static load rating (kN) [Co]
Basic dynamic load rating (kN) [C]
Fatigue load rating (kN) [Cu]
Values for approximated geometry:

Basic dynamic load rating (kN) [Cineo)
Basic static load rating (KN) [Cotheol

Label in the model

Bearing type

Bearing type

Bearing position (mm) [Yiokal]
Bearing position (mm) [Vgioball
Attachment of external ring

Inner diameter (mm) [d]
External diameter (mm) [D]
Width (mm) [b]
Corner radius (mm) [
Number of rolling bodies [Z]
Rolling body reference circle (mm) [Dpu]
Diameter rolling body (mm) [Dw]
Distance a (mm) [a]
Diameter, external race (mm) [do]
Diameter, internal race (mm) [d]
Radius of curvature, external race (mm) [ro]
Radius of curvature, internal race (mm) [ri]

Calculation with approximate bearings internal geometry (*)

Bearing clearance

156.000
146.000
5.100

147.141
154.662

RollerBearing5
SKF 7028 ACD/HCP4A
Angular contact ball bearing (single row)

85.000
85.000
Set fixed bearing right
140.000
210.000
33.000
2.000
20
175.000
23.165
57.500
198.273
151.727
12.277
12.046

0.00 pm

The bearing pressure angle will be considered in the calculation

Position (center of pressure)

Basic static load rating (kN) [Co]
Basic dynamic load rating (kN) [C]
Fatigue load rating (kN) [Cu]
Values for approximated geometry:

Basic dynamic load rating (kN) [Cineo)
Basic static load rating (kN) [Cotheo]

Label in the model
Bearing type
Bearing type

Bearing position (mm) [Yiokal]

156.000
146.000
5.100

147.141

154.662

RollerBearing6
SKF NJ 1024 ML
Cylindrical roller bearing (single row)

511.000

26

(mm)

(mm)

172.000C

44.0000



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)

[Vgioball 511.000
Free bearing

[d] 120.000
[D] 180.000
[b] 28.000
[ 2.000
[Z] 17

[Dpul] 144.990
[Du] 14.495
[Luel 18.752
[do] 159.520
[d] 130.460

Calculation with approximate bearings internal geometry (*)

Bearing clearance

Basic static load rating (kN)

Basic dynamic load rating (kN)
Fatigue load rating (kN)

Values for approximated geometry:
Basic dynamic load rating (kN)
Basic static load rating (kN)

Results

DIN 620:1988 CO (70.00 ym)

[Cd 183.000
[C] 134.000
[Cu 20.800
[C!heo] 133939
[Cotheo] 182988

Note: the maximum deflection and torsion of the shaft under torque,

the life modification factor alSO, and the bearing's thinnest lubricant film thickness EHL, are

predefined for the first load bin.

Shaft

Maximum deflection (um) 107.544
Position of the maximum (mm) 0.000
Mass center of gravity (mm) 213.076
Total axial load (N) 1066.970
Torsion under torque (°) 0.001
Bearing

Probability of failure [n] 10.00 %
Axial clearance [ual 10.00 um
Lubricant Grease: Kliberquiet BQ 42-32
Lubricant - service temperature [Tg] 70.00 °C
Rolling bearing stiffness calculated from internal geometry

Shaft ‘Shaft2' Rolling bearing 'Bearingl’

Position (Y-coordinate) vl 52.00 mm
Life modification factor for reliability[a;] 1.000
Nominal bearing service life [Lan] 15242.26 h
Operating viscosity [v] 9.73 mm?/s
Minimum EHL lubricant film thickness [Pimin] 0.000 um
Spin to roll ratio [w_s/w_roll] 0.101
Static safety factor [Sd] 4.17
Operating bearing clearance [Pd] -5.490 um
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Reference rating service life [Lren] 14444.46 h
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Fr (kN) Mx (Nm) My (Nm)
1 22.489 -19.617 29.922 37.431 -1154.097 0.000
2 14.708 -12.845 19.183 24.173 -748.740 0.000
3 1.368 -1.352 1.835 2.289 -74.750 0.000
Displacement of bearing Misalignment of bearing
ux (um) uy (um) uz (um) rr (um) rx (mrad) ry (mrad)
1 -37.5486 -37.2002 -61.9212 72.4164 0.345 -0.076
2 -27.7625 -26.5157 -45.8292 53.5823 0.232 -0.050
3 -3.6755 -3.2015 -5.0904 6.2786 0.074 -0.000
Shaft 'Shaft2' Rolling bearing '‘Bearing2'
Position (Y-coordinate) vl 131.00 mm
Life modification factor for reliability[a;] 1.000
Nominal bearing service life [Lon] 43220.77 h
Operating viscosity [v] 9.73 mm?/s
Minimum EHL lubricant film thickness [Pimin] 0.000 um
Spin to roll ratio [w_s/w_roll] 0.100
Static safety factor [So] 6.20
Operating bearing clearance [Pd] -5.541 um
Reference rating service life [Lnen] 49080.71 h
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Fr (kN) Mx (Nm) My (Nm)
1 -12.938 17.808 21.599 25.177 890.897 0.000
2 -8.428 11.823 15.078 17.274 619.815 0.000
3 -1.148 1.335 -1.246 1.695 -51.712 0.000
Displacement of bearing Misalignment of bearing
ux (um) uy (um) uz (um) rr (um) rx (mrad) ry (mrad)
1 -0.3395 -37.1237 -40.0466 40.0480 0.217 -0.183
2 0.0119 -26.4661 -31.0672 31.0672 0.146 -0.121
3 0.8180 -3.1754 0.5353 0.9775 0.071 -0.001
Shaft 'Shaft2' Rolling bearing 'RollerBearing5'
Position (Y-coordinate) [yl 85.00 mm
Life modification factor for reliability[a;] 1.000
Nominal bearing service life [Lan] 57333.32 h
Operating viscosity [v] 9.73 mm?/s
Minimum EHL lubricant film thickness [Pimin] 0.000 um
Spin to roll ratio [w_s/w_roll] 0.102
Static safety factor [So] 6.61
Operating bearing clearance [Pd] -5.541 um
Reference rating service life [Lark] 53620.31 h
Bearing reaction force Bearing reaction moment
Fx (kN) Fy (kN) Fz (kN) Fr (kN) Mx (Nm) My (Nm)
1 12,519 -12.256 19.991 23.587 -771.771 0.000
2 8.390 -8.286 13.283 15.710 -518.855 0.000
3 0.858 -0.877 1.174 1.454 -47.937 0.000
Displacement of bearing Misalignment of bearing
ux (um) uy (um) uz (um) rr (um) rx (mrad) ry (mrad)
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Mz (Nm) Mr (Nm)
889.385 1457.033
585.868 950.711

55.755 93.253
rz (mrad) rr (mrad)
-0.498 0.606
-0.370 0.436
-0.058 0.094

Mz (Nm) Mr (Nm)
609.032 1079.174
382.414 728.293

47.532 70.238
rz (mrad) rr (mrad)
-0.441 0.491
-0.332 0.362
-0.057 0.091

Mz (Nm) Mr (Nm)
499.514 919.318
336.583 618.465

35.036 59.376
rz (mrad) rr (mrad)



1 -21.2011 -37.2527 -51.1449
2 -15.6251 -26.5521 -38.5705
3 -1.7702 -3.1965 -2.6824

Shaft 'Shaft2' Rolling bearing 'RollerBearing6'

Position (Y-coordinate) vl
Life modification factor for reliability[a]
Nominal bearing service life [Lan]
Operating viscosity [v]
Minimum EHL lubricant film thickness [Pimin]
Static safety factor [Sd]
Operating bearing clearance [Pd]
Reference rating service life [Lnen]
Bearing reaction force
Fx (kN) Fy (kN) Fz (kN)

1 -28.746 0.000 12.486
2 -19.088 0.000 8.042
3 -0.000 0.000 -0.000

Displacement of bearing

ux (um) uy (um) uz (um)
1 65.3998 -38.5252 -29.0236
2 58.0533 -27.3936 -24.5055
3 23.0860 -3.1817 26.6255

55.3650 0.287 -0.121
41.6153 0.193 -0.080
3.2138 0.072 -0.001
511.00 mm
1.000
33529.80 h
9.73 mm?/s
0.000 um
5.84
70.000 um
56279.34 h

Bearing reaction moment

Fr (kN) Mx (Nm) My (Nm)
31.341 -2.017 0.000
20.712 -0.730 0.000

0.000 -0.000 0.000

Misalignment of bearing

rr (um) rx (mrad) ry (mrad)
71.5507 0.060 -0.792
63.0135 0.036 -0.524
35.2403 0.068 -0.004

(*) Note about roller bearings with an approximated bearing geometry:
The internal geometry of these bearings has not been input in the database.

The geometry is back-calculated as specified in ISO 281, from C and CO (details in the manufacturer's catalog).
For this reason, the geometry may be different from the actual geometry.

In some situations, this may result in significant variations in roller bearing stiffness.

Damage (%)

Binno Bl B2 B3 B4
1 12.94 4.25 3.24
2 13.18 4.89 3.62
3 0.12 0.12 0.12

> 2624 9.25 6.98 11.93

Utilization (%)

B1 B2 B3 B4
64.02 45.23 41.17 52.84
Note: Utilization = (Lreg/Lh)*(1/k)

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

B 1: Bearingl
B 2: Bearing2
B 3: RollerBearing5
B 4: RollerBearing6

[Lreq] (  4000.000)

6.05
5.76
0.12

[Lreq] (  4000.000)
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-0.472
-0.352
-0.057

Mz (Nm)
-4.280
-1.342

0.000

rz (mrad)
0.091
0.023
-0.059

0.553
0.402
0.092

Mr (Nm)
4.731
1.528
0.000

rr (mrad)
0.109
0.042
0.090
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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
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THERMALLY SAFE OPERATING SPEED CALCULATION (Pastorek — olej)
(accordingto  DIN ISO 15312 and DIN 732)

Lubricant Oil: Klibersynth GEM 4-68 N
Lubrication type:
Immersion lubrication - Bearing in oil mist

Mean bearing temperature [Tml 70.000 °C
Temperature of bearing environment [Tul 20.000 °C
Lubricant - service temperature [Tel 70.000 °C
Lubricant temperature - Reference conditions [Trefl 70.000 °C

Shaft 'Shaftl’, Rolling bearing 'Bearing1':

Thermal nominal speed according to DIN ISO 15312:

Type of support Cylindrical roller bearing (single row)

Bearing number FAG NU1020-XL-M1

Design series NU10

Own Input

Speed [n] 3000.000  1/min

Coefficient [forl 1.333

(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000200
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 18849.556 mm?
Reference load [P11] 6.750 kN
Bearing mean diameter [dml 125.000 mm
Bearing-specific reference heat flow density [ar] 16.000 kW/m?2
kinematic viscosity (for reference conditions) [vr] 12.000 mm?/s
Thermal nominal speed [ngr] 6229.692 1/min
Thermally safe operating speed according to DIN 732:

Coefficient [fol 0.667

(Depends upon type of design and lubrication)

Coefficient [f1] 0.000200
(Depends upon type of design and load)

Heat flow (dissipated by the bearing support surface) [@s] 0.292 kW
Total heat flow [®] 0.292 kW
Dynamic equivalent load [P1] 100.000 N
kinematic viscosity at service temperature [v] 23.525 mm?/s
Lubricant film parameter K] 0.808

Charge parameter [Kp] 0.006

Speed ratio [fnl 1.128
Thermally safe operating speed [ng] 7026.655 1/min

Shaft 'Shaftl', Rolling bearing 'Bearing2':

Thermal nominal speed accordingto  DIN ISO 15312:



Type of support Angular contact ball bearing (single row)

Bearing number SKF 7220 BECBY

Design series 72

Speed [n] 3000.000 1/min
Coefficient [forl 2.000
(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000250
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 29907.962
Reference load [P1r] 6.100
Bearing mean diameter [dml 140.000
Bearing-specific reference heat flow density [ar] 16.000
kinematic viscosity (for reference conditions) [v] 12.000
Thermal nominal speed [ner] 5254.628
Thermally safe operating speed according to DIN 732:

Coefficient [fol 1.000
(Depends upon type of design and lubrication)

Coefficient [f1] 0.000056
(Depends upon type of design and load)

Heat flow (dissipated by the bearing support surface) [Ps] 0.464
Total heat flow [®] 0.464
Dynamic equivalent load [P1] 57.132
kinematic viscosity at service temperature [v] 23.525
Lubricant film parameter K] 0.808
Charge parameter [Kp] 0.001
Speed ratio [fnl 1.143
Thermally safe operating speed [nel 6003.823

Shaft 'Shaftl', Rolling bearing 'Bearing3':

Thermal nominal speed according to DIN ISO 15312:

Type of support Angular contact ball bearing (single row)
Bearing number SKF 7220 BECBY

Design series 72

Speed [n] 3000.000  1/min
Coefficient [forl 2.000
(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000250
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 29907.962
Reference load [P1/] 6.100
Bearing mean diameter [dm] 140.000
Bearing-specific reference heat flow density [ar] 16.000
kinematic viscosity (for reference conditions) [vi] 12.000
Thermal nominal speed [ner] 5254.628
Thermally safe operating speed according to DIN 732:

Coefficient [fol 1.000
(Depends upon type of design and lubrication)

Coefficient [f1] 0.000074
(Depends upon type of design and load)

Heat flow (dissipated by the bearing support surface) [®s] 0.464
Total heat flow [®] 0.464

kW/m?
mm?/s
1/min

kw
kW

mm?/s

1/min

kW/m?
mm?2/s
1/min

kw
kw



Dynamic equivalent load [P1] 132.999

kinematic viscosity at service temperature [v] 23.525
Lubricant film parameter K] 0.808
Charge parameter [Kp] 0.002
Speed ratio [fnl] 1.135
Thermally safe operating speed [nel 5965.337
Shaft 'Shaftl', Rolling bearing 'Bearing4':

Thermal nominal speed according to DIN ISO 15312:

Type of support Cylindrical roller bearing (single row)
Bearing number FAG NU1020-XL-M1

Design series NU10

Own Input

Speed [n] 3000.000  1/min
Coefficient [forl 4.000
(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000550
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 18095.574
Reference load [P11] 6.750
Bearing mean diameter [dml 125.000
Bearing-specific reference heat flow density [ar] 16.000
kinematic viscosity (for reference conditions) [vr] 12.000
Thermal nominal speed [ngr] 3144.229
Thermally safe operating speed according to DIN 732:

Coefficient [fol 2.000
(Depends upon type of design and lubrication)

Coefficient [f1] 0.000550
(Depends upon type of design and load)

Heat flow (dissipated by the bearing support surface) [@s] 0.280
Total heat flow [®] 0.280
Dynamic equivalent load [P1] 100.000
kinematic viscosity at service temperature [v] 23.525
Lubricant film parameter [KL] 0.808
Charge parameter [Kp] 0.008
Speed ratio [fnl 1.128
Thermally safe operating speed [ng] 3546.469

The reference conditions for calculating the thermal nominal speed are taken from the
DIN I1SO 15312 standard.

mm?/s

1/min

mm?
kN

kW/m?

mm?/s
1/min

kw
kW

mm?/s

1/min
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THERMALLY SAFE OPERATING SPEED CALCULATION (Pastorek — tuk)



(accordingto  DIN ISO 15312 and DIN 732)

Lubricant Grease: Kluberquiet BQ 42-32
Operating condition:
Run in bearing

Mean bearing temperature [Tml 70.000 °C
Temperature of bearing environment [Tul 20.000 °C
Lubricant - service temperature [Te] 70.000 °C
Lubricant temperature - Reference conditions [Trefl 70.000 °C

Shaft 'Shaftl', Rolling bearing 'Bearingl':

Thermal nominal speed according to DIN ISO 15312:

Type of support Cylindrical roller bearing (single row)

Bearing number FAG NU1020-XL-M1

Design series NU10

Own Input

Speed [n] 3000.000  1/min

Coefficient [forl 1.333

(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000200
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 18849.556 mm?
Reference load [P11] 6.750 kN
Bearing mean diameter [dml 125.000 mm
Bearing-specific reference heat flow density [ar] 16.000 kW/m?2
kinematic viscosity (for reference conditions) [vr] 22.000 mm?/s
Thermal nominal speed [ngr] 4888.668 1/min
Thermally safe operating speed according to DIN 732:

Coefficient [fol 1.333

(Depends upon type of design and lubrication)

Coefficient [f1] 0.000200
(Depends upon type of design and load)

Heat flow (dissipated by the bearing support surface) [@s] 0.292 kw
Total heat flow [®] 0.292 kW
Dynamic equivalent load [P1] 100.000 N
kinematic viscosity at service temperature [v] 9.732 mm?/s
Lubricant film parameter K] 0.599

Charge parameter [Kp] 0.004

Speed ratio [fnl 1.348
Thermally safe operating speed [ng] 6588.243 1/min

Shaft 'Shaftl', Rolling bearing 'Bearing2':

Thermal nominal speed according to DIN ISO 15312:

Type of support Angular contact ball bearing (single row)
Bearing number SKF 7220 BECBY

Design series 72

Speed [n] 3000.000  1/min
Coefficient [forl 1.333
(Depends upon type of design and lubrication at reference conditions)

Coefficient [far] 0.000250

(Depends upon type of design and load at reference conditions)



Heat sink reference surface [As] 29907.962
Reference load [P1r] 6.100
Bearing mean diameter [dml 140.000
Bearing-specific reference heat flow density [ar] 16.000
kinematic viscosity (for reference conditions) [v] 22.000
Thermal nominal speed [nor] 5258.963
Thermally safe operating speed according to DIN 732:

Coefficient [fol 1.333
(Depends upon type of design and lubrication)

Coefficient [f1] 0.000056
(Depends upon type of design and load)

Heat flow (dissipated by the bearing support surface) [Ps] 0.464
Total heat flow [®] 0.464
Dynamic equivalent load [P1] 57.132
kinematic viscosity at service temperature [v] 9.732
Lubricant film parameter K] 0.599
Charge parameter [Kp] 0.001
Speed ratio [fnl] 1.362
Thermally safe operating speed [nel 7164.310

Shaft 'Shaftl', Rolling bearing 'Bearing3':

Thermal nominal speed according to DIN ISO 15312:

Type of support Angular contact ball bearing (single row)
Bearing number SKF 7220 BECBY

Design series 72

Speed [n] 3000.000  1/min
Coefficient [forl 1.333
(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000250
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 29907.962
Reference load [P11] 6.100
Bearing mean diameter [dml 140.000
Bearing-specific reference heat flow density [ar] 16.000
kinematic viscosity (for reference conditions) [vi] 22.000
Thermal nominal speed [ner] 5258.963
Thermally safe operating speed according to DIN 732:

Coefficient [fol 1.333
(Depends upon type of design and lubrication)

Coefficient [f11 0.000074
(Depends upon type of design and load)

Heat flow (dissipated by the bearing support surface) [®s] 0.464
Total heat flow [®] 0.464
Dynamic equivalent load [P1] 132.999
kinematic viscosity at service temperature [v] 9.732
Lubricant film parameter [Kp] 0.599
Charge parameter [Kp] 0.002
Speed ratio [fnl 1.362
Thermally safe operating speed [ng] 7164.310

mm?
kN

kW/m?

mm?/s
1/min

kw
kW

mm?/s

1/min

mm?
kN

kW/m?

mm?2/s
1/min

kw
kW

mm?/s

1/min



Shaft 'Shaftl', Rolling bearing 'Bearing4':

Thermal nominal speed according to DIN ISO 15312:

Type of support Cylindrical roller bearing (single row)
Bearing number FAG NU1020-XL-M1
Design series NU10
Own Input
Speed [n] 3000.000 1/min
Coefficient [forl 4.000
(Depends upon type of design and lubrication at reference conditions)
Coefficient [f1r] 0.000550
(Depends upon type of design and load at reference conditions)
Heat sink reference surface [As] 18095.574 mm?
Reference load [P11] 6.750 kN
Bearing mean diameter [dml 125.000 mm
Bearing-specific reference heat flow density [ar] 16.000 kW/m?2
kinematic viscosity (for reference conditions) [v] 22.000 mm?/s
Thermal nominal speed [ner] 2467.443 1/min
Thermally safe operating speed according to DIN 732:
Coefficient [fol 4.000
(Depends upon type of design and lubrication)
Coefficient [f1] 0.000550
(Depends upon type of design and load)
Heat flow (dissipated by the bearing support surface) [@s] 0.280 kw
Total heat flow [®] 0.280 kW
Dynamic equivalent load [P1] 100.000 N
kinematic viscosity at service temperature [v] 9.732 mm?/s
Lubricant film parameter [KL] 0.599
Charge parameter [Kp] 0.006
Speed ratio [fnl 1.348
Thermally safe operating speed [nel 3325.266 1/min
The reference conditions for calculating the thermal nominal speed are taken from the
DIN ISO 15312 standard.
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THERMALLY SAFE OPERATING SPEED CALCULATION (Vreteno — olej)
(accordingto  DIN ISO 15312 and DIN 732)
Lubricant Oil: Kliiberoil GEM 1-68 N
Lubrication type:
Immersion lubrication - Bearing in oil mist
Mean bearing temperature [Tml 70.000 °C
Temperature of bearing environment [Tul 20.000 °C
Lubricant - service temperature [Tel 70.000 °C
Lubricant temperature - Reference conditions [Trefl 70.000 °C



Shaft 'Shaft2', Rolling bearing 'Bearingl':

Thermal nominal speed according to DIN ISO 15312:

Type of support Angular contact ball bearing (single row)
Bearing number SKF 7028 ACD/HCP4A

Design series 70

Speed [n] 3000.000 1/min
Coefficient [forl 1.700
(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000150
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 36285.395
Reference load [P11] 7.800
Bearing mean diameter [dml 175.000
Bearing-specific reference heat flow density [ar] 16.000
kinematic viscosity (for reference conditions) [v] 12.000
Thermal nominal speed [ner] 4353.531
Thermally safe operating speed according to DIN 732:

Coefficient [fol 0.850
(Depends upon type of design and lubrication)

Coefficient [f1] 0.000085
(Depends upon type of design and load)

Heat flow (dissipated by the bearing support surface) [@s] 0.562
Total heat flow [®] 0.562
Dynamic equivalent load [P1] 4278.235
kinematic viscosity at service temperature [v] 20.589
Lubricant film parameter [KL] 0.740
Charge parameter [Kp] 0.052
Speed ratio [fnl 1.157
Thermally safe operating speed [nel 5038.022

Shaft 'Shaft2', Rolling bearing 'Bearing2':

Thermal nominal speed according to DIN ISO 15312:

Type of support Angular contact ball bearing (single row)
Bearing number SKF 7028 ACD/HCP4A

Design series 70

Speed [n] 3000.000  1/min
Coefficient [forl 1.700
(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000150
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 36285.395
Reference load [P1/] 7.800
Bearing mean diameter [dm] 175.000
Bearing-specific reference heat flow density [ar] 16.000
kinematic viscosity (for reference conditions) [Vl 12.000
Thermal nominal speed [ner] 4353.531
Thermally safe operating speed according to DIN 732:

Coefficient [fol 0.850

kW/m?
mm?/s
1/min

kw
kW

mm?/s

1/min

kW/m?
mm?/s
1/min



(Depends upon type of design and lubrication)
Coefficient

(Depends upon type of design and load)
Heat flow (dissipated by the bearing support surface)

Total heat flow
Dynamic equivalent load

kinematic viscosity at service temperature
Lubricant film parameter

Charge parameter

Speed ratio

Thermally safe operating speed

Shaft 'Shaft2', Rolling bearing 'RollerBearing5'":

Thermal nominal speed according to DIN ISO 15312:
Type of support

Bearing number

Design series

Speed
Coefficient

(Depends upon type of design and lubrication at reference conditions)

Coefficient

(Depends upon type of design and load at reference conditions)

Heat sink reference surface

Reference load

Bearing mean diameter

Bearing-specific reference heat flow density
kinematic viscosity (for reference conditions)
Thermal nominal speed

Thermally safe operating speed according to

Coefficient

(Depends upon type of design and lubrication)
Coefficient

(Depends upon type of design and load)
Heat flow (dissipated by the bearing support surface)

Total heat flow
Dynamic equivalent load

kinematic viscosity at service temperature
Lubricant film parameter

Charge parameter

Speed ratio

Thermally safe operating speed

Shaft 'Shaft2', Rolling bearing 'RollerBearing6':

Thermal nominal speed according to DIN ISO 15312:
Type of support

Bearing number

Design series

Speed
Coefficient

DIN 732:

[f1] 0.000074
[®s] 0.562 kW
(@] 0.562  kw
[P1] 4219.989 N
[v] 20.589 mm?/s
K] 0.740
[Kp] 0.044
[fnl 1.157
[nel 5038.022  1/min
Angular contact ball bearing (single row)
SKF 7028 ACD/HCP4A
70
[n] 3000.000  1/min
[forl 1.700
[f1r] 0.000150
[As] 36285.395 mm?
[P11] 7.800 kN
[dml 175.000 mm
[ar] 16.000 kW/m?2
[vr] 12.000 mm?/s
[ngr] 4353.531 1/min
[fol 0.850
[f1] 0.000068
[@s] 0.562 kw
[®] 0.562 kw
[P1] 2770934 N
[v] 20.589 mm?/s
K] 0.740
[Kp] 0.027
[fnl 1.172
[ng] 5101.795 1/min

Cylindrical roller bearing (single row)
SKF NJ 1024 ML
10
[n] 3000.000
[for]

1/min
2.000

(Depends upon type of design and lubrication at reference conditions)



Coefficient [f1r] 0.000200

(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 26389.378 mm?
Reference load [P1r] 9.150 kN
Bearing mean diameter [dml 150.000 mm
Bearing-specific reference heat flow density [ar] 16.000 kW/m?2
kinematic viscosity (for reference conditions) [v] 12.000 mm?/s
Thermal nominal speed [nor] 4305.079 1/min
Thermally safe operating speed according to DIN 732:
Coefficient [fol 1.000
(Depends upon type of design and lubrication)
Coefficient [f1] 0.000200
(Depends upon type of design and load)
Heat flow (dissipated by the bearing support surface) [Ps] 0.409 kw
Total heat flow [®] 0.409 kw
Dynamic equivalent load [P1] 13.770 N
kinematic viscosity at service temperature [v] 20.589 mm?/s
Lubricant film parameter K] 0.739
Charge parameter [Kp] 0.000
Speed ratio [fnl] 1.201
Thermally safe operating speed [nel 5171.140 1/min
The reference conditions for calculating the thermal nominal speed are taken from the
DIN ISO 15312 standard.
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THERMALLY SAFE OPERATING SPEED CALCULATION (Vreteno — tuk)
(accordingto  DIN ISO 15312 and DIN 732)
Lubricant Grease: Kluberquiet BQ 42-32
Operating condition:
Run in bearing
Mean bearing temperature [Tml 70.000 °C
Temperature of bearing environment [Tul 20.000 °C
Lubricant - service temperature [Tel 70.000 °C
Lubricant temperature - Reference conditions [Trefl 70.000 °C

Shaft 'Shaft2', Rolling bearing 'Bearing1':

Thermal nominal speed according to DIN ISO 15312:

Type of support Angular contact ball bearing (single row)
Bearing number SKF 7028 ACD/HCP4A

Design series 70

Speed [n] 3000.000  1/min
Coefficient [forl 1.133

(Depends upon type of design and lubrication at reference conditions)



Coefficient [f1r] 0.000150

(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 36285.395
Reference load [P1r] 7.800
Bearing mean diameter [dml 175.000
Bearing-specific reference heat flow density [ar] 16.000
kinematic viscosity (for reference conditions) [v] 22.000
Thermal nominal speed [nor] 4357.123
Thermally safe operating speed according to DIN 732:

Coefficient [fol 1.133
(Depends upon type of design and lubrication)

Coefficient [f1] 0.000085
(Depends upon type of design and load)

Heat flow (dissipated by the bearing support surface) [Ps] 0.562
Total heat flow [®] 0.562
Dynamic equivalent load [P1] 4278.235
kinematic viscosity at service temperature [v] 9.732
Lubricant film parameter K] 0.599
Charge parameter [Kp] 0.052
Speed ratio [fnl] 1.304
Thermally safe operating speed [nel 5680.429

Shaft 'Shaft2', Rolling bearing 'Bearing2':

Thermal nominal speed according to DIN ISO 15312:

Type of support Angular contact ball bearing (single row)
Bearing number SKF 7028 ACD/HCP4A

Design series 70

Speed [n] 3000.000  1/min
Coefficient [forl 1.133
(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000150
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 36285.395
Reference load [P11] 7.800
Bearing mean diameter [dm] 175.000
Bearing-specific reference heat flow density [ar] 16.000
kinematic viscosity (for reference conditions) [vi] 22.000
Thermal nominal speed [ner] 4357.123
Thermally safe operating speed according to DIN 732:

Coefficient [fol 1.133
(Depends upon type of design and lubrication)

Coefficient [f11 0.000074
(Depends upon type of design and load)

Heat flow (dissipated by the bearing support surface) [®s] 0.562
Total heat flow [®] 0.562
Dynamic equivalent load [P1] 4219.989
kinematic viscosity at service temperature [v] 9.732
Lubricant film parameter [Kp] 0.599
Charge parameter [Kp] 0.044
Speed ratio [fnl 1.318
Thermally safe operating speed [ng] 5744.254
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Shaft 'Shaft2', Rolling bearing 'RollerBearing5':

Thermal nominal speed according to DIN ISO 15312:

Type of support Angular contact ball bearing (single row)
Bearing number SKF 7028 ACD/HCP4A

Design series 70

Speed [n] 3000.000 1/min
Coefficient [forl 1.133
(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000150
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 36285.395
Reference load [P11] 7.800
Bearing mean diameter [dml 175.000
Bearing-specific reference heat flow density [ar] 16.000
kinematic viscosity (for reference conditions) [v] 22.000
Thermal nominal speed [ner] 4357.123
Thermally safe operating speed according to DIN 732:

Coefficient [fol 1.133
(Depends upon type of design and lubrication)

Coefficient [f1] 0.000068
(Depends upon type of design and load)

Heat flow (dissipated by the bearing support surface) [@s] 0.562
Total heat flow [®] 0.562
Dynamic equivalent load [P1] 2770.934
kinematic viscosity at service temperature [v] 9.732
Lubricant film parameter [KL] 0.599
Charge parameter [Kp] 0.027
Speed ratio [fnl 1.333
Thermally safe operating speed [nel 5808.079

Shaft 'Shaft2', Rolling bearing 'RollerBearing6':

Thermal nominal speed according to DIN ISO 15312:

Type of support Cylindrical roller bearing (single row)
Bearing number SKF NJ 1024 ML

Design series 10

Speed [n] 3000.000  1/min
Coefficient [forl 1.333
(Depends upon type of design and lubrication at reference conditions)

Coefficient [f1r] 0.000200
(Depends upon type of design and load at reference conditions)

Heat sink reference surface [As] 26389.378
Reference load [P1/] 9.150
Bearing mean diameter [dm] 150.000
Bearing-specific reference heat flow density [ar] 16.000
kinematic viscosity (for reference conditions) [Vl 22.000
Thermal nominal speed [ner] 4308.631
Thermally safe operating speed according to DIN 732:
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Coefficient [fol 1.333

(Depends upon type of design and lubrication)

Coefficient [f1] 0.000200
(Depends upon type of design and load)

Heat flow (dissipated by the bearing support surface) [®s] 0.409 kw
Total heat flow [®] 0.409 kW
Dynamic equivalent load [P1] 13.770 N
kinematic viscosity at service temperature [v] 9.732 mm?/s
Lubricant film parameter K] 0.599

Charge parameter [Kp] 0.000

Speed ratio [fnl 1.362
Thermally safe operating speed [nel 5869.668 1/min

The reference conditions for calculating the thermal nominal speed are taken from the
DIN ISO 15312 standard.

End of Report lines: 160
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Vypocet zatézujicich stavu



Pfehled feznych podminek pro Rovinnéa plocha

Vypocet 2. zat¢zovaciho stavu

Prehled feznych podminek pro Rovinna plocha

Udaje o materialu

MC, P2.1.Z.AN, Tvrdost: 175 HB, Materialova skupina:P2.1.Z.AN

Popis tlohy

Rovinna plocha

Typ operace (CTPT) predobrobeni
Kéd stavu povrchu obrobku (WKPSCC) Predobrobeny
’ Hloubka obrabéciho prvku (DEPTHMF) 12 mm
Parametr obecné $irky (WIDTH) 250 mm
Parametr obecné délky (LENGTH) 100 mm
Doporucené reseni
360-200Q60-Z10E19 360R-19 06M-PH 4230

oo -

Typ nastroje (ASMTYPE) Indexovatelna Nastroj Desticka
Operace (SUBOPSEQ) Celni frézovani
Nastroj (TOOL) 360-200Q60-Z10E19 360R-19 06M-PH 4230
Pocet kusu (#) 1 10
Typ upinace (ADINTMS) Arbor -ISO 6462 -C (4 bolts) -
metric: 60S
Trida (GRADE) 4230
ZpUsob pfivodu fezné kapaliny Suchy
(COOLSTL)
Doba obrabéni jedné vlastnosti min:s 00:21,780
(TMF)
Pocet obrabénych ploch/tvar( 104
(TLIFEC)
CoroPak 17.2, Sandvik Coromant ToolGuide™ 1od4 27.02.2018

(17.4.0.1914)


SFin
Typewriter
Výpočet 2. zatěžovacího stavu


Prehled feznych podminek pro Rovinna plocha

Rezné podminky

1 Vysvétlivky

1 e === “ Predobrobeni
”“‘1_‘-———;

Pracovni zabér (AE) 125 mm
Hloubka fezu (AP) 12 mm
Pocet Gibérd ve sméru AE 2

(NOPAE)

Pocet ubért ve sméru AP 1

(NOPAP)

Rezna rychlost (VC) 159 m/min
Rychlost otaceni vietena (N) 242 1/min
Posuv na zub (FZ) 0,462 mm
Rychlost posuvu na 1120  mm/min
obrabéném praméru (VFM)

Rezny vykon (PPC) 67 kw
Rezny moment (MMC) 2650 Nm
Rychlost odebirani materialu 1680 cm3/min
(QQ)

Doba fezani celkova (TCCT) 00:21,480 min:s
Mimorezna doba celkova 00:00,300 min:s
(TNCT)

Délka Zivotnosti nastroje 41 m
(TLIFEL)

Doba Zivotnosti nastroje 37 min
(TLIFET)

Informace o produktu

CoroPak 17.2, Sandvik Coromant ToolGuide™ 2o0d4 27.02.2018
(17.4.0.1914)



Pfehled feznych podminek pro Rovinnéa plocha

Popis

Celni fréza CoroMill® 360

Objednaci kod
ISO

ANSI

EDP

Carovy kod
KAPR

DC

DCX

CICTP1

CUTINTMASTERP1

APMXEFW
APMXFFW
RMPX

AZ

CPDF
ZEFP
ADINTMS

HAND
DPC
CNSC
DCON
STDNO
STDLET
DBC
LF

BD1
LB1
TQP1
BMC
RPMX
WT
LCS
RELEASEPACK

360-200Q60-Z10E19
360-200Q60-Z10E19

12349411

Uhel bfitu nastroje

fezny primér

maximalni fezny pramér

pocet feznych prvku

¢ast 2 identifikatord rozhrani fezného prvku
maximalni hloubka fezu

maximalni hloubka fezu

maximalni uhel zahlubovani

maximalni hloubka vnoreni

diferencial fezné roztece

pocet efektivnich obvodovych feznych hran

adaptivni rozhrani ve sméru stroje

orientace

moznost tlumeni

kod provedeni vstupu pro feznou kapalinu
spojovaci primér

standardni Cislo

standardni pismeno

prmér rozte¢né kruznice otvorl pro Srouby
funkéni délka

pramér télesa

délka télesa

moment

kod materialu télesa

maximalni rychlost otaceni

hmotnost prvku

stav Zivotnosti

identifikace vydaného baliku

CoroPak 17.2, Sandvik Coromant ToolGuide™

(17.4.0.1914)

60 deg
200 mm
215 mm
10

CoroMill 360 -size 19 (360R-1906)

9 mm
13 mm
0 deg
0 mm
False
10

Arbor -ISO 6462 -C (4 bolts) -
metric: 60S

R

False

0: without coolant
60 mm

ISO 6462:2011
C

101.6 mm

80 mm

226.6 mm

13 mm

16 Nm

Steel

640 r/min
19.78 kg

20

09.1

3o0d4

BD4

27.02.2018



Pfehled feznych podminek pro Rovinnéa plocha

Popis

Bfitové desticky CoroMill® 360 pro frézovani

Objednaci kod
ISO

ANSI

EDP

Carovy kod
TMC1ISO
CTPT

CUTINTSIZESHAPE

IC

SC

LE

BS

BSR

RE

KRINS
HAND
GRADE
SUBSTRATE
COATING

S

WT

LCS
RELEASEPACK

Préavni dolozka

360R-19 06M-PH 4230
360R-19 06M-PH 4230

12368764

Tridéni materialu droven 1
typ operace

velikost a tvar desticky
pramér vepsané kruznice
kod tvaru bfitové desticky
Gcinna délka bfitu

délka hladiciho bfitu
polomér hladiciho bfitu
polomér rohu

uhel hlavniho bfitu nastroje
orientace

trida

zéakladni material

povlak

tloustka desticky
hmotnost prvku

stav Zivotnosti

identifikace vydaného baliku

P;K

Heavy

CoroMill 360 -1906
18.94 mm

S

15 mm

2.2 mm

200 mm

1.6 mm

60 deg

4230

HC

CVD Ti(C,N)+AI203+TiN
6.35 mm

0.0261 kg

20

09.1

Poskytované informace je vzdy tfeba vyuzivat s védomim s tim spojenych rizik a na vlastni nebezpeti. Spole¢nost AB Sandvik Coromant neposkytuje zadné zaruky vhodnosti a funkénosti tohoto programu, zejména pak presnosti provedenych vypoctu.
Spole¢nost AB Sandvik Coromant nenese jakoukoliv odpovédnost za jakékoliv chyby nebo problémy vyplyvajici z pouZiti tohoto programu. Veskera rizika spojena s jeho pouZzitim nese vyhradné uzivatel.
Spole¢nost Sandvik Coromant, ani jeji zamnéstnanci, v zadném pfipadé neodpovida za jakékoliv $kody, ztraty nebo naklady, véetné jakékoliv finanéni tjmy, ztraty dat apod., vzniklé uzivateli nebo tretim stranam v dusledku nebo v souvislosti s pouzitim

nebo nemoznosti pouziti tohoto programu. Tato vyluka zakonné odpovédnosti pozbyva na Gcinnosti, pokud, a jen do té miry, takové Skody, ztraty nebo naklady vzniknou v du

AB Sandvik Coromant.

> nebo hrubé

dbalého jednani ze strany zaméstnancl spolecnosti



Pfehled feznych podminek pro Tvarova plocha - torické/se zaoblenim roht

Vypocet 3. zat¢zovaciho stavu

Prehled feznych podminek pro Tvarova plocha - torické/se zaoblenim roht

Udaje o materialu

MC, P2.1.Z.AN, Tvrdost: 175 HB, Materialova skupina:P2.1.Z.AN

Popis tlohy

Doporucené reseni

Typ nastroje (ASMTYPE)
Operace (SUBOPSEQ)

Nastroj (TOOL)

Pocet kusu (#)

Typ upinace (ADINTMS)
Trida (GRADE)

ZpUsob pfivodu fezné kapaliny
(COOLSTL)

Rezna kapalina (COOLT)

Doba obrabéni jedné vlastnosti min:s
(TMF)

Pocet obrabénych ploch/tvart
(TLIFEC)

CoroPak 17.2, Sandvik Coromant ToolGuide™
(17.4.0.1914)

Allowance depth of cut (ALLOW)
Hodnota tvrdosti Ra (RRA)
Volume to be machined (VOLM)
Hloubka obrabéciho prvku (DEPTHMF)
Uhel §ikmého najezdu (TAXANGS)

Indexovatelna

Kopirovaci frézovani
(torické/polomér)

size C3
4230

Vnitini

Stlaceny vzduch
00:00,744

2190

Tvarova plocha - torické/se zaoblenim roh(

2 mm
10 um
1000 mm3
50 mm
10 °
R300-035C3-12H R300-1240M-PH 4230
Nastroj Destitka
R300-035C3-12H R300-1240M-PH 4230
1 4
1o0d4

27.02.2018


SFin
Typewriter
Výpočet 3. zatěžovacího stavu


Pfehled feznych podminek pro Tvarova plocha - torické/se zaoblenim roht SAN DV'K

Rezné podminky

Vysvétlivky

“ Kopirovaci frézovani

Pracovni zabér (AE) 11,9 mm
Hloubka fezu (AP) 2,03 mm
Rezna rychlost (VC) 313 m/min
Rychlost otaceni vietena (N) 3000 1/min
Posuv na zub (FZ) 0,278 mm
Rychlost posuvu na 3340 mm/min
obrabéném priméru (VFM)

Rezny vykon (PPC) 5,52 kW
Rychlost odebirani materialu 80,4 cm3/min
(QQ)

Doba fezani celkova (TCCT) 00:00,744 min:s
Délka Zivotnosti nastroje 91 m
(TLIFEL)

Doba Zivotnosti nastroje 27 min
(TLIFET)

Informace o produktu

CoroPak 17.2, Sandvik Coromant ToolGuide™ 2o0d4 27.02.2018
(17.4.0.1914)



Pfehled feznych podminek pro Tvarova plocha - torické/se zaoblenim roh

Popis

Celni fréza CoroMill® 300

Objednaci kod
ISO

ANSI

EDP

Carovy kod
KAPR

DC

DCX

CICTP1

CUTINTMASTERP1

APMXEFW
APMXFFW
RMPX

AZ

CPDF
ZEFP
ADINTMS

HAND
DPC
CNSC
CP
DCON
LF
BD1
LB1
TQP1
BMC
RPMX
WT
LCS
RELEASEPACK

R300-035C3-12H
R300-035C3-12H

11881365

Uhel bfitu nastroje
fezny primér
maximalni fezny pramér
pocet feznych prvku

¢ast 2 identifikatord rozhrani fezného prvku

maximalni hloubka fezu

maximalni hloubka fezu

maximalni Ghel zahlubovani

maximalni hloubka vnoreni

diferencial fezné roztece

pocet efektivnich obvodovych feznych hran

adaptivni rozhrani ve sméru stroje

orientace

moznost tlumeni

kod provedeni vstupu pro feznou kapalinu
tlak fezné kapaliny
spojovaci primér

funkéni délka

pramér télesa

délka télesa

moment

kod materialu télesa
maximalni rychlost otaceni
hmotnost prvku

stav zivotnosti

identifikace vydaného baliku

CoroPak 17.2, Sandvik Coromant ToolGuide™
(17.4.0.1914)

[*—— DCON—

A% LF
o RS |
P | \,,’f’ - APMXFrw
! . ) 1 ?) I l
d
€9 N APMXERW
23 mm *—DC—-I
DCX ——
35 mm
4

CoroMill 300 -size 1240 (R300-
1240)

9 mm

6 mm
10.5 deg
3 mm
False

4

Coromant Capto (bolt and
segment clamping) -size C3

R

False

3: axial concentric and radial entry
10 bar

32 mm

43 mm
28.3 mm
23 mm

3 Nm

Steel
32900 r/min
0.3 kg

20

04.2

3o0d4

27.02.2018



Pfehled feznych podminek pro Tvarova plocha - torické/se zaoblenim roh

Popis
Bfitové desticky CoroMill® 300 pro frézovani
Objednaci kod

ISO R300-1240M-PH 4230

ANSI R300-1240M-PH 4230

EDP

Carovy kéd 12199003

TMC1ISO Tridéni materialu uroven 1 P;K

CTPT typ operace Heavy
CUTINTSIZESHAPE  velikost a tvar desti¢ky CoroMill 300 -1240
IC pramér vepsané kruznice 12 mm

SC kod tvaru bfitové desticky R

RE polomér rohu 6 mm

HAND orientace N

GRADE trida 4230
SUBSTRATE zakladni material HC

COATING povlak CVD Ti(C,N)+AI203+TiN
S tloustka desticky 3.96875 mm

WT hmotnost prvku 0.0055 kg

LCS stav zivotnosti 20
RELEASEPACK identifikace vydaného baliku 07.1

Préavni dolozka

Poskytované informace je vzdy tfeba vyuzivat s védomim s tim spojenych rizik a na vlastni nebezpeti. Spole¢nost AB Sandvik Coromant neposkytuje zadné zaruky vhodnosti a funkénosti tohoto programu, zejména pak presnosti provedenych vypoctu.
Spole¢nost AB Sandvik Coromant nenese jakoukoliv odpovédnost za jakékoliv chyby nebo problémy vyplyvajici z pouZiti tohoto programu. Veskera rizika spojena s jeho pouZzitim nese vyhradné uzivatel.

Spole¢nost Sandvik Coromant, ani jeji zamnéstnanci, v zadném pfipadé neodpovida za jakékoliv $kody, ztraty nebo naklady, véetné jakékoliv finanéni tjmy, ztraty dat apod., vzniklé uzivateli nebo tretim stranam v dusledku nebo v souvislosti s pouzitim
nebo nemoznosti pouziti tohoto programu. Tato vyluka zakonné odpovédnosti pozbyva na Gcinnosti, pokud, a jen do té miry, takové Skody, ztraty nebo naklady vzniknou v du 0 Iného nebo hrubé nedbalého jednani ze strany zaméstnanct spolec¢nosti
AB Sandvik Coromant.
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