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1 Uvod do problematiky

1.1 Doplnéni zadani diplomové prace

Tato diplomova prace se zabyva ndvrhem konstrukce frézovaci hlavy IFVW 17. Ndvrh vychazi
z pozadavkii zadavatele diplomové préce, spole¢nosti SKODA MACHINE TOOL, a. s. Diplo-
mova prace zahrnuje analyzu zaddni, ndvrh variant feSeni, vybér optiméalni varianty a vypracovani
konstruk¢éniho navrhu. Na zavér je provedena kontrola skiiné pomoci metody kone¢nych prvka

a zhodnoceni préce.

2 Zadavatel prace

Spole¢nost SKODA MACHINE TOOL a. s. (ddle jen SMT) je esky vyrobce tézkych obrabécich
stroju se sidlem v Plzni. Historie spole¢nosti sahd do roku 1911, kdy tehdejsi strojirensky podnik
Skodovy zdvody zahdjil vyrobu obrdbécich strojii pro vlastni potiebu. Spole¢nost Skoda byla jiz
za dob Rakousko—Uherska vyznamnym strojirenskym podnikem. Pred prvni svétovou vilkou
se zabyvala zejména zbrojni vyrobou, ale zdbér spole¢nosti se od konce prvni svétové vélky
déle rozrustal (lokomotivy, ndkladni automobily, atd.). V té dobé zacala spole¢nost dodavat své
obrabéci stroje i jinym podnikiim. Vyrobni program obrabécich stroja se udrzel i pres dtlum
zpusobeny zbrojni vyrobou za druhé svétové valky. Po vélce byla vyroba obrabécich stroja
obnovena. Za povile¢né konjunktury se Skod& podafilo dostat program t&7kych obrab&cich
stroju na tehdej$i svétovou droven. Pfi privatizaci v 90. letech byla vyroba obrabécich strojt
oddélena. Nové zaloZeny podnik nékolikrat zménil majitele i svoji strukturu. Od roku 2011 je

spoleénost SMT soucasti strojirenské skupiny ALTA, a. s. [12]

Soucasny vyrobni program [12]:

e Horizontalni frézovaci a vyvrtavaci stroje HCW

Horizontélni frézovaci a vyvrtavaci stroje FCW

Otocné stoly TDV

Univerzalni soustruhy SR

Pfislusenstvi pro frézovaci stroje

Specidlni stroje pro vyrobu ¢asti energetickych strojt

12
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Vyroba ma charakter kusové vyroby. Vyrobce sice nabizi v kazdé fadé nékolik strojt, kazdy

stroj je vSak zpravidla upraven dle pozadavki zdkaznika.

2.1 Uvedeni do reSené problematiky

Horizontélni frézovaci a vyvrtdvaci stroj je univerzalni zatizeni, které slouzi k opracovani
velkych obrobku. Tyto stroje jsou vyrdbény v kusové vyrobé. Ackoli vyrobce nabizi fadu strojt
vcetné specifikace, parametry kazdého stroje jsou v ramci moznosti upraveny dle poZadavku
zakaznika. V segmentu velkych obrdbécich strojii je konstrukce, kterd umoznuje variabilitu
stroje, velice dillezitd. To se tykd nejen parametr stroje, ale i jeho schopnosti pracovat s dalS§imi
technologickymi a pomocnymi zafizenimi. Diky t€émto zafizenim je moZno v o¢ich zdkaznika
zvysit uzitnou hodnotu stroje. PrisluSenstvi predstavuje dalsi zdroj obchodnich pfileZitosti
a vetSina vyrobct obrabécich stroju jej nabizi.

PtisluSenstvi pro velké obrabéci stroje 1ze rozdélit do dvou kategorii. Prvni kategorie je techno-
logické ptislusenstvi. Toto pfisluSenstvi rozsifuje mozZnosti stroje v oblasti obrdbéni. Zahrnuje
predevsim frézovaci a vyvrtavaci zafizeni. Druhou kategorii jsou manipulaéni zafizeni. Ta maji
za cil sniZit ¢asy pro manipulaci s obrobkem, néstroji nebo technologickymi zafizenimi. Do této
oblasti spadaji napf. automatickd vyména néstrojli, automatickd vymeéna prislusenstvi nebo ma-
nipulétory.

Frézovani ozubeni velkych ozubenych kol je technologie, kterou horizontélni frézovaci a vyvrt-
vaci stroj bez piisluSenstvi realizuje velice obtizné. V téchto ptipadech je nutno pouZit pomocné
technologické zarizeni, napf. frézovaci hlavu IFVW 17. Hlava je navrZena tak, aby ji bylo mozno
uchytit na celo pinoly stroje, pohon zajisti vieteno stroje. Hlava je urCena pro stroj HCW 3,

vybaveny otonym stolem.

13
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3 Uvod do problematiky

3.1 Horizontalni frézovaci a vyvrtavaci stroj

Horizontdlni frézovaci a vyvrtavaci stroj je univerzalni stroj vhodny pro presné obrdbéni rozmeér-
nych a tvarové naroc¢nych obrobkt. Tento stroj se pouZziva predev§im v kusové a malosériové
vyrobé. Horizontdlni frézovaci a vyvrtavaci stroj je schopen vykondvat operace frézovani, vr-
tani a vyvrtavani. V zdavislosti na pozadované jakosti povrchu lze hrubovat i obrdbét na Cisto.

Konstrukce téchto univerzalnich strojii zpravidla umoziuje vybavit stroj piisluSenstvim.

Obrdzek 3-1: Horizontdlni frézovaci a vyvrtdvaci stroj [23]

Deskova horizontka se sklad4 z nasledujicich ¢asti:

e Loze

Stojan

Vietenik

Vieteno

Pinola

Konstrukce horizontky je zobrazena na obrazku 3-1. Obrdzek ukazuje moZnosti pohybu jednotli-
vych Casti stroje. Pohyby jsou vykondavany v zavislosti na hmotnosti obrobku a provadéné operaci.

Dulezitymi parametry charakterizujicimi stroj jsou délky pojezda jednotlivych os (X, Y, Z),

14
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pramér vietena, max. vykon a otacky pohonu vietena, max. rozméry stroje a obrobku. Hori-
zontalni frézovaci a vyvrtdvaci stroje jsou na trh dodavany v provedeni stolovém (mensi stroje)
nebo deskovém.

PfisluSenstvi horizontdlnich frézovacich a vyvrtavacich stroji:

e Technologicka zafizeni (frézovaci a vyvrtavaci hlavy)

Automatickd vyména néstroja

Automatickd vyména obrobki

Vyména pfislusenstvi (AAC)

Otocny stil

Upnuti obrobki deskovych horizontek:
e Upinaci liSty
e Upinaci desky

e Samostatny otocny stiil

3.2 Frézovaci hlava

Frézovaci hlava patfi mezi technologické prislusenstvi horizontdlnich frézovacich a vyvrtavacich
strojii. Frézovaci hlavy se pouZivaji k obrabéni slozitych tvarovych ploch, napt. ozubeni nebo
drazek. Upinaji se na Celo pinoly obrdbéciho stroje.

Konstrukce frézovaci hlavy zavisi na pozadovanych feznych pohybech, funkcich, pfesnosti a vy-
konnosti. Frézovaci hlavy proto maji natdceni podle jedné ¢i vice os, mohou byt od manudlnich
aZz po plné automatické. Frézovaci hlava se sklad4 z n€kolika asti, které zajistuji celkovou
funk¢nost. Zakladem konstrukce hlavy je rdm. Ram se Cleni na téleso, ndstavec a pfirubu. Funkci
ramu je zachycovat fezné sily od nastroje a sily pohonného mechanismu. Ram také umoziuje
nataCeni hlavy a spojeni se strojem. Hlavni pohon slouZi k pienosu vykonu z vietena stroje
na nastroj. Sklada se z hiideld, ozubenych kol, spojek atd. Nekteré hlavy mohou byt vybaveny
vlastnim motorem pohanéjicim néstroj. Soucasti konstrukce je zpravidla i pfivod feznych kapalin.
Kapaliny mohou byt vedeny skrz rdm, hlavni pohon nebo vlastnim pfivodem. Nastroj se upind do
vietene hlavy. K presnému polohovani a setfizovéni slouZzi ovladaci prvky. Soucasti hlav mohou

byt i senzory méfici teploty, stav privodi nebo fezné sily. Automatické hlavy jsou navic vyba-

veny pohony, které provadéji polohovani podle fidiciho systému. Pak jsou soucésti konstrukce

15
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i pfivody energii pro tyto pohony. Dillezitymi parametry charakterizujicimi frézovaci hlavu jsou
max. vykon, max. to¢ivy moment, pocet os, vzajemna poloha os, zptisob fizeni a hmotnost.
Konstrukei frézovacich hlav 1ze klasifikovat podle nékolika zakladnich kritérii:
Déleni dle poctu os a jejich vzajemného natocent:
e thlové - natdceni kolem jedné osy, sklon 90°
e univerzalni - natdceni kolem dvou ¢i vice os, sklon zpravidla 45° nebo 90°
Déleni dle moZnosti nataceni:
e indexovani - za klidu zafizeni
e souvislé polohovani - za provozu
Déleni dle mechanismu nato¢eni:
e rucni - pouze o urcity thel
e servomotory - libovolny thel, kontrola odmérovacim zafizenim
Déleni dle zptisobu fizeni:
e rulni fizeni

e automaticky (CNC)

3.3 Frézovani délicim zpiisobem

Pfi frézovani ozubenych kol délicim zpisobem se pouZivaji tvarové frézy. Fréza muzZe byt
¢epova nebo kotoucova. Tvar frézy odpovida tvaru mezery mezi zuby. Obrobek musi byt upnut
v zafizeni, které umozni presné natoCeni dané poctem zubt. K tomu lze pouzit napf. délici
piistroj nebo oto¢ny stilil s dostatecné presnym polohovanim. Vyroba Sikmého ozubeni vyZzaduje
kromé naklapéni néstroje i souvislé natoceni stolu zavislé na poloze néstroje (posuv ve sméru
osy ozub. kola). Vyhodou této technologie je, Ze ji lze realizovat i na univerzalnich obrabécich
strojich (univerzalni frézky, horizontky). Nevyhodou je mensi presnost vyrobeného ozubeni ve

srovnani s frézovanim odvalovaci frézou.
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4 Pracovisté

4.1 Pracoviste

Pracovisté vyuZzivajici hlavu IFVW 17 musi byt kromé horizontalniho frézovaciho a vyvrtavaciho
stroje vybaveno i oto¢nym stolem. Schéma pracovisté€ je znazornéno na obrazku 4-1. Tvor{
jej stroj HCW 3 (na obr. 4-1 zndzornéna Cast pinoly stroje) a oto¢ny stil TDV 70. Obrobek
je uchycen v pripravku upnutém na oto¢ném stole. Otocny stl umoznuje otaceni obrobku
pfi procesu obrdbéni (osa B). Otocny stiil TDV umoziiuje pojezd desky stolu, coZz umoziuje
manipulaci s obrobkem v bezpecné vzdalenosti od obrabéciho stroje (osa V). Frézovaci hlavu
nese pinola horizontdlniho stroje. Obsluha nastavi ihel sklonu zubt obrobku S pred obrabénim.
Béhem obrabéni vykonava vietenik s pinolou pohyb ve vertikdlnim sméru (osa Y) a prisuv

(osa 7).

AB

Vv
<
max. @ 5000

of Y
o
b | Z
X
©
€

upinaci .

pfipravek pinola

| otocny stlil |

Obrdzek 4-1: Pracovisté

4.2 Horizontalni frézovaci a vyvrtavaci stroj HCW 3

Horizontélni frézovaci a vyvrtavaci stroj HCW 3 je jednim z nejvétSich strojii fady HCW nabi-
zenych spole¢nosti SMT. Stroj lze vyuZit k pfesnému obrabéni rozmérnych a t&7kych obrobki.
Konstrukce stroje umoziuje integraci do pracovist’ obrdbéjicich slozité obrobky (napft. klikové
hiidele). Stroj je fizen pocitatovym systémem (podle pfini zdkaznika napi. SIEMENS, FANUC).
Obsluha ovlada stroj prostfednictvim fidictho panelu. Software fidi vSechny technologické ope-

race a poskytuje podporu pfi diagnostice stavu stroje. Ram stroje je uloZen na samostatném

------
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na stojanu. Jednotlivé ¢asti rdmu stroje jsou vyrobeny z Sedé litiny. Odlitky jsou pro zvySeni
tuhosti Zebrovany. Sily zachycuje kombinace kluzného a hydrostatického vedeni. Vietenik stroje
tvori samostatny rdim nesouci vieteno, pinolu, posuvové mechanismy, pohon vietene a hlavni
motor vybaveny regulaci a brzdou. Vretenik je vybaven hydraulickym systémem a rozvodem
stlaceného vzduchu, oleje a chladiva. Spojeni se stojanem zajist'uje kombinace hydrostatického
a valivého uloZeni. Vieteno je uloZeno v presnych kuli¢kovych loZiskdch mazanych olejem.
Ridici systém kontroluje teplotu vietena, aby nedochazelo k nadmérné teplotni dilataci. Pinola
umoZziuje uchyceni technologického pfislusenstvi, kterému je schopna dodédvat feznou kapalinu
a dalsi média. Tihové sily ptisobici na vysunuté vieteno s piislusenstvim zptisobuji pokles vietene
a sniZeni presnosti. Stroj je vybaven kompenzaci, kterd kompenzuje vysuv vietene a hmotnost
prislusenstvi. Ve standardnim provedeni disponuje tento stroj motorem o vykonu 103 kW. Stroj
HCW 3 poskytuje dostatek vykonu a to¢ivého momentu pro pouziti s hlavou IFVW 17. Pojezd
vietene po stojanu horizontky (osa Y) v rozsahu az 7000 mm umozZiuje obrabét ozubeni po celé

Sitce predpokladané velikosti ozubeného kola. [14]

Obrdzek 4-2: Horizontka HCW 3 [12]
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Parametr Hodnota
Pramér vietena 200 /225 /250 mm
Upinaci kuZzel ISO 50/ 60
Vykon motoru hlavniho pohonu S1 100 kW
Max. otacky vietena 1600 ot/min
Max. to¢ivy moment vietena 17000 Nm
Osa X od 3000 mm
OsaY 2500 - 7000 mm
Osa W 1600 mm
OsaZ 1600 mm
Rychlost posuvu X, Y, Z, W az 10000 mm/min
Max. sila posuvového mechanismu X, Y, Z 60 kN
Hmotnost zdkladniho provedeni 105000 kg

Tabulka 4-1: Parametry stroje HCW 3 [14]

4.3 Otocny stul TDV 70

’ N7

Samostatny otocny stl je soucasti prislusenstvi deskovych horizontek. Nahrazuje upinaci desky
v pripadé, kdy je potieba obrobek polohovat otd¢enim nebo posuvem. Obrdbéni ozubenych kol
vyzaduje moznost nato¢eni obrobku béhem procesu obrabéni. Otocny sttil TDV 70 se sklada
z loze, pojizdnych sani a oto¢né desky. Jednotlivé ¢ésti jsou odlity ze Sedé litiny nebo oceli. Loze
stolu je uchyceno k samostatnému betonovému zdkladu. Horni strana loZe stolu nese vodici
drdhy, po kterych jezdi sané. Posuv sani je realizovan pomoci kulickového Sroubu. Vrchni dil
sani nese desku stolu pomoci prvkd, jez zachycuji tthové a fezné sily. Deska stolu je uloZena

v hydrostatickych drahédch. Stied desky je uloZen pomoci Cepu s valivymi elementy. [15]
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Obrdzek 4-3: Otocny still TDV [12]

Parametr Hodnota
Max. zatiZzeni 70000 kg

Min. rozméry stolu | 2,5 m X 2,5 m

Max. rozméry stolu | 4m X4 m

Tabulka 4-2: Parametry otocného stolu TDV 70 [15]

4.4 Fréza Ingersoll BP IV

Obrabéni ozubenych kol tvarovym zplisobem vyzaduje tvarovou kotoucovou frézu (Gasher).
Hlava IFVW 17 bude pracovat s tvarovou kotoucovou frézou. Tyto frézy dodava na trh mnoho
spoleCnosti. Zadavatel zvolil frézy od spolecnosti Ingersoll Werkzeuge GmbH. Frézovaci hlava
bude pracovat s frézami fady GASHER BP IV. Fréza z této fady se dodava zdkaznikovi for-
mou objednavky na miru. Zdkaznik si miZe nechat upravit nékteré rozméry této frézy, napf.
Sitku. Zakaznik také predepisuje, jakym zpisobem ma byt fréza upnuta (kameny, pero). Fréza
GASHER BP 1V pouzivé systém vyménitelnych bfitovych desti¢ek. T¢lo frézy je tvofeno jedno-
dilnym diskem z uslechtilé oceli. Uvnitf disku jsou rozvadéci kandly pro vedeni fezné kapaliny
k destickam. V piipadé upinani pomoci kament se fezna kapalina privadi otvory ve styku téla
frézy a upinaciho trnu. Misto pfivodu je nutno utésnit pomoci O-krouzkii. Na vn&j$im obvodu
téla frézy jsou rozmistény drazky pro upnuti desticek. Fréza je doddvana ve verzi pro hrubovani

i pro obrabéni natisto. Reznd rychlost miize byt az 160 m/min. [17]
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Obrdzek 4-4: Tvarovd fréza BP IV v fezu [24]
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5 Frézovaci hlavy jinych vyrobcu

5.1 HNK HGH-40

Hlavu HGH-40 dodéva na trh korejska spole¢nost HNK MACHINE TOOL CO. LTD. Hlava
je ur€ena pro stolovou horizontku od stejného vyrobce. Nastrojem je odvalovaci fréza. Chla-
zeni zajistuje olej privadény do ndstroje skrze vieteno. Vymeénu néstroje je mozno provadét

automaticky. Technické parametry [13]:

Maximdlni vykon 70 kW
Maximalni otacky 250 ot/min
Velikost modulu (dle provedeni) 30 mm /40 mm

Primér néstroje max. 450 mm

Obrdzek 5-1: Frézovaci hlava HGH-40 [21]

5.2 LIEBHERR

Spole¢nost Liebherr-Verzahntechnik GmbH (ddle jen Liebherr) patii mezi velké strojirenské
firmy s celosvétovou ptisobnosti. Na trh dodava Siroké spektrum strojirenskych vyrobk (jefaby,
nékladni vozy, obrabéci stroje, bagry, spotiebni elektroniku). ReSenim spole¢nosti Liebherr pro
oblast vyroby ozubenych kol je fada obrabécich stroji LC. K t€émto strojiim nabizi spolec¢nost
Liebherr pfislusenstvi v podobé frézovacich hlav FK a IFK. Ozubend kola o priméru 5000 mm

je schopen obrébét stroj LC 6000.
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5.21 FK4.2

N 24

Vnéjsi ozubeni Celnich valcovych kol je moZno na stroji LC 6000 obrdbét pomoci hlavy FK4.2.

Technické parametry [16]:

Maximdlni vykon 70 kW
Maximalni otdicky 250 ot/min
Velikost modulu 30 mm az 40 mm

Primér nastroje max. 450 mm

Obrdzek 5-2: Frézovaci hlava FK4.2 [25]

5.2.2 1FK4.21

Pomoci hlavy IFK4.21 1ze obrdbét vnitini ozubeni. Technické parametry [16]:

Maximdlni vikon 53 kW
Maximdlni otdicky 250 ot/min
Velikost modulu 25 mm

Primér nastroje max. 500 mm
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Obrdzek 5-3: Frézovaci hlava IFK4.21 [26]

5.3 Gleason IFK3

Spole¢nost Gleason Corporation (USA) nabizi hlavu IFK3. Vieteno hlavy je nakldpéci. Diky

tomu muZe hlava obrabét i Sikmé vnitini ozubeni. Technické parametry [19] [20]:
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Maximdlni vykon 80 kW
Otacky pfi vykonu 80 kW 140 ot/min
Max. otacky 220 ot/min

Max. to¢ivy moment na vieteni 4900 Nm
Pramér nastroje max. 500 mm

Maximalni Sitka obrabéného kola 800 mm

Obrdzek 5-4: Frézovaci hlava IFK3 [22]
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6 Navrh konstrukce frézovaci hlavy IFVW 17

6.1 Pozadavky zadavatele
6.1.1 Pozadovana koncepce IFVW 17

e Navrhnout hlavu pro pouziti se strojem HCW 3

e Pohon hlavy bude mit vymezené viile mezi ozubenymi koly
e Pohon hlavy odstrani torzni kmity buzené nastrojem

e Zajistit teplotni stabilitu hlavy

o Skiin télesa hlavy nebude délena

e Manudlni nakldpéni hlavy, upindni nastroje a sefizovani

e Odnimatelnd podpéra bude mit valivd loZiska

o Chlazeni nastroje pfivodem kapaliny osou vietena

e Dimenzovat na zatéZovaci stav Pys, Mys po celou dobu provozu

Na obrdzku 6-1 jsou zvyraznény konstrukéni celky frézovaci hlavy IFVW 17 a jeji rozméry:

1105
720
al
n -
O
) UL
~
: M
<
(o] o I'gJ
~
m
120

Obrdzek 6-1: Zdkladni rozméry skriné
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6.1.2 Pozadované technické parametry IFVW 17

Parametr Hodnota
Maximadlni vykon 69 kW
Maximalni moment 4000 Nm
Maximalni otacky 200 ot/min
Zivotnost 10000 hod.
Primér frézy 350 mm - 400 mm
Siika frézy 90 mm
Pocet zubi 120 - 350
Modul M7 - M24
Uhel profilu « 14,5°-22,5°
Uhel sklonu S 0° - 35°

Tabulka 6-1: Technické poZadavky zadavatele

6.1.3 Specifikace frézovaci hlavy IFVW 17

Na zdklad& pozadavka spole¢nosti SMT byla vytvofena specifikace findlniho produktu. Spe-
cifikace popisuje rizné vlastnosti technického systému z rtiznych thla pohledu. Specifikace

byla vypracovana na zdkladé poznatki ziskanych studiem konstrukéni védy Engineering Design

Science.
1. Pozadavky Kk trans. funkcim a G¢inkum Pozadovana hodnota
OPERATOR TS - frézovaci hlava
- Technologie obrabéni Fréz. délicim zpisobem
- Nastroj Kotoucova tvarové fréza (Gasher)
- Maximélni vykon na vieteni 69 kW
- Maximdalni moment na vieteni 4000 Nm
- Maximadlni otacky 200 ot/min
- Minimaln{ primér néstroje 350 mm
- Maximélni rozmér néstroje 400 mm
- MozZnost nastaveni sklonu zubu 3 +35°
- Umoznit nastaveni sklonu zubt 8 Rucné
- Max. rozméry frézovaciho zafizeni s pfirubou 1105 x 640 x 465 mm
- Max. hmotnost bez piiruby 1000 kg
- Zptsob spojeni se strojem Celo pinoly
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OPERAND - ozubené kolo
- Vnéjsi primér

- Sitka

- Hmotnost

- Modul

- Uhel profilu

- Uhel sklonu 8

2500 mm - 5000 mm
max. 1500 mm

max. 60000 kg

M7 - M24

14,5° -225°

0° - 35°

PROCES - frézovdni zubii

2. Pozadavky k provozuschopnosti TS

Pozadovana hodnota

Provoz v poZadovaném misté
- Souhrnna charakteristika prostredi
- Prasnost prostiedi

- Zdroje salavého tepla v okoli

Tovarni hala
Nizka

Dostate¢né odstinéné

Provoz v poZadovaném casovém rozmezi

- Zivotnost

10000 hod.

Pomocné procesy servisu operdtorii
- Udrzba

- Provozni néklady

Pravidelné servisni intervaly

Minimalni

3. Pozadavky k ¢lovéku

Pozadovana hodnota

Zdravi ¢loveka

- Zdravotni nezavadnost pevnych ¢asti TS
- Zdravotni nezdvadnost maziv TS

- Hlu¢nost TS

- Pfistupnost k sefizeni

Kompetence cloveka

- ZkuSenosti se sefizovanim stroji

Upln4
Uspokojiva
Uspokojiva
Dobra

Stredni

4. Pozadavky k ostatnim TS

Pozadovana hodnota

Technické prostredky a technologie k dispozici
- Vyvoj
- Vyroba

- Distribuce

Na zakazku
Kusova

Standartni

5. Pozadavky k okolnimu prirodnimu systému

Pozadovana hodnota

Vstupni materidly a energie
- Ekologic¢nost pevnych latek

- Ekologi¢nost maziv

Vysoka

Dostate¢na

6. Pozadavky k informac¢nimu systému

Pozadovana hodnota

Inf. a znal. k dispozici
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- Vyvoj Standartni
- Vyroba Standartni
- Distribuce Standartni
- Provoz Standartni
- Likvidace Standartni
Inf. a znal. vyvolané
- Vyvoj Minimaln{
- Vyroba Minimélni{
- Distribuce Minimalni
- Provoz Minimalni, zaSkoleni
- Likvidace Minimalni
7. Pozadavky k manaZerskému systému Pozadovana hodnota
Produkt
- Legislativa bez poruseni
- Patenty bez poruSeni
- Normy bezpecnosti prace Dodrzeni
- Typ vyroby Kusov4 na zakazku

Tabulka 6-2: Specifikace reflektivnich viastnosti IFVW 17
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7 Varianty reseni hlavniho pohonu

Pro hlavu IFVW 17 bylo navrzeno nékolik variant feSeni pohonu. Kazda varianta predstavuje
jiny zptisob tlumeni torznich kmitt. Pfi obrabéni kotoucovou frézou dochazi k buzeni torznich
kmitt. Pfi¢inou jsou zmény fezné sily, které jsou zplsobeny najizdénim a vyjiZdénim bfitd
z mista fezu. Kriticky je predevsim zacédtek obrabéni, kdy dochdzi vytvéreni fezné plochy. Zuby
frézy do obrobku nardzi a budi velmi silné torzni kmity. Kmity mohou byt tak silné, Ze dojde
k rozkmitani nejen frézovaci hlavy, ale i celého obrdbéciho stroje. Jakmile dojde k vytvoreni
dostatecné velikosti fezné plochy, fezny proces se stabilizuje, zuby zacnou odfezdvat pravidelnou
tiisku a amplituda kmitl se sniZi. Torzni kmiténi je tfeba tlumit, protoZe snizuje Zivotnost ndstroje
1 frézovaci hlavy. [1]

V pohonu se vyskytuji urcité vile, které umoziuji ozubenym koliim pfi rozkmitani pohonu zpétny
pohyb. VSechny pfedstavené varianty funguji na principu vzdjemného pfedepnuti ozubenych kol.
Predepnuti odstrani viile a tim utlumi torzni kmity pohonu.

Pohon kazdé varianty je roz€lenén na jednotlivd souhmoti. Souhmoti je konstrukéni skupina

sloZend z hiidele a ¢asti s nim spojenych (ozubena kola, loZiska).

7.1 Varianta 1

Prvni varianta vyuziva dvou pfedepnutych paralelnich vétvi. K pfedepnuti jsou pouZita ¢elni
véalcova kola se Sikmymi zuby. Jedno z kol je uloZeno tak, aby jej bylo moZno axidln€ posunovat.
Posunutim dojde k pfedepnuti v zdbéru se spoluzabirajicim kolem, a tim se pfedepnou obé
vétve. Sila potfebna k posuvu kola je vyvozena pomoci talifovych pruzin. Kmity jsou tlumeny

1 v zdbéru mezi ozubenymi koly. [1]
Klady: Jednoducha konstrukce. Vymezeni vili.

Zapory: Tlumenim kmiti ve styku ozubenych kol dochdzi k jejich opotfebeni. Konstrukce

nedokaze efektivné tlumit velmi silné razy. Prostorové naroky.
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Obrdzek 7-1: Kinematické schéma prvni varianty

7.2 Varianta 2

Druhd varianta vymezuje vile pomoci pruzné spojky. Kinematické schéma této varianty je
zobrazeno na obrazku 7-2. Vieteno (SHy) je osazeno jednim dostate¢né Sirokym kolem (kolo 5).
Hnaci hidel (SH3) je osazen dvéma ozubenymi koly (kola 4 a 6). Kola 4 a 6 maji stejny pocet
zub a zabiraji s kolem 5. Kolo 6 je uloZeno tak, aby mohlo rotovat okolo osy htidele, na kterém
je uloZeno. S timto hiidelem je zdroven spojeno spojkou s pruznymi elementy (talifové pruziny).
Kolo 6 se na pfenosu vykonu nepodili, slouzi jen k vymezeni{ vili v pohonu. Pfedepnutim pruzin

v pruzné spojce se predepnou i ozubend kola 4 a 5. [1]

Klady: Jednoducha konstrukce. Vymezeni vili.
Zapory: Pruziny jsou namdhané kmitdnim, za provozu mohou prasknout. Nedokdze tlumit velmi

silné razy.

7.2.1 Tlumeni brzdou

Pruzna spojka nemusi vzdy zajistit dostate¢né tlumeni torznich kmitl, pfedevsim pfi najizdéni
nastroje do fezu. Tlumeni velmi silnych torznich kmitt Ize feSit instalaci hydraulické kotoucové
brzdy na vieteno frézovaci hlavy. Brzda se pouZije jen tehdy, pokud kmity neutlumi pruzna

spojka. Tedy hlavné pfi ndjezdu nastroje do fezu. V praxi se ukazalo, Ze k zamezeni silnych
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torznich kmitd je tfeba na vfeteni frézovaci hlavy vybrzdit az tfetinu vystupniho kroutictho

momentu. Tim vSak dochéazi ke znaénym ztratdm vykonu. [1]

Klady: Schopnost tlumeni silnych raza.

Zapory: Ztrita vykonu. Vedeni tlakové kapaliny pro brzdu. Rizeni brzdy.

Celisti brzdy Brzdové obloZeni

SH,

[o]ol
0))]
I

w

Spojka

o L
o [o]ol H

[o]ol
(o]

:

Obrdzek 7-2: Kinematické schéma druhé varianty

7.2.2 Ztraty brzdénim

Brzdéni utlumi torzni kmity, avSak za cenu ztraty Casti energie. Mnozstvi této energie je nutno
kontrolovat, protoZe brzdénim se energie méni piedevSim na teplo. Ze zdkona zachovéni energie

také vyplyva, Ze ubytek energie se projevi poklesem vystupniho momentu.

Vykon je definovan vztahem:

P=Mow (7-1)

Vykon na vreteni pfi pfedepsaném zatéZovacim stavu:

32



ZapadocCeska univerzita v Plzni. Fakulta strojni. Diplomova préce, akad. rok 2014/15
Katedra konstruovani stroju Bc. Martin Kratochvil

PM = MM(U]' (7'2)

Ztratovy vykon:
P B = M BWB (7'3)

Brzdny moment by mél dosahovat aZ tfetiny momentu na hiideli:

1
Mp = 3 My (7-4)

Celisti brzdy jsou spojeny se skiini, obloZeni je uchyceno kole spojeném s hiidelem, proto
je uhlova rychlost brzdy wp rovna tihlové rychlosti otaceni hiidele:

wp = Wj (7'5)

Dosazenim rovnosti (7-4), (7-5) do (7-3) a vyuZzitim (7-2) lze vyjadfit ztraty brzdy Pp,, v zavis-
losti na vykonu na vieteni Py;:

1
Ppyp = §PM (7-6)

Ciselnym dosazenim:

Pgyo = 23000 W (7-7)

Vysledkem je, Ze varianta 2 dosahuje pii brzdéni maximalnim brzdnym momentem ztritu tfetiny
vstupniho vykonu. Brzdéni se projevi snizenim vystupniho momentu o tfetinu. Vybrzdéna
energie se pfeméni predevsim na teplo, které bude ohfivat soucasti uvnitf skiin€. Z tohoto divoda

je tieba brzdit co nejméné.

7.3 Varianta 3

Treti varianta redukuje kmity pomoci lamelové tfeci brzdy. Rozdil oproti pfedchozi varianté
spociva v odlisSnému piistupu k zdstavbé brzdy do konstrukce frézovaciho zafizeni. Brzda je
obvykle spojena s rdimem stroje. Toto uspofddédni je vhodné pro zpomaleni pohybujicich se ¢asti,
kdy t€émto ¢astem brzda odebira kinetickou energii. Pfi tlumeni kmitl jsou vSak ztraty energie
neZadouci. ReSeni tohoto problému spo&ivd ve snizeni rozdilu rychlosti na brzdé. Nesmi se
vSak sniZit rychlost otdCeni pohonu. Celd brzda je proto uloZena na hiideli. Konstrukce pohonu
obsahuje hnaci a brzdna kola. Tato kola jsou brzdou vici sobé brzdéna, brzdéni vymezuje vile
a klade odpor proti zpétnému pohybu. Brzdna kola se vic¢i hnacim koltim otaceji s co nejmensim
(ale ne nulovym) rozdilem rychlosti. Vysledkem jsou nizké ztraty, diky tomu lze brzdit po celou
dobu provozu. Pro hlavu IFVW 17 je navrZena konstrukce zndzornéné na kinematickém schématu

7-3. Hnaci a brzdna kola uloZena na spolecném hiideli, brzdné kolo se miiZe otacet okolo osy

33



ZapadocCeska univerzita v Plzni. Fakulta strojni. Diplomova préce, akad. rok 2014/15
Katedra konstruovani stroju Bc. Martin Kratochvil

svého hiidele. Brzda je umisténa vedle brzdného kola. Obé kola zabiraji spolecné s protilehlym
ozubenym kolem podobné jako v piipad€ varianty 2. Frézovaci hlava vyuzivajici podobné

konstrukéni uspofadani jiz byla v minulosti spole¢nosti SMT vyrobena.

5
SH, -
J
SH; —W&%jr %4
0., N .

SH, _IQW?H'

[o]ol
[ojol

Obrdzek 7-3: Kinematické schéma tieti varianty

Klady: Schopnost tlumeni silnych razii. Vymezeni vili. Malé ztraty i pfi vysokych brzdnych
momentech.

Zapory: Konstrukce umoznujici kolinearitu os hiideld osazenych spojkou. Prostorové naroky.

7.3.1 Ztraty varianty 3

Brzdy v tomto ptipadé€ pracuji stéle, ale diky sniZeni rychlosti maji podstané mensi ztraty. Treti
varianta pracuje se dvéma brzdami, proto je brzdéno maximalné na 25 % vystupniho momentu.
Odvozeni ztrat je provedeno v kapitole 8.2.1. Rozdil rychlosti otdceni je dan poctem zubd, brzdné

kolo mé o jeden zub vice. Pro sniZeni ztrat je tfeba navrhnout kola s co nejvétsim poctem zubii.

Pp,3 = P3¢+ Py7 = 1077 W (7-8)
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7.4 Vybér optimalni varianty

Z vyse uvedenych variant bylo nutno vybrat optimélni variantu. Vybér byl proveden vdZzenou
metodou odhadu. Nejprve byly zvoleny dulezité parametry a jejich vaha. Poté byla pro kazdou
variantu v§em parametrim odhadem pfifazena Ciselnd hodnota (rozsah 1 az 5, 1épe je vice). Tyto
hodnoty byly ndsobeny piisluSnou vahou a secteny. Optimalni varianta by méla mit nejvyssi
pocet bodu. Vysledkem tohoto srovnani je, Ze optimalni variantou by méla byt varianta ¢. 3.

Hodnoceni je zaznamenéno v tabulce 7-1.

Vstupni Ciselnd hodnota VidZzené hodnoty
Parametr Var.1 Var.2 Var.3 | Viha | Var.1 Var.2 Var.3
Tlumeni 2 5 4 5 10 25 20
Utinnost 4 3 4 2 8 6 8
Tuhost pohonu 4 3 3 4 16 12 12
Robustnost 1 3 4 3 9 12
Jednoduchost 4 2 3 2 4 6
Finan¢ni néklady 3 3 3 5 15 15 15
Ztratové teplo 4 3 4 4 16 12 16
> - - - - 76 83 89

Tabulka 7-1: Hodnoceni variant
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8 Konstrukéni navrh vybrané varianty pohonu

8.1 Pouzité programy

Vypocty pohonu, tj. ozubenych kol, loZisek, hiidelti a spojovacich prvkl byly provedeny v pro-
gramu KISSsoft 03/2014E. Pfed dokonCenim konstruk¢nich praci byl pohon kontrolovan pro-
gramem PREV. Pfiruby byly kontrolovany programem BSPOJ. Trojrozmérny model a vykresy
byly vypracovany v programu Autodesk Inventor 2014. Vypocty rdmu frézovaciho zafizeni
pomoci metody konecnych prvkl byly vypracovany v systému Siemens NX 9. Po konzultaci
se zadavatelem byly provedeny dodate¢né upravy konstrukce. Po zapracovéni téchto zmén byl

pohon znovu prepocten programem KISSsoft 03/2014E.

8.2 Zatézovaci stavy

Frézovaci zafizeni béhem provozu provadi urCité spektrum operaci. Z té€chto operaci je tfeba
odvodit zatéZzovaci stavy. Tyto stavy popisuji velikost zatiZeni pohonu a dobu trvani tohoto
zatizeni. Pfi vypoctu pohonu se posuzuje, zda pohon dosdhne stanovené Zivotnosti pfi zatiZeni

sledem vSech zat€Zovacich stavl. ZatéZovaci stavy jsou determinovany nasledujicimi parametry:

Maximalni vykon Py = 69 kW
Maximalni to¢ivy moment  Mj; = 4000 Nm
Maximalni otacky ny = 200 ot/min
Pozadovana doba Zivotnosti 7, = 10000 hod

Zadavatel si vyslovné pral dimenzovani na maximalni moment pii maximalnim vykonu (M, Pyy).

Zatézovaci stavy jsou popsany v tabulce 8-1.

Uhlovi rychlost w ; a otacky n; pfi zat€Zovacim stavu Py, Myy:

_ Py 69000 1
wj = My, = 000 - 1725rad - s (8-1)

30w, 2172
s 30- 17,25 ~ 164,75 ot/min (8-2)
T T

nj
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M [Nm] A 164,75 200
P [kwW] ot/min ot/min
4000 Nm i |
| 3295 Nm
+ *69 kW
0 »
n [ot/min]

Obrdzek 8-1: Momentovd a vykonovd charakteristika IFVW 17

Zatézovaci stav | Smysl otaceni Doba béhu Vykon Tocivy moment  Otacky
T; [hod] P; [kW] M; [Nm] n; [ot/min]
1 + 10000 69 4000 164,75

Tabulka 8-1: Tabulka zatéZovacich stavii IFVW 17

8.2.1 Prikon frézovaci hlavy

Ptikon (Pp) je mnoZstvi energie, kterou za jednotku Casu preda frézovacimu zafizeni vieteno
horizontdlniho frézovaciho a vyvrtavaciho stroje. Rozdil mezi pfikonem a vykonem (Pj,) na vie-
teni jsou ztraty zpasobené Cinnosti brzd a pasivnimi odpory v pohonu frézovaciho zafizeni.

Z velikosti ztrét Ize posoudit teplotni stabilitu frézovaciho zafizeni.

Utinnost zdbéru &elnich vdlcovych kol 7 =098
Ucinnost zab&ru kuZelovych kol nx =096

Pomér brzdného a vystupniho momentu &k = 0,25

Vypocet ztrit popisuje obrazek 8-2. Kolo 4 je pro potfeby vypoctu nahrazeno dvéma koly
spojenymi hiidelem (zelend barva).

Brzdny moment na kole 7:

My = kXM = 1011 Nm (8-3)
Z5
Ztraty na brzdé mezi koly 4 a 7:
Py7 = M7 |wg — w7] = 528 W (8-4)
Ztraty v zébéru mezi koly S a 7:
1 -
Ps; = — L Mywy = 345 W (8-5)
n

Ztraty v zabéru mezi koly 4 a 5:
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l P36

Obrdzek 8-2: Schéma odvozeni ztrdt varianty 3

1 _
Pis = (1 + k) T"MMws = 1760 W (8-6)

Vykon piendSeny rozdélenym kolem 4:

PzIPM+P45+P57+P47:71633W (8-7)

Predchozi vypocet 1ze aplikovat na kola 3, 4 a 6:

6P
Mg = kno22 = 1049 Nm (8-8)
74 w
P36 = Mg w3 — wg| = 548 W (8-9)
-7
P46 = —M(,a)() =358 W (8-10)
n
l-n
Py =(1+k) Py =1827TW (8-11)
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Py = Py + P34+ Pyg + P3g = 74367 W (8-12)

Ztraty v zabéru kuzelovych kol:

I —ng
Py = 7

P =309 W (8-13)

Potfebny ptikon pro frézovaci zatizeni IFVW 17:

Py= Py + P1p=77466 W (8-14)

8.2.2 ZatiZzeni prevodovych prvku

Pomoci vypoctl provedenych v kapitole 8.2.1 byla sestavena tabulka 8-2. Obsahem této tabulky
jsou vstupni hodnoty to¢ivého momentu a otacek. Tyto hodnoty se zaddvaji do programu KISS-

soft a PREV pfi definici zatizeni. Do vypoctu souhmoti 4 je nutno zahrnout i fezné sily:

Velikost obvodové slozky feznych sil (na priméru d,, = 340 mm):

Fou = 2 _ 23500 N (8-15)

Velikost radiélni slozky feznych sil:
Fry, =08 Fp, = 18800 N (8-16)

Velikost axidlni sloZky feznych sil:
Fan=06- Fp, =14000 N (8-17)

Kolo Hiidel To¢ivy moment Otiacky  Uhlova rychlost Smér zatiZeni

I M; [Nm] n; [ot/min] w; [rad/s]

1 1 2994 2471 25,87 +

2 2 4311 164,7 17,25 -

3 2 5360 164,7 17,25 +

4 3 5183 164,7 17,25 +

5 4 5000 164,7 17,25 +

6 2 1049 159,7 16,73 -

7 3 1011 159,7 16,73

Tabulka 8-2: ZatiZeni ozubenych kol (pro vypocet)
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8.3 Konstrukéni navrh pohonu

N AL A4 —_—
SHy <81 — E

4L 4P 45 4

I~ w

S

Obrdzek 8-3: Kinematické schéma pohonu

8.3.1 Navrh kuzelovych kol 1, 2

Pri navrhu kuzelovych kol 1 a 2 byl omezujicim faktorem nedostatek mista. Pivodnim zamérem
bylo navrhnout soukoli s pfevodovym pomérem 1. V tomto pfipadé by vSak kuzelové kolo 1
kolidovalo s kolem 3. Druhou moznosti byl prevodovy pomér 2, kolo 1 vSak bylo pfili§ malé.

Proto byla tato kola navrZena s prevodovym pomérem 1,5. Vysledky pevnostni kontroly jsou

uvedeny v tabulce 8-3, obé kola vyhovuyji.
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Kolo 1 2
Typ ozubeni Klingelnberg
Pocet zubt 16 24
Modul normdlny (stfedni) 10 mm
Uhel sklonu zubii (stfednf) 30°
Sitka kola 40 mm
Material 18CrNiMo7-6
Utinnost 0,96
Prevodovy pomér 1,5
Otacky 247,1 164,7
Tocivy moment 2994 4311
Uhel mezi osami 90°
Doba Zivotnosti >99999 hod
Koef. bezp. vii¢i inavé v ohybu 1,63 1,65
Koef. bezp. vii¢i inavé v dotyku 1,15 1,16

Tabulka 8-3: Ozubend kola 1, 2 (hnaci)

8.3.2 Navrh ¢elnich valcovych kol 3, 4, 5, 6, 7

VSechna hnaci kola maji stejny pocet zubti. Pro tato kola bylo zvoleno ozubeni se sklonem 25°
a velikosti modulu 6 mm. Zvolené ozubeni je kompromisem mezi unosnosti, Sitkou ozubenych
kol a poétem zubti, ktery ma vliv na ztraty v brzdach. Parametry kol 3 az 7 vcetné vysledki
pevnosti kontroly jsou uvedeny v tabulkdch 8-4 a 8-5.

Vysledky pevnostni kontroly naznaCuji, Ze viechna hnaci ozubend kola vyhovuji. Unosnost
v zébéru kol 3 a 4 se pohybuje tésné nad mezni hranici. Tento zabér je vSak tlumen obéma
brzdami, namdhani torznimi kmity by mélo byt minimalni. Brzdné kola jsou dimenzovédna

dostatecné (tabulka 8-5).
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Kolo 3 5
Typ ozubeni Sikmé ozubeni
Pocet zubi 32 32
Modul normalny 6 mm
Uhel sklonu zubt 25°
Sitka kola 60 mm 80 mm 100 mm
Material 18CrNiMo7-6
Utinnost 0,98 0,98
Prevodovy pomér 1 1
Otacky 164,7 ot/min 164,7 ot/min 164,7 ot/min
Tocivy moment 5360 Nm (5183 Nm) 5000 Nm
Osova vzdalenost 220 mm 213 mm
Doba Zivotnosti soukoli 40773 hod
Koef. bezp. vii¢i inavé v ohybu 1,83 1,52 /1,87 2,46
Koef. bezp. vii¢i unavé v dotyku 1,04 1,04 /1,15 1,15
Tabulka 8-4: Ozubend kola 3, 4, 5 (hnaci)
Kolo 6 7
Zabirajici kolo 3) 4)
Typ ozubeni Sikmé ozubeni | Sikmé ozubeni
Pocet zubt 33 33
Modul normélny 6 mm 6 mm
Uhel sklonu zubt 25° 25°
Sitka kola 18 mm 18 mm
Material 18CrNiMo7-6 | 18CrNiMo7-6
Utinnost 0,98 098
Prevodovy pomér 1,031 1,031
Otacky 159,7 ot/min 159,7 ot/min
Tocivy moment 1049 Nm 1011 Nm
Osova vzdalenost 220 mm 213 mm
Doba zivotnosti soukoli >99999 hod >99999 hod
Koef. bezp. viici tinavé v ohybu 2,13 (223) 2,60 (2,27)
Koef. bezp. vii¢i unavé v dotyku 1,25 (1,26) 1,21 (1,19)

Tabulka 8-5: Ozubend kola 6, 7 (brzdnd)
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8.3.3 Souhmoti 1

Prvni souhmoti je tvofeno hiidelem 1, undSecim kotou¢em a ozubenym kuZelovym kolem 1.
Na cele unaseciho kotouce je vyfrézovana drazka pro kameny, které jsou uchyceny na Cele vie-
tene. S hiidelem 1 je unéseci kotou¢ spojen pomoci svérné spojky TOLLOK TLK 133. Hridel 1
je uloZen pomoci dvou loZisek s kosothlym stykem SKF 32220 J2. LoZiska jsou staZena pomoci
matice KM 20. Celé souhmoti je ulozeno v posuvném pouzdru. Pouzdro se posouva ve sméru
osy hiidele 1. Toto feSeni umozinuje nastaveni spravné vile v zabéru soukoli kuZelovych kol

1 a 2. Posuv pouzdra se tidi tloustkou délené podlozky.

Kontrola minimélniho vnéjsiho priméru unaseciho kotouce, vyzadovaného pii instalaci svérné

spojky TOLLOK TLK 133 [9]:

Vnéjsi primér spojky Dy, 110 mm

Mez kluzu materidlu unasSeciho kotouce o po2 580 MPa

Tlak ve spoji DPn 135 MPa
Aplikaéni faktor Cy 1
Vnéjsi primér unaseciho kotouce Dy 250 mm

rp02 + (Cpr -

K= T2t (Crop) e (8-18)
Orp02 — (Cf pn)

Dy > Dy - K = 250 mm > 1394 mm (8-19)

Vnéjsi primeér unaseciho kotouce je dostatecné veliky.
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Unéseci Lozisko Posuvné Lozisko Krouzek
kotou¢ 32220)2  pouzdro 32220 )2 NILOS
(12) (1P)

Svérna
spojka
TOLLOK

Hridel 1

Obrdzek 8-4: Souhmoti 1
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Obrdzek 8-5: Zaddni prvniho souhmoti do systému KISSsoft
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Parametr Jednotky

Hodnota Min. hod. Hodnoceni

LoZisko SKF 32220 J2 (17)
Zakladni trvanlivost [hod]

Koef. stat. inosnosti [1]

10 000 vyhovuje

4 vyhovuje

LoZisko SKF 32220 J2 (1P)
Zakladni trvanlivost [hod]

Koef. stat. inosnosti [1]

10000 vyhovuje

4 vyhovuje

Tabulka 8-6: Kontrola loZisek, hiidel 1

Parametr Jednotky Hodnota Min. hod. Hodnoceni

Stykovy tlak ~ [MPa]

Rovnoboké drdzkovdani 14 x 92 x 98, 1 = 40 mm (kolo 1)

vyhovuje

Tabulka 8-7: Kontrola spojovacich prvkii, hiidel 1
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Obrdzek 8-6: Zaddni prvniho souhmoti do systému PREV
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Parametr Jednotky Hodnota Min. hod. Hodnoceni
LoZisko SKF 32220 J2 (2L)

Zié4kladni trvanlivost [hod] 23240 10 000 vyhovuje
Koef. stat. inosnosti [1] 7,05 4 vyhovuje
LoZisko SKF 32220 J2 (2P)

Zakladni trvanlivost [hod] 15942 10000 vyhovuje
Koef. stat. unosnosti [1] 9,36 4 vyhovuje

Tabulka 8-8: Kontrola loZisek, h¥idel 2

8.3.4 Souhmoti 2

Hridel 2 nese kuzelové kolo 2 a ¢elni valcové kola 3 a 6. Je uloZen ve dvojici kuzelikovych lozisek

SKF 32220 J2. Brzda spociva vedle kola 6 na volném konci hiidele. Normalova sila ptisobici

v v

na brzdu se nastavuje pomoci Sroubu. Deska, na niZ Sroub tlaci, je zajiSténa proti pootoceni pod

hlavou Sroubu. Sila se z desky pfendsi n

a svazek talifovych pruZzin, ktery je situovan v dutiné

v ose hiidele. Pruziny tla¢i na pouzdro, které silu preddvaji tlacnému elementu.

Brzda Kolo 7

Talifové
pruziny

Lozisko
32220 )2
(2P)

Kolo 2

Lozisko Hridel 2
32220 )2

(2L)

Kolo 4

1

Sefizovaci
Sroub

=

brzdy

i

Kolo 3

Kolo 6

2 =S
9z

Obrdzek 8-7: Souhmoti 2 (lomeny rez)
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Parametr Jednotky Hodnota Min. hod. Hodnoceni
Rovnoboké drdzkovdani 14 x 92 x 98,1 =55 mm (kolo 2)

Stykovy tlak [MPa] 112,2 120 vyhovuje
Rovnoboké drdzkovdni 14 x 92 x 98,1 = 65 mm (kolo 3)
Stykovy tlak  [MPa] 119,4 120 vyhovuje

Tabulka 8-9: Kontrola spojovacich prvkii, hiidel 2

8.3.5 Souhmoti3

Hridel 3 nesou loziska SKF 30218 J2 a SKF 30318 J2 (obrazek 8-8). Loziska riiznych velikosti
byla vybrdna s ohledem na tdsporu mista. Délka tohoto hiidele uréuje minimalni $itku ¢asti rdmu
nesouciho pohon frézovaciho zafizeni. Na htideli 3 je uloZeno kolo 4, 7 a brzda. Nedostatek
mista si vyZddal pfesunuti talifovych pruZin na opacnou stranu, neZ se nachdzi brzda. Sroub
prochazi dutinou skrz cely hridel 3. Talifové pruziny stlatuje pomoci tvarové matice (jiSténé
tvarovanim proti pootoCeni). Matice se vSak miiZe v ose hiidele posouvat. Deska pod hlavou
Sroubu pisobi pfimo na tlany element, ktery ji jisti proti pootoceni. Tla¢ny element prochazi
draZkou pod loZiskem SKF 30218 J2. V tomto misté je na hfideli navleCen ochranny krouZzek.

Tento krouZek zabranuje deformaci vlastniho krouzku loZiska.

Brzda Kolo 7 Kolo 4

/ Lozisko
::I 30318 )2
Lozisko Al i (3P) :
Z -
]

30218 )2 T
(3L) ool - — Hridel 3
s Tvarova
matice
Sefizovaci [\] |l
sroub - Talifové
brzdy %< pruziny
Nrh '
>4

Obrdzek 8-8: Souhmoti 3 (lomeny rez)
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Parametr Jednotky Hodnota Min. hod. Hodnoceni
LoZisko SKF 30218 J2 (3L)

Zié4kladni trvanlivost [hod] 17107 10 000 vyhovuje
Koef. stat. inosnosti [1] 7,75 4 vyhovuje
LoZisko SKF 30318 J2 (3P)

Zékladni trvanlivost [hod] 14703 10000 vyhovuje
Koef. stat. inosnosti [1] 5,40 4 vyhovuje

Tabulka 8-10: Kontrola loZisek, hiidel 3

Parametr Jednotky Hodnota Min. hod. Hodnoceni
Tésné pero 28 x 16 x 70, & 100 mm (kolo 4)
Stykovy tlak ~ [MPa] 104 120 vyhovuje

Tabulka 8-11: Kontrola spojovacich prvki, hridel 3

8.3.6 Souhmoti 4

Souhmoti 4 nese ozubené kolo 5. Je tvofeno vietenem (hifidel 4) a demontovatelnym trnem

(nese ndstroj). Soucasti souhmoti 4 je 1 nastroj a pouzdro s loZisky, které je uloZeno v opére.

vvvvvv

VVVVV

Pivodné bylo uvazovano pouZiti dvou tandema sloZenych z loZisek typu 7220, to vSak nebylo
moZno realizovat pro nedostatek mista. Vieteno je uloZeno pomoci kombinace loZisek s ko-
sothlym stykem SKF 7220 ACD/P4A (thel 25°) a pfesného dvoufadého valeckového loZiska
SKF 3022KTN9/SP (viz obrazek 8-9). Na Celo vietene jsou vyfrézovany drazky pro unaseci
kameny. Kameny zapadaji do draZek na Cele nastroje. ZajiSt'uji prenos to¢ivého momentu na né-
stroj. KuZelova dutina na cele vietene slouZi ke spojeni trnu s vietenem. Uvniti dutiny je zavit
pro Sroub M24, pomoci kterého je trn uchycen v dutiné vietene. Vieteno je vyrobeno z legované
oceli CSN 14 220, protoZe bude za provozu znacné zatéZovéano. Pro zvyseni odolnosti je povrch
Cela vietene a kuzelové dutiny povrchové kalen. Osou vietene prochdzi chladici kanél, ktery
prenasi chladici kapalinu z rotaniho pfivodu do trnu. Kanal se rozdvojenim vyhyba dutiné

s vnitinim zdvitem a prechdzi do trnu prostfednictvim priichodek. Na obrazku 8-9 je trasa kandlu

vyznacena zelenou barvou.

Nastroj je nesen trnem. Trn je kuZelovou Casti uloZen ve vieteni, jeho volny konec je podepien
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pomoci opéry. Néstroj se na trn nasouva z volného konce. Pfesné ustaveni nastroje do roviny
s osou hiidele 1 se provadi vyménnymi licovacimi podlozkami. PodloZky se Sroubuji na celo
vietene. Ndstroj je na podlozku tlaCen matici KMT. Kanély v trnu pfivadéji feznou kapalinu
pod ndstroj. Proti prisaku jsou na upinaci ploSe trnu vysoustruzeny drdzky pro o-krouZzky.
Vymeénitelny trn umoZziiuje pouZiti nastrojii s rozdilnymi vnitinimi priméry. Vyhodou také je, Ze
v pripadé poskozeni upinacich ploch pod ndstrojem neni tfreba ménit celé vieteno.

Rotacni LoZiska 7220 Vreteno Kolo 5 LoZisko Kamen Matice Kalené LozZiska
privod (4L, 4P) NN 3022 KMT pouzdro 7220

/ / \ (45)/ Nastroj | (40)
'/ﬂ%//L = —ﬁ—/\\//% I s )
N

| e

ol Fes— -
';& N

Y| Y [EmE oz b

Ngz = = // A [ vxﬁ

Priichodka Trn Opéra

)\

Obrdzek 8-9: Souhmoti 4 (lomeny Fez)

Tandem dvou lozisek SKF 7220 ACD/P4A je pii vypoctu uvazovan jako jedno loZisko. Dy-
namickou dnosnost C, a statickou dinosnost Cyp, tohoto uvaZzovaného loziska lze urcit pomoci
nasledujicich vztahi [3]:

G, = 1,62 - C [kN] (8-20)

Co2 =2-Cp [kN] (8-21)

Vyse uvedené vztahy byly pouzity pfi vypoctu programem PREV i programem KISSsoft. V pro-
gramu PREV bylo vytvoreno loZisko 2x7220 s piepoctenymi hodnotami statické a dynamické
tnosnosti. V programu KISSsoft se pocitd s jednim loZiskem (4P), jehoZ vysledky je nutno
prepocitat podle vyse uvedenych vztahd. Zakladni trvanlivost tandemu Ljg;, byla z vystupu

programu KISSsoft vypoctena pomoci vztahu [3]:

Lioma = 1,62 - Ly, [hod] (8-22)
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Parametr Jednotky Hodnota Min. hod. Hodnoceni
LoZisko SKF 7220 ACD/P4A (4L)

Zékladni trvanlivost [hod] >99999 10000 vyhovuje
Koef. stat. inosnosti [1] >40 4 vyhovuje
Tandem, 2 loZiska SKF 7220 ACD/P4A (4P)

Zékladni trvanlivost [hod] 10743 10000 vyhovuje
Koef. stat. inosnosti [1] 6,88 4 vyhovuje
LoZisko NN 3022 KTNY/SP (4S)

Zakladni trvanlivost [hod] 34475 10000 vyhovuje
Koef. stat. inosnosti [1] 9,63 4 vyhovuje
Pdr, 2 loZiska SKF 7220 ACD/P4A (40)

Zékladni trvanlivost [hod] >21663 10000 vyhovuje
Koef. stat. inosnosti [1] 5,11 4 vyhovuje

Tabulka 8-12: Kontrola loZisek, souhmoti 4

Parametr Jednotky Hodnota Min. hod. Hodnoceni
Rovnoboké drazkovdani 14 x 92 x 98,1 = 55 mm (kolo 5)
Stykovy tlak ~ [MPa] 112,2 120 vyhovuje

Tabulka 8-13: Kontrola spojovacich prvkii, souhmoti 4
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8.4 Brzda

Jednim z ptani zadavatele bylo navrhnout pohon tvofeny koly se Sikmym ozubenim. Kola se
$ikmym ozubenim maji plynuly zabér a v&t3i dnosnost. Sikmé ozubeni viak konstrukci pohonu
s brzdou znacné komplikuje, zejména pritomnosti axidlni sily, kterd je Sikmymi zuby generovéna.
Axidlni sila méni svou velikost i smysl pisobeni v zdvislosti na to¢ivém momentu daného kola.
Ke zméndm dochézi i pfi rozkmitani pohonu. Z toho vyplyvé, Ze axidlni reakce od ozubenych kol
nesmi prochdzet lamelami brzdy, jinak by kolisal i brzdny moment a torzni kmity by nemusely

byt tlumeny. Z pohledu uzivatelské privétivosti musi byt brzda snadno sefiditelnd, napf. Sroubem.

8.4.1 Konstrukce brzdy

Vyse uvedené problémy fesi nova konstrukce brzdy (viz obr. 8-10). Brzda se sklada z brzdného
bubnu, sady lamel, tlacnych elementi a opérnych diskt. Pfi nadvrhu hfidele 3 byl problém v tom,
Ze brzda je umisténa mezi loZisky. Tento problém je vyfeSen tlaCnymi elementy, které umoZiuji
prendset normélovou silu pod loZiskem. Tlacny element je uloZen ve vyfrézované drazce, kterou
1ze prekryt ochrannym krouzkem. Konstrukce brzdy je integrovdna do pohonu a spolu s hiidelem
a brzdnym kolem tvoii jeden celek. Brzdnd kola se vici hiideli otaceji urcitou rychlosti. Jsou
proto uloZena pomoci radidlnich a axidlnich jehlovych kleci. Brzdovy buben je s brzdnym kolem
spojen pomoci draZek. Lamely jsou uloZeny uvnitf bubnu. Kazda lamela mé na jedné strané
prilepeno brzdové obloZeni pro zvySeni koeficientu tfeni. Jedna polovina lamel zabird s bubnem,
zbytek lamel je uloZen na hfideli. Normélovou silu na lamely pfenéseji dva tlacné elementy.
Sada lamel je vlozena mezi krouZzky, které pomahaji rozlozit zatiZeni na vetsi plochu. Velikost

normalové sily se nastavuje otdCenim Sroubu umisténym v ose hridele.

Lamely s oblozenim Brzdné kolo

Brzdovy buben Hnaci kolo

Axialni jehlova
klec

S
7y

Tla¢ny element klec

Radialni jehlova

Obradzek 8-10: Konstrukce brzdy
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8.4.2 Vypocet brzdy

Vybér vhodného obloZeni byl konzultovan se spolecnosti RENOVAK Kostelec nad Orlici s. r. o.
Tato spolecnost doporucila pouZzit oblozeni FAG-M, vyrabéné spole¢nosti FRENOS SAULEDA
S.A. Oblozeni je urceno pro prumyslové aplikace. Na lamelu se lepi teplem tvrditelnym lepidlem.
Konkrétni informace jsou obsaZeny v nabidkovém listu, jeZ je soucdsti pfiloh. Vypoctem je

nutno kontrolovat, zda tlak a rychlost nepiekroci povolené hodnoty.

Vstupni parametry:

Max. brzdny moment Mpmar 1100 Nm

Max. otacky ny 200 ot/min
Maly polomér oblozeni r, 50 mm
Velky polomér obloZzeni R, 70 mm
Koeficient tfeni It 0,4
Pocet trecich ploch iy 6
Pocet zubu kola 3 23 32
Pocet zubu kola 6 76 33
R, 2
Mg = f 2ap frigr*dr = Snp iy (R, —10°) (8-23)
To
M
Prmax = Brmax = 1,00 MPa (8-24)
Zﬂftit (R03 - 703)
Vmax = 27Ro=2 (1= 2) =44 102 ms™ (8-25)
60 76
Fy = pr (R, = r,”) = 7569 N (8-26)

ObloZeni vyhovuje z hlediska tlaku i rychlosti. Utahovaci moment byl kontrolovan programem

KISSsoft, jeho hodnota neprekracuje 60 Nm. Obsluha mtiZe Sroub utahovat klicem.

8.4.3 Talirové pruziny

Tloustka lamel se bude za provozu vlivem obruSovani zmenSovat. Pokles tlouStky m4 za nasle-
dek pokles normalové sily mezi lamelami a tim 1 pokles brzdného momentu. Pokles sily zavisi
na tuhosti silového obvodu, pres ktery prochézi sila ptisobici na lamely. Tuhost je nutno sniZzit,
ke snizeni byly pouzity talifové pruziny. Tyto pruZiny vyzaduji minimalni zastavbovy prostor,

umoziuji vSak prenos relativné velkych sil. Lze je slozit do sady, kde mohou byt pruziny fazeny
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sériové 1 paralelné zdroven. Paralelni fazeni zvySuje maximalni pfendsenou silu, sériové snizuje
tuhost sady. Sada byla sestavena z talitovych pruzin A 0355 (DIN 2093). PoZadované zkraceni

Al pfi ptsobeni sily Fy je 5 mm. Parametry navrzené sady pruzin:

Pocet pruzin v bloku (paralelni fazeni) a 2

Pocet blokt v sadé (sériové fazeni) b 12

Sila pfi 75 % max. deformace F3 5187TN
Deformace vyvolana silou F3 s3 0,6 mm
Maximalni sila na pruziné F, 6747N

Tuhost sady pruZzin pfi 75 % max. deformace:

aF3

kg = — = 1441 N/mm (8-27)
bS3
Zména délky pii plisobeni sily Fy:
F
Al = k—N — 525 mm (8-28)
S
8.5 Ram frézovaciho zarizeni
Potrubf Sachta pro TELESO
montaz kol
/ a bubnl
- 7 : ~
PRIRUBA NASTAVEC I 7= 2 | °/

i,

v,
\
/

[\

T
el T

Listy OPERA  NASTRO]

Obrdzek 8-11: Popis rdamu frézovaciho zarizeni
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8.5.1 Téleso

Vv

Téleso tvori nejvétsi ¢ast ramu. Jedna se o velky skiinovy odlitek z litiny, ve kterém je uloZen
pohon a vieteno stroje. Zadavatel striktné pozadoval, aby bylo téleso z jednoho kusu. Dtivodem
je nizsi cena a méné komplikovana vyroba. Nevyhodou tohoto feSeni je omezend pristupnost,
tim padem i pracn&jsi montdZ. Téleso md po stranich otvory pro zasouvéni hiidelt. Celni
valcova ozubend kola a brzdové bubny jsou prilis veliké, do télesa je lze vlozit velkou Sachtou
(obdélnikovym otvorem). Mala Sachta slouZi k mazani a kontrole kol 4 a 5. KuZelova kola l1ze
vklddat bo¢nim otvorem na stran¢ op€ry. Kruhové Cast télesa se vklada do néstavce. Konec této
Casti je upraven tak, aby na néj mohlo byt nasazeno Snekové kolo pro naklapéni télesa. Oproti
zadani byla skiinl rozSifena o 30 mm, aby byl v télese dostatek mista pro zastavbu brzd. Toto

rozsiteni bylo zadavatelem schvaleno.

8.5.2 Nastavec

Nastavec spojuje téleso s piirubou. Uvnitf nastavce je obrobena kruhova T drazka. V této drézce
jsou uloZeny hlavy §roubii, pomoci kterych je téleso spojeno s nastavcem. Srouby maji Etvercovou
hlavu. Mohou se v drdZce posouvat, ale jsou sténami drazky jistény proti otaeni. Srouby Ize
do drazky vloZit kruhovym otvorem v ndstavci. Uvnitf nédstavce je dutina pro $Snek nakldpéciho

mechanismu. Celo $neku je opatfeno ¢tvercovym otvorem pro klic.

Otvor Snek Snekové Maznice Oboustranné
pro Srouby kolo axialni lozisko

~ |
|
\\ =
\\
& N\
N
\
\ \\ /%

Obrdzek 8-12: Konstrukcni FeSeni ndstavce a uloZeni Sneku (¥ez)

8.5.3 Priruba

Ptiruba slouZzi ke spojeni frézovaciho zafizeni se strojem. Frézovaci zafizeni se do pfiruby upevni
prostfednictvim osmi Sroubtit M24. Tento celek je nutno piesné ustavit vici pinole stroje. Spojeni

s pinolou obstardvd hydraulicky ovlddand rozeviraci klestina.
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8.6 Opéra

Opéra podepira volny konec trnu. Diky opéfe se sniZuje zatiZzeni loZisek ve vieteni a nedochdzi
k naklopeni néstroje. Je tvorena litinovym odlitkem s dutinou pro loziska. Konec odlitku je
opatfen tvarovou plochou, kterd se po obrobeni zasouva do Cela skiiné. Po zasunuti je opcra
zajisténa tvarovanou plochou télesa a liStami. LiSty jsou pfedepnuty pomoci Sroubti M24. Uvnitf
opéry jsou uloZena dvé presnd loziska SKF 7220 ACD/P4A v uspotradani zady k sobé (do O).
Konstrukce opéry je vyobrazena na obrdazku 8-9. Zasouvéni konce trnu do loZisek by odielo
vnitini plochy krouzki loZisek, proto loZiska nesou kalené pouzdro z oceli CSN 14 220. Trn se

nasouvéa do pouzdra.

8.7 Mazani pohonu

Mazéni je nezbytnym pfedpokladem pro dosaZeni vysoké Zivotnosti a spolehlivosti pohonu.
Jednotlivé Casti pohonu se viici sobé navzdjem pohybuji. V mistech styku té€chto ¢asti dochazi
k pfenosu sil. Jednd se pfedev§im o zuby ozubenych kol. Loziska jsou sice valiv4, tieni se vSak
vyskytuje mezi valivymi elementy a kleci. Mazdni se pozitivné projevi predevsim sniZenim
opotfebeni v mistech vzdjemného styku. Tim dojde ke zvySeni Zivotnosti a spolehlivosti. DalSim
efektem je sniZeni tepelnych ztrat. Ztratové teplo zvySuje teplotu uvnitt skfin€. Rostouci teplota
méni vlastnosti maziv. Zmény teploty maji vliv na rozméry jednotlivych ¢asti pohonu, coZ vede
ke sniZeni pfesnosti, v krajnim pfipadé se pohon zadfe (kuzelova kola).

Mazanti lze realizovat dvéma zptsoby: olejem nebo mazaci tukem. Tuk je tfeba nanaset ru¢né
(Spachtle) nebo pomoci maznice. Béhem provozu je z mista styku vytlaovan, proto je tfeba pii
udrzbé kontrolovat mnoZzstvi tuku na kritickych mistech. Nevyhodou je také nizky odvod tepla,
tuk se pri pretizeni pali. Oproti tuku ma olej fadu vyhod, 1épe maZze, 1ze jej dopravovat pfimo
do mista styku a z tohoto mista pak odvede ¢ast tepla. Nevyhodou je vSak komplikovana zastavba
rozvodu oleje a zvySeni nakladt. Skiin musi byt dobfe utésnéna, aby nedochazelo k tniku oleje.
Nakldpéni skiiné méni rozloZeni oleje uvnitt skiin€. Odvod oleje z hlavy musi byt feSen tak, aby
v Z4dné pracovni poloze neslo k topeni loZisek. S ohledem na nizké ztrity a ndklady je mazani
reSeno pomoci mazaciho tuku. Tuk vyhovuje, protoZe navrzend hlava IFVW 17 neobsahuje
pfevody s nizkou Uc€innosti a brzdy maji nizké ztraty.

Ozubena kola a loziska jsou mazéana odliSnymi druhy tuki. Tuk pro ozubend kola mé oproti tuku

Vv,

pro loziska vyssi viskozitu. Loziska jsou mazéana tukem Kliiber ISOFLEX NBU 15. Na ozubena
kola se nanasi tuk Kliiber Kliiberplex BE 31. Tuk BE 31 je vhodny pro vysoka zatizeni. Vyznacuje
se stabilitou mazaciho filmu, vysokou pfilnavosti a ochranou proti otéru. Tento tuk byl zvolen

proto, aby mohla byt hlava trvale provozovana na max. vykon a moment v souladu s pozadavky
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zadavatele. Zadavatel tyto tuky pouZziva i v jinych zafizenich. Vyhodou tohoto feSeni je vhodné
mazani jak pro kola, tak pro loziska. Nevyhodou je nutnost konstrukéné zajistit, aby nedoslo
k pfenosu tuku z loZisek na kola a naopak. Zakryti je provedeno krouzky NILOS nebo krouzky
vlastni vyroby. [10]

8.7.1 Krouzky NILOS

Spolecnost SKF dodava k vybranym druhtim lozisek krouzky NILOS. Tyto krouzky slouZi
k zakryti loZisek. Jsou vylisovdny z tenkého ocelového plechu. Tvar krouzku NILOS je navrZen
tak, aby hrana krouzku NILOS pfi spravné instalaci mirné tlacila na bok prisluSného krouzku
loziska. Za béhu hrana krouzku NILOS vytvori v boku krouzku loZiska mélkou drazku. Tim
se prostor uvnitt loZiska utésni a je zabranéno tiniku maziva z prostoru loZiska ven. Podminku
instalace je maximalni vzajemna rychlost 6 m/s mezi hranou krouzku NILOS a bokem krouzku
loziska. KrouZek vyzaduje presné uloZeni na valcovou plochu. Instalace téchto krouzki byla

jednim z pfani zadavatele. [4]

8.8 Chlazeni frézovaciho zarizeni

Chlazeni frézovaci hlavy je pasivni. Ztratové teplo prestupuje do soucdsti pohonu a rdmu
frézovaciho zafizeni. Ram jej do okoli pfeddva sdlanim a volnym proudénim. Pohon neobsahuje
prvky s vysokymi ztratami, jako je napt. Snekovy pfevod. Soucet ztrat obou brzd je mensi, nez
ztrita v zabéru mezi dvéma hnacimi koly. Uinnost pfenosu vykonu je 89 %. Po porovnani
s podobnymi typy byl u¢inén zavér, ze hlavu IFVW 17 je moZno chladit pasivné. Zadavatel
zastavbu aktivniho chlazeni nevyzaduje. Diky pasivnimu chlazenfi je konstrukce hlavy jednodussi

v

a levnéjsi.

8.9 Ochrana frézovaciho zarizeni proti necistotam

Hlava je béhem obrédbéni zneciStovana feznou kapalinou a tfiskami. Necistoty se mohou vysky-
tovat i v okolnim vzduchu. ZnecCisténi nepiiznivé méni vlastnosti maziv a mize zkratit Zivotnost
pohonu frézovaci hlavy. Proti pronikédni necistot je do vnitiku frézovaci hlavy ptivadén stlaceny
vzduch. Vfeteno a opé€ra jsou utésnény labyrinty. Labyrinty mohou necistoty propoustét, avSak

v/ v

diky pretlaku uvnitt skiiné k tomu nedojde, protoze jsou stlaenym vzduchem profukovany.
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8.10 Aretace pohonu

Spojeni vietene horizontdlniho frézovaciho a vyvrtavaciho stroje s unasecim kotoucem je mozné
jen tehdy, pokud mohou kameny vietene zapadnout do drazky unaseciho kotouce. Stroj HCW 3
je schopen vreteno zastavit presné v urCité poloze. V této poloze musi byt nato€en 1 unadseci
kotouc. Unasec je v této poloze zajiStén mechanickou pojistkou. K odjisténi dojde pfi spojeni
vietenem, kdy Celo vietene zatlaci pojistku do unasSece.

L S o
JV_ T
_rﬁ W““&K

aN\\
.

T |

Obrdzek 8-13: Aretace pohonu

8.11 Obsluha frézovaciho zarizeni

Nastaveni sklonu zubtli (dhel ) obrdbéného kola se provadi natoCenim télesa frézovaciho
zafizeni. NatocCeni vykondva délnik prostiednictvim klic¢e. KIi¢ se zasunuje do otvoru na boku
ndstavce, kliCem lze otacet vlastni silou. Rdm frézovaciho zafizeni je vybaven stupnici s noniem,
podle které obsluha odecte thel natoceni télesa. T€leso je proti otdceni jiSténo predepjatymi
Srouby s ¢tvercovou hlavou. Na koncich Sroubt jsou matice, pomoci kterych obsluha Srouby
predepne. Pfi otaCeni télesem by matice mély byt dostatecné povoleny. Pro pfipad, ze budou
matice odstranény, je téleso proti vypadnuti z néstavce jiSténo Snekovym kolem. Nastaveni
brzdného momentu provadi obsluha pomoci Sroubtli. Vika hiideli 3 a 4 jsou pro tento ucel
vybavena malym vikem. Nastaveni sily 1ze provést momentovym kli¢em. Disk pod hlavou se
neprotaci, jinou variantou proto muze byt sefizeni pomoci stupnice umisténé na tomto disku
a znaCky na hlavé Sroubu. Pii sefizeni brzd bude vychodiskem pro sefizeni vypocteny utahovaci
moment nebo natoceni Sroubu. Obsluha stroje dale upravi nastaveni podle potieby. Vzhledem
k poklesu sily vlivem obrusovéni lamel a obloZeni je nutno provadeét sefizeni brzd v pravidelnych

intervalech.
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Nastaveni brzdnych Naklapéni télesa

momentd A
vt |l

I &)

| |2

Odmeérovani a zajisténi proti pootoceni

Obrdzek 8-14: Ovlddaci prvky frézovaciho zarizeni IFVW 17

8.12 Montaz

Pohon frézovaci hlavy se do télesa montuje skrze velkou Sachtu a bo¢ni kruhové otvory. Pri
montdZi kazdého souhmoti se valcova ozubend kola a brzdové bubny vkladaji do télesa skrze
velkou Sachtu. Distan¢ni krouzky, podlozky, krouzky NILOS a dalSi pomocné dily se montuji
soucasné s vyznamnymi soucastmi frézovaciho zafizeni (kola, hiidele). Distan¢ni krouzky je
nutno pfi licovani opracovat podle potfeby. Mazani pohonu Ize provést prostfednictvim Sachet
béhem montdZe. MontdZ se provadi od souhmoti 4. Nejprve se do télesa skiiné usadi loZisko
NN 3022 (4S). Nasledné se vloZi velkou Sachtou kolo 5, kterym se prostr¢i vieteno (utésnéné
pomoci expandert). Poté se na hiidel navleCou loZiska 7220 (4L, 4P), nasadi rota¢ni piivod
a namontuji vika vcéetné tésnéni (o-krouzky).

Souhmoti 3 se montuje obdobné. Nejprve se usadi loZisko 30318 J2 (3P). Poté se vloZzi velkou
Sachtou brzdovy buben a kola 4 a 7 spolu s axialni jehlovou kleci. Hfidel 3 (osazeny svazkem
talifovych pruZin a tvarovou matici) se vklada bo¢nim otvorem. Nésleduje montdz radidlniho
jehlového loziska, lamel brzdy a tla¢nych elementd. Pres tlacné elementy se navleCe ochranny
krouzek s axialni jehlovou kleci, na ktery se nasadi loZisko 30218 J2 (3L). Nakonec se do hfidele

v v

vlozi Sroub, souhmoti se uzavre vikem.

Pred montazi souhmoti 2 je nutno provést montdz souhmoti 1. Zde se loziska a hiidel 1 namontuji
do posuvného pouzdra a zajisti matici KM 20. Pouzdro se nasune do télesa, kuzelové kolo 1
se vloZi bo¢nim otvorem a nasadi na hfidel 1. Pak Ize namontovat souhmoti 2, kdy se usadi
loZisko 32220 J2 (2L) a do skiiné vloZi brzdovy buben a ozubend kola 3 a 6 s axidlni jehlovou
kleci. Tato kola se ulozi na hiidel 2, ktery se vklada kruhovym otvorem télesa. Poté se namontuji

brzdové lamely, tla¢né elementy, svazek talifovych pruZin s pouzdrem a Sroub.

Nisleduje nasazeni kola 2 na hiidel 2. Tim se vytvoti soukoli kuZelovych kol 1 a 2, pfi montaZzi
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je nutno v tomto soukoli vymezit potfebnou viili. K tomu slouZi posuvné pouzdro (hfidel 1)
s délenou podlozkou a distanéni krouzky na hfideli 2. Nakonec se namontuji zbyl4 vika. Spolu

Py

s montazi télesa je nutno provést montaZ opéry a nastavce (bez Sneku). Montéaz t€chto kont-

Vv,

rukcnich skupin je jednodussi. Té€leso se poté zasune do néstavce, na té€leso se nasadi Snekové

kolo a do néstavce vloZzi Snek. Poté 1ze frézovaci zafizeni osadit undsecim kotoucem a upevnit

na pfirubu.

8.13 Privod rezné kapaliny

Rezn4 kapalina se pfivadi skrze vietenik horizontilniho frézovaciho a vyvrtivaciho stroje.
K néstroji je vedena prostfednictvim kandli, které jsou vytvoreny vrtdnim a ndslednym utésnénim
pomoci expanderd. Prestup mezi jednotlivymi ¢astmi je utésnén pomoci o-krouzkii (HENNLICH,
s. 1. 0.). Téleso je pfili§ dlouhé, proto je ¢ast kandlu pro feznou kapalinu tvofena trubkou.
Trubka je k t€lesu uchycena pomoci Sroubeni 6C6MLO (Parker Hannifin Corporation, USA).
Pted poskozenim je uloZena v drdZce tak, aby nepresahovala obrys télesa frézovaciho zafizeni.

K pfenosu fezné kapaliny do vietena byl pouzit rotacni piivod od firmy Deublin Company.

8.14 Obrazky frézovaciho zarizeni IFVW 17

Obrdzek 8-15: Pohled na frézovaci zarizeni IFVW 17 7 boku
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Obrdzek 8-16: Pohled na frézovaci zarizeni IFVW 17 shora

Obrdzek 8-17: Pohled na frézovaci zarizeni IFVW 17
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9 Analyza ramu metodou MKP

Kontrola ramu skiin€ byla provedena pomoci metody konecnych prvka (MKP). Tato metoda
spociva v prevodu spojitého kontinua na konecny pocet prvki. Metodou MKP byl fesen vypocet

tuhosti, pevnosti a modalni analyza.

9.1 Vypoctovy model

Prvnim krokem pfi tvorbé vypoctového modelu bylo vytvofeni vhodné geometrie, ze které je
mozno vygenerovat kvalitni sit’. Ze sestavy byly odstranény vSechny nadbytecné prvky. Zbylé
soucdsti byly co nejvice zjednoduSeny (odstranéni malych dér, draZek atd.). Tim lze dosahnout
kvalitné;si sit€¢ s minimem deformovanych elementti. Tato geometrie byla ze systému Autodesk
Inventor prevedena do systému Siemens NX. Soucésti systému NX je vypoctové prostiedi
NX Nastran. Zde byla v modulu FEM vytvorena pro kazdou soucast sit’ kone¢nych prvki
typu CTETRA(10). Materialové vlastnosti byly siti pridéleny pomoci funkce Mesh Collector.
Materidlem télesa a opéry je litina, ndstavec a ostatni ¢4sti jsou ocelové. Pii generovani sité byla
pouzita podminka Mesh Mating, ktera zajisti totoZnou polohu prvkd v misté vzajemného dotyku
soucdsti. Vfeteno, néstroj a trn byly nahrazeny jednorozmérnym elementem typu RBE2. Stejnym

typem elementu usporadanym do rizice byla nahrazena i piislu$na loziska. Hmotnost chybé;ji-

cich souhmoti je do modelu zanesena prostiednictvim 0D hmotnych bodd, uchycenych v rtizicich.

Obrdzek 9-1: Nasitovany model s okrajovymi podminkami

Okrajové podminky byly zadany v prostfedi SIM. Hlava je zde nasazena na pfirubu stroje.

Priruba byla vetknuta vazbou fixed. Hlava je zatiZena silou v mist€ ndstroje. Sily jsou do hlavy
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prenaseny pres riizice nahrazujici loZiska. Pfenos sil byl upraven podminkou Manual Coupling,

ktera urCuje sméry, ve kterych smérech se prenasi napéti (spolecné deformace).

Ulohy byly feSeny dvéma riiznymi fesi¢i. Resi¢ SOL 101 byl pouZit pro vypodty tuhosti a napéti.

Modalni analyza byla provedena feSi¢em SOL 103 Real Eigenvalues (metoda Lanczos).

Oba vypocty byly provadény pribézné a model byl upravovan. Prvni vypocty ukazaly napéti
90 MPa v misté napojeni Zeber na sténu skiiné. Sténa se jevila mdlo tuhd, proto byla dodate¢né

zesilena. Dal$im opatfenim bylo odstranéni koncentratori napéti pomoci tpravy tvaru Zeber.

9.2 Analyza tuhosti a pevnosti

Jednim z pfedpokladii pro spravnou funkci frézovaci hlavy je tuhost celého zafizeni. Cim vice je
skiin tuzsi, tim méné se pri zatiZeni deformuje. Tuhost hlavy by méla byt alesponn 50 kN/mm
(Doc. Ing. Zdenék Hudec, CSc.).

Hodnota tuhosti se vypocte ze vztahu:

ol P

9-1)

SIMprepocet : Copy of Solution 1001 Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.000, Max : 0.177, Units = mm
Deformation : Displacement - Nodal Magnitude

0177
! 0.162
0.147
— 0.133
0.118
0.103
£ 0.088
= 0.074
0.059

0.044

0.029

0.015

|

0}000

Units = mm

Obrdzek 9-2: Deformace frézovaci hlavy ve sméru Y

Velikost sily F; je znama, velikost posuvu x; pro kazdy smér se odecte z vyslednych posuvi
vypoctenych pomoci MKP. Vysledky jsou uvedeny v tabulce 9-1.

Vysledky naznacuji, Ze tuhost hlavy je dostate¢na. Nejvyssi zjisténd hodnota v piipad€ zprimé-
rovaného napéti dosahla 56,7 MPa. Tato hodnota je v mezi zajist ujici bezpecny provoz (smluvni

mez kluzu litiny je vétsi nez 200 MPa).
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SIMprepocet : Copy of Solution 1001 Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.000, Max : 0.177, Units = mm

D -D

- Nodal Magy
0477
! 0.162

&= 0147

— 0138
0.118
0.103

H 0.088

|

= 0.074

& 0.059
0.044

0.029

0.015
0jooo
—

Units = mm

Obrdzek 9-3: Deformace frézovaci hlavy ve sméru X

Smér | Velikost sily | Velikost posuvu Tuhost

F; [kN] x; [mm] ki [KN/mm]
X 14 0,107 131
y 23,5 0,132 178

> (X,y,2) 33 0,187 177

Tabulka 9-1: Vysledky analyzy tuhosti

SIMprepocet : Copy of Solution 1_001 Result
Subcase - Static Loads 1, Static Step 1

Stress - Element-Nodal, Averaged, Von-Mises
Min : 0.00, Max : 56.69, Units = N/mm"2(MPa)
Deformation : Displacement - Nodal Magnitude

56.69

! 51.97
47.24

— 4252
37.79
33.07

ﬁ 28.35

|

= 262

1890
14.17
9.45
4.73
¥

Units = N/mm*2(MPa)

Obrdzek 9-4: Koncentrace napéti v ramu frézovaciho zarizeni
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9.3 Modalni analyza

Modalni analyza se zabyva hleddnim vlastnich frekvenci a vlastnich tvart kmitd. Pomoci této
analyzy lze posoudit, zda a za jakych podminek miZe dojit k rezonanci. Rezonance by nastala
tehdy, pokud by bylo zafizeni zatiZeno silou s budici frekvenci blizkou vlastni frekvenci. Kmity
jsou buzeny predevsim najizdénim nastroje do zdbéru. Dal§im zdrojem kmiti mohou byt zabéry
ozubenych kol pohonu. Budici frekvence néstroje se urci ze vztahu:

n

n 9-2
0% 9-2)

fr=

V katalogu spole¢nosti Ingersoll jsou uvedeny uvedeny doporucené fezné rychlosti. Z feznych
rychlosti se budici frekvence ur¢i pomoci rovnice:

V60

_ Ve 9-3
607D - ©-3)

fo

Budici frekvence pro vybrané néstroje pfi maximélni doporucené fezné rychlosti vgp:

Primér nastroje | Modul | Pocet zubti | Rezna rychlost | Budici frekvence
D [mm] [mm] zn [1] veo [m/min] J1 [Hz]
350 8 36 160 87
350 30 64 120 116
400 36 72 120 115

Tabulka 9-2: Budici frekvence vybranych ndstrojit INGERSOLL GASHER BP 1V [17]

Prvni vlastni frekvence ramu frézovaciho zafizeni je 165 Hz, druhd 209 Hz (viz tab. 9-3).
Porovnani s budicimi frekvencemi (viz tab. 9-2) naznacuje, Ze frézovaci zafizeni by se pfi préci
s nastrojem INGERSOLL GASHER BV IV nemélo rozkmitat. Vlastni frekvence jednotlivych

souhmoti jsou vyrazné vyssi neZ budici frekvence (tab. 9-4).

1. vlastni frekvence 165 Hz
2. vlastni frekvence 209 Hz
3. vlastni frekvence 467 Hz

Tabulka 9-3: Vlastni frekvence ramu frézovaciho zarizeni
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Souhmoti | 1. vlastni frekvence
[Hz]
1 4287
2 1171
3 3235
4 2995

Tabulka 9-4: Prvni vlastni frekvence jednotlivych souhmoti

SIMprepocet : Solution 2 Result
Subcase - Eigenvalue Method 1, Mode 1, 165.465 Hz
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0890, Units = mm

[o} : Di

- Nodal Magnitud
0.0890
! 0.0816

— 0.0742

— 0.0667
0.0593
0.0519

‘ﬁ‘ 0.0445

= o037
0.0297
0.0222
0.0148
0.0074

0j0000
—y

Units = mm

Obrdzek 9-5: Vlastni tvar kmitu, 1. vlastni frekvence

Z tvaru vlastniho kmitu je patrnd nizk4 tuhost stény, ktera se projevuje ohybem okolo spojeni
s Zebrovanym tubusem. Deformace na obou frekvencich jsou si podobné tim, Ze tubus ma
tendenci vnikat dovnitf skiiné.

Vysledky redlné hlavy upnuté ve stroji se budou liSit, pfesto by se zadanymi ndstroji nemélo
k rezonanci dojit. Budici frekvence je tfeba kontrolovat pfedev$im u nastroji provozovanych
pobliZ maximdlnich otdcek (200 ot/min). V piipadé, Ze se rezonance vyskytne, je tfeba odstranit

budici frekvenci zménou feznych podminek (napf. sniZit feznou rychlost).
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SIMprepocet : Solution 2 Result

Subcase - Eigenvalue Method 1, Mode 2. 208.733 Hz
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0904, Units = mm

Deformation : Displacement - Nodal Magnitude

0.0904
' 0.0829
— 0.0753
— 0.0678
— 0.0803
00527

0.0452

0.0377
£ 0.0301

0.0226

0.0151

0.0075
010000
e

Units = mm

Obrdzek 9-6: Vlastni tvar kmitu, 2. vlastni frekvence

SIMprepocet : Solution 2 Result

Subcase - Eigenvalue Method 1, Mode 3, 467.030 Hz
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0941, Units = mm

D tion : Di - Nodal

0.0941
I 0.0862

— 0.0784

— 0.0706

— 0.0627

 0.0549

0.0470

0.0392

£ 00314

0.0235

0.0157

0.0078

[ ofooo
o’

Units = mm

Obrdzek 9-7: Vlastni tvar kmitu, 3. vlastni frekvence
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10 Ekonomické hodnoceni

Ekonomické hodnoceni je nezbytnou soucésti hodnoceni nového produktu. Z pohledu zdkaznika
nesmi pofizovaci cena prevazit uzitek, ktery mu novy produkt pfinese. Z pohledu vyrobce musi
byt ndklady na vyvoj a produkci takové, aby pfi zdkaznikem akceptovatelné cené umoznily
realizaci poZadovaného zisku. Komplexni ekonomické hodnoceni vyzaduje dostatek zkuSenosti

a znalost konkrétniho trhu.

10.1 Naklady vyrabénych soucasti

Néklady na vyrobu kazdé soucasti zahrnuji ndklady na pofizeni materidlu ve formé vhodného
polotovaru, lidskou préci, préci stroju a rezii. Celkové ndklady na kazdou vyrabénou soucast
byly stanoveny odhadem a jejich vy3e konzultovina se zadavatelem préce, spole¢nosti SMT.

Néklady jsou vycisleny v tabulce 10-1.

10.2 Naklady kupovanych soucasti

Néklady vétSiny kupovanych soucdsti 1ze pfimo dohledat nebo odhadnout na zdkladé cen
podobnych produktii. VySe cen ostatnich produktt byla konzultovana se zadavatelem, spolecnosti

SMT. Ndklady jsou vy&isleny v tabulce 10-2.

10.3 Naklady konstrukéni prace

Konstrukce frézovaci hlavy zahrnuje ndklady na ndvrh, vyvoj, vypocty, tvorbu 3D modelu a vy-
robni dokumentaci. Jsou ddny mzdovymi ndklady prace konstruktéra, tj. soucinem jeho hodinové
mzdy a poc¢tu odpracovanych hodin. Pokud by se pfi konstrukci frézovaciho zafizeni vyuZzily
podklady z této diplomové prace, Cinily by dodate¢né néklady na konstrukéni prace 150 000 K¢

(viz vypocet nizZe).

Néklady na hodinovou mzdu konstruktéra my; 500 K¢/hod

Cas na dodate¢né konstruk&ni préce tr 300 hod

Nkp =my - t;, = 150000 K¢

10.4 Naklady na montaz

Pfi montazi je zafizeni sestavovano z jednotlivych dild. Pfi montéZi jsou soucasti skladany

do vétsiho celku. Podle potfeby mohou byt dodatecné obrobeny a licovany. Montdz probiha
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v kusové vyrobé, vétSina praci je vykondvana délniky. Ndklady na montéaz jsou proto urceny

souc¢inem odhadnuté hodinové mzdy délnika a odhadovanym poctem hodin potfebnym k montazi.

Soucast Cena za celkové
mnozstvi [K¢]
Skiin 160 000
Téleso 60000
Opéra 35000
Vika 150000
KuzZelovi kola 80000
Hnaci kola 75000
Brzdn4 kola 250000
Snek 15000
Snekové kolo 20000
Hridel 1 25000
Hridel 2 25000
Hridel 3 15000
Vteteno 40000
Trn 25000
Brzdovy buben 8000
Distancni krouzky 4000
Distancni podlozky délené 1500
Kameny vfetena 20000
Labyrint 500
Potrubi 600
Ostatni vyrdbéné soucdsti 20000
Celk. ndklady vyradbénych soucésti N,s | 396 600

Tabulka 10-1: Ndklady vyrabénych soucdsti

Souéast

Cena za celkové

mnozstvi [K¢]

KuZelikova loziska (SKF)

68

72 000

Kul. loziska s kos. stykem (SKF) 90000
Vileckové lozisko (SKF) 16 000
Oboustranné axidlni lozisko 10000
Jehlové klece (SKF) 3600
Krouzky pro jehlové klece (SKF) 1000
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Krouzky NILOS (SKF) 1200
Srouby 1500
Expandéry (KOENIG) 400
Rotacni pfivod (DEUBLIN) 25000
O-krouzky (HENNLICH) 1500
Maziva (Kliiber) 6000
Brzdové obloZeni (RENOVAK) 4000
Svérna spojka (TOLLOK) 12000
Talifové pruziny (HENNLICH) 12000
Pero 250
Sroubeni (PARKER) 800
Ostatni nakupované soucasti 10000
Celk. nékl. nakupovanych soucasti N,; | 260 250

Tabulka 10-2: Ndklady nakupovanych soucdsti

Néklady na hodinovou mzdu délnika m,; 400 K¢/hod

Cas potfebnych montdznich praci tm 300 hod

Ny =my -ty = 120000 K&

10.5 Celkové vyrobni naklady

Celkové naklady jsou dany souctem ndkladd na vyrdbéné soucdsti, kupované soucdsti, kon-

struk¢ni prace a montaz.

N¢ = Nyg + Ny + Nip + Ny = 926 850 KE
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11 Zavér

Cilem prace bylo vypracovani konstrukéniho ndvrhu frézovaciho zafizeni IFVW 17. Zijmem
zadavatele bylo rozsifit prisluSenstvi horizontdlniho frézovaciho a vyvrtavaciho stroje HCW 3.
Jednalo se o konstrukci nového zafizeni na zdkladé diivéjsiho zdméru zadavatele. NejdlleZitéjsim
pozadavkem byl ndvrh pohonu, jehoZ soucasti mél byt tlumic torznich kmitd.

V tvodni ¢asti diplomové prace byla popsana problematika velkych obrabécich stroji a jejich
prislusenstvi, jejichZ pomoci je mozno obrdbét rozmérné a t€zZké obrobky. Nésleduje popis
horizontdlniho frézovaciho a vyvrtdvaciho stroje HCW 3, pro ktery je ptisluSenstvi IFVW 17
urceno.

V praktické Casti byla vypracovana specifikace nového frézovaciho zafizeni na zdkladé po-
Zadavkul zadavatele. Poté byly navrZeny tfi varianty feSeni hlavniho pohonu. Kazda varianta
vyuZzivala odliSného zpiisobu tlumeni kmiti. VSechny varianty byly ohodnoceny na zakladé
stanovenych kritérii sloZenych z nejdilezitéjSich uzitnych vlastnosti pohonu frézovaciho zarizeni.
Byla vybrana varianta €. 3, ktera je schopna nepretrzitého tlumeni torznich kmit vzdjemnym
ptibrzd’ ovdnim ozubenych kol. Na rozdil od starSich feSeni je moZno brzdit vysokymi momenty
s minimdln{ ztrdtou vykonu. Poté byly provedeny konstrukéni prace, byl vypracovan kompletni
3D model celého frézovaciho zatizeni. Ovétrovaci vypocty byly provedeny v programu PREV,
findlni verze byla zkontrolovadna vypoctovym programem KISSsoft. Navrh zafizeni byl proveden
komplexné. JelikoZ pozadavek zadavatele na typ ozubenych kol nebyl striktné stanoven, byla
z diivodu dnosnosti zvolena kola se Sikmym ozubenim.

V préci bylo vypracovano zcela nové konstruk¢ni feSeni brzdy, které 1ze zabudovat do pohonu
se Sikmymi ozubenymi koly. Spolu s brzdou byly navrZzeny dvé moZnosti jeji zastavby do kon-
strukce pohonu. Brzdovy buben, lamely a nékteré dalsi soucdsti jsou pro obé zdstavby navzajem
zaménitelné, coz Setii vyrobni ndklady. Déle byla zkonstruovdna nedélend skiin, opéra s valivym
uloZenim, néstavec se Snekovym prevodem umoziujicim naklopeni hlavy, a tim nastaveni sklonu
obrabénych zubii. Soucasti konstrukce je navrh piivodu fezné kapaliny osou vietene. V predfi-
nalni fazi konstrukce byla provedena pevnostni, tuhostni a mod4lni analyza rdmu frézovaciho
zatizeni. Na zavér bylo provedeno hodnoceni nakladu na vyrobu.

Vysledkem préace je navrh konstrukce, ktery lze vyuzit jako podklad pro vypracovani vyrobni
dokumentace redlného zafizeni. Pfinosem konstrukce je nové konstruk¢ni feSeni tlumice torznich

kmiti. Prace splnila v§echny poZadavky zadavatele.
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File
Name : soukoli_12
Changed by: kratochv on: 12.05.2015 at: 11:45:42
BEVEL-GEAR-CALCULATION (BEVEL-GEAR-PAIR)
Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0
Calculation method Bevel gear ISO 10300:2001, Method B
Geometry calculation according IS0 23509:2006, method 3
Uniform depth, fig 3 (Klingelnberg)
(IS0 10300-1,-2,-3:2001)
Manufacture process: lapped
Spiral toothing
Face hobbing (continuing indexing method)
Number of cutter blade groups [z0] 1.00
Cutter radius (mm) [rcO] 101.88
GEAR 1 GEAR 2 -———-——-
Power (kW) [P] 77.47
Speed (1/min) [n] 247.1 164.7
Rotation direction, wheel 1, viewed on cone tip: right
Torque (Nm) [T] 2994.0 4491.0
Gear driving (+) / driven (-) + -
Application factor [KA] 1.50
Required service life [H] 10000.00
1. TOOTH GEOMETRY AND MATERIAL
GEAR 1 GEAR 2 ——————-
Hypoid offset (mm) [al 0.000
Shaft angle (°) [Sigma] 90.0000
Mean normal module (mm) [mmn] 10.0000
Pressure angle at normal section (°) [alfn] 20.0000
Mean spiral angle (°) [betm] 30.0000
Hand of gear
right left
Number of teeth [z] 16 24
Facewidth (mm) [b] 40.00 40.00
Assumed and measured contact pattern width (mm) [bel 34.00 34.00
be/b = 0.850
Accuracy grade [Q-IS017485] 6 6
Internal diameter gearbody (mm) [di] 0.000 0.000
Pitch apex to front of gear blank (mm) [yil 135.000 110.000
Pitch apex to back of gear blank (mm) [yol 175.000 150.000
H misalignment (P misalignment) ( m) [DeltaH] 0.000
G misalignment ( m) [DeltaG] 0.000
V misalignment (E misalignment) ( m) [DeltaVv] 0.000

Material
Gear 1:

Gear 2:

Surface hardness

18CrNiMo7-6, Case-carburized steel,
IS0 6336-5 Figure 9/10 (MQ),
18CrNiMo7-6, Case-carburized steel,
IS0 6336-5 Figure 9/10 (MQ),

case-hardened

core strength >=30HRC

case-hardened

core strength >=30HRC

Material treatment according to ISO 6336:2006 Normal (Life factors ZNT and YNT >=0.85)

Fatigue strength. tooth root stress (N/mm )

[sigFlim]
Fatigue strength for Hertzian pressure (N/mm ) [sigHlim]

Tensile strength (N/mm ) [Rm]
Yield point (N/mm ) [Rp]
Young's modulus (N/mm ) [E]

Poisson's ratio [ny]
Mean roughness, Ra, tooth flank ( m) [RAH]
Mean roughness height, Rz, flank ( m) [RZH]
Mean roughness height, Rz, root ( m) [RZF]

Gear reference profile 1 :

1/7

HRC 61 HRC 61
500.00 500.00
1500.00 1500.00
1200.00 1200.00
850.00 850.00
206000 206000
0.300 0.300
0.60 0.60
4.80 4.80
20.00 20.00
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Reference profile 1.26 / 0.38 / 1.0 ISO 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.380
Addendum coefficient [haPx] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaPx*] 0.000
Ramp angle [al£fKP] 0.000

not topping
Gear reference profile 2 :
Reference profile 1.26 / 0.38 / 1.0 ISO 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofPx] 0.380
Addendum coefficient [haPx] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaPx*] 0.000
Ramp angle [al£fKP] 0.000

not topping
Summary of reference profile gears:
Dedendum reference profile [hfPx] 1.250 1.250
Tooth root radius Reference profile [rofPx] 0.380 0.380
Addendum Reference profile [haP*] 1.000 1.000
Protuberance height factor [hprP*] 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000
Tip form height coefficient [hFaPx] 0.000 0.000
Ramp angle (°) [alfKP] 0.000 0.000
Type of profile modification:

none (only running-in)
Tip relief ( m) [Cal 2.0 2.0
No modification at tip circle
Lubrication type Grease lubrication
Type of grease Grease: Kliibersynth UH1 14-1600
Lubricant base Synthetic oil based on Polyalphaolefin
Kinem. viscosity base oil at 40 °C (mm /s) [nu40] 160.00
Kinem. viscosity base oil at 100 °C (mm /s) [nu100] 21.00
FZG-Test A/8.3/90 step [FZGtestA] 12
Specific density at 15 °C (kg/dm ) [ro0il] 0.850
Grease temperature (°C) [Ts] 70.000
GEAR 1 GEAR 2 —-—————-

Overall transmission ratio [itot] -1.500
Gear ratio [ul 1.500
Outer spiral angle (°) [bete] 39.2372 39.2372
Mean spiral angle (°) [betm] 30.0000 30.0000
Inner spiral angle (°) [beti] 20.7058 20.7058
Pinion offset angle in axial plane (°) [zetm] 0.0000
Pinion offset angle in pitch plane (°) [zetmp] 0.0000
Offset in pitch plane (mm) [ap] 0.000
Outer normal module (mm) [men] 10.0176
Outer transverse module (mm) [met] 12.9338 12.9338
Mean normal module (mm) [mmn] 10.0000
Mean transverse module (mm) [mmt] 11.5470 11.5470
Inner normal module (mm) [min] 9.5040
Inner transverse module (mm) [mit] 10.1603 10.1603
Sum of profile shift coefficients [xhm1+xhm2] 0.0000
Profile shift coefficient [xhm] 0.2471 -0.2471
Undercut boundary [xhmmin]  -0.5666 -2.6499
Tooth thickness modification coefficient [xsmn] 0.0000 -0.0000
Outer pitch diameter (mm) [del 206.940 310.410
Outer tip diameter (mm) [dae] 227.694 318.762
Outer root diameter (mm) [dfe] 190.252 293.801
Mean pitch diameter (mm) [dm] 184.752 277.128
Mean tip diameter (mm) [dam] 205.506 285.480
Mean root diameter (mm) [dfm] 168.064 260.519
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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)
Outer cone distance (mm)
Mean cone distance (mm)
Inner cone distance (mm)
Pitch angle (°)
Face angle (°)
Addendum angle (°)
Root angle (°)
Dedendum angle (°)

Distance along axis to crossing point (mm)

Distance apex to crossing point (mm)

(mm)

Distance in axial direction to the cone tip (mm) [yel

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

Overlap ratio,

IS0 23509:2006 (B.8)

(mm)
(mm)

*kkxkx Virtual cylindrical gear toothing xk¥k*x

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

Base helix angle (°)

Virtual centre distance (mm)
Working transverse pressure angle (°)

Number of teeth
Gear ratio

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

Reference diameter (mm)
Base diameter (mm)
Tip diameter (mm)
Tip form diameter (mm)

Operating pitch diameter (mm)

Root diameter (mm)

Active root diameter (mm)
Root form diameter (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)

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

Referenced to facewidth
Transverse contact ratio
Overlap ratio

Total contact ratio

Auxiliary values for the tooth flank:

Distance from center (mm)

Length of contact line (mm)
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[di] 162.564 243.846
[dail 183.318 252.198
[afil 145.876 227.237
[hae] 12.471 7.529
[ham] 12.471 7.529
[hail 12.471 7.529
[hfe] 10.029 14.971
[hfm] 10.029 14.971
[hfi] 10.029 14.971
[he] 22.500 22.500
[hm] 22.500 22.500
[hi] 22.500 22.500
[whe] 20.000
[whm] 20.000
[whi] 20.000
[cel 2.500 2.500
[cm] 2.500 2.500
[ci] 2.500 2.500
[Re] 186.533 186.533
[Rm] 166.533 166.533
[Ri] 146.533 146.533
[deltal 33.6901 56.3099
[dela] 33.6901 56.3099
[thea=dela-delta] 0.0000 0.0000
[delf] 33.6901 56.3099
[thef=delta-delf] 0.0000 0.0000
[txo] 148.287 97.206
[txi] 115.005 75.018
[tz] 0.000 0.000
[tzF] 22.483 9.048
[tzR] -18.079 -17.993
155.205 103.470
[yael 148.287 97.206
[yail 115.005 75.018
[c] 2.500 2.500
[c.e/i] 2.500 / 2.510 2.500 / 2.510
[epsb] 0.633
[alfvn] 20.0000
[alfvt] 22.7959
[betvb] 28.0243
[av] 360.822
[alfvwt] 22.7959
[zv] 19.230 43.267
[uv] 2.250
[c] 2.500 2.500
[c.e/i] 2.500 / 2.510 2.500 / 2.510
[av] 222.044 499.600
[dvb] 204.701 460.577
[dval 246.987 514.657
[dvFal 246.987 514.657
[dvw] 222.044 499.600
[dvf] 201.987 469.657
[dvNf] 210.706 481.792
[dvF£] 210.065 478.353
[zvn] 28.495 64.113
[vgal 0.811 0.561
[pvt] 36.276
[pvbt] 33.443
[pvet] 33.443
[gval 44.129
[bveff] 40.000
[epsval 1.320
[epsvb] 0.637
[epsvgl 1.465
[ft,fm,fr] 21.626 -3.650 -21.626
[1bt,1bm,1lbr] 0.000 40.226 0.000
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Contact area (mm ) [At,Am,Ar] 0.000 29.403 0.000
Fractions of line load (%) [flct,flcm,flcr] 0.000 100.000  0.000
Auxiliary values for the tooth root:
Distance from center (mm) [ft,fm,fr] 33.171 3.650 -25.872
Length of contact line (mm) [1bt,1bm,1lbr] 0.000 40.226 0.000
Angle of contact lines (°) [betB] 11.1702
Characteristic values for sizing [Re2/b2] 4.663
[b2/mmn] 4.000
2. FACTORS OF GENERAL INFLUENCE
——————— GEAR 1 ----———- GEAR 2 --—————-
Nominal circum. force at pitch circle (N) [Fmt] 32411.0 32411.0
Drive side
Axial force (N) [Fal 23125.6 954.0
Radial force (N) [Fr] 954.0 23125.6
Normal force (N) [Fnorm] 39826.9 39826.9
Axial force (%) [Fa/Ft] 71.351 2.943
Radial force (%) [Fr/Ft] 2.943 71.351
Remarks:
Forces if rotation goes in opposite direction (coast side):
Axial force (N) [Fal -8013.8 21713.7
Radial force (N) [Fr] 21713.7 -8013.8
Normal force (N) [Fnorm] 39826.9 39826.9
Axial force (%) [Fa/Ft] -24.726 66.995
Radial force (%) [Fr/Ft] 66.995 -24.726
Tangent.load at p.c.d.per mm (N/mm) (N/mm) [w] 953.26
Circumferential speed reference circle (m/s) [vl 2.39 2.39
Singular tooth stiffness (N/mm* m) [c'] 14.00
Meshing stiffness (N/mm* m) [cgl 20.00
Single pitch deviation ( m) [fp] 17.00 18.00
Running-in value y.a ( m) [yal 1.35
Reduced mass (kg/mm) [mRed] 0.082
Resonance speed (min-1) [nE1] 9305
Under critical range - resonance ratio [N] 0.027
Dynamic factor [Xv] 1.01
Cutter radius (mm) [rco] 101.88
Coefficient [KFO] 1.12
Mounting factor [KHbbe] 1.25
Face load factor - flank [KHDb] 1.88
- Tooth root [KFb] 1.67
- Scuffing [KBb] 1.88
Transverse load factor - flank [KHa] 1.00
- Tooth root [KFal 1.00
- Scuffing [KBal 1.00
Helical load factor scuffing [Kbg] 1.00
Number of load cycles (in mio.) [NL] 148.260 98.840
3. TOOTH ROOT STRENGTH
GEAR 1 GEAR 2 --———--—-

Calculation of Tooth form coefficients according method: Bl (ISO 10300:2001, Part 3)
(Calculate tooth shape coefficient YF with addendum mod. x)
Manufacture process: hobbing

Tooth form factor [YF] 2.31 2.41
Stress correction factor [Ys] 1.73 1.65
Bending lever arm (mm) [hF] 19.25 18.79
Working angle (grd) [alfh] 29.01 22.63
Tooth thickness at root (mm) [sFnl 21.57 21.46
Tooth root radius (mm) [roF] 4.78 5.60
(hF* =1.925/1.879 sFn* =2.157/2.146 roF* =0.478/0.560)

Contact ratio factor [Yeps] 0.63

Load distribution coefficient [YLS] 1.00

Effective facewidth (mm) [b] 40.00 40.00
Bevel gear factor (root) [YK] 1.004
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Nominal stress at tooth root (N/mm ) [sigF0] 202.81 201.63
Tooth root stress (N/mm ) [sigF] 513.33 510.35
Permissible bending stress at root of Test-gear
Support factor [YdrelT] 0.998 0.994
Surface factor [YRrelT] 0.957 0.957
size factor (Tooth root) [YXx] 0.950 0.950
Finite life factor [YNT] 0.925 0.932
[YdrelT*YRrelT*YX*YNT] 0.839 0.843
Alternating bending coefficient [ym] 1.000 1.000
Stress correction factor [Yst] 2.00
Yst*sigFlim (N/mm ) [sigFE] 1000.00 1000.00
Permissible tooth root stress (N/mm ) [sigFP=sigFG/SFmin] 599.02 601.79
Limit strength tooth root (N/mm ) [sigFG] 838.62 842.51
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 1.63 1.65
4. SAFETY AGAINST PITTING (TOOTH FLANK)
——————— GEAR 1 ----———- GEAR 2 --—————-
Zone factor [ZH] 2.22
Elasticity coefficient (N.5/mm) [ZE] 189.81
Load distribution coefficient [ZLS] 1.000
Helix angle factor [Zbet] 0.931
Bevel gear factor (flank) [ZK] 0.800
Medium length of contact lines (mm) [1bm] 40.23
Projected m. length of contact lines (mm) [1bm'] 35.51
Effective facewidth (mm) [b=1bm] 40.23
Mid-zone factor [zM-B] 1.001
Nominal flank pressure (N/mm ) [sigHO] 719.79
Effective flank pressure (N/mm ) [sigH] 1212.82
Lubrication coefficient at NL [zL] 0.997 0.997
Speed coefficient at NL [Zv] 0.967 0.967
Roughness coefficient at NL [ZR] 0.995 0.995
Material pairing coefficient at NL [Zw] 1.000 1.000
Finite life factor [ZNT] 0.967 0.979
[ZL*ZV*ZR*ZNT] 0.928 0.939
Small amount of pitting permissible (0=no, 1=yes) 0 0
Size factor (flank) [zX] 1.000 1.000
Permissible surface pressure (N/mm ) [sigHP=sigHG/SHmin] 1391.34 1408.76
Limit strength pitting (N/mm ) [sigHG] 1391.34 1408.76
Required safety [SHmin] 1.00 1.00
Safety for surface pressure on flank [SH=sigHG/sigH] 1.15 1.16
5. STRENGTH AGAINST SCUFFING
Calculation method according to
IS0 TR 13989:2000
The calculation of load capacity for scuffing does not cover grease.
The FZG-Test stage [FZGtestA] is only estimated
for grease.
The calculation can only serve as a rough guide.!
Lubrication coefficient (for lubrication type) [XS] 1.200
Multiple meshing factor [Xmp] 1.000
Relative structure coefficient (Scuffing) [XWrelT] 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780 13.780
Relevant tip relief ( m) [Cal 2.00 2.00
Optimal tip relief ( m) [Ceff] 60.77
Ca taken as optimal in the calculation (O=no, 1=yes) 0 0
Effective facewidth (mm) [beff] 34.000
Applicable circumferential force/facewidth (N/mm)
[wBt] 2706.445
(Kbg = 1.000, wBt*Kbg =2706.445)
Pressure angle factor (epsi:
0.780, eps2:0.540) [Xalfbet] 0.992
Flash temperature-criteria
Lubricant factor [XL] 0.665
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Tooth mass temperature (°C) [theMi] 95.38
theM = theoil + XS*0.47*Xmp*theflm [theflm] 45.00
Scuffing temperature (°C) [theS] 295.55
Coordinate gamma (point of highest temp.) [Gamma] 0.358
[Gamma.A]=-0.419 [Gamma.E]=0.606

Highest contact temp. (°C) [theB] 177.28
Flash factor (°K*N"-.75%s”.5%m”™-.5%mm) [xmM] 50.058
Approach factor [XJ] 1.000
Load sharing factor [XGam] 0.995
Dynamic viscosity (mPa*s) [etaM] 39.98 (70.0 °C)
Coefficient of friction [mym] 0.067
Required safety [SBmin] 2.000
Safety factor for scuffing (flash-temp) [sB] 2.102
Integral temperature-criteria

Lubricant factor [XL] 0.800
Tooth mass temperature (°C) [theM-C] 85.38
theM-C = theoil + XS*0.70*theflaint [theflaint] 18.30
Integral scuffing temperature (°C) [theSint] 305.43
Flash factor (°K*N"-.75%s”.5%m”™—.5%mm) [xmM] 50.058
Running-in factor (well run in) [XE] 1.000
Contact ratio factor [Xeps] 0.295
Dynamic viscosity (mPa*s) [eta0il] 39.98 (70.0 °C)
Averaged coefficient of friction [mym] 0.051
Geometry factor [XBE] 0.298
Meshing factor [XQ] 1.000
Tip relief factor [XCal 1.619
Integral tooth flank temperature (°C) [theint] 112.83
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [SSint] 2.707
Safety referring to transferred torque [SSL] 5.497

6. ALLOWANCES FOR TOOTH THICKNESS

——————— GEAR 1 ---——--- GEAR 2 ——————-
Tooth thickness deviationISO 23509 Q4-7 (Table CISO 23509 Q4-7 (Table C
Tooth thickness allowance (normal section) (mm) [As.e/i]-0.110 /-0.165 -0.110 /-0.165

The following data apply on the middle of the facewidth:

Tooth thickness (chordal) in pitch diameter (mm) [smnc] 17.496 13.908
(mm) [smnc.e/i]17.386 /17.331 13.798 / 13.743
Reference chordal height from dam (mm) [hamc] 12.695 7.570
Circumferential backlash (mm) [jmt] 0.374 /0.249
(mm) [jet] 0.419 /0.279
Normal backlash (mm) [jmn] 0.310 /0.207
(mm) [jen] 0.311 /0.207

7. GEAR ACCURACY

GEAR 1 GEAR 2 --
According to ISO 17485:2006:
Accuracy grade [Q-IS017485] 6 6
(Diameter (mm) [aT] 189.91 273.69)
Single pitch deviation ( m) [£pT] 17.00 18.00
Total cumulative pitch deviation ( m) [FpT] 53.00 58.00
Runout ( m) [FrT] 43.00 46.00
Single flank composite, tooth-to-tooth ( m) [fisTmax/fisTmin]39.00/ 4.0039.00/  4.00
(fisTmax, fisTmin: IS0 17485:2006, Table B1, qg=2)
Single flank composite, total ( m) [FisT] 92.00 97.00

9. DETERMINATION OF TOOTHFORM

Data for the tooth form calculation :
Data not available.

10. ADDITIONAL DATA

Input data for calculating the gear measurements according to IS0 23509:2006
Data of type 1 (according to table 3, IS0 23509:2006):

xhml=  0.2471 khap= 1.0000 khfp= 1.2500 xsmn= 0.0000
Data of type 2 (according to table 3, IS0 23509:2006):
cham=  0.3764 kd= 2.0000 kc= 0.1250 kt= 0.0000
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Calculation according to
Wech
Coefficient of friction [mum] 0.052
Compound velocity (m/s) [vSigm] 2.778
Loss factor [HV] 0.137
Power loss from gear load (kW) [PVZ] 0.551
Meshing efficiency (%) [etaz] 99.289
Wech-Data: VR = 0.866 VS = 1.000 VZ = 0.933
XL = 0.800 Kgm = 0.052 (0.200)
ronC = 33.74 mm ( 16.00 mm) Fn*Cos(betb2)/b2 = 878.93 N/mm
eta0il(0il) = 39.98 mPa*s VSigm = 2.78 m/s
Weight - calculated with da (kg) [Mass] 8.677 11.171
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
- KV, KHb, KHa according to method B
- KHb, KFb according method C
- Ydrel, YR according to method Bl
ZL, ZV, ZR according to method B
End of Report lines:
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Name : soukoli_345
Changed by: kratochv on: 12.05.2015 at: 11:46:15
CALCULATION OF HELICAL GEARS
Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0
Gear 3: 0.000.0
Calculation method IS0 6336:2006 Method B

------- Gear 1 --------- Gear 2 --------- Gear 3 ---
Number of planets/intermediate wheels [No.wheel] (1) 1 (1)
Power (kW) [P] 92.45
Speed (UpM) [n] 164.7 164.7 164.7
Torque (Nm) [T] 5360.0 0.0 5360.0
Application factor [KA] 1.50
Required service life [H] 10000.00
Gear driving (+) / driven (-) + -/+ -
1. TOOTH GEOMETRY AND MATERIAL

(geometry calculation according to
DIN 3960:1987)

------- Gear 1 ------------ Gear 2 ------------ Gear 3 ---
Center distance (mm) [al 220.000 213.000
Centre distance tolerance IS0 286:2010 Measure js7 ISO 286:2010 Measure js7
Normal module (mm) [mn] 6.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [betal 25.0000
Number of teeth [z] 32 32 32
Facewidth (mm) [b] 60.00 80.00 100.00
Hand of gear left right left
Accuracy grade [Q-IS01328:1995] 6 6 6
Inner diameter (mm) [dil 0.00 0.00 0.00
Inner diameter of gear rim (mm) [dbil 0.00 0.00 0.00

Material
Gear 1:

Gear 2:

Gear 3:

Surface hardness
Material quality

Fatigue strength.

Fatigue strength
Tensile strength

Yield point (N/mm )
Young's modulus (N/mm )

Poisson's ratio

Mean roughness, Ra, tooth flank ( m)
Mean roughness height, Rz, flank ( m)

18CrNiMo7-6, Case-carburized
IS0 6336-5 Figure 9/10 (MQ),
18CrNiMo7-6, Case-carburized
IS0 6336-5 Figure 9/10 (MQ),
18CrNiMo7-6, Case-carburized
IS0 6336-5 Figure 9/10 (MQ),

steel, case-hardened
core strength >=30HRC
steel, case-hardened
core strength >=30HRC
steel, case-hardened
core strength >=30HRC

——————— Gear 1 ------------ Gear 2 ------------ Gear 3 ---
HRC 61 HRC 61 HRC 61
according to IS0 6336:2006 Normal (Life factors ZNT and YNT >=0.85)
tooth root stress (N/mm ) [sigFlim] 500.00 500.00 500.00
for Hertzian pressure (N/mm ) [sigHlim] 1500.00 1500.00 1500.00
(N/mm ) [Rm] 1200.00 1200.00 1200.00
[sigs] 850.00 850.00 850.00
[E] 206000 206000 206000
[ny] 0.300 0.300 0.300
[RAH] 0.60 0.60 0.60
[RZH] 4.80 4.80 4.80
[RZF] 20.00 20.00 20.00

Mean roughness height, Rz, root ( m)

Gear reference profile 1 :
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient
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Tip radius factor [rhoaPx] 0.000
Protuberance height factor [hprPx*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaPx] 0.000
Ramp angle [al£fKP] 0.000
not topping
Gear reference profile 2 :
Reference profile 1.26 / 0.38 / 1.0 ISO 53.2:1997 Profil A
Dedendum coefficient [hfPx] 1.250
Root radius factor [rhofP*] 0.380
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height factor [hprPx*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaPx] 0.000
Ramp angle [alfKP] 0.000
not topping
Gear reference profile 3 :
Reference profile 1.26 / 0.38 / 1.0 ISO 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.380
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaPx] 0.000
Protuberance height factor [hprPx*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaPx] 0.000
Ramp angle [al£fKP] 0.000
not topping
Summary of reference profile gears:
Dedendum reference profile [hfPx] 1.250 1.250 1.250
Tooth root radius Reference profile [rofPx] 0.380 0.380 0.380
Addendum Reference profile [haP*] 1.000 1.000 1.000
Protuberance height factor [hprPx] 0.000 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000 0.000
Tip form height coefficient [hFaPx] 0.000 0.000 0.000
Ramp angle (°) [alfKP] 0.000 0.000 0.000
Type of profile modification: none (only running-in)
Tip relief ( m) [Cal 2.00 2.00 2.00
Lubrication type Grease lubrication
Type of grease Grease: Kliibersynth UH1 14-1600
Lubricant base Synthetic oil based on Polyalphaolefin
Kinem. viscosity base oil at 40 °C (mm /s) [nu40] 160.00
Kinem. viscosity base oil at 100 °C (mm /s) [nu100] 21.00
FZG-Test A/8.3/90 step [FZGtestAl 12
Specific density at 15 °C (kg/dm ) [ro0il] 0.850
Grease temperature (°C) [TS] 70.000
------- Gear 1 ------------ Gear 2 ------------ Gear 3 ---
Overall transmission ratio [itot] -1.000
Gear ratio [u] 1.000 1.000
Transverse module (mm) [mt] 6.620
Pressure angle at pitch circle (°) [alft] 21.880
Working transverse pressure angle (°) [alfwt] 26.673 22.639
[alfwt.e/i] 26.685 / 26.661 22.654 / 22.624
Working pressure angle at normal section (°) [alfwn] 24.329 20.687
Helix angle at operating pitch circle (°) [betaw] 25.839 25.119
Base helix angle (°) [betab] 23.399
Reference centre distance (mm) [ad] 211.849 211.849
Sum of profile shift coefficients [Summexi] 1.5044 0.1951
Profile shift coefficient [x] 0.8094 0.6951 -0.5000
Tooth thickness (Arc) (module) (module) [snx] 2.1600 2.0768 1.2068
Tip alteration (mm) [k*mn] -0.875 -0.875 -0.019
Reference diameter (mm) [a] 211.849 211.849 211.849
Base diameter (mm) [db] 196.588 196.588 196.588
Tip diameter (mm) [dal 231.811 230.440 217.811
(mm) [da.e/i] 231.811 / 231.801 230.440 / 230.430 217.811 / 217.801
Tip diameter allowances (mm) [Ada.e/il  0.000 / -0.010 0.000 / -0.010 0.000 / -0.010
Tip form diameter (mm) [dFal 231.811 230.440 217.811
(mm) [dFa.e/i] 231.811 / 231.801 230.440 / 230.430 217.811 / 217.801
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Active tip diameter (mm)
Operating pitch diameter (mm)
(mm)
(mm)
Root diameter (mm)
Generating Profile shift coefficient
Manufactured root diameter with xE (mm)
(mm)
Theoretical tip clearance (mm)
Tip clearance upper allowance (mm)
Tip clearance lower allowance (mm)
Active root diameter (mm)
(mm)
(mm)
Root form diameter (mm)
(mm)
Reserve (dNf-dFf)/2 (mm)
Addendum (mm)
(mm)
2.976
Dedendum (mm)
(mm)
10.699
Roll angle at dFa (°)
27.325
Roll angle to dNf (°)

Roll angle at dFf (°)
8.621
Tooth height (mm)
Virtual gear no. of teeth
Normal tooth thickness at tip cylinder (mm)
(mm)
Normal spacewidth at root cylinder (mm)
(mm)
Max. sliding velocity at tip (m/s)
Specific sliding at the tip
Specific sliding at the root
Sliding factor on tip
Sliding factor on root
Pitch on reference circle (mm)
Base pitch (mm)
Transverse pitch on contact-path (mm)
Lead height (mm)
Axial pitch (mm)
Length of path of contact (mm)
(mm)
Length T1-A
Length T1-B
Length T1-C
Length T1-D
Length T1-E
Diameter of
(mm)
(mm)
Diameter of
(mm)
(mm)

(mm)
(mm)
(mm)
(mm)
(mm)

single contact point B (mm)

single contact point D (mm)

ratio
ratio with allowances

Transverse contact
Transverse contact
Overlap ratio

Total contact ratio
Total contact ratio with allowances

2. FACTORS OF GENERAL INFLUENCE

Nominal circum. force at pitch circle (N)
Axial force (N)

Axial force (total) (N)

23596.2

Radial force (N)

Normal force (N)
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[dNa.e/i] 231.811 / 231.801 230.440 / 230.430 217.811 / 217.801

[dw] 220.000 220.000 / 213.000 213.000
[dw.e] 220.023 220.023 / 213.023 213.023
[dw.i] 219.977 219.977 / 212.977 212.977
[daf] 206.561 205.190 190.849
[xE.e/il 0.7876 / 0.7762 0.6733 / 0.6619  -0.5218 / -0.5332
[df.e] 206.300 204.929 190.588
[df.i] 206.162 204.791 190.450
[c] 1.500 1.500/2.356 1.500
[c.e] 1.727 1.727/2.583 1.727
[c.i] 1.607 1.607/2.463 1.607
[dan£] 211.234 210.294/208.745 201.397
[dNf.e] 211.278 210.337/208.793 201.427
[dNf.i] 211.196 210.258/208.705 201.371
[dF£] 209.639 208.389 198.963
[dFf.e/i] 209.396 / 209.270 208.158 / 208.037 198.856 / 198.801
[cF.max/min] 1.004 / 0.900 0.378 / 0.274 1.313 /  1.257
[ha = mn * (haP*+x)] 9.981 9.296 2.981
[ha.e/il] 9.981 /  9.976 9.296 /  9.201 2.981 /
[hf = mn * (hfP*-x)] 2.644 3.329 10.500
[hf.e/il] 2.774 /  2.843 3.460 /  3.529 10.631 /
[xsi_dFa.e/il 35.802 / 35.796 35.042 / 35.036 27.332 /
[xsi_dNf.e/il 22.560 / 22.495 21.800 / 21.735
[xsi_dNf.e/il] 20.501 / 20.424 12.790 / 12.715
[xsi_dFf.e/il 21.017 / 20.909 19.944 / 19.837 8.729 /
[H] 12.625 12.625 13.481
[zn] 41.919 41.919 41.919
[san] 4.306 4.505 5.008
[san.e/i] 4.209 / 4.150 4.409 /  4.350 4.915 /  4.860
[efn] 4.042 4.119 0.000
[efn.e/i] 4.055 / 4.062 4.136 /  4.146 0.000 /  0.000
[vgal 0.415 0.370/0.660 0.203
[zetaa] 0.392 0.357/0.636 0.251
[zetaf] -0.556 -0.645/-0.336 -1.748
[Kgal 0.219 0.195/0.359 0.111
[Kgf] -0.195 -0.219/-0.111 -0.359
[pt] 20.798
[pbt] 19.300
[pet] 19.300
[pz] 1427.259 1427.259 1427.259
[px] 44.602 44.602 44.602
[gal 22.777 25.017
[ga.e/il] 22.828 / 22.707 25.076 / 24.936
[T14] 38.642 60.116/35.099 46.890
[T1B] 42.119 56.639/40.816 41.173
[T1C] 49.379 49.379/40.994 40.994
[T1D] 57.942 40.816/54.399 27.590
[T1E] 61.419 37.339/60.116 21.873
[d-B] 213.876 226.889/ 212.863 213.138
[d-B.e] 213.876 226.838/ 212.863 213.092
[d-B.i] 213.869 226.949/ 212.855 213.191
[d-D] 228.202 212.863/ 224.686 204.185
[d-D.e] 228.150 212.863/ 224.628 204.185
[d-D.i] 228.264 212.855/ 224.755 204.179
[eps_al 1.180 1.296
[eps_a.e/i] 1.183 /1.177 1.299 /1.292
[eps_b] 1.345 1.794
[eps_gl] 2.525 3.090
[eps_g.e/il] 2.528 /2.522 3.093 / 3.086
——————— Gear 1 -----—-—-—---- Gear 2 ------------ Gear 3 ---
[Ft] 50602.185 50602.185
[Fal 23596.2 23596.2 23596.2
[Fatot=Fax* 1] 23596.2
[Fr] 20321.671 20321.671
[Fnorm] 59416.6 59416.6 59416.6
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Tangent.load at p.c.d.per mm (N/mm) (N/mm) [wl 843.37 632.53
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 48727.273 50328.638
Axial force (N) [Fal 23596.2 23596.2/23596.2 23596.2
Axial force (total) (N) [Fatot=Fax* 1] 23596.2
23596.2
Radial force (N) [Fr] 24478.650 20989.988
Circumferential speed reference circle (m/s) [v] 1.83
Circumferential speed operating pitch circle (m/s)
[v(aw)] 1.90
Running-in value ( m) [yp] 0.698 0.698
Running-in value ( m) [yf] 0.900 0.900
Gear body coefficient [CR] 1.000 1.000
Correction coefficient [cM] 0.800 0.800
Reference profile coefficient [CBs] 0.975 0.975
Material coefficient [E/Est] 1.000 1.000
Singular tooth stiffness (N/mm/ m) [c'] 14.517 12.271
Meshing stiffness (N/mm/ m) [cgalf] 16.479 14.998
Meshing stiffness (N/mm/ m) [cgbet] 14.007 12.748
Reduced mass (kg/mm) [mRed] 0.0907 0.0782
Resonance speed (min-1) [nE1] 4946 2968
nEl : IS06336-1:2006 Chapter 6.4.7.5 Idler Gears, nEl,2
Resonance ratio (-) [N] 0.033 0.056
Running-in value ( m) [yal 0.698 0.698
Bearing distance 1 of pinion shaft (mm) [1] 120.000 160.000
Distance s of pinion shaft (mm) [s] 12.000 16.000
Outside diameter of pinion shaft (mm) [dsh] 60.000 80.000
Load in accordance with IS0 6336-1:2006 Diagram 13
-] 4 4
Factor K' according ISO 6336-1:2006 Diagram 13 [X'] -1.00 -1.00
0:a), 1:b), 2:c), 3:d), 4:e)
support effect (0: without, 1: with) 0 0
Tooth trace deviation (active) ( m) [Fby] 5.81 4.25
from deformation of shaft ( m) [fsh*B1] 10.78 7.54
Tooth trace 0 0
(0:without, 1:crowned, 2:Tip relief, 3:full modification)
Contact pattern 1 1
(0:inappropriate, 1:favorable, 2:optimal)
from production tolerances ( m) [fma*B2] 14.14 14.14
Running-in value y.b ( m) [yb] 1.03 0.75
Dynamic factor [KV=max (KV12,KV23)] 1.01
[KV12,KV23] 1.01 1.01
Face load factor - flank [KHDb] 1.03 1.03
- Tooth root [KFb] 1.03 1.02
- Scuffing [KBb] 1.03 1.03
Transverse load factor - flank [KHa] 1.00 1.00
- Tooth root [KFa] 1.00 1.00
- Scuffing [KBa] 1.00 1.00
Helical load factor scuffing [Kbg] 1.23 1.29
Number of load cycles (in mio.) [NL] 98.8 98.8 98.8
3. TOOTH ROOT STRENGTH
Calculation of Tooth form coefficients according method: B
(Calculate tooth shape coefficient YF with addendum mod. x)
——————— Gear 1 ------------ Gear 2 ------------ Gear 3 ---
Tooth form factor [YF] 1.17 1.21/1.00 1.98
Stress correction factor [¥s] 2.40 2.36/2.56 1.60
Bending lever arm (mm) [hF] 6.67 6.75/5.55 7.44
Working angle (°) [alfFen] 25.20 24.63/23.45 17.67
Tooth thickness at root (mm) [sFn] 14.06 13.94/13.94 11.71
Tooth root radius (mm) [roF] 2.29 2.33/2.33 4.15

(sFn* =
30.0/ 30.0/ 30.0)

Contact ratio factor

Helix angle factor
Deep tooth factor
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[Yeps]
[Ybet]
[YDT]

1.00 1.00
0.79 0.79
1.00 1.00

2.343/2.323/2.323/1.951 roF* =0.381/0.388/0.388/0.692 dsFn =208.670/207.315/207.315/193.851 alfsFn =30.0/
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Gear rim factor [YB] 1.00 1.00 1.00
Effective facewidth (mm) [beff] 60.00 72.00/80.00 92.00
Nominal stress at tooth root (N/mm ) [sigF0] 312.77 264.13/214.44 229.73
Tooth root stress (N/mm ) [sigF] 484.43 409.09/331.67 355.32
Permissible bending stress at root of Test-gear
Support factor [YdrelT] 1.005 1.005/1.005 0.989
Surface factor [YRrelT] 0.957 0.957 0.957
size factor (Tooth root) [Yx] 0.990 0.990 0.990
Finite life factor [YNT] 0.932 0.932 0.932
Alternating bending coefficient [ym] 1.000 0.700 1.000
Stress correction factor [Yst] 2.00
Yst*sigFlim (N/mm ) [sigFE] 1000.00 1000.00 1000.00
Permissible tooth root stress (N/mm ) [sigFP=sigFG/SFmin] 634.07 443.55/443.55 623.58
Limit strength tooth root (N/mm ) [sigFG] 887.70 620.97/620.97 873.01
Required safety [SFmin] 1.40 1.40/1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 1.83 1.562/1.87 2.46
Transmittable power (kW) [kWRating] 121.00 100.23/123.63 162.24
4. SAFETY AGAINST PITTING (TOOTH FLANK)
——————— Gear 1 ------------ Gear 2 ------------ Gear 3 ---

Zone factor [ZH] 2.06 2.26
Elasticity coefficient (N~.5/mm) [ZE] 189.81 189.81
Contact ratio factor [Zeps] 0.921 0.878
Helix angle factor [Zbet] 1.050 1.050
Effective facewidth (mm) [beff] 60.00 80.00
Nominal flank pressure (N/mm ) [sigHO] 1066.76 967 .48
Surface pressure at operating pitch circle (N/mm )

[sighw] 1331.91 1205.84
Single tooth contact factor [zB,zD] 1.00 1.00/1.00 1.00
Flank pressure (N/mm ) [sigHB, sighD]  1331.91 1331.91/1205.84 1205.84
Lubrication coefficient at NL [ZL] 0.997 0.997/0.997 0.997
Speed coefficient at NL [zv] 0.963 0.963/0.963 0.963
Roughness coefficient at NL [ZR] 0.987 0.987/0.982 0.982
Material pairing coefficient at NL [zw] 1.000 1.000/1.000 1.000
Finite life factor [ZNT] 0.979 0.979 0.979
Small no. of pittings permissible: no
Size factor (flank) [zX] 1.000 1.000 1.000
Permissible surface pressure (N/mm ) [sigHP=sigHG/SHmin] 1390.65 1390.65/1383.76 1383.76
Limit strength pitting (N/mm ) [sigHG] 1390.65 1390.65/1383.76 1383.76
Required safety [SHmin] 1.00 1.00/1.00 1.00
Safety for surface pressure at operating pitch circle

[SHw] 1.04 1.04/1.15 1.15
Safety for stress at single tooth contact [SHBD=sigHG/sigHBD] 1.04 1.04/1.15 1.15
(Safety regarding nominal torque) [(SHBD) ~2] 1.09 1.09/1.32 1.32
Transmittable power (kW) [kWRating] 100.78 100.78/121.74 121.74

4b. MICROPITTING ACCORDING TO IS0 TR 15144-1:2010

Pairing Gear 1-2:
Calculation did not run. (Lubricant: Load stage micropitting test is unknown.)

Pairing Gear 2-3:
Calculation did not run. (Lubricant: Load stage micropitting test is unknown.)

5. STRENGTH AGAINST SCUFFING

Calculation method according to
IS0 TR 13989:2000

The calculation of load capacity for scuffing does not cover grease.
The FZG-Test stage

for grease.

The calculation can only serve as a rough guide.!

Lubrication coefficient (for lubrication type) [XS] 1.200
Multiple meshing factor [Xmp] 1.0

5/8
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Relative structure coefficient (Scuffing) [XWrelT] 1.000 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780 13.780 13.780
Relevant tip relief ( m) [Ca] 2.00 2.00 2.00
Optimal tip relief ( m) [Ceff] 76.77 63.26
Ca taken as optimal in the calculation (O=no, 1l=yes) 0 0/ 0
Effective facewidth (mm) [beff] 60.000 80.000
Applicable circumferential force/facewidth (N/mm)

[wBt] 1314.729 982.604
((1)Kbg = 1.228, wBt*Kbg =1614.550)
((2)Kbg = 1.289, wBt*Kbg =1266.151)
Angle factor [Xalfbet] 1.0563 0.998
Flash temperature-criteria
Lubricant factor [XL] 0.665 0.665
Tooth mass temperature (°C) [theMi] 81.35 83.34
theM = theoil + XS*0.47*Xmp*theflm [theflm] 20.12 23.65
Scuffing temperature (°C) [theS] 295.55 295.55
Coordinate gamma (point of highest temp.) [Gamma] -0.217 0.466
(&) [Gamma.A]=-0.217 [Gamma.E]=0.244
(2) [Gamma.A]=-0.144 [Gamma.E]=0.466
Highest contact temp. (°C) [theB] 126.49 149.77
Flash factor (°K+N"-.75%s”.5%m™-.5%mm) [xM] 50.058 50.058
Approach factor [XJ] 1.157 1.000
Load sharing factor [XGam] 1.000 1.000
Dynamic viscosity (mPaxs) [etaM] 39.98 39.98
Coefficient of friction [mym] 0.062 0.063
Required safety [SBmin] 2.000
Safety factor for scuffing (flash-temp) [SB] 3.993 2.828
Integral temperature-criteria
Lubricant factor [XL] 0.800
Tooth mass temperature (°C) [theM-C] 82.88 88.36
theM-C = theoil + XS*0.70*theflaint [theflaint] 15.33 21.86
Integral scuffing temperature (°C) [theSint] 305.43 305.43
Flash factor (°K+N"-.75%s”.5%m™~.5%mm) [xXM] 50.058 50.058
Running-in factor (well run in) [XE] 1.000 1.000
Contact ratio factor [Xeps] 0.368 0.314
Dynamic viscosity (mPaxs) [eta0il] 39.98 39.98
Averaged coefficient of friction [mym] 0.052 0.056
Geometry factor [XBE] 0.180 0.368
Meshing factor [xQ] 1.000 1.000
Tip relief factor [XCal 1.055 1.106
Integral tooth flank temperature (°C) [theint] 105.88 121.15
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [SSint] 2.88 2.52
Safety referring to transferred torque [ssL] 6.56 4.60
6. MEASUREMENTS FOR TOOTH THICKNESS

——————— Gear 1 ------------ Gear 2 ------------ Gear 3 ---

DIN 3967 cd25 DIN 3967 cd25
[As.e/i] -0.095/ -0.145 -0.095/

DIN 3967 cd25
-0.145 -0.095/ -0.145

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

Number of teeth spanned [k] 6.000 6.000 4.000
Base tangent length (no backlash) (mm) [wk] 104.299 103.830 63.500
Actual base tangent length ('span') (mm) [Wk.e/i]  104.210/104.163 103.741/103.694 63.410/63.363
Diameter of contact point (mm) [dMWk .m] 218.609 218.421 205.015
Theoretical diameter of ball/pin (mm) [DM] 11.478 11.230 9.895
Eff. Diameter of ball/pin (mm) [DMef£] 12.000 12.000 10.000
Theor. dim. centre to ball (mm) [MrK] 119.852 119.342 109.537
Actual dimension centre to ball (mm) [MrK.e/i] 119.756/119.705 119.245/119.193 109.394/
109.318
Diameter of contact point (mm) [dMMr .m] 222.124 221.179 205.811
Diametral measurement over two balls without clearance (mm)
[MdK] 239.704 238.685 219.075
Actual dimension over balls (mm) [MdK.e/i]l 239.511/239.409 238.489/238.386 218.788/
218.635
Actual dimension over rolls (mm) [MdR.e/i] 239.511/239.409 238.489/238.386 218.788/
218.635
Actual dimensions over 3 rolls (mm) [Md3R.e/i] 0.000/0.000 0.000/0.000 0.000/0.000
Tooth thickness (chordal) in pitch diameter (mm) ['snl] 12.954 12.456

7.240
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(mm) ['sn.e/i] 12.859/12.809 12.361/12.311 7.145/7.095
Reference chordal height from da.m (mm) [ha] 10.141 9.444 3.029
Tooth thickness (Arc) (mm) [sn] 12.960 12.461 7.241
(mm) [sn.e/i] 12.865/12.815 12.366/12.316 7.146/7.096
Backlash free center distance (mm) [aControl.e/i] 219.783/219.668 212.746/212.612
Backlash free center distance, allowances (mm) [jtal -0.217/-0.332 -0.000/-0.000
dNf.i with aControl (mm) [dNf0.1i] 210.696 208.073 200.966
Reserve (dNf0.i-dFf.e)/2 (mm) [cFO0.i] 0.650 -0.042 1.055
Centre distance allowances (mm) [Aa.e/i] 0.023/-0.023 0.023/-0.023
Circumferential backlash from Aa (mm) [jtw_Aa.e/il 0.023/-0.023 0.019/-0.019
Radial clearance (mm) [jrw] 0.355/0.194 0.411/0.231
Circumferential backlash (transverse section) (mm)
[itw] 0.355/0.195 0.341/0.192
Normal backlash (mm) [jnw] 0.303/0.166 0.290/0.163
Entire torsional angle (°) [j.tSys] 0.3746/0.2078
(j.tSys: Gear angle of rotation3 bei festgehaltenem Radl)
7. GEAR ACCURACY
——————— Gear 1 ------------ Gear 2 ------------ Gear 3 ---
According to ISO 1328:1995
Accuracy grade [Q-IS01328] 6 6 6
Single pitch deviation ( m) [£fptT] 10.00 10.00 10.00
Base circle pitch deviation ( m) [£fpbT] 9.30 9.30 9.30
Sector pitch deviation over k/8 pitches ( m) [Fpk/8T] 18.00 18.00 18.00
Profile deviation ( m) [ffaT] 12.00 12.00 12.00
Profile slope deviation ( m) [fHaT] 9.50 9.50 9.50
Total profile deviation ( m) [FaT] 15.00 15.00 15.00
Helix form deviation ( m) [££bT] 10.00 10.00 12.00
Helix slope deviation ( m) [fHbT] 10.00 10.00 12.00
Total helix deviation ( m) [FbT] 15.00 15.00 17.00
Total cumulative pitch deviation ( m) [FpT] 36.00 36.00 36.00
Runout ( m) [FrT] 29.00 29.00 29.00
Single flank composite, total ( m) [FisT] 52.00 50.00 52.00
Single flank composite, tooth-to-tooth ( m) [£isT] 16.00 14.00
16.00
Radial composite, total ( m) [FidT] 51.00 51.00 51.00
Radial composite, tooth-to-tooth ( m) [£idT] 22.00 22.00 22.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality
6)
Maximum value for deviation error of axis ( m) [fSigbet] 15.00 15.00
Maximum value for inclination error of axes ( m) [fSigdell 30.00 30.00
8. ADDITIONAL DATA
Minimum possible center distance (mm):
al3 > 226.011
Mean coeff. of friction (acc. Niemann) [mum] 0.052 0.053
Wear sliding coef. by Niemann [zetw] 0.443 0.707
Meshpower (kW) 0.000 0.000
Power loss from gear load (kW) 0.535 0.811
Total power loss (kW) 1.346
Total efficiency 0.985
Weight - calculated with da (kg) [Mass] 19.828 26.125 29.175
Total weight (kg) [Mass] 75.127
Moment of inertia (System referenced to wheel 1):
calculation without consideration of the exact tooth shape
single gears ((da+df)/2...di) (kg*m ) [TraeghMom] 0.10613 0.13800 0.13356

System ((da+df)/2...di) (kg*m ) [TraeghMom] 0.37768

9. DETERMINATION OF TOOTHFORM

Data for the tooth form calculation :
Data not available.
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REMARKS :

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

- For the backlash tolerance, the center distance tolerances and the tooth thickness
deviation are taken into account. Shown is the maximal and the minimal backlash corresponding
the largest resp. the smallest allowances
The calculation is done for the Operating pitch circle..
- Calculation of Zbet according Corrigendum 1 % ISO 6336-2:2008 with Zbet = 1/(C0S(beta)~0.5)
- Details of calculation method:

cg according to method B

KV according to method B

KHb, KFb according method C

fma following equation (64), fsh following (57/58), Fbx following (52/53/57)

KHa, KFa according to method B

End of Report lines: 523
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KISSsoft Release 03/2014 E
KISSsoft academic license for Uni Pilsen
File
Name : soukoli_34B
Changed by: kratochv on: 12.05.2015 at: 11:46:46
Important hint: At least one warning has occurred during the calculation:
1-> Notice to gear 1:
NOT POSSIBLE TO MEASURE BASE TANGENT LENGTH!
The width of the gear is too small, hence the tooth thickness too big,
so that the required length for the measurement exceed the face width.
2-> Notice concerning gear 1:
Dimension over balls is not measurable (facewidth is too small)!
3-> Notice to gear 2:
NOT POSSIBLE TO MEASURE BASE TANGENT LENGTH!
The width of the gear is too small, hence the tooth thickness too big,
so that the required length for the measurement exceed the face width.
CALCULATION OF A HELICAL GEAR PAIR
Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0
Calculation method IS0 6336:2006 Method B
GEAR 1 GEAR 2 --
Power (kW) [P] 17.543
Speed (1/min) [n] 159.7 164.7
Torque (Nm) [T] 1049.0 1017.2
Application factor [KA] 1.50
Required service life [H] 10000.00
Gear driving (+) / driven (-) - +
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
DIN 3960:1987)
GEAR 1 GEAR 2 --
Center distance (mm) [al 220.000
Centre distance tolerance IS0 286:2010 Measure js7
Normal module (mm) [mn] 6.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [betal 25.0000
Number of teeth [z] 33 32
Facewidth (mm) [b] 18.00 18.00
Hand of gear left
right
Accuracy grade [Q-IS0 1328:1995] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbil 0.00 0.00
Material
Gear 1: 15 CrNi 6, Case-carburized steel, case-hardened
IS0 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28
Gear 2: 15 CrNi 6, Case-carburized steel, case-hardened
IS0 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28
——————— GEAR 1 -------—- GEAR 2 --
Surface hardness HRC 60 HRC 60
Material quality according to ISO 6336:2006 Normal (Life factors ZNT and YNT >=0.85)
Fatigue strength. tooth root stress (N/mm ) [sigFlim] 430.00 430.00
Fatigue strength for Hertzian pressure (N/mm ) [sigHlim] 1500.00 1500.00
Tensile strength (N/mm ) [Rm] 1000.00 1000.00
Yield point (N/mm ) [Rp] 685.00 685.00
Young's modulus (N/mm ) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank ( m) [RAH] 0.60 0.60
Mean roughness height, Rz, flank ( m) [RZH] 4.80 4.80
Mean roughness height, Rz, root ( m) [RZF] 20.00 20.00
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Gear reference profile 1 :
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient
Tip radius factor
Protuberance height factor
Protuberance angle

Tip form height coefficient
Ramp angle

Gear reference profile 2 :
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient
Tip radius factor
Protuberance height factor
Protuberance angle

Tip form height coefficient
Ramp angle

Summary of reference profile gears:
Dedendum reference profile

Tooth root radius Reference profile
Addendum Reference profile
Protuberance height factor
Protuberance angle (°)

Tip form height coefficient

Ramp angle (°)

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

Lubrication type

Type of grease

Lubricant base

Kinem. viscosity base oil at 40 °C (mm /s)
Kinem. viscosity base oil at 100 °C (mm /s)
FZG-Test A/8.3/90 step

Specific density at 15 °C (kg/dm )

Grease temperature (°C)

Overall transmission ratio

Gear ratio

Transverse module (mm)

Pressure angle at pitch circle (°)
Working transverse pressure angle (°)

Working pressure angle at normal section (°)
Helix angle at operating pitch circle (°)
Base helix angle (°)

Reference centre distance (mm)

Sum of profile shift coefficients

Profile shift coefficient

Tooth thickness (Arc) (module) (module)

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

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

(mm)

Active tip diameter (mm)
Active tip diameter (mm)
Operating pitch diameter (mm)

(mm)
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Calgusation programs fur mechine design
[hfP*] 1.250
[rhofPx] 0.380
[haP*] 1.000
[rhoaPx*] 0.000
[hprPx*] 0.000
[alfprP] 0.000
[hFaP*] 0.000
[alfKP] 0.000
not topping
[hfP*] 1.250
[rhofPx] 0.380
[haP*] 1.000
[rhoaPx*] 0.000
[hprPx*] 0.000
[alfprP] 0.000
[hFaP*] 0.000
[alfKP] 0.000
not topping
[hfPx*] 1.250 1.250
[rofP*] 0.380 0.380
[haPx] 1.000 1.000
[hprP*] 0.000 0.000
[alfprP] 0.000 0.000
[hFaP*] 0.000 0.000
[alfKP] 0.000 0.000
[Cal 2.0 2.0
Grease lubrication
Grease: Kliibersynth UH1 14-1600
Synthetic oil based on Polyalphaolefin
[nu40] 160.00
[nu100] 21.00
[FZGtestA] 12
[ro0il] 0.850
[TS] 70.000
GEAR 1 GEAR 2 --
[itot] -1.031
[u] 1.031
[mt] 6.620
[alft] 21.880
[alfwt] 24.832
[alfwt.e/i] 24.845 / 24.819
[alfwn] 22.670
[betaw] 25.492
[betab] 23.399
[ad] 215.159
[Summexi] 0.8597
[x] 0.1646 0.6951
[snx*] 1.6906 2.0768
[k*mn] -0.317 -0.317
[d] 218.469 211.849
[db] 202.731 196.588
[dal 231.810 231.556
[da.e/il 231.810 / 231.800 231.556 / 231.546
[Ada.e/i] 0.000 / -0.010 0.000 / -0.010
[dFa] 231.810 231.556
[dFa.e/i] 231.810 / 231.800 231.556 / 231.546
[dNa] 231.810 231.556
[dNa.e/i] 231.810 / 231.800 231.556 / 231.546
[dw] 223.385 216.615
[dw.e/i] 223.408 / 223.361 216.638 / 216.593
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Root diameter (mm)
Generating Profile shift coefficient
Manufactured root diameter with xE (mm)
Theoretical tip clearance (mm)
Effective tip clearance (mm)
Active root diameter (mm)
(mm)
Root form diameter (mm)
(mm)

Reserve (dNf-dFf)/2 (mm)
Addendum (mm)

(mm)
Dedendum (mm)

(mm)
Roll angle at dFa (°)
Roll angle to dNa (°)
Roll angle to dNf (°)
Roll angle at dFf (°)
Tooth height (mm)
Virtual gear no. of teeth

Normal tooth thickness at tip cylinder (mm)

(mm)
Normal spacewidth at root cylinder (mm)
(mm)
Max. sliding velocity at tip (m/s)
Specific sliding at the tip
Specific sliding at the root
Mean specific sliding
Sliding factor on tip
Sliding factor on root
Pitch on reference circle (mm)
Base pitch (mm)
Transverse pitch on contact-path (mm)
Lead height (mm)
Axial pitch (mm)
Length of path of contact (mm)
Length T1-A, T2-A (mm)
Length T1-B (mm)
Length T1-C (mm)
Length T1-D (mm)
Length T1-E (mm)
Length T1-T2 (mm)
Diameter of single contact point B (mm)
Diameter of single contact point D (mm)
Addendum contact ratio
Minimal length of contact line (mm)

Transverse contact ratio

Transverse contact ratio with allowances
Overlap ratio

Total contact ratio

Total contact ratio with allowances

2. FACTORS OF GENERAL INFLUENCE

Nominal circum. force at pitch circle (N)

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

Tangent.load at p.c.d.per mm (N/mm) (N/mm)

KISSsoFT

Only as information: Forces at operating pitch circle:

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

Circumferential speed reference circle (m/s)

Circumferential speed operating pitch circle (m/s)

Running-in value ( m)
Running-in value ( m)
Correction coefficient

Gear body coefficient
Reference profile coefficient
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[af] 205.444 205.190
[xE.e/i] 0.1428/ 0.1314 0.6733/ 0.6619
[df.e/i] 205.183 / 205.045 204.929 / 204.791
[c] 1.500 1.500
[c.e/i] 1.728 / 1.608 1.728 / 1.608
[dNf] 212.124 209.487
[aNf.e/i] 212.162 / 212.092 209.532 / 209.449
[aFf] 209.933 208.389
[dFf.e/i] 209.753 / 209.658 208.158 / 208.037
[cF.max/min] 1.252 / 1.170 0.747 / 0.645
[ha=mn* (haP*+x)] 6.670 9.854
[ha.e/i] 6.670 / 6.665 9.854 / 9.849
[hf=mn* (hfP*-x)] 6.513 3.329
[hf.e/i] 6.643 / 6.712 3.460 / 3.529
[xsi_dFa.e/i] 31.769 / 31.763 35.661 / 35.656
[xsi_dNa.e/i] 31.769 / 31.763 35.661 / 35.656
[xsi_dNf.e/i] 17.679 / 17.611 21.131 / 21.061
[xsi_dFf.e/i] 15.209 / 15.105 19.945 / 19.837
[H] 13.183 13.183
[zn] 43.229 41.919
[san] 4.725 3.908
[san.e/i] 4.630 / 4.573 3.811 / 3.752
[efn] 4.836 4.119
[efn.e/i] 4.883 / 4.909 4.136 / 4.146
[vgal 0.316 0.533
[zetaa] 0.336 0.505
[zetaf] -1.021 -0.506
[zetam] 0.442
[Kgal 0.169 0.285
[Kgf] -0.285 -0.169
[pt] 20.798
[pbt] 19.300
[pet] 19.300
[pz] 1471.861 1427.259
[px] 44.602
[ga, e/i] 24.992 ( 25.047 / 24.918)
[T1A, T2A] 56.204( 56.204/ 56.194) 36.186( 36.131/ 36.251)
[TiB, T2B] 50.512( 50.457/ 50.576) 41.878( 41.878/ 41.869)
[T1C, T2C] 46.906( 46.878/ 46.934) 45.485( 45.458/ 45.511)
[TiD, T2D] 36.904( 36.904/ 36.894) 55.486( 55.431/ 55.551)
[T1E, T2E] 31.212( 31.157/ 31.276) 61.178( 61.178/ 61.169)
[T1T2] 92.390 ( 92.336 / 92.445)
[d-B] 226.508( 215.749/ 215.742) 213.687( 225.693/ 225.811)
[d-D] 215.749( 226.459/ 226.565) 225.747( 213.687/ 213.679)
[eps] 0.482( 0.483/ 0.480) 0.813( 0.815/ 0.811)
[Lmin] 19.613
[eps_al 1.295
[eps_a.e/m/i] 1.298 /1.294 /1.291
[eps_b] 0.404
[eps_g] 1.699
[eps_g.e/m/i] 1.701 /1.698 /1.695

GEAR 1 GEAR 2 --
[Ft] 9603.2
[Fal 4478.0
[Fr] 3856.6
[Fnorm] 11276.0
[w] 533.51
[Ftw] 9391.9
[Faw] 4478.0
[Frw] 4346.0
[v] 1.83
[v(dw)] 1.87
[ypl] 0.7
[y£f] 0.9
[cMm] 0.800
[CR] 1.000
[CBS] 0.975
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Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/ m) [c'] 13.614
Meshing stiffness (N/mm/ m) [cgalf] 16.625
Meshing stiffness (N/mm/ m) [cgbet] 14.132
Reduced mass (kg/mm) [mRed] 0.08789
Resonance speed (min-1) [nE1] 3980
Resonance ratio (-) [N] 0.040
Subcritical range
Running-in value ( m) [yal 0.7
Bearing distance 1 of pinion shaft (mm) [1] 36.000
Distance s of pinion shaft (mm) [s] 3.600
Outside diameter of pinion shaft (mm) [dsh] 18.000
Load in accordance with Figure 13,
IS0 6336-1:2006[-] 4
0:a), 1:b), 2:c), 3:d), 4:e)
Coefficient K' according to Figure 13,
IS0 6336-1:2006[K'] -1.00
Without support effect
Tooth trace deviation (active) ( m) [Fby]l 3.70
from deformation of shaft ( m) [£fsh*B1] 7.41
(fsh ( m) =7.41, fHb5 ( m) =5.50)
Tooth without tooth trace modification
Position of Contact pattern: favorable
from production tolerances ( m) [fma*B2] 11.31
Tooth trace deviation, theoretical ( m) [Fbx] 4.35
Running-in value ( m) [ybl 0.65
Dynamic factor [Kv] 1.014
Face load factor - flank [KHb] 1.032
- Tooth root [KFDb] 1.022
- Scuffing [KBb] 1.032
Transverse load factor - flank [KHal 1.000
- Tooth root [KFa] 1.000
- Scuffing [KBa] 1.000
Helical load factor scuffing [Kbg] 1.000
Number of load cycles (in mio.) [NL] 95.820 98.814
3. TOOTH ROOT STRENGTH
Calculation of Tooth form coefficients according method: B
(Calculate tooth shape coefficient YF with addendum mod. x)
GEAR 1 GEAR 2 --
Tooth form factor [YF] 1.36 1.10
Stress correction factor [¥Ys] 2.07 2.45
Working angle (°) [alfFen] 21.25 24.02
Bending lever arm (mm) [hF] 6.60 6.12
Tooth thickness at root (mm) [sFn] 13.18 13.94
Tooth root radius (mm) [roF] 2.88 2.33

(hF* =1.100/1.020 sFnx =2.196/2.323 roF* =0.480/0.388 dsFn =207.818/207.315 alfsFn =30.00/30.00)

Contact ratio factor [Yeps] 1.000
Helix angle factor [Ybet] 0.916
Deep tooth factor [YDT] 1.000
Gear rim factor [YB] 1.000 1.000
Effective facewidth (mm) [beff] 18.00 18.00
Nominal stress at tooth root (N/mm ) [sigF0] 229.02 220.14
Tooth root stress (N/mm ) [sigF] 355.96 342.17
Permissible bending stress at root of Test-gear
Support factor [YdrelT] 0.998 1.005
Surface factor [YRrelT] 0.957 0.957
size factor (Tooth root) [YXx] 0.990 0.990
Finite life factor [YNT] 0.933 0.932
[YdrelT*YRrelT*YX*YNT] 0.882 0.887
Alternating bending coefficient [ym] 1.000 1.000
Stress correction factor [Yst] 2.00
Yst*sigFlim (N/mm ) [sigFE] 860.00 860.00
Permissible tooth root stress (N/mm ) [sigFP=sigFG/SFmin] 541.72 544.93
Limit strength tooth root (N/mm ) [sigFG] 758.40 762.91
Required safety [SFmin] 1.40 1.40
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Safety for Tooth root stress [SF=sigFG/sigF] 2.13 2.23
Transmittable power (kW) [kWRating] 26.70 27.94
4. SAFETY AGAINST PITTING (TOOTH FLANK)
GEAR 1 GEAR 2 --
Zone factor [ZH] 2.146
Elasticity coefficient (N~.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.922
Helix angle factor [Zbet] 1.050
Effective facewidth (mm) [beff] 18.00
Nominal flank pressure (N/mm ) [sigHO] 878.40
Surface pressure at operating pitch circle (N/mm )
[sigHw] 1100.47
Single tooth contact factor [ZB,ZD] 1.01 1.00
Flank pressure (N/mm ) [sigHB, sigHD]  1114.08 1103.28
Lubrication coefficient at NL [ZL] 0.997 0.997
Speed coefficient at NL [zv] 0.963 0.963
Roughness coefficient at NL [ZR] 0.985 0.985
Material pairing coefficient at NL [zw] 1.000 1.000
Finite life factor [ZNT] 0.980 0.979
[ZL*ZV*ZR*ZNT] 0.926 0.925
Small amount of pitting permissible (O=no, 1=yes) 0 0
Size factor (flank) [ZX] 1.000 1.000
Permissible surface pressure (N/mm ) [sigHP=sigHG/SHmin] 1389.48 1388.17
Limit strength pitting (N/mm ) [sigHG] 1389.48 1388.17
Required safety [SHmin] 1.00 1.00
Safety for surface pressure at operating pitch circle
[SHw] 1.26 1.26
Safety for stress at single tooth contact [SHBD=sigHG/sigHBD] 1.25 1.26
(Safety regarding nominal torque) [(SHBD) ~2] 1.56 1.58
Transmittable power (kW) [kWRating] 27.29 27.77
4b. MICROPITTING ACCORDING TO IS0 TR 15144-1:2010_
Calculation did not run. (Lubricant: Load stage micropitting test is unknown.)
5. STRENGTH AGAINST SCUFFING
Calculation method according to
IS0 TR 13989:2000
The calculation of load capacity for scuffing does not cover grease.
The FZG-Test stage [FZGtestA] is only estimated
for grease.
The calculation can only serve as a rough guide.!
Lubrication coefficient (for lubrication type) [XS] 1.200
Multiple meshing factor [Xmp] 1.000
Relative structure coefficient (Scuffing) [XWrelT] 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780 13.780
Relevant tip relief ( m) [Cal 2.00 2.00
Optimal tip relief ( m) [Ceff] 48.14
Ca taken as optimal in the calculation (0=no, 1=yes) 0 0
Effective facewidth (mm) [beff] 18.000
Applicable circumferential force/facewidth (N/mm)
[wBt] 837.370
(Kbg = 1.000, wBt*Kbg =837.370)
Pressure angle factor (epsl:
0.482, eps2:0.813) [Xalfbet] 1.028
Flash temperature-criteria
Lubricant factor [XL] 0.665
Tooth mass temperature (°C) [theMi] 77.01
theM = theoil + XS*0.47*Xmp*theflm [theflm] 12.43
Scuffing temperature (°C) [theS] 295.55
Coordinate gamma (point of highest temp.) [Gamma] 0.217

[Gamma.A]=0.198 [Gamma.E]=-0.335
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Highest contact temp. (°C) [theB] 102.06
Flash factor (°K#N"-.75%s”.5%m”™-.5%mm) [xm] 50.058
Approach factor [XJ] 1.000
Load sharing factor [XGam] 1.000
Dynamic viscosity (mPaxs) [etaM] 39.98 (70.0 °C)
Coefficient of friction [mym] 0.058
Required safety [SBmin] 2.000
Safety factor for scuffing (flash-temp) [sB] 7.036
Integral temperature-criteria
Lubricant factor [XL] 0.800
Tooth mass temperature (°C) [theM-C] 77.85
theM-C = theoil + XS#0.70*theflaint [theflaint] 9.34
Integral scuffing temperature (°C) [theSint] 305.43
Flash factor (°K+N"-.75%s”.5%m™-.5%mm) [xM] 50.058
Running-in factor (well run in) [XE] 1.000
Contact ratio factor [Xeps] 0.297
Dynamic viscosity (mPaxs) [eta0il] 39.98 (70.0 °C)
Averaged coefficient of frictiom [mym] 0.048
Geometry factor [XBE] 0.255
Meshing factor [XQ] 1.000
Tip relief factor [XCal 1.087
Integral tooth flank temperature (°C) [theint] 91.86
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [Ssint] 3.325
Safety referring to transferred torque [SsL] 10.770
6. MEASUREMENTS FOR TOOTH THICKNESS
GEAR 1 GEAR 2 --
Tooth thickness deviation DIN 3967 cd25 DIN 3967 cd25
Tooth thickness allowance (normal section) (mm) [As.e/i] -0.095 / -0.145 -0.095 / -0.145
Number of teeth spanned [k] 6.000 6.000
Base tangent length (no backlash) (mm) [wk] 101.764 103.830
Actual base tangent length ('span') (mm) [Wk.e/i] 101.675 /101.628 103.741 /103.694
Diameter of contact point (mm) [dMWk .m] 223.167 218.421
> Base tangent length Gear 1 is not measurable (Gear to thin)
> Base tangent length Gear 2 is not measurable (Gear to thin)
Theoretical diameter of ball/pin (mm) [DM] 10.337 11.230
Eff. Diameter of ball/pin (mm) [DMeff] 10.500 12.000
Theor. dim. centre to ball (mm) [MrK] 117.618 119.342
Actual dimension centre to ball (mm) [MrK.e/i] 117.505 /117.445 119.245 /119.193
Diameter of contact point (mm) [dMMr .m] 220.486 221.179
Diametral measurement over two balls without clearance (mm)
[MdK] 234.981 238.685
Actual dimension over balls (mm) [MdK.e/i] 234.755 /234.636 238.489 /238.386
Diametral measurement over rolls without clearance (mm)
[MdR] 235.235 238.685
Actual dimension over rolls (mm) [MdR.e/i] 235.009 /234.890 238.489 /238.386
Chordal tooth thickness (no backlash) (mm) ['sn] 10.141 12.456
Actual chordal tooth thickness (mm) ['sn.e/i] 10.046 /9.996 12.361 /12.311
Reference chordal height from da.m (mm) [ha] 6.765 10.002
Tooth thickness (Arc) (mm) [sn] 10.144 12.461
(mm) [sn.e/i] 10.049 /9.999 12.366 /12.316
Backlash free center distance (mm) [aControl.e/i] 219.768 /219.645
Backlash free center distance, allowances (mm) [jtal -0.232 /-0.355
dNf.i with aControl (mm) [dN£0.1i] 211.631 208.907
Reserve (dNf0.i-dFf.e)/2 (mm) [cFO0.i] 0.939 0.374
Centre distance allowances (mm) [Aa.e/i] 0.023 /-0.023
Circumferential backlash from Aa (mm) [jtw_Aa.e/i] 0.021 /-0.021
Radial clearance (mm) [jrw] 0.378 /0.209
Circumferential backlash (transverse section) (mm)
[itwl 0.348 /0.193
Torsional angle for fixedgear 1 (°) 0.1843 /0.1021
Normal backlash (mm) [jnw] 0.297 /0.164
7. GEAR ACCURACY
GEAR 1 GEAR 2 --
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According to ISO 1328:1995
Accuracy grade [Q-1IS01328] 6 6
Single pitch deviation ( m) [fptT] 10.00 10.00
Base circle pitch deviation ( m) [£pbT] 9.30 9.30
Sector pitch deviation over k/8 pitches ( m) [Fpk/8T] 18.00 18.00
Profile deviation ( m) [ffaT] 12.00 12.00
Profile slope deviation ( m) [fHaT] 9.50 9.50
Total profile deviation ( m) [FaT] 15.00 15.00
Helix form deviation ( m) [££bT] 8.00 8.00
Helix slope deviation ( m) [£fHbT] 8.00 8.00
Total helix deviation ( m) [FbT] 11.00 11.00
Total cumulative pitch deviation ( m) [FpT] 36.00 36.00
Runout ( m) [FrT] 29.00 29.00
Single flank composite, total ( m) [FisT] 57.00 57.00
Single flank composite, tooth-to-tooth ( m) [fisT] 21.00 21.00
Radial composite, total ( m) [FidT] 51.00 51.00
Radial composite, tooth-to-tooth ( m) [£idT] 22.00 22.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality
6)
Maximum value for deviation error of axis ( m) [fSigbet] 11.00 (Fb=11.00)
Maximum value for inclination error of axes ( m) [fSigdell 22.00
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [er] 3.1 2.9
Mean coeff. of friction (acc. Niemann) [mum] 0.049
Wear sliding coef. by Niemann [zetw] 0.573
Power loss from gear load (kW) [PVZ] 0.108
(Meshing efficiency (%) [etaz] 99.384)
Weight - calculated with da (kg) [Mass] 5.948 5.935
Total weight (kg) [Mass] 11.883
Moment of inertia (System referenced to wheel 1):
calculation without consideration of the exact tooth shape
single gears ((da+df)/2...di) (kg*m ) [TraeghMom]  0.03151 0.03137

System ((datdf)/2...di) (kg*m ) [TraeghMom] 0.06487

9. DETERMINATION OF TOOTHFORM

Data for the tooth form calculation :
Data not available.

REMARKS :

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

- For the backlash tolerance, the center distance tolerances and the tooth thickness
deviation are taken into account. Shown is the maximal and the minimal backlash corresponding
the largest resp. the smallest allowances
The calculation is done for the Operating pitch circle..
- Calculation of Zbet according Corrigendum 1 ISO 6336-2:2008 with Zbet = 1/(C0S(beta)”0.5)
- Details of calculation method:

cg according to method B

KV according to method B

KHb, KFb according method C

fma following equation (64), fsh following (57/58), Fbx following (52/53/57)

KHa, KFa according to method B

End of Report lines:
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Calgusation programs fur mechine design
KISSsoft Release 03/2014 E
KISSsoft academic license for Uni Pilsen
File
Name : soukoli_45B
Changed by: kratochv on: 12.05.2015 at: 11:47:14
Important hint: At least one warning has occurred during the calculation:
1-> Notice to gear 1:
NOT POSSIBLE TO MEASURE BASE TANGENT LENGTH!
The width of the gear is too small, hence the tooth thickness too big,
so that the required length for the measurement exceed the face width.
2-> Notice concerning gear 1:
Dimension over balls is not measurable (facewidth is too small)!
3-> Notice to gear 2:
NOT POSSIBLE TO MEASURE BASE TANGENT LENGTH!
The width of the gear is too small, hence the tooth thickness too big,
so that the required length for the measurement exceed the face width.
CALCULATION OF A HELICAL GEAR PAIR
Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0
Calculation method IS0 6336:2006 Method B
GEAR 1 GEAR 2 --
Power (kW) [P] 16.891
Speed (1/min) [n] 159.7 164.7
Torque (Nm) [T] 1010.0 979.4
Application factor [KA] 1.50
Required service life [H] 10000.00
Gear driving (+) / driven (-) - +
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
DIN 3960:1987)
GEAR 1 GEAR 2 --
Center distance (mm) [al 213.000
Centre distance tolerance IS0 286:2010 Measure js7
Normal module (mm) [mn] 6.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [betal 25.0000
Number of teeth [z] 33 32
Facewidth (mm) [b] 18.00 18.00
Hand of gear right
left
Accuracy grade [Q-IS0 1328:1995] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbil 0.00 0.00
Material
Gear 1: 15 CrNi 6, Case-carburized steel, case-hardened
IS0 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28
Gear 2: 15 CrNi 6, Case-carburized steel, case-hardened
IS0 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28
——————— GEAR 1 -------—- GEAR 2 --
Surface hardness HRC 60 HRC 60
Material quality according to ISO 6336:2006 Normal (Life factors ZNT and YNT >=0.85)
Fatigue strength. tooth root stress (N/mm ) [sigFlim] 430.00 430.00
Fatigue strength for Hertzian pressure (N/mm ) [sigHlim] 1500.00 1500.00
Tensile strength (N/mm ) [Rm] 1000.00 1000.00
Yield point (N/mm ) [Rp] 685.00 685.00
Young's modulus (N/mm ) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank ( m) [RAH] 0.60 0.60
Mean roughness height, Rz, flank ( m) [RZH] 4.80 4.80
Mean roughness height, Rz, root ( m) [RZF] 20.00 20.00
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Gear reference profile 1 :
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient
Tip radius factor
Protuberance height factor
Protuberance angle

Tip form height coefficient
Ramp angle

Gear reference profile 2 :
Reference profile
Dedendum coefficient
Root radius factor
Addendum coefficient
Tip radius factor
Protuberance height factor
Protuberance angle

Tip form height coefficient
Ramp angle

Summary of reference profile gears:
Dedendum reference profile

Tooth root radius Reference profile
Addendum Reference profile
Protuberance height factor
Protuberance angle (°)

Tip form height coefficient

Ramp angle (°)

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

Lubrication type

Type of grease

Lubricant base

Kinem. viscosity base oil at 40 °C (mm /s)
Kinem. viscosity base oil at 100 °C (mm /s)
FZG-Test A/8.3/90 step

Specific density at 15 °C (kg/dm )

Grease temperature (°C)

Overall transmission ratio

Gear ratio

Transverse module (mm)

Pressure angle at pitch circle (°)
Working transverse pressure angle (°)

Working pressure angle at normal section (°)
Helix angle at operating pitch circle (°)
Base helix angle (°)

Reference centre distance (mm)

Sum of profile shift coefficients

Profile shift coefficient

Tooth thickness (Arc) (module) (module)

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

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

(mm)

Active tip diameter (mm)
Active tip diameter (mm)
Operating pitch diameter (mm)

(mm)
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[hfP*] 1.250
[rhofPx] 0.380
[haPx*] 1.000
[rhoaPx*] 0.000
[hprPx*] 0.000
[alfprP] 0.000
[hFaP*] 0.000
[alfKP] 0.000
not topping
[hfP*] 1.250
[rhofPx] 0.380
[haPx*] 1.000
[rhoaPx*] 0.000
[hprP*] 0.000
[alfprP] 0.000
[hFaP*] 0.000
[alfKP] 0.000
not topping
[hfPx*] 1.250 1.250
[rofPx] 0.380 0.380
[haPx] 1.000 1.000
[hprP*] 0.000 0.000
[alfprP] 0.000 0.000
[hFaPx*] 0.000 0.000
[alfKP] 0.000 0.000
[Cal 2.0 2.0
Grease lubrication
Grease: Kliibersynth UH1 14-1600

Synthetic oil based on Polyalphaolefin

[nu4o0] 160.00

[nu100] 21.00
[FZGtestA] 12
[ro0il] 0.850
[TS] 70.000

GEAR 1 GEAR 2 —-

[itot] -1.031
[ul 1.031
[mt] 6.620
[alft] 21.880
[alfwt] 20.386
[alfwt.e/i] 20.402 / 20.369
[alfwn] 18.644
[betaw] 24.779
[betab] 23.399
[ad] 215.159
[Summexil -0.3482
[x] 0.1518 -0.5000
[snx] 1.6813 1.2068
[k*mn] -0.069 -0.069
[d] 218.469 211.849
[db] 202.731 196.588
[dal 232.152 217.711
[da.e/i] 232.152 / 232.142 217.711 / 217.701
[Ada.e/i] 0.000 / -0.010 0.000 / -0.010
[dFal 232.152 217.711
[dFa.e/i] 232.152 / 232.142 217.711 / 217.701
[dNa] 232.152 217.711
[dNa.e/i] 232.152 / 232.142 217.711 / 217.701
[dw] 216.277 209.723
[dw.e/i] 216.300 / 216.254 209.746 / 209.700



Root diameter (mm)
Generating Profile shift coefficient
Manufactured root diameter with xE (mm)
Theoretical tip clearance (mm)
Effective tip clearance (mm)
Active root diameter (mm)
(mm)
Root form diameter (mm)
(mm)
Reserve (dNf-dFf)/2 (mm)
Addendum (mm)
(mm)
Dedendum (mm)
(mm)
angle at
angle to
Roll angle to dNf
Roll angle at dFf
Tooth height (mm)
Virtual gear no. of teeth

Roll
Roll

dFa (°)
dNa (°)
(&)
(D]

Normal tooth thickness at tip cylinder (mm)

(mm)
Normal spacewidth at root cylinder (mm)
(mm)
Max. sliding velocity at tip (m/s)
Specific sliding at the tip
Specific sliding at the root
Mean specific sliding
Sliding factor on tip
Sliding factor on root
Pitch on reference circle (mm)
Base pitch (mm)
Transverse pitch on contact-path (mm)
Lead height (mm)
Axial pitch (mm)
Length of path of contact (mm)
Length T1-A, T2-A (mm)
Length T1-B (mm)
Length T1-C (mm)
Length T1-D (mm)
Length T1-E (mm)
Length T1-T2 (mm)
Diameter of single contact point B (mm)
Diameter of single contact point D (mm)
Addendum contact ratio
Minimal length of contact line (mm)

Transverse contact ratio

Transverse contact ratio with allowances
Overlap ratio

Total contact ratio

Total contact ratio with allowances

2. FACTORS OF GENERAL INFLUENCE

Nominal circum. force at pitch circle (N)

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

Tangent.load at p.c.d.per mm (N/mm) (N/mm)

Only as information: Forces at operating pitch circle:

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

Circumferential speed reference circle (m/s)

Circumferential speed operating pitch circle (m/s)

Running-in value ( m)
Running-in value ( m)
Correction coefficient

Gear body coefficient
Reference profile coefficient
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[af] 205.290 190.849
[xE.e/i] 0.1300/ 0.1186 -0.5218/ -0.5332
[df.e/i] 205.029 / 204.892 190.588 / 190.450
[c] 1.500 1.500
[c.e/i] 1.727 / 1.607 1.727 / 1.607
[dNf] 210.019 199.728
[dNf.e/i] 210.059 / 209.984 199.755 / 199.705
[dFf] 209.827 198.963
[dFf.e/i] 209.647 / 209.554 198.856 / 198.801
[cF.max/min] 0.253 / 0.169 0.477 / 0.424
[ha=mn* (haP*+x)] 6.842 2.931
[ha.e/i] 6.842 / 6.837 2.931 / 2.926
[hf=mn* (hfP*-x)] 6.589 10.500
[hf.e/i] 6.720 / 6.789 10.631 / 10.699
[xsi_dFa.e/i] 31.968 / 31.962 27.264 / 27.258
[xsi_dNa.e/i] 31.968 / 31.962 27.264 / 27.258
[xsi_dNf.e/i] 15.544 / 15.463 10.326 / 10.243
[xsi_dFf.e/i] 15.093 / 14.989 8.729 / 8.621
[H] 13.431 13.431
[zn] 43.229 41.919
[san] 4.501 5.049
[san.e/i] 4.406 / 4.349 4.956 / 4.901
[efn] 4.864 0.000
[efn.e/i] 4.912 / 4.938 0.000 / 0.000
[vgal 0.642 0.348
[zetaa] 0.678 0.431
[zetaf] -0.759 -2.109
[zetam] 0.592
[Kgal 0.355 0.192
[Kgf] -0.192 -0.355
[pt] 20.798
[pbt] 19.300
[pet] 19.300
[pz] 1471.861 1427 .259
[px] 44.602
[ga, e/i] 29.134 ( 29.200 / 29.046)
[T1A, T2A] 56.557( 56.557/ 56.546) 17.639( 17.573/ 17.715)
[TiB, T2B] 46.722( 46.656/ 46.800) 27.474( 27.474/ 27.462)
[TiC, T2C] 37.669( 37.635/ 37.702) 36.527( 36.495/ 36.560)
[TiD, T2D] 37.257( 37.257/ 37.246) 36.939( 36.873/ 37.015)
[T1E, T2E] 27.422( 27.356/ 27.500) 46.773( 46.773/ 46.762)
[T1T2] 74.196 ( 74.130 / 74.262)
[d-B] 223.231( 215.991/ 215.984) 204.123( 209.965/ 210.065)
[d-D] 215.991( 223.175/ 223.296) 210.012( 204.123/ 204.116)
[eps] 0.979¢( 0.980/ 0.976) 0.531( 0.533/ 0.529)
[Lmin] 19.613
[eps_al 1.510
[eps_a.e/m/i] 1.513 /1.509 / 1.505
[eps_b] 0.404
[eps_g] 1.913
[eps_g.e/m/1i] 1.917 /1.913 / 1.909

GEAR 1 GEAR 2 --
[Ft] 9246.2
[Fal 4311.6
[Fr] 3713.2
[Fnorm] 10856.8
[w] 513.68
[Ftw] 9339.9
[Faw] 4311.6
[Frw] 3470.8
[v] 1.83
[v(dw)] 1.81
[ypl] 0.7
[y£f] 0.9
[cMm] 0.800
[CR] 1.000
[CBS] 0.975
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Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/ m) [c'] 11.459
Meshing stiffness (N/mm/ m) [cgalf] 15.838
Meshing stiffness (N/mm/ m) [cgbet] 13.462
Reduced mass (kg/mm) [mRed] 0.07658
Resonance speed (min-1) [nE1] 4161
Resonance ratio (-) [N] 0.038
Subcritical range
Running-in value ( m) [yal 0.7
Bearing distance 1 of pinion shaft (mm) [1] 36.000
Distance s of pinion shaft (mm) [s] 3.600
Outside diameter of pinion shaft (mm) [dsh] 18.000
Load in accordance with Figure 13,
IS0 6336-1:2006[-] 4
0:a), 1:b), 2:c), 3:d), 4:e)
Coefficient K' according to Figure 13,
IS0 6336-1:2006[K'] -1.00
Without support effect
Tooth trace deviation (active) ( m) [Fby]l 3.40
from deformation of shaft ( m) [fsh*B1] 7.13
(fsh ( m) =7.13, fHb5 ( m) =5.50)
Tooth without tooth trace modification
Position of Contact pattern: favorable
from production tolerances ( m) [fma*B2] 11.31
Tooth trace deviation, theoretical ( m) [Fbx] 4.00
Running-in value ( m) [ybl 0.60
Dynamic factor [KV] 1.013
Face load factor - flank [KHb] 1.029
- Tooth root [KFb] 1.020
- Scuffing [KBb] 1.029
Transverse load factor - flank [KHal 1.000
- Tooth root [KFa] 1.000
- Scuffing [KBa] 1.000
Helical load factor scuffing [Kbg] 1.000
Number of load cycles (in mio.) [NL] 95.820 98.814
3. TOOTH ROOT STRENGTH
Calculation of Tooth form coefficients according method: B
(Calculate tooth shape coefficient YF with addendum mod. x)
GEAR 1 GEAR 2 —-
Tooth form factor [YF] 1.06 1.62
Stress correction factor [Ys] 2.27 1.68
Working angle (°) [alfFen] 19.32 15.44
Bending lever arm (mm) [hF] 5.05 6.01
Tooth thickness at root (mm) [sFn] 13.15 11.71
Tooth root radius (mm) [roF] 2.90 4.15

(hF* =0.842/1.002 sFnx =2.192/1.951 roF* =0.483/0.692 dsFn =207.673/193.851 alfsFn =30.00/30.00)

Contact ratio factor [Yeps] 1.000
Helix angle factor [Ybet] 0.916
Deep tooth factor [YDT] 1.000
Gear rim factor [YB] 1.000 1.000
Effective facewidth (mm) [beff] 18.00 18.00
Nominal stress at tooth root (N/mm ) [sigF0] 188.36 213.07
Tooth root stress (N/mm ) [sigF] 291.87 330.16
Permissible bending stress at root of Test-gear
Support factor [YdrelT] 0.998 0.989
Surface factor [YRrelT] 0.957 0.957
size factor (Tooth root) [Yx] 0.990 0.990
Finite life factor [YNT] 0.933 0.932
[YdrelT*YRrelT*YX*YNT] 0.882 0.873
Alternating bending coefficient [ym] 1.000 1.000
Stress correction factor [Yst] 2.00
Yst*sigFlim (N/mm ) [sigFE] 860.00 860.00
Permissible tooth root stress (N/mm ) [sigFP=sigFG/SFmin] 541.61 536.28
Limit strength tooth root (N/mm ) [sigFG] 758.26 750.79
Required safety [SFmin] 1.40 1.40
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Safety for Tooth root stress [SF=sigFG/sigF] 2.60 2.27
Transmittable power (kW) [kWRating] 31.34 27.44
4. SAFETY AGAINST PITTING (TOOTH FLANK)
GEAR 1 GEAR 2 --
Zone factor [ZH] 2.395
Elasticity coefficient (N~.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.873
Helix angle factor [Zbet] 1.050
Effective facewidth (mm) [beff] 18.00
Nominal flank pressure (N/mm ) [sigHO] 911.24
Surface pressure at operating pitch circle (N/mm )
[sighw] 1139.37
Single tooth contact factor [ZB,ZD] 1.00 1.02
Flank pressure (N/mm ) [sigHB, sigHD]  1139.37 1163.38
Lubrication coefficient at NL [ZL] 0.997 0.997
Speed coefficient at NL [Zv] 0.963 0.963
Roughness coefficient at NL [ZR] 0.979 0.979
Material pairing coefficient at NL [zw] 1.000 1.000
Finite life factor [ZNT] 0.980 0.979
[ZL*ZV*ZR*ZNT] 0.921 0.920
Small amount of pitting permissible (O=no, 1=yes) 0 0
Size factor (flank) [Zx] 1.000 1.000
Permissible surface pressure (N/mm ) [sigHP=sigHG/SHmin] 1381.38 1380.08
Limit strength pitting (N/mm ) [sigHG] 1381.38 1380.08
Required safety [SHmin] 1.00 1.00
Safety for surface pressure at operating pitch circle
[SHw] 1.21 1.21
Safety for stress at single tooth contact [SHBD=sigHG/sigHBD] 1.21 1.19
(Safety regarding nominal torque) [(SHBD) "2] 1.47 1.41
Transmittable power (kW) [kWRating] 24.83 23.77
4b. MICROPITTING ACCORDING TO IS0 TR 15144-1:2010_
Calculation did not run. (Lubricant: Load stage micropitting test is unknown.)
5. STRENGTH AGAINST SCUFFING
Calculation method according to
IS0 TR 13989:2000
The calculation of load capacity for scuffing does not cover grease.
The FZG-Test stage [FZGtestA] is only estimated
for grease.
The calculation can only serve as a rough guide.!
Lubrication coefficient (for lubrication type) [XS] 1.200
Multiple meshing factor [Xmp] 1.000
Relative structure coefficient (Scuffing) [XWrelT] 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780 13.780
Relevant tip relief ( m) [Cal 2.00 2.00
Optimal tip relief ( m) [Ceff] 48.65
Ca taken as optimal in the calculation (O=no, 1=yes) 0 0
Effective facewidth (mm) [beff] 18.000
Applicable circumferential force/facewidth (N/mm)
[wBt] 803.071
(Kbg = 1.000, wBt*Kbg =803.071)
Pressure angle factor (epsl:
0.979, eps2:0.531) [Xalfbet] 0.965
Flash temperature-criteria
Lubricant factor [XL] 0.665
Tooth mass temperature (°C) [theMi] 79.83
theM = theoil + XS*0.47*Xmp*theflm [theflm] 17.42
Scuffing temperature (°C) [theS] 295.55
Coordinate gamma (point of highest temp.) [Gamma] -0.517

[Gamma.A]=0.501 [Gamma.E]=-0.272
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Highest contact temp. (°C) [theB] 116.38
Flash factor (°K#N"-.75%s”.5%m”™-.5%mm) [xmM] 50.058
Approach factor [xJ] 1.254
Load sharing factor [XGam] 0.374
Dynamic viscosity (mPaxs) [etaM] 39.98 (70.0 °C)
Coefficient of friction [mym] 0.063
Required safety [SBmin] 2.000
Safety factor for scuffing (flash-temp) [sB] 4.863
Integral temperature-criteria
Lubricant factor [XL] 0.800
Tooth mass temperature (°C) [theM-C] 77.19
theM-C = theoil + XS#0.70%theflaint [theflaint] 8.56
Integral scuffing temperature (°C) [theSint] 305.43
Flash factor (°K+N"-.75%s”.5%m™-.5%mm) [xm] 50.058
Running-in factor (well run in) [XE] 1.000
Contact ratio factor [Xeps] 0.464
Dynamic viscosity (mPa*s) [eta0ill 39.98 (70.0 °C)
Averaged coefficient of friction [mym] 0.055
Geometry factor [XBE] 0.204
Meshing factor [XQ] 1.400
Tip relief factor [XCal 1.112
Integral tooth flank temperature (°C) [theint] 90.04
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [Ssint] 3.392
Safety referring to transferred torque [SsL] 11.747
6. MEASUREMENTS FOR TOOTH THICKNESS
GEAR 1 GEAR 2 --
Tooth thickness deviation DIN 3967 cd25 DIN 3967 cd25
Tooth thickness allowance (normal section) (mm) [As.e/i] -0.095 / -0.145 -0.095 / -0.145
Number of teeth spanned [k] 6.000 4.000
Base tangent length (no backlash) (mm) [wk] 101.711 63.500
Actual base tangent length ('span') (mm) [Wk.e/i] 101.622 /101.575 63.410 / 63.363
Diameter of contact point (mm) [dMWk .m] 223.146 205.015
> Base tangent length Gear 1 is not measurable (Gear to thin)
> Base tangent length Gear 2 is not measurable (Gear to thin)
Theoretical diameter of ball/pin (mm) [DM] 10.322 9.895
Eff. Diameter of ball/pin (mm) [DMef£] 10.500 10.000
Theor. dim. centre to ball (mm) [MrK] 117.551 109.537
Actual dimension centre to ball (mm) [MrK.e/i] 117.438 /117.378 109.394 /109.318
Diameter of contact point (mm) [dMMr.m] 220.364 205.811
Diametral measurement over two balls without clearance (mm)
[MdK] 234.848 219.075
Actual dimension over balls (mm) [MdK.e/i] 234.622 /234.502 218.788 /218.635
Diametral measurement over rolls without clearance (mm)
[MdR] 235.102 219.075
Actual dimension over rolls (mm) [MdR.e/i] 234.876 /234.756 218.788 /218.635
Chordal tooth thickness (no backlash) (mm) ['sn] 10.085 7.240
Actual chordal tooth thickness (mm) ['sn.e/i] 9.990 / 9.940 7.145 / 7.095
Reference chordal height from da.m (mm) [ha] 6.935 2.979
Tooth thickness (Arc) (mm) [sn] 10.088 7.241
(mm) [sn.e/i] 9.993 /9.943 7.146 / 7.096
Backlash free center distance (mm) [aControl.e/i] 212.719 /212.571
Backlash free center distance, allowances (mm) [jtal -0.281 /-0.429
dNf.i with aControl (mm) [dNfO.1i] 209.384 199.305
Reserve (dNf0.i-dFf.e)/2 (mm) [cFO0.i] -0.132 0.224
Centre distance allowances (mm) [Aa.e/i] 0.023 /-0.023
Circumferential backlash from Aa (mm) [jtw_Aa.e/i] 0.017 / -0.017
Radial clearance (mm) [jrw] 0.452 /0.258
Circumferential backlash (transverse section) (mm)
[itw] 0.334 /0.190
Torsional angle for fixedgear 1 (°) 0.1824 /0.1041
Normal backlash (mm) [jnw] 0.284 /0.162
7. GEAR ACCURACY
GEAR 1 GEAR 2 --
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According to ISO 1328:1995
Accuracy grade [Q-IS01328] 6 6
Single pitch deviation ( m) [fptT] 10.00 10.00
Base circle pitch deviation ( m) [£pbT] 9.30 9.30
Sector pitch deviation over k/8 pitches ( m) [Fpk/8T] 18.00 18.00
Profile deviation ( m) [ffaT] 12.00 12.00
Profile slope deviation ( m) [fHaT] 9.50 9.50
Total profile deviation ( m) [FaT] 15.00 15.00
Helix form deviation ( m) [££bT] 8.00 8.00
Helix slope deviation ( m) [£fHbT] 8.00 8.00
Total helix deviation ( m) [FbT] 11.00 11.00
Total cumulative pitch deviation ( m) [FpT] 36.00 36.00
Runout ( m) [FrT] 29.00 29.00
Single flank composite, total ( m) [FisT] 55.00 55.00
Single flank composite, tooth-to-tooth ( m) [£fisT] 19.00 19.00
Radial composite, total ( m) [FidT] 51.00 51.00
Radial composite, tooth-to-tooth ( m) [£idT] 22.00 22.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality
6)
Maximum value for deviation error of axis ( m) [fSigbet] 11.00 (Fb=11.00)
Maximum value for inclination error of axes ( m) [fSigdell 22.00
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [er] 2.9 2.8
Mean coeff. of friction (acc. Niemann) [mum] 0.053
Wear sliding coef. by Niemann [zetw] 0.893
Power loss from gear load (kW) [PVZ] 0.137
(Meshing efficiency (%) [etaz] 99.191)
Weight - calculated with da (kg) [Mass] 5.966 5.247
Total weight (kg) [Mass] 11.212
Moment of inertia (System referenced to wheel 1):
calculation without consideration of the exact tooth shape
single gears ((da+df)/2...di) (kg*m ) [TraeghMom]  0.03157 0.02402

System ((datdf)/2...di) (kg*m ) [TraeghMom] 0.05711

9. DETERMINATION OF TOOTHFORM

Data for the tooth form calculation :
Data not available.

REMARKS:

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

- For the backlash tolerance, the center distance tolerances and the tooth thickness
deviation are taken into account. Shown is the maximal and the minimal backlash corresponding
the largest resp. the smallest allowances
The calculation is done for the Operating pitch circle..
- Calculation of Zbet according Corrigendum 1 ISO 6336-2:2008 with Zbet = 1/(COS(beta)”0.5)
- Details of calculation method:

cg according to method B

KV according to method B

KHb, KFb according method C

fma following equation (64), fsh following (57/58), Fbx following (52/53/57)

KHa, KFa according to method B

End of Report lines:

77
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KISSsoft Release 03/2014 E
KISSsoft academic license for Uni Pilsen

File
Name : hridel_1
Changed by: kratochv on: 12.05.2015 at: 11:48:47
Analysis of shafts, axle and beams
Input data
Coordinate system shaft: see picture W-002
Label Shaft 1
Drawing
Initial position (mm) 0.000
Length (mm) 275.000
Speed (1/min) 247.10
Sense of rotation: clockwise
Material E360 (St70.2)
Young's modulus (N/mm ) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m ) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 15.749
Mass moment of inertia (kg*m ) 0.019
Momentum of mass GD2 (Nm ) 0.748
Position in space (°) 0.000
Consider deformations due to shearing
Shear correction coefficient 1.100

Contact angle of rolling bearings is considered

2Ll LLL

LLLLL, LLLLL,

777 777
Figure: Load applications

SHAFT DEFINITION (
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Shaft 1)
Outer contour
Cylinder (Cylinder) 0.000mm ... 40.000mm
Diameter (mm) [d] 70.0000
Length (mm) [1] 40.0000
Surface roughness ( m) [Rz] 8.0000
Radius right (Radius right)
r=2.00 (mm), Rz=8.0
Cylinder (Cylinder) 40.000mm ... 110.000mm
Diameter (mm) [d] 100.0000
Length (mm) [1] 70.0000
Surface roughness ( m) [Rz] 8.0000
Chamfer left (Chamfer left)
1=2.00 (mm), alpha=45.00 (°)
Cylinder (Cylinder) 110.000mm ... 155.000mm
Diameter (mm) [d] 100.0000
Length (mm) [1] 45.0000
Surface roughness ( m) [Rz] 8.0000
Cylinder (Cylinder) 1565.000mm ... 205.000mm
Diameter (mm) [d] 100.0000
Length (mm) [1] 50.0000
Surface roughness ( m) [Rz] 8.0000
Cylinder (Cylinder) 205.000mm ... 235.000mm
Diameter (mm) [d] 105.0000
Length (mm) [1] 30.0000
Surface roughness ( m) [Rz] 8.0000
Cylinder (Cylinder) 235.000mm ... 275.000mm
Diameter (mm) [d] 98.0000
Length (mm) [1] 40.0000
Surface roughness ( m) [Rz] 8.0000
Straight-sided spline (Straight-sided spline) 215.000mm ... 255.000mm
da=98.00 (mm), df=92.00 (mm), z=6, Form=A, 1=40.00 (mm), Rz=8.0
Radius left (Radius left)
r=2.00 (mm), Rz=8.0
Forces
Bevel gear/hypoid gear (Bevel gear) y=_ 256.000mm
Operating pitch diameter (mm) 184.7521
Helix angle (°) 30.0000 right
Pitch angle (°) 33.6901 Tip to the right
Working pressure angle at normal section (°) 20.0000
Position of contact (°) 0.0000
Facewidth (mm) 40.0000
Power (kW) 77.4735 driving (Output)
Torque (Nm) -2994.0000
Axial force (N) 8013.8447
Shearing force C (N) -21713.6721
Shearing force H (N) 32411.0007
Bending moment C (Nm) -0.0000
Bending moment H (Nm) 740.2873
Coupling (Coupling / Motor) y=__ 9.000mm
Effective diameter (mm) 0.0000
Radial force factor (-) 0.0000
Direction of the radial force (°) 0.0000
Axial force factor (-) 0.0000
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Length of load application (mm) 0.0000

Power (kW) 77.4735 driven (Input)
Torque (Nm) 2994.0000

Axial force (N) 0.0000
Shearing force C (N) 0.0000
Shearing force H (N) 0.0000

Bending moment C (Nm) 0.0000

Bending moment H (Nm) 0.0000

Mass (kg) 0.0000

Bearing

Taper roller bearing (single row) SKF 32220 J2 (L) 86.000mm

Set fixed bearing right
d =100.000 (mm), D =180.000 (mm), b =49.000 (mm), r =3.000 (mm)
C =319.000 (kN), CO =440.000 (kN), Cu =48.000 (kN)

Taper roller bearing (single row) SKF 32220 J2 (P)

Set fixed bearing left

d =100.000 (mm), D =180.000 (mm), b =49.000 (mm), r =3.000 (mm)
C =319.000 (kN), CO =440.000 (kN), Cu =48.000 (kN)

180.000mm

Maximum deflection 0.023 (Shaft 1 pos= 275.000)
Mass center of gravity

Shaft 1 (mm) 147.124
Total axial load

Shaft 1 (N) 8.014
Torsion under torque

Shaft 1 (°) -0.075
Probability of failure [n] 10.00 yA
Axial clearance [ual 10.00 m

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Rolling bearing 'L’

Position (Y-coordinate) [yl 86.00 mm
Equivalent load [P] 50.39 kN
Equivalent load [Po] 34.79 kN

Service life [Lnnl 31663.67 h

static safety factor [So] 12.65

Bearing reaction force [Fx] -16.002 kN

Bearing reaction force [Fy] -29.676 kN

Bearing reaction force [Fz] 15.245 kN

Bearing reaction force [Fr] 22.101 kN (136.39°)
Bearing reaction moment [Mx] -251.54 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] -264.03  Nm

Bearing reaction moment [Mr] 364.67 Nm (-133.61°)
0il level [H] 0.000 mm

Torque of friction [M1oss] 4.736 Nm

Power loss [Ploss] 122.541 W

Shaft 'Shaft 1' Rolling bearing 'P'

Position (Y-coordinate) [yl 180.00 mm
Equivalent load [P] 60.65 kN
Equivalent load [Po] 60.65 kN

Service life (Lnnl 17064 .49 h

static safety factor [Sol 7.25

Bearing reaction force [Fx] 37.716 kN

Bearing reaction force [Fy] 21.662 kN

Bearing reaction force [Fz] -47.501 kN

Bearing reaction force [Fr] 60.653 kN (-51.55°)
Bearing reaction moment [Mx] -783.77  Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] -622.31  Nm

Bearing reaction moment [Mr] 1000.78  Nm (-141.55°)
0il level [H] 0.000 mm

Torque of friction [M1oss] 4.498 Nm

3/6



Power loss

Displacement [mm]
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— Components - Y-component
— Components - Arbitrary plane

Figure: Displacement (bending etc.) (Arbitrary plane -45.40716237 °)

Stress [N/mm2]

81.0—_
72.0—-
63.0—_
54.0—_
45.0—_
36.0—_

27.0—
18.0—

9.0

G I I

LGO

T | T
120

Axial direction

I
180

Y [mm

GEH(von Mises): sigV = ((sigB+sigZ,D)"2 + 3*(tauT+tauS)"2)"1/2
SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4*(tauT+tauS)"2)"1/2

Figure: Equivalent stress

— Equivalent stress (GEH)
— Equivalent stress (SSH)

Eigenfrequencies/Critical speeds
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1. Eigenfrequency: 0.01 Hz, Critical speed:

2. Eigenfrequency:

Normalized rotation

0.40 1/min
4287.36 Hz, Critical speed: 257241.59 1/min Bending XY 'Shaft 1'

0.0010

5.00e-4-

| <

Figure: Eigenfrequencies (Normalized displacement)
Normalized displacement
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Rigid body rotation Y 'Shaft 1'

— Components - X-component
—— Components - Y-component
— Components - Z-component

— Components - X-component
—— Components - Y-component
— Components - Z-component

-0.02—

-0.04—

5
F

-0.06—
-0.08—

Axial direction Y [mm]

Figure: Eigenfrequencies (Normalized rotation)

Buckling cases

1. Buckling case: S51=1880.65

5/6

U L DL DL
0 60 120 180 240



KISSsoFT

Enlgutation programs fur mechine design
2. Buckling case: S2=5170.62

Normalized displacement

— Components - X-component

—— Components - Y-component

] — Components - Z-component
5.00e-4— e

01— N it -

\\5 %
- N
-5.00e-4 \
T I 1 | 1 I 1 I 1

0 60 120 180 240
Axial direction Y [mm]

Figure: Buckling cases (Normalized rotation)
Normalized displacement

— Components - X-component
—— Components - Y-component
| — Components - Z-component
-5.00e-4 %
1 I 1 | 1 I 1 I 1
0 60 120 180 240
Axial direction Y [mm]
Figure: Buckling cases (Normalized rotation)
End of Report lines: 219
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KISSsoft Release 03/2014 E
KISSsoft academic license for Uni Pilsen

File
Name : hridel_2
Changed by: kratochv on: 12.05.2015 at: 11:50:06

Important hint: At least one warning has occurred during the calculation:
1-> Shaft 'Shaft 1':

the sum of torques is not zero.
AT = 149.063 Nm

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000

Length (mm) 502.500

Speed (1/min) 164.70

Sense of rotation: counter clockwise

Material E360 (St70.2)
Young's modulus (N/mm ) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m ) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000

Weight of shaft (kg) 30.270

Mass moment of inertia (kg*m ) 0.040
Momentum of mass GD2 (Nm ) 1.586
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100

Contact angle of rolling bearings is considered

PYErErrr

7777
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Figure: Load applications
SHAFT DEFINITION (
Shaft 1)
Outer contour
Cylinder (Cylinder) 0.000mm ... 7.000mm
Diameter (mm) [d] 80.0000
Length (mm) [1] 7.0000
Surface roughness ( m) [Rz] 8.0000
Cylinder (Cylinder) 7.000mm ... 110.000mm
Diameter (mm) [d] 88.0000
Length (mm) [1] 103.0000
Surface roughness ( m) [Rz] 8.0000
Straight-sided spline (Straight-sided spline) -33.000mm ...  47.000mm
da=88.00 (mm), df=82.00 (mm), z=6, Form=A, 1=80.00 (mm), Rz=8.0
Cylinder (Cylinder) 110.000mm ... 228.500mm
Diameter (mm) [d] 100.0000
Length (mm) [1] 118.5000
Surface roughness ( m) [Rz] 8.0000
Straight-sided spline (Straight-sided spline) 73.500mm ... 146.500mm
da=100.00 (mm), df=92.00 (mm), z=6, Form=A, 1=73.00 (mm), Rz=8.0
Cylinder (Cylinder) 228.500mm ... 387.500mm
Diameter (mm) [d] 110.0000
Length (mm) [1]1 159.0000
Surface roughness ( m) [Rz] 8.0000
Cylinder (Cylinder) 387.500mm ... 452.500mm
Diameter (mm) [d] 100.0000
Length (mm) (1] 65.0000
Surface roughness ( m) [Rz] 8.0000
Cylinder (Cylinder) 452.500mm ... 502.500mm
Diameter (mm) [d] 100.0000
Length (mm) [1] 50.0000
Surface roughness ( m) [Rz] 8.0000
Inner contour
Cylinder inside (Cylindrical bore) 0.000mm ... 55.000mm
Diameter (mm) [d] 55.0000
Length (mm) [1] 55.0000
Surface roughness ( m) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 55.000mm ... 87.000mm
Diameter (mm) [dl 20.0000
Length (mm) [1] 32.0000
Surface roughness ( m) [Rz] 8.0000
Forces
Cylindrical gear (3-4) y= 140.000mm
Operating pitch diameter (mm) 220.0000
Helix angle (°) 25.8386 left
Working pressure angle at normal section (°) 24.3295
Position of contact (°) 200.0000
Length of load application (mm) 60.0000
Power (kW) 77.4735 driving (Output)
Torque (Nm) 5360.0000
Axial force (N) 23596.1863
Shearing force C (N) 6336.6983
Shearing force H (N) 54160.8501
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Bending moment C (Nm) 887.7408

Bending moment H (Nm) -2439.0478

Cylindrical gear (6-4) y=_99.000mm
Operating pitch diameter (mm) 223.3846

Helix angle (°) 25.4918 left

Working pressure angle at normal section (°) 22.6698

Position of contact (°) 200.0000

Length of load application (mm) 18.0000

Power (kW) 77.4735 driven (Input)
Torque (Nm) -1017.1542

Axial force (N) -4342.1005

Shearing force C (N) 7074.6100

Shearing force H (N) -7116.2563

Bending moment C (Nm) -165.8727

Bending moment H (Nm) 455.7314

Bevel gear/hypoid gear (Bevel gear) y= 438.000mm
Operating pitch diameter (mm) 277.1281

Helix angle (°) 30.0000 left

Pitch angle (°) 56.3099 Tip to the left
Working pressure angle at normal section (°) 20.0000

Position of contact (°) 0.0000

Facewidth (mm) 40.0000

Power (kW) 77.4735 driven (Input)
Torque (Nm) -4491.9089

Axial force (N) 954.2104

Shearing force C (N) -23130.3179

Shearing force H (N) 32417.5603

Bending moment C (Nm) -0.0000

Bending moment H (Nm) 132.2193

Bearing

Taper roller bearing (single row) SKF 32220 J2 (L) 206 .000mm

Set fixed bearing left
d =100.000 (mm), D =180.000 (mm), b =49.000 (mm), r =3.000 (mm)
C =319.000 (kN), CO =440.000 (kN), Cu =48.000 (kN)

Taper roller bearing (single row) SKF 32220 J2 (P) 474 .000mm
Set fixed bearing right

d =100.000 (mm), D =180.000 (mm), b =49.000 (mm), r =3.000 (mm)

C =319.000 (kN), CO =440.000 (kN), Cu =48.000 (kN)

Maximum deflection 0.062 (Shaft 1 pos= 0.000)

Mass center of gravity
Shaft 1 (mm) 273.499

Total axial load
Shaft 1 (N) 20.208

Torsion under torque

Shaft 1 (°) -0.081
Probability of failure [n] 10.00 yA
Axial clearance [upl 10.00 m

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Rolling bearing 'L’

Position (Y-coordinate) [yl 206.00 mm
Equivalent load [P] 62.44 kN
Equivalent load [Pol 62.44 kN
Service life [Lpnl 23240.36 h
static safety factor [Sol 7.05
Bearing reaction force [Fx] -9.557 kN
Bearing reaction force [Fyl 22.300 kN
Bearing reaction force [Fz] -61.704 kN
Bearing reaction force [Fr] 62.440 kN (-98.8°)
Bearing reaction moment [Mx] -1018.12 Nm
Bearing reaction moment [My] 0.00 Nm
Bearing reaction moment [Mz] 157.70 Nm
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Bearing reaction moment
0il level

Torque of friction
Power loss

Shaft
Position (Y-coordinate)
Equivalent load
Equivalent load

Service life

static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
0il level

Torque of friction
Power loss

Displacement [mm)]

0.06
0.05—
0.04
0.03
0.02
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'Shaft 1' Rolling bearing 'P'

[Mr] 1030.26  Nm (171.2°)
(4] 0.000 mm

Myoss] 3.602  Nm

[P1oss] 62.118 W

[yl 474.00 mm

[p] 69.92 kN

[Pol 47.01 kN

[Lpnl 15942.27 h

[Sol 9.36

[Fx] 19.277 kN

[Fyl -42.508 kN

[Fz] -17.461 kN

[Fr]l 26.009 kN (-42.17°)
[Mx] 288.10  Nm

[My] 0.00 Nm

[Mz] 318.06  Nm

[Mr] 429.15  Nm (47.83°)
[H] 0.000 mm

[M10ss] 4.224 Nm

[P1oss] 72.857 W

— Components - Y-component
— Components - Arbitrary plane

8

0.01—

04—+

-0.01—

-0.02-]
-0.03-
-0.04
-0.05
-0.06—

0

I I T T T 1
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Axial direction Y [mm]

Figure: Displacement (bending etc.) (Arbitrary plane -75.66845248 °)
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Stress [N/mm2]

— Equivalent stress (GEH)

63.0— — Equivalent stress (SSH)

56.0
49.0-
42.0-
35.0+
28.0-
21.0-

14.0— e
ol B 124

S g4l

Bk '; ! ! J ?
0 100 286] 300 400 500

‘Axial direction Y [mm]

.3

GEH(von Mises): sigV = ((sigB+sigZ,D)"2 + 3*(tauT+tauS)"2)"1/2
SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4x(tauT+tauS)~2)71/2

Figure: Equivalent stress

Eigenfrequencies/Critical speeds

1. Eigenfrequency: 0.01 Hz, Critical speed: 0.59 1/min Rigid body rotation Y 'Shaft 1'
2. Eigenfrequency: 1171.25 Hz, Critical speed: 70274.75 1/min Bending XY 'Shaft 1', Bending YZ 'Shaft 1'

Normalized rotation

— Components - X-component
—— Components - Y-component
— Components - Z-component

5.00e-4-

...........

o 4

T El: T ?P\ T | T I g:\\/q
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Axial direction Y [mm]
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Figure: Eigenfrequencies (Normalized displacement)

Normalized displacement

5 — Components - X-component
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Figure: Eigenfrequencies (Normalized rotation)

Buckling cases

1. Buckling case: S1=1405.89
2. Buckling case: S$2=2209.72

Normalized displacement

i — Components - X-component
u —— Components - Y-component
0.0020
] — Components - Z-component

0.0015—
0.0010—
5.00e-4,

| |
200 300 400 500

|
0 100
Axial direction Y [mm]

Figure: Buckling cases (Normalized rotation)
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Normalized displacement

i — Components - X-component
u —— Components - Y-component
0.0020
] — Components - Z-component

0.0015—
0.0010
5.00e-4,

5.00e-4-]
-0.0010
-0.0015
10.0020

U LA L LA L |
0 100 200 300 400 500

Axial direction Y [mm]

Figure: Buckling cases (Normalized rotation)

End of Report lines: 237
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File
Name : hridel_3
Changed by: kratochv on: 12.05.2015 at: 11:54:38

Important hint: At least one warning has occurred during the calculation:
1-> Shaft 'Shaft 1':

the sum of torques is not zero.
AT = 37.816 Nm

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 278.000
Speed (1/min) 164.70
Sense of rotation: clockwise

Material C60
Young's modulus (N/mm ) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m ) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 12.094
Mass moment of inertia (kg*m ) 0.014
Momentum of mass GD2 (Nm ) 0.547
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100

Contact angle of rolling bearings is considered
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Figure: Load applications

SHAFT DEFINITION (
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Shaft 1)
Outer contour
Cylinder (Cylinder) 0.000mm ... 45.000mm
Diameter (mm) [d] 70.0000
Length (mm) [1] 45.0000
Surface roughness ( m) [Rz] 8.0000
Radius right (Radius right)
r=2.00 (mm), Rz=8.0
Key way (Key way) 0.000mm ...  45.000mm
1=45.00 (mm), Rz=8.0
Cylinder (Cylinder) 45.000mm ... 148.000mm
Diameter (mm) [d] 88.0000
Length (mm) [1] 103.0000
Surface roughness ( m) [Rz] 8.0000
Straight-sided spline (Straight-sided spline) 5.000mm ... 85.000mm
da=88.00 (mm), df=82.00 (mm), z=6, Form=A, 1=80.00 (mm), Rz=8.0
Radius right (Radius right)
r=2.00 (mm), Rz=8.0
Cylinder (Cylinder) 148.000mm ... 228.000mm
Diameter (mm) [d] 100.0000
Length (mm) [1] 80.0000
Surface roughness ( m) [Rz] 8.0000
Cylinder (Cylinder) 228.000mm ... 278.000mm
Diameter (mm) [d] 90.0000
Length (mm) [1]1 50.0000
Surface roughness ( m) [Rz] 8.0000

Radius left (Radius left)
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r=2.00 (mm), Rz=8.0

Inner contour

Cylinder inside (Cylindrical bore) 0.000mm ... 198.000mm

Diameter (mm) [d] 21.0000

Length (mm) [1] 198.0000

Surface roughness ( m) [Rz] 8.0000

Cylinder inside (Cylindrical bore) 198.000mm ... 278.000mm

Diameter (mm) [d] 46.0000
Length (mm) [1] 80.0000
Surface roughness ( m) [Rz] 8.0000
Forces

Cylindrical gear (4-3)

y= 188.000mm

Operating pitch diameter (mm) 220.0000

Helix angle (°) 25.8386 right

Working pressure angle at normal section (°) 24.3295

Position of contact (°) 20.0000

Length of load application (mm) 80.0000

Power (kW) 77.4735 driven (Input)
Torque (Nm) 5360.0000

Axial force (N) -23596.1863

Shearing force C (N) -6336.6983

Shearing force H (N) -54160.8501

Bending moment C (Nm) 887.7408

Bending moment H (Nm) -2439.0478

Cylindrical gear (4-5) y= 188.000mm
Operating pitch diameter (mm) 213.0000

Helix angle (°) 25.1192 right

Working pressure angle at normal section (°) 20.6873

Position of contact (°) 160.0000

Length of load application (mm) 80.0000

Power (kW) 77.4735 driving (Output)
Torque (Nm) -5360.0000

Axial force (N) 23596.1863

Shearing force C (N) 2510.7283

Shearing force H (N) -54472.4488

Bending moment C (Nm) -859.4945

Bending moment H (Nm) -2361.4418

Cylindrical gear (4-6) y= 157.000mm
Operating pitch diameter (mm) 216.6154

Helix angle (°) 25.4918 right

Working pressure angle at normal section (°) 22.6698

Position of contact (°) 20.0000

Length of load application (mm) 18.0000

Power (kW) 77.4735 driving (Output)
Torque (Nm) -1017.1542

Axial force (N) 4477.7911

Shearing force C (N) -7295.6916

Shearing force H (N) 7338.6393

Bending moment C (Nm) -165.8727

Bending moment H (Nm) 455.7314

Cylindrical gear (7-5) y= 137.000mm
Operating pitch diameter (mm) 216.2769

Helix angle (°) 24.7794 right

Working pressure angle at normal section (°) 18.6442

Position of contact (°) 160.0000

Length of load application (mm) 18.0000

Power (kW) 77.4735 driven (Input)
Torque (Nm) 979.3382

Axial force (N) -4180.6687

Shearing force C (N) 6259.9199

Shearing force H (N) 7359.1264

Bending moment C (Nm) 154.6243

Bending moment H (Nm) 424.8267

Bearing
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Taper roller bearing (single row) SKF 30218 J2 (L) 16.000mm
Set fixed bearing left

d =90.000 (mm), D =160.000 (mm), b =32.500 (mm), r =2.500 (mm)

C =194.000 (kN), CO =245.000 (kN), Cu =28.500 (kN)

Taper roller bearing (single row) SKF 30318 J2 (P) 255.000mm
Set fixed bearing right

d =90.000 (mm), D =190.000 (mm), b =46.500 (mm), r =4.000 (mm)

C =330.000 (kN), CO =400.000 (kN), Cu =44.000 (kN)

Maximum deflection 0.027 (Shaft 1 pos=  148.000)

Mass center of gravity
Shaft 1 (mm) 145.365

Total axial load
Shaft 1 (N) 0.297

Torsion under torque

Shaft 1 (°) -0.003
Probability of failure [n] 10.00 %
Axial clearance [upl 10.00 m

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Rolling bearing 'L’

Position (Y-coordinate) [yl 16.00 mm
Equivalent load [P] 41.63 kN
Equivalent load [Pol] 31.61 kN

Service life (Lpnl 17107.10 h

static safety factor [Spl 7.75

Bearing reaction force [Fx] 19.341 kN

Bearing reaction force [Fyl 21.498 kN

Bearing reaction force [Fz] 21.379 kN

Bearing reaction force [Fr] 28.829 kN (47.87°)
Bearing reaction moment [Mx] 315.34  Nm

Bearing reaction moment My] 0.00 Nm

Bearing reaction moment [Mz] -285.28  Nm

Bearing reaction moment [Mr] 425.23 Nm (-42.13°)
0il level [H] 0.000 mm

Torque of friction Mjy0ss] 2.058 Nm

Power loss [P1oss] 35.495 W

Shaft 'Shaft 1' Rolling bearing 'P'

Position (Y-coordinate) [yl 255.00 mm
Equivalent load [P] 74.10 kN
Equivalent load [Pol 74.10 kN

Service life [Lpnl 14703.09 h

static safety factor [Sol 5.40

Bearing reaction force [Fx] -14.479 kN

Bearing reaction force [Fyl -21.795 kN

Bearing reaction force [Fz] 72.675 kN

Bearing reaction force [Fr] 74.103 kN (101.27°)
Bearing reaction moment [Mx] -926.61 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] -184.61 Nm

Bearing reaction moment [Mr] 944.82 Nm (-168.73°)
0il level (H] 0.000  mm

Torque of friction [M16ss] 2.888 Nm

Power loss [P1oss] 49.816 W
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Displacement [mm]

— Components - Y-component
— Components - Arbitrary plane

0.020

0.010&

0 60 120 180 240
Axial direction Y [mm]

Figure: Displacement (bending etc.) (Arbitrary plane 60.13777866 °)

Stress [N/mm2]

— Equivalent stress (GEH)

63.0—_ — Equivalent stress (SSH)

56,0
49.0-
42.0
35.0-
28.0-
21,01
14.0:§
7.0-
e

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

Eigenfrequencies/Critical speeds

1. Eigenfrequency: 0.02 Hz, Critical speed: 1.05 1/min Rigid body rotation Y 'Shaft 1'
2. Eigenfrequency: 3235.21 Hz, Critical speed: 194112.56 1/min Bending YZ 'Shaft 1', Bending XY 'Shaft 1'
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Normalized rotation

0.0010
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— Components - X-component

—— Components - Y-component
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Figure: Eigenfrequencies (Normalized displacement)

Normalized displacement
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Figure: Eigenfrequencies (Normalized rotation)

Buckling cases

1. Buckling case: S1=908.23
2. Buckling case: S2=2601.86
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Normalized displacement

1 — Components - X-component
—— Components - Y-component

— Components - Z-component
5.00e-4—

-5.00e-4—

0 60 120 180 240
Axial direction Y [mm)]

Figure: Buckling cases (Normalized rotation)
Normalized displacement
1 — Components - X-component

—— Components - Y-component
— Components - Z-component

-5.00e-4—

T I T I 1 I T I T
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Axial direction Y [mm)]

Figure: Buckling cases (Normalized rotation)

End of Report lines: 247
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File

Name : hridel_4
Changed by: kratochv on: 12.05.2015 at: 11:55:43

Important hint: At least one warning has occurred during the calculation:
1-> Shaft 'Shaft 1':

the sum of torques is not zero.

AT = 151.073 Nm

2-> The required service life of bearing 'Shaft 'Shaft 1', Rolling bearing 'P'' is not achieved!
3-> Shaft 'Shaft 1', Rolling bearing 'L':

The minimal load of the bearing is not achieved!
P = 0.0 kN, Pmind = 1.3 kN, Condition: P/C > 1.000 %)

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000

Length (mm) 558.000

Speed (1/min) 164.70

Sense of rotation: counter clockwise

Material 16 MnCr 5 (1)
Young's modulus (N/mm ) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m ) 7830.000
Coefficient of thermal expansion (107-6/K) 11.500
Temperature (°C) 20.000

Weight of shaft (kg) 29.258

Mass moment of inertia (kg*m ) 0.072
Momentum of mass GD2 (Nm ) 2.821

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

Position in space (°) 0.000
Gears mounted with stiffness according to ISO
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of rolling bearings is considered

1/8



KISSsoFT

Enlgutation programs {or mechine design
Figure: Load applications
SHAFT DEFINITION (
Shaft 1)
Outer contour
Cylinder (Cylinder) 0.000mm ... 125.000mm
Diameter (mm) [d] 100.0000
Length (mm) [1] 125.0000
Surface roughness ( m) [Rz] 8.0000
Cylinder (Cylinder) 125.000mm ... 227.000mm
Diameter (mm) [d] 110.0000
Length (mm) [1] 102.0000
Surface roughness ( m) [Rz] 8.0000
Straight-sided spline (Straight-sided spline) 75.000mm ... 175.000mm
da=110.00 (mm), df=82.50 (mm), z=6, Form=A, 1=100.00 (mm), Rz=8.0
Taper (Cone) 227.000mm ... 274.000mm
Diameter left (mm) [d;] 110.0000
Diameter right (mm) [d,] 112.0000
Length (mm) 1] 47.0000
Surface roughness ( m) [Rz] 8.0000
Cylinder (Cylinder) 274.000mm ... 292.000mm
Diameter (mm) [d] 130.0000
Length (mm) [1] 18.0000
Surface roughness ( m) [Rz] 8.0000
Cylinder (Cylinder) 292.000mm ... 438.000mm
Diameter (mm) [d] 80.0000
Length (mm) [1] 146.0000
Surface roughness ( m) [Rz] 8.0000

Radius left (Radius left)
r=2.00 (mm), Rz=8.0
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Cylinder (Cylinder) 438.000mm ... 558.000mm
Diameter (mm) [d] 70.0000
Length (mm) [1] 120.0000
Surface roughness ( m) [Rz] 8.0000
Inner comtour
Cylinder inside (Cylindrical bore) 0.000mm ... 250.000mm
Diameter (mm) [d] 6.0000
Length (mm) [1] 250.0000
Surface roughness ( m) [Rz] 8.0000
Cylinder inside (Cylindrical bore) 250.000mm ... 558.000mm
Diameter (mm) [d] 20.0000
Length (mm) [1]1 308.0000
Surface roughness ( m) [Rz] 8.0000
Forces
Cylindrical gear (Cylindrical gear) y=_173.000mm
Operating pitch diameter (mm) 213.0000
Helix angle (°) 25.1192 left
Working pressure angle at normal section (°) 20.6873
Position of contact (°) -20.0000
Length of load application (mm) 100.0000
Power (kW) 77.4735 driven (Input)
Torque (Nm) -5360.0000
Axial force (N) -23596.1863
Shearing force C (N) -2510.7283
Shearing force H (N) 54472.4488
Bending moment C (Nm) -859.4945
Bending moment H (Nm) -2361.4418
Eccentric force (Eccentric load) y= 357.000mm
Center point of load application, X-coordinate (mm) -180.0000
Center point of load application, Z -coordinate (mm) 0.0000
Length of load application (mm) 0.0000
Power (kW) 77.4735 driving (Output)
Torque (Nm) 4230.0000
Axial force (N) -14000.0000
Shearing force C (N) 18800.0000
Shearing force H (N) 23500.0000
Bending moment C (Nm) 0.0000
Bending moment H (Nm) 2520.0000
Cylindrical gear (Cylindrical gear) y= 132.000mm
Operating pitch diameter (mm) 209.7231
Helix angle (°) 24.7794 left
Working pressure angle at normal section (°) 18.6442
Position of contact (°) -20.0000
Length of load application (mm) 18.0000
Power (kW) 77.4735 driving (Output)
Torque (Nm) 979.3382
Axial force (N) 4311.3146
Shearing force C (N) -6455.5424
Shearing force H (N) -7589.0991
Bending moment C (Nm) 154.6243
Bending moment H (Nm) 424.8267
Bearing
Cylindrical roller bearing(double row) Koyo NN3022 (S) 251.000mm

Free bearing
d =110.000 (mm), D =170.000 (mm), b =45.000 (mm), r =2.000 (mm)
C =221.000 (kN), CO =361.000 (kN), Cu =0.000 (kN)

Angular contact ball bearing (single row) FAG B7214-E-T-P4S (R) 502.000mm
Free bearing

d =70.000 (mm), D =125.000 (mm), b =24.000 (mm), r =0.000 (mm)

C =65.500 (kN), CO =56.000 (kN), Cu =4.050 (kN)

Angular contact ball bearing (single row) FAG B7220-E-T-P4S (P) 76.000mm

3/8



KISSsoFT

Ealeetation programs for mechips design

Set fixed bearing left
d =100.000 (mm), D =180.000 (mm), b =34.000 (mm), r =0.000 (mm)
C =125.000 (kN), CO =116.000 (kN), Cu =7.300 (kN)

Angular contact ball bearing (single row) FAG B7220-E-T-P4S (L)
Set axial bearing right

d =100.000 (mm), D =180.000 (mm), b =34.000 (mm), r =0.000 (mm)
C =125.000 (kN), CO =116.000 (kN), Cu =7.300 (kN)

17.000mm

Maximum deflection 0.052 (Shaft 1 pos=  342.781)
Mass center of gravity

Shaft 1 (mm) 542.574
Total axial load

Shaft 1 (N) -33.285
Torsion under torque

Shaft 1 (°) 0.063
Probability of failure [n] 10.00 %
Axial clearance [upl 10.00 m

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Rolling bearing 'S’

Position (Y-coordinate) [yl 251.00 mm
Equivalent load [P] 37.48 kN
Equivalent load [Pol 37.48 kN
Service life [Lpnl 37474.73 h
static safety factor [Sol 9.63
Bearing reaction force [Fx] -23.809 kN
Bearing reaction force [Fyl 0.000 kN
Bearing reaction force [Fz] -28.948 kN
Bearing reaction force [Fr] 37.482 kN (-129.44°)
0il level [H] 0.000 mm
Torque of friction My0ss] 1.127 Nm
Power loss [P1oss] 19.444 W

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

Shaft 'Shaft 1' Rolling bearing 'R’

Position (Y-coordinate) [yl 502.00 mm
Equivalent load [P] 10.95 kN
Equivalent load [Pol 10.95 kN

Service life [Lpnl 21662.86 h

static safety factor [So] 5.11

Bearing reaction force [Fx] -0.993 kN

Bearing reaction force [Fyl 0.000 kN

Bearing reaction force [Fz] -10.904 kN

Bearing reaction force [Fr] 10.949 kN (-95.2°)
0il level (H] 0.000  mm

Torque of friction [M16ss] 0.411 Nm

Power loss [P1oss] 7.085 W

Shaft 'Shaft 1' Rolling bearing 'P'

Position (Y-coordinate) [yl 76.00 mm
Equivalent load [P] 42.77 kN
Equivalent load [Pol 33.68 kN

Service life [Lpnl 2526.91 h

static safety factor [Sol 3.44

Bearing reaction force [Fx] 14.968 kN

Bearing reaction force [Fyl 33.285 kN

Bearing reaction force [Fz] -30.169 kN

Bearing reaction force [Fr] 33.678 kN (-63.61°)
Bearing reaction moment [Mx] -995.59 Nm

Bearing reaction moment [My] 0.00 Nm

Bearing reaction moment [Mz] -493.95  Nm

Bearing reaction moment [Mr] 1111.39  Nm (-153.61°)
0il level [H] 0.000 mm

Torque of friction M10ss] 3.721  Nm

Power loss [P1oss] 64.176 W
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Shaft 'Shaft 1' Rolling bearing 'L’
Position (Y-coordinate)

Equivalent load
Equivalent load
Service life

static safety factor

Bearing reaction
Bearing reaction
Bearing reaction
Bearing reaction
Bearing reaction
Bearing reaction
Bearing reaction

Bearing reaction

force
force
force
force
moment
moment
moment

moment

Displacement [mm]

0.050-
0.040
0.030—
0.020—

0.010—

[yl
[P]
[Pol

[Lpnl]

[Sol
[Fx]
[Fyl
[Fz]
[Fr]
[Mx]

[My]
[Mz]

[Mr]

17.00 mm
0.00 kN
0.00 kN

> 1000000 h

> 100
0.000 kN
0.000 kN
0.000 kN
0.000 kN
-0.00 Nm
0.00 Nm
0.00 Nm
0.00 Nm

KISSsoFT

Ealeetation programs for mechips design

(180°)

—— Components - Y-component
— Components - Arbitrary plane

I
120

I
240

I
360

Axial direction Y [mm]

I
480

Figure: Displacement (bending etc.) (Arbitrary plane 50.49749765 °)
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Stress [N/mm2]
— Equivalent stress (GEH)

110 7 — Equivalent stress (SSH)

100—_

Ul

I 1 O s [ ]

X | I
120 7360 4800

GEH(von Mises): sigV = ((sigB+sigZ,D)"2 + 3*(tauT+tauS)"2)"1/2
SSH(Tresca): sigV = ((sigB-sigZ,D)"2 + 4x(tauT+tauS)~2)71/2

Figure: Equivalent stress

Eigenfrequencies/Critical speeds

1. Eigenfrequency: 0.00 Hz, Critical speed: 0.00 1/min Rigid body rotation Y 'Shaft 1'
2. Eigenfrequency: 2995.15 Hz, Critical speed: 179709.13 1/min Bending XY 'Shaft 1'

Normalized displacement

— Components - X-component
0.10— — Components - Y-component

1 — Components - Z-component
0.08—

0.06

0.04

0.02—- §a S = 84

0 o B = = g e I

s = 2

............

-0.04—

-0.06— — | |
0 120 240 360
Axial direction Y [mm]

I
480
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Figure: Eigenfrequencies (Normalized rotation)
Normalized displacement
— Components - X-component

0.10 — Components - Y-component

— Components - Z-component
0.08—

0.06
0.04

0.02

' | | |
0 120 240 360
Axial direction Y [mm]

I
480

Figure: Eigenfrequencies (Normalized rotation)

Buckling cases

1. Buckling case: S1=2627.27
2. Buckling case: S2=4029.14

Normalized displacement
— Components - X-component

—— Components - Y-component
5 00e-4—] — Components - Z-component
XX ya m/
EIE P < A \/ __
00— i T ] -
T f\\
‘5.006‘4 1 I T I 1 I 1 I T
0 120 240 360 480

Axial direction Y [mm]

Figure: Buckling cases (Normalized rotation)
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Normalized displacement
— Components - X-component
—— Components - Y-component

5. 00e-4— — Components - Z-component

'5.006'4 1 I T I T I 1 I T
0 120 240 360 480
Axial direction Y [mm]

Figure: Buckling cases (Normalized rotation)

End of Report lines: 275
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KISSsoft academic license for Uni Pilsen

File
Name : spoj_1-1
Changed by: kratochv on: 12.05.2015 at: 11:57:40

Important hint: At least one warning has occurred during the calculation:
1-> For the raw diameter ( 190 mm) of the material (18CrNiMo7-6)

the database has no values

for tensile stress and yield point !

Guessed values are assumed.

For the input of material data:

Call the KISSsoft database tool in the menu Extras

Straight-sided spline  [M02b

Calculation method: G.Niemann, Maschinenelemente |, 4th Edition, 2005.

Label DIN ISO 14:1986 (Light series)
Inner diameter (mm) [d1] 92.00
External diameter (mm) [d2] 98.00
Medium diameter (mm) [dm] 95.00
Number of keys [nK] 10.00
Width (mm) [b] 14.00
Height of key (mm) [h] 3.00
Supporting length (mm) [Itr] 40.00
Length factor [k1] 1.03
Participation factor (equivalent) [kphibeq] 1.30
Participation factor (maximum load) [kphibmax] 1.10
Nominal torque (Nm) [Tnenn] 2994.00
Application factor [KA] 1.50
Service torque (Nm) [Teq] 4491.00
Maximum torque (Nm) [Tmax] 4491.00
Number of load peaks [NL] 1000
Torque curve: No alternating torque
Load direction changing coefficient [fw] 1.00
Manufacturing tolerances according to Niemann H7
Shaft
Material E360 (St70.2)
Type Structural steel
Treatment untreated
Tensile strength (N/mm?) [Rm] 670.00 (d=80-100mm)
Yield point (N/mm?) [Rp] 325.00 (d=80-100mm)
Pressure stress (equiv. load) (N/mm?) [peq] 105.50
Pressure stress (maxim. load) (N/mm?) [pmax] 105.50
Support factor [fs] 1.20
Load peak coefficient [fL] 1.50
Hardness influence coefficient [fH] 1.00
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Permissible pressure (N/mm?) [pzuleq] 390.00
Permissible pressure (N/mm?) [pzulmax] 585.00
fw * pzul / peq 3.70
fL * pzul / pmax 5.55
Required safety 1.00
Minimal safety 3.70
Hub
Material 18CrNiMo7-6
Type Case-carburized steel
Treatment case-hardened
Tensile strength (N/mm?) [Rm] 600.00 (d= 0- Omm)
Yield point (N/mm?2) [Rp] 425.00 (d= 0- Omm)
Small external diameter (mm) [D1] 180.00
Big external diameter (mm) [D2] 180.00
Width of hub-part with D2 (mm) [c] 40.00
Equivalent diameter hub (mm) [D] 180.00
Distance a0 (mm) [a0] 20.00
Pressure stress (equiv. load) (N/mm?) [peq] 105.50
Pressure stress (maxim. load) (N/mm?) [pmax] 105.50
Support factor [fs] 1.50
Load peak coefficient [fL] 1.50
Hardness influence coefficient [fH] 1.15
Permissible pressure (N/mm?) [pzuleq] 733.13
Permissible pressure (N/mm?) [pzulmax] 1099.69
fw * pzul / peq 6.95
fL * pzul / pmax 10.42
Required safety 1.00
Minimal safety 6.95
Remarks:
Pressure load: p(eq,max) = kphib(eq,max)*k1*T*2000/(dm*ltr*h*z)
Coefficient for load direction changes according to DIN 6892:1998/ fig. 6
pzuleq = fs*fH*fw*(Rm,Rp)
pzulmax = fs*fH*fL*(Rm,Rp)
(Rm:for brittle material; Rp:for ductile material)
End of Report lines: 90
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File
Name : spoj_2-2
Changed by: kratochv on: 12.05.2015 at: 11:58:18

Important hint: At least one warning has occurred during the calculation:
1-> For the raw diameter ( 290 mm) of the material (18CrNiMo7-6)

the database has no values

for tensile stress and yield point !

Guessed values are assumed.

For the input of material data:

Call the KISSsoft database tool in the menu Extras

Straight-sided spline  [M02b

Calculation method: G.Niemann, Maschinenelemente |, 4th Edition, 2005.

Label DIN ISO 14:1986 (Light series)
Inner diameter (mm) [d1] 92.00
External diameter (mm) [d2] 98.00
Medium diameter (mm) [dm] 95.00
Number of keys [nK] 10.00
Width (mm) [b] 14.00
Height of key (mm) [h] 3.00
Supporting length (mm) [Itr] 55.00
Length factor [k1] 1.05
Participation factor (equivalent) [kphibeq] 1.30
Participation factor (maximum load) [kphibmax] 1.10
Nominal torque (Nm) [Tnenn] 4311.00
Application factor [KA] 1.50
Service torque (Nm) [Teq] 6466.50
Maximum torque (Nm) [Tmax] 6466.50
Number of load peaks [NL] 1000000
Torque curve: No alternating torque
Load direction changing coefficient [fw] 1.00
Manufacturing tolerances according to Niemann H7
Shaft
Material E335 (St60.2)
Type Structural steel
Treatment untreated
Tensile strength (N/mm?) [Rm] 570.00 (d=80-100mm)
Yield point (N/mm?) [Rp] 295.00 (d=80-100mm)
Pressure stress (equiv. load) (N/mm?) [peq] 112.19
Pressure stress (maxim. load) (N/mm?) [pmax] 112.19
Support factor [fs] 1.20
Load peak coefficient [fL] 1.13
Hardness influence coefficient [fH] 1.00
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Permissible pressure (N/mm?) [pzuleq] 354.00
Permissible pressure (N/mm?) [pzulmax] 398.25
fw * pzul / peq 3.16
fL * pzul / pmax 3.55
Required safety 1.00
Minimal safety 3.16
Hub
Material 18CrNiMo7-6
Type Case-carburized steel
Treatment case-hardened
Tensile strength (N/mm?) [Rm] 600.00 (d= 0- Omm)
Yield point (N/mm?2) [Rp] 425.00 (d= 0- Omm)
Small external diameter (mm) [D1] 280.00
Big external diameter (mm) [D2] 280.00
Width of hub-part with D2 (mm) [c] 55.00
Equivalent diameter hub (mm) [D] 280.00
Distance a0 (mm) [a0] 25.00
Pressure stress (equiv. load) (N/mm?) [peq] 112.19
Pressure stress (maxim. load) (N/mm?) [pmax] 112.19
Support factor [fs] 1.50
Load peak coefficient [fL] 1.13
Hardness influence coefficient [fH] 1.15
Permissible pressure (N/mm?) [pzuleq] 733.13
Permissible pressure (N/mm?) [pzulmax] 824.77
fw * pzul / peq 6.53
fL * pzul / pmax 7.35
Required safety 1.00
Minimal safety 6.53
Remarks:
Pressure load: p(eq,max) = kphib(eq,max)*k1*T*2000/(dm*ltr*h*z)
Coefficient for load direction changes according to DIN 6892:1998/ fig. 6
pzuleq = fs*fH*fw*(Rm,Rp)
pzulmax = fs*fH*fL*(Rm,Rp)
(Rm:for brittle material; Rp:for ductile material)
End of Report lines: 90
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Name : spoj_2-3
Changed by: kratochv

on: 12.05.2015

at: 11:58:41

Straight-sided spline  [M02b]

Calculation method: G.Niemann, Maschinenelemente |, 4th Edition, 2005.

Label
Inner diameter (mm)
External diameter (mm)
Medium diameter (mm)
Number of keys
Width (mm)
Height of key (mm)
Supporting length (mm)
Length factor
Participation factor (equivalent)
Participation factor (maximum load)
Nominal torque (Nm)
Application factor
Service torque (Nm)
Maximum torque (Nm)
Number of load peaks
Torque curve: No alternating torque
Load direction changing coefficient

Manufacturing tolerances according to Niemann

Shaft

Material

Type

Treatment

Tensile strength (N/mm?2)
Yield point (N/mm?)

Pressure stress (equiv. load) (N/mm?)
Pressure stress (maxim. load) (N/mm?)

Support factor

Load peak coefficient
Hardness influence coefficient
Permissible pressure (N/mm?)
Permissible pressure (N/mm?)
fw * pzul / peq

fL * pzul / pmax

Required safety
Minimal safety

1/2

DIN ISO 14:1986 (Light series)
[d1] 92.00
[d2] 98.00
[dm] 95.00
[nK] 10.00
[b] 14.00
[h] 3.00
[Itr] 65.00
[k1] 1.06
[kphibeq] 1.30
[kphibmax] 1.10
[Tnenn] 5360.00
[KA] 1.50
[Teq] 8040.00
[Tmax] 8040.00
[NL] 1000
[fw] 1.00

H7
E335 (St60.2)
Structural steel
untreated
[Rm] 570.00 (d=80-100mm)
[Rp] 295.00 (d=80-100mm)
[peq] 119.39
[pmax] 119.39
[fs] 1.20
[fL] 1.50
[fH] 1.00
[pzuleq] 354.00
[pzulmax] 531.00
2.96
4.45
1.00
2.96
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Hub
Material C45 (1)
Type Through hardened steel
Treatment unalloyed, through hardened
Tensile strength (N/mm?) [Rm] 590.00 (d=100-250mm)
Yield point (N/mm?2) [Rp] 345.00 (d=100-250mm)
Small external diameter (mm) [D1] 212.00
Big external diameter (mm) [D2] 212.00
Width of hub-part with D2 (mm) [c] 65.00
Equivalent diameter hub (mm) [D] 212.00
Distance a0 (mm) [a0] 30.00
Pressure stress (equiv. load) (N/mm?) [peq] 119.39
Pressure stress (maxim. load) (N/mm?) [pmax] 119.39
Support factor [fs] 1.50
Load peak coefficient [fL] 1.50
Hardness influence coefficient [fH] 1.00
Permissible pressure (N/mm?) [pzuleq] 517.50
Permissible pressure (N/mm?) [pzulmax] 776.25
fw * pzul / peq 4.33
fL * pzul / pmax 6.50
Required safety 1.00
Minimal safety 4.33
Remarks:
Pressure load: p(eq,max) = kphib(eq,max)*k1*T*2000/(dm*ltr*h*z)
Coefficient for load direction changes according to DIN 6892:1998/ fig. 6
pzuleq = fs*fH*fw*(Rm,Rp)
pzulmax = fs*fH*fL*(Rm,Rp)
(Rm:for brittle material; Rp:for ductile material)
End of Report lines: 90
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File
Name : spoj_3-4
Changed by: kratochv on: 12.05.2015 at: 11:59:57

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

1-> DIN6892:

As length for the calculation the shorter length of shaft and hub is taken.

Keys [MO02a]

Calculation method: DIN 6892-B:2012
Label

Key width (mm)

Key height (mm)

Chamfer (mean value) (mm)

Shaft diameter (mm)

Nominal torque (Nm)
Application factor
equivalent torque (Nm)
Maximum torque (Nm)
Minimal frictional torque for interference fit (Nm)
Torque curve: No alternating torque
Number of load peaks
Number of change of load direction
Load direction changing coefficient

Number of keys
Load factor

equivalent circumferential stress (N)
Maximal circumferential force (N)

Contact coefficient for equivalent surface pressure

Contact coefficient for maximal surface pressure
Help coefficient

Load distribution coefficient

Friction factor

Friction factor

Shaft

Material

Type

Treatment

Tensile strength (N/mm?)
Yield point (N/mm?)

1/3

DIN 6885.1:1968 Default

[b]
[h]
1l

[d]

(7]

[KA]
[Ted]
[Tmax]
[TRmin]

[NL]
INW]
[fw]

[l
[phi]

[Feq]
[Fmax]
[Kneq]
[Knmax]
[Kle]
[K1]
[KReq]
[KR]

C45 (1)

28.00
16.00
0.70

100.00

1100.00
1.50
1650.00
1650.00
0.00

1000000

1
1.00

1
1.00

33000.00
33000.00
1.00

1.00
1.050
1.050
1.000
1.000

Through hardened steel
unalloyed, through hardened

[Rm]
[Re]

590.00 (d=100-250mm)
345.00 (d=100-250mm)



Groove depth shaft (minimal value) (mm)
Chamfer on shaft (mm)

Supporting key length (mm)

Supporting key height (mm)

Pressure stress (N/mm?)

Pressure stress (N/mm?)

Support factor

Hardness influence coefficient

Permissible surface pressure (N/mm?)

Load peak frequency coefficient

Load direction changing coefficient

Required safety against flow (fw * pzul / peq)
Required safety against flow (fL * pzul / pmax)
Minimal safety

Hub

Material

Type

Treatment

Tensile strength (N/mm?)
Yield point (N/mm?)

Groove depth hub (minimal value) (mm)
Chamfer on hub (mm)

Supporting key length (mm)

Supporting key height (mm)

Small outside diameter of hub (mm)

Big outside diameter of hub (mm)

Width of hub-part with D2 (mm)

Equivalent diameter hub (mm)

Distance a0 (Figure 2, DIN 6892) (mm)
Pressure stress (N/mm?)

Pressure stress (N/mm?)

Support factor

Hardness influence coefficient

Permissible surface pressure (N/mm?)

Load peak frequency coefficient

Load direction changing coefficient

Required safety against flow (fw * pzul / peq)
Required safety against flow (fw * pzul / pmax)
Minimal safety

Key

Material

Type

Treatment

Tensile strength (N/mm?)

Yield point (N/mm?)

Pressure stress (N/mm?)

Pressure stress (N/mm?)

Support factor

Hardness influence coefficient
Permissible surface pressure (N/mm?)
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[t1]
[s1]
[Itr]
[t1tr]
[peq]
[pmax]
[fs]
[fH]
[pzul]
[fL]
[fw]
[SFeq]
[SFmax]
[SF]

18CrNiMo7-6

KISSsoFT

Enirrsaticn program fur mechina design

10.00
0.01
42.00
7.29
113.21
113.21
1.30
1.00
448.50
1.20
1.00
3.96
4.75
3.96

Case-carburized steel
case-hardened

[Rm]
[Re]

[t2]
[s2]
[Itr]
[t2tr]
[D1]
[D2]
[c]

[D]
[a0]
[peq]
[pmax]
[fs]
[fH]
[pzul]
[fL]
[fw]
[SFeq]
[SFmax]
[SF]

E335 (St60.2)

900.00 (d=40-100mm)
640.00 (d=40-100mm)

6.40
0.01
100.00
7.29
212.00
212.00
42.00
212.00
21.00
113.12
113.12
1.50
1.156
1104.00
1.20
1.00
9.76
11.71
9.76

Structural steel

untreated
[Rm]
[Re]
[peq]
[pmax]
[fs]
[fH]
[pzul]

570.00 (d=16-40mm)
325.00 (d=16-40mm)
113.21/ 113.12
113.21/ 113.12
1.10
1.00
357.50



KISSsoFT

Enirrsaticn program fur mechina design

Load peak frequency coefficient [fL] 1.20
Load direction changing coefficient [fw] 1.00
Required safety against flow (fw * pzul / peq) [SFeq] 3.16
Required safety against flow (fL * pzul / pmax) [SFmax] 3.79
Minimal safety [SF] 3.16
Cross section area (mm?) [b*Itr] 1176.00
Shear stress (N/mm?) [tau] 28.06
Remarks:

Safety = Minimum (fw*pzul/peq, fL*pzul/pmax)

Condition according to DIN 6892 Safety >= 1.0

Chamfer on key: Mean value as in examples in DIN 6892
Groove depth: Minimum value as in examples in DIN 6892

End of Report lines: 127
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KISSsoft Release 03/2014 E

KISSsoFT

Enirrsaticn program fur mechina design

KISSsoft academic license for Uni Pilsen

File
Name : spoj_4-5
Changed by: kratochv on: 12.05.2015 at: 12:02:07

Important hint: At least one warning has occurred during the calculation:
1-> For the raw diameter ( 220 mm) of the material (18CrNiMo7-6)

the database has no values

for tensile stress and yield point !

Guessed values are assumed.

For the input of material data:

Call the KISSsoft database tool in the menu Extras

Straight-sided spline  [M02b

Calculation method: G.Niemann, Maschinenelemente |, 4th Edition, 2005.

Label DIN ISO 14:1986 (Light series)
Inner diameter (mm) [d1] 102.00
External diameter (mm) [d2] 108.00
Medium diameter (mm) [dm] 105.00
Number of keys [nK] 10.00
Width (mm) [b] 16.00
Height of key (mm) [h] 3.00
Supporting length (mm) [Itr] 80.00
Length factor k1] 1.07
Participation factor (equivalent) [kphibeq] 1.30
Participation factor (maximum load) [kphibmax] 1.10
Nominal torque (Nm) [Tnenn] 5000.00
Application factor [KA] 1.50
Service torque (Nm) [Teq] 7500.00
Maximum torque (Nm) [Tmax] 7500.00
Number of load peaks [NL] 1000000
Torque curve: No alternating torque
Load direction changing coefficient [fw] 1.00
Manufacturing tolerances according to Niemann H7
Shaft
Material E335 (St60.2)
Type Structural steel
Treatment untreated
Tensile strength (N/mm?) [Rm] 550.00 (d=100-150mm)
Yield point (N/mm?) [Rp] 275.00 (d=100-150mm)
Pressure stress (equiv. load) (N/mm?) [peq] 82.52
Pressure stress (maxim. load) (N/mm?) [pmax] 82.52
Support factor [fs] 1.20
Load peak coefficient [fL] 1.13
Hardness influence coefficient [fH] 1.00
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Permissible pressure (N/mm?) [pzuleq] 330.00
Permissible pressure (N/mm?) [pzulmax] 371.25
fw * pzul / peq 4.00
fL * pzul / pmax 4.50
Required safety 1.00
Minimal safety 4.00
Hub
Material 18CrNiMo7-6
Type Case-carburized steel
Treatment case-hardened
Tensile strength (N/mm?) [Rm] 600.00 (d= 0- Omm)
Yield point (N/mm?2) [Rp] 425.00 (d= 0- Omm)
Small external diameter (mm) [D1] 212.00
Big external diameter (mm) [D2] 212.00
Width of hub-part with D2 (mm) [c] 80.00
Equivalent diameter hub (mm) [D] 212.00
Distance a0 (mm) [a0] 50.00
Pressure stress (equiv. load) (N/mm?) [peq] 82.52
Pressure stress (maxim. load) (N/mm?) [pmax] 82.52
Support factor [fs] 1.50
Load peak coefficient [fL] 1.13
Hardness influence coefficient [fH] 1.15
Permissible pressure (N/mm?) [pzuleq] 733.13
Permissible pressure (N/mm?) [pzulmax] 824.77
fw * pzul / peq 8.88
fL * pzul / pmax 9.99
Required safety 1.00
Minimal safety 8.88
Remarks:
Pressure load: p(eq,max) = kphib(eq,max)*k1*T*2000/(dm*ltr*h*z)
Coefficient for load direction changes according to DIN 6892:1998/ fig. 6
pzuleq = fs*fH*fw*(Rm,Rp)
pzulmax = fs*fH*fL*(Rm,Rp)
(Rm:for brittle material; Rp:for ductile material)
End of Report lines: 90
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KISSsoft Release 03/2014 E

KISSsoft academic license for Uni Pilsen
File

Name : jehly_rad-110
Changed by: kratochv on: 12.05.2015 at: 12:04:01
ROLLING BEARING ANALYSIS
Calculation method: ISO 281:2007 und Herstellerangaben
- With constant a23-factor (1.0)
General data:
Speed (1/min) 10.000
Axial force (N) 0.000
Required service life (h) 10000.000
Rolling bearing No. 1:
Bearing type INA K110X117X24
Type Needle cage
Only radial load
Radial force (N) [Fr] 15000.000
Axial force (N) [Fa] 0.000
Inner diameter (mm) [d] 110.000
External diameter (mm) [D] 117.000
Width (mm) [B] 24.000
Basic dynamic load rating (kN) [C] 56.000
Basic static load rating (kN) [CO] 158.000
Speed limit (oil) (1/min) [n.max] 4300
Dynamic equivalent load (N) [P] 15000.000
Static equivalent load (N) [PO] 15000.000
Torque of friction (Nmm) [M] 90.677
The factors used to calculate the torque loss have been assumed for this bearing.
Service life (h) [Lh] 134535.834
Static safety factor [S0] 10.533
Torque of friction M is calculated according to the indications in the SKF catalog 2004..
End of Report lines: 45
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KISSsoft Release 03/2014 E

KISSsoft academic license for Uni Pilsen
File

Name jehly_ax-100135
Changed by: kratochv on: 12.05.2015 at: 12:03:08
ROLLING BEARING ANALYSIS
Calculation method: ISO 281:2007 und Herstellerangaben
- With constant a23-factor (1.0)
General data:
Speed (1/min) 10.000
Axial force (N) 40000.000
Required service life (h) 10000.000
Rolling bearing No. 1:
Bearing type SKF AXK100135
Type Thrust needle cage
Radial and axial load
Radial force (N) [Fr] 0.000
Axial force (N) [Fa] 40000.000
Inner diameter (mm) [d] 100.000
External diameter (mm) [D] 135.000
Width (mm) [B] 4.000
Basic dynamic load rating (kN) [C] 76.500
Basic static load rating (kN) [CO] 560.000
Speed limit (oil) (1/min) [n.max] 2800
Dynamic equivalent load (N) [P] 40000.000
Static equivalent load (N) [PO] 40000.000
Torque of friction (Nmm) [M] 312.638
The factors used to calculate the torque loss have been assumed for this bearing.
Service life (h) [Lh] 14471.723
Static safety factor [S0] 14.000
Torque of friction M is calculated according to the indications in the SKF catalog 2004..
End of Report lines: 45
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KISSsoft Release 03/2014 E

KISSsoft academic license for Uni Pilsen

File
Name : predepnuti_brzda
Changed by: kratochv on: 12.05.2015 at: 12:20:41
Disk springs [F040]
Calculation method: DIN 2092:2006
INPUTS:
Spring geometry
DIN 2093:2006 Series A (hard)
Inner diameter (mm) [Di] 18.300 H12
External diameter (mm) [De] 35.500 h12
Spring force of singular spring (s=0.75*h0) (N) [Fn] 5221.906
Spring travel of singular spring (s=0.75*h0) (N) [sne] 0.600
Length of relaxes spring (mm) [LOe] 2.800
Thickness of a single disk (mm) [t] 2.000
(without support area)
Number of springs per package [n] 2.000
Number of packages per column [i] 12.000
Material
Material 51CrV4 (DIN EN 10089)
Young's modulus at 20°C (N/mm?2) [E20] 206000.000
Poisson's ratio [ny] 0.310
Young's modulus depending on temperature (1/°C) [alphaE] -0.00028
Young's modulus at service temperature (N/mm?2) [E] 206000.000
Load
Lower spring force (N) [F1] 4000.000
Higher spring force (N) [F2] 7569.000
Operating temperature (°C) [TB] 20.000
static or quasistatic loading
RESULTS OF SINGLE SPRING:
Properties:
Diameter ratio [delta] 1.940
Coefficient K1 [K1] 0.682
Coefficient K2 [K2] 1.206
Coefficient K3 [K3] 1.354
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Coefficient K4 [K4] 1.000
Lower force for a single spring (N) [Fle] 2000.000
Higher force for a single spring (N) [F2e] 3784.500
Force when flat (s=h0) (N) [Fce] 6792.724
Stress in the middle SigmaOM (N/mm?) [sigmaom] -857.444
Stress at point 1 (N/mm?) [sigmal] -1534.852
Stress at point 2 (N/mm?) [sigma2] 897.581
Stress at point 3 (N/mm?) [sigma3] 831.658
Stress at point 4 (N/mm?) [sigmad] -422.245
Spring rate with s1e (N/mm) [R1e] 8905.036
Spring rate with s2e (N/mm) [R2e] 8264.184
Spring work with s1e (N/mm) [Wie] 217.768
Spring work with s2e (N/mm) [W2e] 825.406
Spring travel of singular spring (mm) [sle] 0.214
Spring travel of singular spring (mm) [s2€] 0.423
Force on singular spring (N) [Fle] 2000.000
Force on singular spring (N) [F2e] 3784.500
Length with force F1 (mm) [L1e] 2.586
Length with force F2 (mm) [L2e] 2.377

RESULTS OF WHOLE SPRING SYSTEM:

Total length at unloaded state (mm) [LO] 57.600
Total length with load F1 (mm) [L1] 55.032
Total length with load F2 (mm) [L2] 52.524
Spring rate with s1 (N/mm) [R1] 1484.173
Spring rate with s2 (N/mm) [R2] 1377.364
Spring work with s1 (N/mm) [w1] 5226.427
Spring work with s2 (N/mm) [W2]  19809.744
Spring travel with force F1 (mm) [s1] 2.568
Spring travel with force F2 (mm) [s2] 5.076
Spring travel with force Fn (mm) [sn] 7.200
Spring travel with force Fc (mm) [sc] 9.600
Force on the system (N) [F1] 4000.000
Force on the system (N) [F2] 7569.000
Usable force (N) [Fn] 10443.813
Force when flat (s=h0) (N) [Fc] 13585.447
Utilization of spring travel (%) [AW] 70.500
Utilization of spring force (%) [AusF] 72.474
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Force [N]
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Figure: Force-Travel Diagram
Maximum stress [N/mm2]
1400 — 100000 Load cycles
1300 — 500000 Load cycles
12004 — 2000000 Load cycles
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0 400 800 1200
Low tension [N/mm2]
Figure: Goodman Diagram
End of Report lines: 110
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Brzdové oblozeni



Renovak Kostelec nad Orlici s.r.o0. — distribuce FREOS SAULEDA S.A.
Komenského 1412, 51741 Kostelec nad Orlici, Tet 424 323 578, Tel. 494 321 321
www.renovak.czrenovak@renovak.cz

TECHNICKY LIST FRENOS SAULEDA FAG-M —t ¥eci material pro priimyslové &ely

Popis :

FAG-M je bezasbestovy tfeci material vyvinuty pro pouziti v pramyslu. Velice tuhy materidl vyrabény
technologii lisovanim. Jeho hlavni vyhodou je tvrdost a mechanicka stabilita, odolnost viéi vysokym
teplotam a nizké opotfebeni. Material obsahuje pfedevsim mix fenolickych rezinl s NBR systémem, kratké
vlakna, modifikatory tfeni, kovové ¢asti a pojiva.

Pouziti :

Prevodové kotouce
Bloky pro lisy
Elektromagnetické brzdy
Brzdové desky pro jefaby

Adhesiva :
Pouziti jakéhokoliv teplem tvrditelného lepidla je doporué¢eno

Kompatibilita :
Doporucéeno pouziti protikusu z vysoce kvalitni oceli s tvrdosti Brinell 150-200.
Provozni podminky :

Kontaktni tlak: p=0,3---- 1.5 (N/mm-2)
Kluzné rychlost: v=do 15 m/s

Doporu éené provozni teploty :

Maximalni (kratkoboda): do 350 C

Maximalni (dlouhodobd): do 250 €

Fyzikalni vlastnosti

Hustota: 1.80-1.90

Tvrdost: 85-90 (SHORE-D)

Extrakty acetonu: <1%

Mechanické vlastnosti

Stabilita stfihu: 11.26 N/mm-2

Tlakovy stfih: 111 (N/mm-2; 10%; UNE 53205)
Maximalni tlakovy stfih: 159.5 (UNE 53205; N/mm-2)
Treci vlastnosti:

Koeficient tfeni: 0.45 +/- 0.05

Koeficient opotfebeni: 35-45 mm-3/Kwh ; @79N,7 m/s; F.A.S.T.
FAST test (max.teploty):

F=79N; v =7 m/s; t =90 min <250 C

F=100N; v = 11m/s; t = 55 min <320 C

Doporu éené provozni teploty (max):

Dlouhodoba teplota 250 T

Kratkodoba teplota 350 T

Renovak Kostelec nad Orlici s.r.0. — nejtsi sortiment tirecich materiak
Jsme drziteli certifikatu kvality ISO 9001:2000
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Opera

* % X F F X X

Kratochvil . 01-01-88

SPOJENI PLOCH SROUBY,KOLIKY, PERY A DALS. NOSN. PRVKY

* % X F F X X

hhkkkkhkkhkkkhkhhhkhkhkhhhhkhkhkhhhhkhkhkhhhhkhkhkhkhhhkhkhkhhhhkhkhkhhhkhkhkhkhhhhkhkhkhhhkhkhkhkhkkkhkkkkkk*k

ZADANE HODNOTY
HIEHHHHH

SOURADNICE BODU VNEJSIHO OBVODU :

X 1, 1) = .0 mm Y ( 1,
X( 1, 2) = 120.0 mm Y ( 1,
X( 1, 3) = 120.0 mm Y ( 1,
X( 1, 4) = .0 mm Y ( 1,
SOURADNICE BODU OTVORU :
X 2, 1) = .0 mm Y ( 2,
X ( 2, 2)= 120.0 mm Y (2,
X ( 2, 3)= 120.0 mm Yy (2,
X( 2, 4) = .0 mm Y ( 2,

POCET VRSTEV SPOJ. MATERIALU : 2

1. VRSTVA : TLOUSTKA
MODUL PRUZNOSTI V TAHU
MODUL PRUZNOSTI VE SMYKU
POISSONOVO CISLO

2. VRSTVA : TLOUSTKA
MODUL PRUZNOSTI V TAHU

MODUL PRUZNOSTI VE SMYKU
POISSONOVO CISLO

MATERIAL SROUBU

PREDEPNUTI SROUBU  78558.6 N

UTAHOVACI MOMENT 483.6 Nm

ZADANE SOURADNICE SROUBU :

X( 1, 1) = 15.0 mm Y (1,
X( 1, 2) = 60.0 mm Y ( 1,
X( 1, 3) = 105.0 mm Y ( 1,
X ( 1, 4) = 105.0 mm Yy ( 1,
X( 1, 5) = 60.0 mm Yy (1,
X( 1, 6) = 15.0 mm Yy (1,

DALSI ZADANE NOSNE PRVKY

F Ok X X ok k¥ ¥ ok k¥ X Ok kX ¥ ok k¥ X Ok X X X Ok Ok X X Ok % ¥ X Gk ¥ X X 2k ¥ X F X ¥ X F X ¥ X X F X ¥ F X * X F

SROUB : PRUMER ZAVITU 24.
STOUPANI 3.
DELKA MATICE 45.

N
~
o mnn

N
~
o

16

210000.
80500.

30

210000.
80500.

0 mm
0 mm
0 mm

8G
PEVNOST MATERIALU 780.

MPa

w
~
o mmnnn

450.
450.

50.
50.
400.
400.

.0 mm
MPa
MPa
.30

.0 mm
MPa
MPa
.30

25.
25.
25.
420.
420.
420.

0
0

0
0
0
0

[ocNoNoNoNoNo

mm
mm
mm
mm
mm
mm

k% ok kX ok ok ¥ ok Gk ¥ F Ok ¥ F Gk X F Sk ¥ ok Ok X F Ok ¥ Ok kX F Ok ¥ Ok kX F k ¥ K F X ok F X F F X F F* X F * ¥ * * X
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* *
* SPOJENI PLOCH SROUBY,KOLIKY, PERY A DALS. NOSN. PRVKY *
* *
* Opera *
* *
* Kratochvil . 01-01-88 *
* *

hhkkkkhkkhkkkhkhhhkhkhkhhhhkhkhkhhhhkhkhkhhhhkhkhkhkhhhkhkhkhhhhkhkhkhhhkhkhkhkhhhhkhkhkhhhkhkhkhkhkkkhkkkkkk*k

NOSNE PRVKY NESOUCI V TECNE ROVINE VE SMERU OSY Y :

POCET PRVKU 1
ZADANA TUHOST : 999999. N/mm
SOURADNICE :
X( 1, 1) = 60.0 mm Y ( 1, 1) = 225.0 mm

F Ok X X ok k¥ ¥ ok k¥ X Ok kX ¥ ok k¥ X Ok X X X Ok Ok X X Ok % ¥ X Gk ¥ X X 2k ¥ X F X ¥ X F X ¥ X X F X ¥ F X * X F
* ok ¥ ¥ ok k¥ ¥ ok k¥ X ok kX ¥ ok k¥ ¥ Ok %k X X Ok X X X 2k % ¥ F kX X Xk X X F k¥ Xk k¥ X Xk X X ¥ * X X F
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* % X F F X X

SPOJENI PLOCH SROUBY,KOLIKY, PERY A DALS. NOSN. PRVKY

Opera

Kratochvil . 01-01-88

* % X F F X X

hhkkkkhkkhkkkhkhhhkhkhkhhhhkhkhkhhhhkhkhkhhhhkhkhkhkhhhkhkhkhhhhkhkhkhhhkhkhkhkhhhhkhkhkhhhkhkhkhkhkkkhkkkkkk*k

F Ok X X ok k¥ ¥ ok k¥ X Ok kX ¥ ok k¥ X Ok X X X Ok Ok X X Ok % ¥ X Gk ¥ X X 2k ¥ X F X ¥ X F X ¥ X X F X ¥ F X * X F

ZATIZENI SPOJOVANE PLOCHY :
HHHHH R

FX = .0 N FY = 12000.0 N Fz
MX = .0 Nm MY = .0 Nm MZ
PUSOBISTE VNEJSICH SIL :

X = 60.0 mm y = 225.0 mm z

SOUCINITEL BEZPECNOSTI :

PROTI ODLEHNUTI 54.39
PROTI PROKLOUZNUTI 7.71

SOURADNICE STREDU PRUZNOSTI V NORMALNEM SMERU :

X = 60.0 mm Y = 225.2 mm

SOURADNICE STREDU PRUZNOSTI V TECNEM SMERU :
X = 60.0 mm Y = 227.2 mm

9000

200.0 mm

VYSLEDNE POSUNUTI V MISTE PUSOBISTE VNEJSIHO ZATIZENI

Dx = -.3639E-11 mm
Dy = .2717E-03 mm
Dz = .7326E-04 mm

MAXIMALNI ZATIZENI A NAMAHANI SPOJOVACICH PRVKU
HHHH R R R R

SROUBY :
SOURAD. MAX. ZATIZENEHO SROUBU : XS = 15.0 mm
YS = 25.0 mm
ZATIZENI SROUBU : NORMALNE 78682. N
TECNE 12. N
NAMAHANI TAHOVE 223.2 MPa
OHYBOVE .7 MPa
NORMALNE 223.9 MPa
SMYKOVE 0 MPa

TLAK V ZAVITU 62.2 MPa

ZATIZENI DALSICH PRVKU

.ON
.0 Nm

k% ok kX ok ok ¥ ok Gk ¥ F Ok ¥ F Gk X F Sk ¥ ok Ok X F Ok ¥ Ok kX F Ok ¥ Ok kX F k ¥ K F X ok F X F F X F F* X F * ¥ * * X

hkhkhhhhkkhkhkhhhhhhkhkhkhhhhhkhkhkhhhhhhkhkhkhhhhhhkhkhkhhhhhkhkhkhkhhhhhhkhkhkhhhkhhkhkrkhkhhhkkkhkhkikhkkx



hkhkhkhhhhhkhhhhhhhkhkhhhhhhhkhhhhhhhhhhhhhhhkhkhkhhhhhhkhhhhhhhkhkhkhhhhhhkhkhkhhhhhhkhkhkhkhhk*x

SPOJENI PLOCH SROUBY,KOLIKY, PERY A DALS. NOSN. PRVKY
Opera .

Kratochvil . 01-01-88
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PRVKY NESOUCI VE SMERU 0OSY Y F = 225.8 N

Pocet iteraci..... 1
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* % X F F X X

SPOJENI PLOCH SROUBY,KOLIKY, PERY A DALS. NOSN. PRVKY

Uchyceni snekoveho kola

Kratochvil

* % X F F X X

hhkkkkhkkhkkkhkhhhkhkhkhhhhkhkhkhhhhkhkhkhhhhkhkhkhkhhhkhkhkhhhhkhkhkhhhkhkhkhkhhhhkhkhkhhhkhkhkhkhkkkhkkkkkk*k

F Ok X X ok k¥ ¥ ok k¥ X Ok kX ¥ ok k¥ X Ok X X X Ok Ok X X Ok % ¥ X Gk ¥ X X 2k ¥ X F X ¥ X F X ¥ X X F X ¥ F X * X F

ZADANE HODNOTY
HIEHHHHH

PRUMER SPOJOVANE PLOCHY

POCET VRSTEV SPOJ. MATERIALU : 2

1. VRSTVA :

2. VRSTVA :

SROUB

PREDEPNUTI SROUBU
UTAHOVACI MOMENT

01-01-88

280. mm
TLOUSTKA 45
MODUL PRUZNOSTI V TAHU 108000.

MODUL PRUZNOSTI VE SMYKU 42200.

POISSONOVO CISLO

TLOUSTKA 15.
210000.
MODUL PRUZNOSTI VE SMYKU 80500.

MODUL PRUZNOSTI V TAHU

ZADANE SOURADNICE SROUBU :

XXX XX XXX XX XX
ANAAAAAAAAAA

(

RRRRRRRRRR AR

L T

1)

POISSONOVO CISLO
PRUMER ZAVITU 10.0 mm
STOUPANI 1.5 mm
DELKA MATICE 60.0 mm
MATERIAL SROUBU 8G
PEVNOST MATERIALU 780. MPa
12923.5 N
33.1 Nm
.0 mm Y ( 1, 1) =
-70.0 mm Y ( 1, 2) =
-121.0 mm Y ( 1, 3) =
-140.0 mm Y( 1, 4) =
-121.0 mm Y ( 1, 5) =
-70.0 mm Y ( 1, 6) =
.0 mm Y( 1, 7) =
70.0 mm Y ( 1, 8) =
121.0 mm Y( 1, 9) =
140.0 mm Y ( 1, 10) =
121.0 mm Y (1, 11) =
70.0 mm Y ( 1, 12) =

DALSI ZADANE NOSNE PRVKY

.0 mm
MPa
MPa
.35

0 mm
MPa
MPa

.30

140.
121.
70.

-70.
-121.
-140.
-121.

-70.

70.
121.

[cNoNoNoNoNoNoNoNoNoNoNO]

mm
mm
mm
mm
mm
mm
mm
mm
mm
mm
mm
mm

k% ok kX ok ok ¥ ok Gk ¥ F Ok ¥ F Gk X F Sk ¥ ok Ok X F Ok ¥ Ok kX F Ok ¥ Ok kX F k ¥ K F X ok F X F F X F F* X F * ¥ * * X
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SPOJENI PLOCH SROUBY,KOLIKY, PERY A DALS. NOSN. PRVKY
Uchyceni snekoveho kola

Kratochvil . 01-01-88

* % X F F X X
* % X F F X X

hhkkkkhkkhkkkhkhhhkhkhkhhhhkhkhkhhhhkhkhkhhhhkhkhkhkhhhkhkhkhhhhkhkhkhhhkhkhkhkhhhhkhkhkhhhkhkhkhkhkkkhkkkkkk*k

NOSNE PRVKY NESOUCI V TECNE ROVINE (OBECNEM SMERU) :

POCET PRVKU 1
ZADANA TUHOST :9999999. N/mm
SOURADNICE :
X 1, 1) = .0 mm Yy ( 1, 1) = .0 mm

F Ok X X ok k¥ ¥ ok k¥ X Ok kX ¥ ok k¥ X Ok X X X Ok Ok X X Ok % ¥ X Gk ¥ X X 2k ¥ X F X ¥ X F X ¥ X X F X ¥ F X * X F
* ok ¥ ¥ ok k¥ ¥ ok k¥ X ok kX ¥ ok k¥ ¥ Ok %k X X Ok X X X 2k % ¥ F kX X Xk X X F k¥ Xk k¥ X Xk X X ¥ * X X F
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* % X F F X X

SPOJENI PLOCH SROUBY,KOLIKY, PERY A DALS. NOSN. PRVKY
Uchyceni snekoveho kola

Kratochvil . 01-01-88

* % X F F X X

hhkkkkhkkhkkkhkhhhkhkhkhhhhkhkhkhhhhkhkhkhhhhkhkhkhkhhhkhkhkhhhhkhkhkhhhkhkhkhkhhhhkhkhkhhhkhkhkhkhkkkhkkkkkk*k

F Ok X X ok k¥ ¥ ok k¥ X Ok kX ¥ ok k¥ X Ok X X X Ok Ok X X Ok % ¥ X Gk ¥ X X 2k ¥ X F X ¥ X F X ¥ X X F X ¥ F X * X F

ZATIZENI SPOJOVANE PLOCHY :
HHHHH R

1. ZATIZENI SPOJOVANE PLOCHY :

FX = .0 N FY = .0 N Fz =
MX = .0 Nm MY = .0 Nm MZ =
PUSOBISTE VNEJSICH SIL :
X = .0 mm y = .0 mm z = .0 mm
SOUCINITEL BEZPECNOSTI :
PROTI PROTOCENI 2.71

SOURADNICE STREDU PRUZNOSTI V NORMALNEM SMERU :
X = .0 mm Y = .0 mm

SOURADNICE STREDU PRUZNOSTI V TECNEM SMERU :
X = .0 mm Y = .0 mm

VYSLEDNE POSUNUTI V MISTE PUSOBISTE VNEJSIHO ZATIZENI

Dx = -.1440E-09 mm
Dy = .0000E+00 mm
Dz = .3947E-04 mm

MAXIMALNI ZATIZENI A NAMAHANI SPOJOVACICH PRVKU
HHHH R R R R

SROUBY :
SOURAD. MAX. ZATIZENEHO SROUBU : XS = .0 mm
YS = 140.0 mm
ZATIZENI SROUBU : NORMALNE 12929. N
TECNE 0. N
NAMAHANI TAHOVE 223.0 MPa
OHYBOVE .2 MPa
NORMALNE 223.1 MPa
SMYKOVE 0 MPa

TLAK V ZAVITU 18.7 MPa

ZATIZENI DALSICH PRVKU

8000.0 N
1600.0 Nm

k% ok kX ok ok ¥ ok Gk ¥ F Ok ¥ F Gk X F Sk ¥ ok Ok X F Ok ¥ Ok kX F Ok ¥ Ok kX F k ¥ K F X ok F X F F X F F* X F * ¥ * * X
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*
SPOJENI PLOCH SROUBY,KOLIKY, PERY A DALS. NOSN. PRVKY *
*
Uchyceni snekoveho kola . *
*
Kratochvil . 01-01-88 *
*
kkkkkhhhkkkhkhhkhkhkhkhhhkkkhkhhhkhkhkhhhkkkhkhhhkkhkhkhhhkkhkhhhhkkhkhhhkkhkhkhhhkkhkhkhhkkkhkhkhkkkkrk*x*
*
PRVKY NESOUCI VE SMERU TECNEM (OBECNE) F = .ON *
*
ooll-c.oollooolllcooollooolllc.oollooolll-o.ollooolll-cooolooolll-c.*
Pocet iteraci..... 1

k¥ ok ok ¥ Kk ok ¥k Gk ¥ ok Ok ¥ Ok Ok ¥ ok Ok ¥ X Ok ¥k Ok ¥ K Ok ¥k Ok ¥ X Ok ¥ K Ok ¥ X Ok ¥ X Ok ¥ ¥ F ¥ ¥ * ¥ ¥ *

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

hkhkhkhhhkkhkhkhhhhhhkhkhkhhhhhkhkhkhkhhhhhhkhkhhhhhhhkhkhkhhhhhkhkhkhkhhhhhhkhkhkhhhhhkhkrkhkhkhhkkkrkrkr®*®



hkhkhkhhhhhkhhhhhhhkhkhhhhhhhkhhhhhhhhhhhhhhhkhkhkhhhhhhkhhhhhhhkhkhkhhhhhhkhkhkhhhhhhkhkhkhkhhk*x

SPOJENI PLOCH SROUBY,KOLIKY, PERY A DALS. NOSN. PRVKY

Pripevneni frez.

* % X F F X X
* % X F F X X

Kratochvil . 01-01-88

hhkkkkhkkhkkkhkhhhkhkhkhhhhkhkhkhhhhkhkhkhhhhkhkhkhkhhhkhkhkhhhhkhkhkhhhkhkhkhkhhhhkhkhkhhhkhkhkhkhkkkhkkkkkk*k

ZADANE HODNOTY

HHH R
VNEJSI PRUMER SPOJOVANE PLOCHY : 440. mm
VNITRNI PRUMER SPOJOVANE PLOCHY : 395. mm

POCET VRSTEV SPOJ. MATERIALU : 2

DALSI ZADANE NOSNE PRVKY

* *
* *
* *
* *
* *
* *
* *
* *
* *
* *
* 1. VRSTVA : TLOUSTKA 20.0 mm *
* MODUL PRUZNOSTI V TAHU 210000. MPa *
* MODUL PRUZNOSTI VE SMYKU 80500. MPa *
* POISSONOVO CISLO .30 *
* *
* 2. VRSTVA : TLOUSTKA 25.0 mm *
* MODUL PRUZNOSTI V TAHU  210000. MPa *
* MODUL PRUZNOSTI VE SMYKU 80500. MPa *
* POISSONOVO CISLO .30 *
* *
* *
* SROUB : PRUMER ZAVITU 16.0 mm *
* STOUPANI 2.0 mm *
* DELKA MATICE 45.0 mm *
* MATERIAL SROUBU 8G *
* PEVNOST MATERIALU 780. MPa *
* *
* PREDEPNUTI SROUBU 34914.9 N *
* UTAHOVACI MOMENT 143.3 Nm *
* *
* ZADANE SOURADNICE SROUBU : *
* X ( 1, 1) = .0 mm Y ( 1, 1) = 210.0 mm *
* X( 1, 2) = -80.0 mm Y ( 1, 2) = 194.0 mm *
* X ( 1, 3) = -148.0 mm Y ( 1, 3) = 148.0 mm *
* X ( 1, 4) = -194.0 mm Y ( 1, 4) = 80.0 mm *
* X( 1, 5) = -210.0 mm Y ( 1, 5) = .0 mm *
* X ( 1, 6) = -194.0 mm Y( 1, 6) = -80.0 mm *
* X ( 1, 7) = -148.0 mm Y ( 1, 7) = -148.0 mm *
* X( 1, 8) = -80.0 mm Y ( 1, 8) = -194.0 mm *
* X( 1, 9) = .0 mm Y( 1, 9) = -210.0 mm *
* X( 1, 10) = 80.0 mm Y ( 1, 10) = -194.0 mm *
* X ( 1, 11) = 148.0 mm Y ( 1, 11) = -148.0 mm *
* X ( 1, 12) = 194.0 mm Y ( 1, 12) = -80.0 mm *
* X ( 1, 13) = 210.0 mm Y (1, 13) = .0 mm *
* X ( 1, 14) = 194.0 mm Y ( 1, 14) = 80.0 mm *
* X ( 1, 15) = 148.0 mm Y ( 1, 15) = 148.0 mm *
* X ( 1, 16) = 80.0 mm Y ( 1, 16) = 194.0 mm *
* *
* *
* *
* *
* *
* *
* *
* *
* *
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SPOJENI PLOCH SROUBY,KOLIKY, PERY A DALS. NOSN. PRVKY
Pripevneni frez.

Kratochvil . 01-01-88

* % X F F X X
* % X F F X X

hhkkkkhkkhkkkhkhhhkhkhkhhhhkhkhkhhhhkhkhkhhhhkhkhkhkhhhkhkhkhhhhkhkhkhhhkhkhkhkhhhhkhkhkhhhkhkhkhkhkkkhkkkkkk*k

NOSNE PRVKY NESOUCI V TECNE ROVINE (OBECNEM SMERU) :

POCET PRVKU 1
ZADANA TUHOST :9999999. N/mm
SOURADNICE :
X 1, 1) = .0 mm Yy ( 1, 1) = .0 mm

F Ok X X ok k¥ ¥ ok k¥ X Ok kX ¥ ok k¥ X Ok X X X Ok Ok X X Ok % ¥ X Gk ¥ X X 2k ¥ X F X ¥ X F X ¥ X X F X ¥ F X * X F
* ok ¥ ¥ ok k¥ ¥ ok k¥ X ok kX ¥ ok k¥ ¥ Ok %k X X Ok X X X 2k % ¥ F kX X Xk X X F k¥ Xk k¥ X Xk X X ¥ * X X F
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* % X F F X X

SPOJENI PLOCH SROUBY,KOLIKY, PERY A DALS. NOSN. PRVKY

Pripevneni frez.

Kratochvil . 01-01-88

* % X F F X X

hhkkkkhkkhkkkhkhhhkhkhkhhhhkhkhkhhhhkhkhkhhhhkhkhkhkhhhkhkhkhhhhkhkhkhhhkhkhkhkhhhhkhkhkhhhkhkhkhkhkkkhkkkkkk*k

F Ok X X ok k¥ ¥ ok k¥ X Ok kX ¥ ok k¥ X Ok X X X Ok Ok X X Ok % ¥ X Gk ¥ X X 2k ¥ X F X ¥ X F X ¥ X X F X ¥ F X * X F

ZATIZENI SPOJOVANE PLOCHY :
HHHHH R

FX = 14000.0 N FY = 32000.0 N Fz
MX = .0 Nm MY = .0 Nm MZ
PUSOBISTE VNEJSICH SIL :

X = .0 mm y = .0 mm z

SOUCINITEL BEZPECNOSTI :

PROTI ODLEHNUTI 1.43
PROTI PROKLOUZNUTI 3.30

SOURADNICE STREDU PRUZNOSTI V NORMALNEM SMERU :

X = .0 mm Y = .0 mm

SOURADNICE STREDU PRUZNOSTI V TECNEM SMERU :
X = 20.0 mm Y = 45.8 mm

-18000

880.0 mm

VYSLEDNE POSUNUTI V MISTE PUSOBISTE VNEJSIHO ZATIZENI

Dx = .1618E-02 mm
Dy = .3699E-02 mm
Dz = -.5551E-04 mm

MAXIMALNI ZATIZENI A NAMAHANI SPOJOVACICH PRVKU
HHHH R R R R

SROUBY :
SOURAD. MAX. ZATIZENEHO SROUBU : XS = -80.0 mm
YS = -194.0 mm
ZATIZENI SROUBU : NORMALNE 35314. N
TECNE 2. N
NAMAHANI TAHOVE 225.4 MPa
OHYBOVE .5 MPa
NORMALNE 225.9 MPa
SMYKOVE 0 MPa

TLAK V ZAVITU 41.9 MPa

ZATIZENI DALSICH PRVKU

.ON
.0 Nm

k% ok kX ok ok ¥ ok Gk ¥ F Ok ¥ F Gk X F Sk ¥ ok Ok X F Ok ¥ Ok kX F Ok ¥ Ok kX F k ¥ K F X ok F X F F X F F* X F * ¥ * * X
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SPOJENI PLOCH SROUBY,KOLIKY, PERY A DALS. NOSN. PRVKY
Pripevneni frez. .

Kratochvil . 01-01-88
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PRVKY NESOUCI VE SMERU TECNEM (OBECNE) F = 2143.7 N

Pocet iteraci..... 1

k% ok Gk ¥ ok ok ¥k Gk ¥ ok Ok ¥ F Gk ¥ ok Ok ¥ ok Ok ¥ ok Ok ¥ K Ok ¥ K Ok ¥ X Ok ¥ ok Ok ¥ X Ok ¥ K Ok ¥ X Ok ¥ F Ok ¥ ¥ Ok ¥ X Ok ¥ ¥ F ¥ ¥ * ¥ ¥ *
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PRILOHA &. 19

Vypocet pohonu (PREV)



Nazev : IFVW 17
Autor : Martin Kratochvil

KRATOCHV.dhl

Stroj

04/14/15

HCW 3

List

Blok + souhmoti :zadani

R R I b R Rk I b O R S

Blok A pocet souhmoti : 4
Souhmoti : 1.0 souradny system :kartezky
ish I material souradnice pocatku (1.10z.)
I x[mm] y[mm] z[mm]
I
1 I 12050.50 .00 .00 .00
I

Rozmery nosneho profilu hridele - zadane
R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

Souhmoti : 1.0 pocet rezu : 7
rez I Z[mm] Dmax[mm] Dmin[mm]
I
1 I -90.00 70.00 .00
2 I -45.00 100.00 .00
3 I 27.00 98.00 .00
4 I 75.00 100.00 .00
5 I 124.00 120.00 .00
6 I 132.00 110.00 .00
7 I 154.00 110.00 .00
I
z-tova sour. praveho konce hrid. : 194.00[mm]

Prevodove prvky - zadani polohy

Souhmoti : 1.0 pocet zaberu : 2

sour. Z[mm] uhel zaberu fi[deg]

-70.00 360.00
174.00 -90.00

=
(0]
(o]
©
o




Nazev : IFVW 17 Stroj : HCw 3
Autor : Martin Kratochvil 04/14/15

KRATOCHV.dhl List

Loziska - zadani polohy

Souhmoti : 1.0 pocet lozisek : 2

c. oznaceni I sour.zZ[mm] podpera maz. uloz.
I

1 32220 I .00 .0 olej ra)

2 32220 I 100.00 .0 olej ra(
I

Obecna zatezna mista -zadani polohy

Souhmoti : 1.0 pocet 0zZM : 0

- VYPOCTOVE CLENENI NOSNEHO PROFILU SOUHMOTI

LR S kS b S I SRR kb R R R R R kb R R

Souhmoti : 1.00

hridel I zatezna mista I loziska

rez Z[mm] Dmax[mm] Dmin[mm] I ozn. ZZM/0ZM I oznaceni typ loziska uloz.

1 -90.0 70.0 .0 I I
2 -70.0 70.0 .0 I 8.09 spojka I
3 -45.0 100.0 .0 I I
4 .0 100.0 .0 I I 32220 r.kuz.jr.
5 27.0 98.0 .0 I I
6 75.0 100.0 .0 I I
7 100.0 100.0 .0 I I 32220 r.kuz.jr.
8 124.0 120.0 .0 I I
9 132.0 110.0 .0 I I
10 154.0 110.0 .0 I I
11 174.0 110.0 .0 I 1.02 kuzel.k. I
12 194.0 .0 .0 I I

ra)

ra(




Nazev : IFVW 17 Stroj : HCw 3
Autor Martin Kratochvil 04/14/15
KRATOCHV.dhl List 3
Prevodove prvky - popis
kkhkkhkhkhkhkkhkkhkhkhkhkhkdkhkhrhkhkhkhkhxkkx*x
souhmoti 1.00 pocet ZzZM 2
Zakl. zatezne m.: 1 I Zakl. zatezne m.: 2
I
oznaceni : 8. I oznaceni 1.
spojka I kuzelove kolo
I
druh spojky : obecna spojka I pocet zubu 17. [-]
I norm. modul 10.00 [mm]
I uhel zaberu zubu: 20.00 [degq]
I uhel sklonu zubu: 30.00 [degq]
I sklon zubu : pravy
I sirka kola : 40.00 [mm]
I material : 16420.40
I drsnost : 1.60
I uhel os 90.00 [deq]
I protikolo vpravo
I ucinnost .96 [-]
I
I
LOZISKA - popis
PR R R R R R R R R R EEEEEEEE
souhmoti : 1.00 pocet lozisek : 2
lozisko : 1 I lozisko : 2
I
oznaceni : 32220 I oznaceni : 32220
vyrobce : ZVL I vyrobce : ZVL
kuzelikove jednorade I kuzelikove jednorade
I
vnitrni prumer 100. [mm] I vnitrni prumer 100. [mm]
vnejsi prumer 180. [mm] I vnejsi prumer 180. [mm]
sirka 49. [mm] I sirka 49. [mm]
unosnost dyn. 355000. [N] I unosnost dyn. 355000. [N]
unosnost stat. 464000. [N] I unosnost stat. 464000. [N]
mezni otacky 3300. [1/min] I mezni otacky 3300. [1/min]
koef. X1 1.00 [-] I koef. X1 1.00 [-]
koef. Y1 .00 [-] I koef. Y1 .00 [-]
koef. X2 .40 [-] I koef. X2 .40 [-]
koef. Y2 1.40 [-] I koef. Y2 1.40 [-]
koef. X0 1.00 [-] I koef. X0 1.00 [-]
koef. YO .80 [-] I koef. YO .80 [-]
koef. e .42 [-] I koef. e .42 [-]
I




Nazev : IFVW 17 Stroj : HCw 3
Autor : Martin Kratochvil 04/14/15

KRATOCHV.dhl List : 4

ZATIZENI V PREVODOVYCH PRVCICH

LR R S I

Souhmoti : 1.00 pocet ZzZzM : 2
Zadane hodnoty I
oznaceni typ mst.zs Mk I otacky doba behu
[Nm] I [1/min] [ hod]
8.09 spojka 1.01 3376.0 I 233.0 10000.0
..................................... I
1.02 kuzel.k. 1.01 -3376.0 I

ZATIZENI V OBECNYCH ZATEZNYCH PRVCICH

LR R R S

Souhmoti : 1.00 pocet 0ZzM : ©

SILY V PREVODOVYCH PRVCICH

LR R S

Souhmoti : 1.00 pocet ZzM : 2
zadane hodnoty I vypoctene hodnoty
oznaceni typ mst.zs Mk I Fo Fr Fa
[Nm] I [N] [N] [N]

8.09 spojka 1.01 3376.0 I .0 .0 .0



Nazev IFVW 17 Stroj HCw 3
Autor Martin Kratochvil 04/14/15
KRATOCHV.dhl List 5
1.02 kuzel.k. 1.01 -3376.0 I -34396.5 317.7 -24561.1
OBVODOVE RYCHLOSTI
EE R R S O
zatez. misto I 8. I 1. I
--------------- I-----------I-----------I
obv.rych.[m/s] I 00 I 3.08 I
REAKCE V LOZISKACH
IR R S
Souhmoti 1.00 pocet lozisek 2
lozisko I vypoctene hodnoty
oznaceni typ mst.zs I Fx Fy Fr Fa
I [N] [N] [N] [N]
32220 r. kuz.jr. 1.01T -25453.4 -23871.5 34895.9 -12462.8
32220 r. kuz.jr. 1.01T 59849.9 23553.8 64317.9 37023.9
DEFORMACE v prevodovych prvcich
EE R S
Souhmoti 1.00 pocet ZzZM 2
prevod. prvkyI vypoctene hodnoty
ozn. typ ms.zs I pruhyb pruhyb pruhyb natoceni natoceni
I ux[mm] uy[mm] uo[mm] fio[rad] fik[rad]
8.09 spojka 1.01I -.304E-02 -.285E-02 .417E-02 .596E-04 .000E+00
1.02 kuzel.k. 1.01I -.102E-01 -.112E-01 .152E-01 .266E-03 .131E-02
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DEFORMACE v loziskach

R Sk I S Rk S o

Souhmoti : 1.00 pocet lozisek : 2
lozisko I vypoctene hodnoty
oznaceni typ mst.zs I natoceni

I fio [rad]

32220 r. kuz.jr. 1.01I .5958E-04

32220 r. kuz.jr. 1.01I .1167E-03

maximalni NAPETI

LR S R I R

Souhmoti : 1.00

Ivypoctene hodnoty
mst. zs.I c. rezu souradnice napeti
(-1 [-11 (-] z[mm] sigr[Mpa]

1 1T 2 -70.0 86.8

Maximalni DEFORMACE a NAPETI

Souhmoti : 1.00

RIR R R I bk O R R R R R kR R R ok kS S S SRR Sk kb ko b S O

* velicina : m.st. stav poradi hodnota *
* *
* pruhyb uo v ZzZM [mm] 1 1 2 .152E-01 *
* natoceni fio v ZzZM [rad] 1 1 2 .266E-03 *
* natoceni fio v lozisku [rad] 1 1 2 .117E-03 *
* napeti [MPa] 1 1 2 86.8 *
IR R R R SRS R SRS EEEESEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEESE]
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KONTROLA LOZISEK
kkkkhkhkhkhkkkhkhkhkkkkkhx
Souhmoti : 1.00 pocet lozisek : 2
Dynamicka kontrola loziska 32220A
(vyrobce ZzvL )

Koeficient bezpecnosti (dynamicky) loziska : 16.32 [-]
Trvanlivost loziska : 163182. [hod]
Potrebna unosnost pro loz. stejneho typu : 153613. [N]
Bezpecnost proti preotackovani : 11.00 [-]

Staticka kontrola loziska 32220A

(vyrobce zvL )

Koeficient bezpecnosti (staticky) loziska : 10.34 [-]
Lozisko staticky vyhovuje pro vsechny druhy provozu

Dynamicka kontrola loziska 32220A

(vyrobce 2zvL )

Koeficient bezpecnosti (dynamicky) loziska : 1.14 [-]
Trvanlivost loziska : 11388. [hod]
Potrebna unosnost pro loz. stejneho typu : 341424. [N]
Bezpecnost proti preotackovani : 11.00 [-]

Staticka kontrola loziska 32220A

(vyrobce ZzvL )

Koeficient bezpecnosti (staticky) loziska : 4.94 [-]

Lozisko staticky vyhovuje pro vsechny druhy provozu
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Souhmoti: 1.0 Spoj. prvek c.:

Prenos zatizeni od prev. prvku c.:

Rovnoboke drazkovani

Drazkovani z x d x D [mm] 10 x

Sirka ozubeni b [mm]

Delka drazkovani 1 [mm]

Kroutici moment MK [Nm] 3376.

Tlak p [MPa]: 118
Dovoleny tlak pd[MPa]: 120.
p : vyhovuje

Skut. namahani Tau [MPa]: 12.
Mez pevnosti Sigmapt[MPa]: 590.
Mez kluzu Sigmakt[MPa]: 285.
Souhmoti: 1.0 Prev. prvek c.:
Oznaceni prevod. prvku: 8

000

.456

000

692

000
000

1

obecna spojka : neni pocitana
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Blok + souhmoti :zadani
Ak hkhkdkdkhkhkdkdkhkhkdkdhkhkhkdkhkhkhdkkkkkx*x

Blok : 1 pocet souhmoti : 4
Souhmoti : 2.0 souradny system :kartezky
ish I material souradnice pocatku (1.1o0z.)
I x[mm] y[mm] z[mm]
I
2 I 11700.00 .00 .00 .00
I

Rozmery nosneho profilu hridele - zadane

R R I b S R I Rk Ik b kS R Rk R I b R R o

Souhmoti : 2.0 pocet rezu : 5
rez I Z[mm] Dmax [mm] Dmin[mm]
I
1 I -209.00 80.00 .00
2 I -99.00 100.00 .00
3 I 27.00 110.00 .00
4 I 185.00 90.00 .00
5 I 243.00 90.00 .00
I
z-tova sour. praveho konce hrid. : 270.00[mm]

Prevodove prvky - zadani polohy

Souhmoti : 2.0 pocet zaberu : 3
c. oznaceni I sour. Z[mm] uhel zaberu fi[deg]
I
1 10.04 I -110.00 180.00
2 3.04 I -70.00 180.00
3 2.01 I 185.00 .00
I

Loziska - zadani polohy

Souhmoti : 2.0 pocet lozisek : 2
c. oznaceni sour.Z[mm] podpera maz. uloz.

1 32220
2 32220

.00 .0 olej ra(
269.00 .0 olej ra)

o
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Obecna zatezna mista -zadani polohy

Souhmoti

pocet 0ZM

- VYPOCTOVE CLENENI NOSNEHO PROFILU SOUHMOTI

LR R ok o O R R kR Rk R R R I b ok R IR o

Souhmoti 2.00
hridel I zatezna mista I loziska

rez Z[mm] Dmax[mm] Dmin[mm] I ozn. ZZM/0ZM I oznaceni typ loziska uloz.
1 -209.0 80.0 .0I I

2 -110.0 80.0 .0 I 10.04 valc.vne. I

3 -99.0 100.0 .0 I I

4 -70.0 100.0 .0 I 3.04 valc.vne. I

5 .0 100.0 .0 I I 32220 r.kuz.jr. ra(
6 27.0 110.0 .01 I

7 185.0 90.0 .0 I 2.01 kuzel.k. I

8 243.0 90.0 .01 I

9 269.0 90.0 .0 I I 32220 r.kuz.jr. ra)
10 270.0 .0 .0 I I

Prevodove prvky - popis
khkkhkhkhkhkhkdkhkhkhhkdkhkhrhkhkhhkhxkkx*x
souhmoti 2.00 pocet ZzZz™M : 3
Zakl. zatezne m.: 1 I Zakl. zatezne m.: 2
I
oznaceni : 10. I oznaceni : 3.
celni kolo s vnejsim ozubenim I celni kolo s vnejsim ozubenim
I

pocet zubu 33. [-] I pocet zubu 32. [-]
norm. modul 6.00 [mm] I norm. modul 6.00 [mm]
uhel zaberu zubu: 20.00 [degq] I uhel zaberu zubu: 20.00 [degq]
uhel sklonu zubu: 25.00 [deg] I uhel sklonu zubu: 25.00 [degq]
sklon zubu levy I sklon zubu levy

sirka kola 18.00 [mm] I sirka kola 60.00 [mm]
material 16420.40 I material 16420.40

drsnost 1.60 I drsnost 1.60

druh korekce merny skluz I druh korekce merny skluz
os.vzdal./j. kor: 220.00 [mm]/[-]1I os.vzdal./j. kor: 220.00 [mm]/[-
presnost 7 - 7 - 5 Dh/III I presnost 7 - 7 - 5 Dh/III
ucinnost .98 [-] I ucinnost .98 [-]
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Zakl. zatezne m.: 3 I
I
oznaceni : 2. I
kuzelove kolo I
I
pocet zubu : 24, [-] I
norm. modul : 10.00 [mm] I
uhel zaberu zubu: 20.00 [deg] I
uhel sklonu zubu: 30.00 [degq] I
sklon zubu : levy I
sirka kola : 40.00 [mm] I
material : 16420.40 I
drsnost : 1.60 I
uhel os : 90.00 [deg] I
protikolo : vlevo I
ucinnost : .98 [-] I
I
I

LOZISKA - popis

REE R S o R R

souhmoti : 2.00 pocet lozisek : 2
lozisko : 1 I lozisko : 2

I
oznaceni : 32220 I oznaceni : 32220
vyrobce : ZVL I vyrobce : ZVL
kuzelikove jednorade I kuzelikove jednorade

I
vnitrni prumer : 100. [mm] I vnitrni prumer : 100. [mm]
vhejsi prumer : 180. [mm] I vnejsi prumer : 180. [mm]
sirka : 49. [mm] I sirka : 49. [mm]
unosnost dyn. : 355000. [N] I unosnost dyn. : 355000. [N]
unosnost stat. 464000. [N] I unosnost stat. : 464000. [N]
mezni otacky : 3300. [1/min] I mezni otacky : 3300. [1/min]
koef. X1 : 1.00 [-] I koef. X1 : 1.00 [-]
koef. Y1 : .00 [-] I koef. Y1 : .00 [-]
koef. X2 : .40 [-] I koef. X2 : .40 [-]
koef. Y2 : 1.40 [-] I koef. Y2 : 1.40 [-]
koef. X0 : 1.00 [-] I koef. X0 : 1.00 [-]
koef. YO : .80 [-] I koef. YO : .80 [-]
koef. e : .42 [-] I koef. e : .42 [-]

I
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ZATIZENI V PREVODOVYCH PRVCICH

LR R S I

Souhmoti : 2.00 pocet zZzM : 3

Zadane hodnoty I
oznaceni typ mst.zs Mk I otacky doba behu

[Nm] I [1/min] [ hod]

10.04 valc.vne. 1.01 1060.0 I 165.0 10000.0
..................................... I
3.04 valc.vne. 1.01 -5634.0 I
..................................... I
2.01 kuzel.k 1.01 4576.0 I

ZATIZENI V OBECNYCH ZATEZNYCH PRVCICH

LR R

Souhmoti : 2.00 pocet 0ZzM : 0O

SILY V PREVODOVYCH PRVCICH

LR S

Souhmoti : 2.00 pocet zZzM : 3
zadane hodnoty I vypoctene hodnoty
oznaceni typ mst.zs Mk I Fo Fr Fa
[Nm] I [N] [N] [N]
10.04 valc.vne. 1.01 1060.0 I 9703.9 3897.1 -4525.0
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2.01 kuzel.k. 1.01 4576.0 I 33024.4 23581.4 305.0
OBVODOVE RYCHLOSTI
EE R R S O
zatez. misto I 10. I 3. I 2. I
--------------- I-----------I-----------I-----------1
obv.rych.[m/s] I 2.29 1 2.22 1 2.90 I
REAKCE V LOZISKACH
IR R S
Souhmoti : 2.00 pocet lozisek 2
lozisko I vypoctene hodnoty
oznaceni typ mst.zs I Fx Fy Fr Fa
I [N] [N] [N] [N]
32220 r. kuz.jr. 1.01T -17274.2 -63670.3 65972.0 23561.4
32220 r. kuz.jr. 1.01T 15598.0 -12839.1 20202.5 -44143.9
DEFORMACE v prevodovych prvcich
EE R S
Souhmoti : 2.00 pocet ZzZM
prevod. prvkyI vypoctene hodnoty
ozn. typ ms.zs I pruhyb pruhyb pruhyb natoceni natoceni
I ux[mm] uy[mm] uo[mm] fio[rad] fik[rad]
10.04 valc.vne. 1.01I .959E-03 .172E-01 .172E-01 .163E-03 .000E+00
3.04 valc.vne. 1.01I .149E-02 .105E-01 .106E-01 .173E-03 . 745E-04
2.01 kuzel.k. 1.01I -.588E-02 .191E-02 .618E-02 .270E-04 -.110E-02
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DEFORMACE v loziskach

R Sk I S Rk S o

Souhmoti : 2.00 pocet lozisek : 2
lozisko I vypoctene hodnoty
oznaceni typ mst.zs I natoceni

I fio [rad]

32220 r. kuz.jr. 1.01I .1062E-03

32220 r. kuz.jr. 1.01I .1070E-03

maximalni NAPETI

LR S R I R

Souhmoti : 2.00

Ivypoctene hodnoty
mst. zs.I c. rezu souradnice napeti
(-1 [-11 (-] z[mm] sigr[Mpa]

1 1T 5 .0 62.6

Souhmoti : 2.00

RIR R R I bk O R R R R R kR R R ok kS S S SRR Sk kb ko b S O

* velicina : m.st. stav poradi hodnota *
* *
* pruhyb uo v ZzZM [mm] 1 1 1 .172E-01 *
* natoceni fio v ZzZM [rad] 1 1 2 .173E-03 *
* natoceni fio v lozisku [rad] 1 1 2 .107E-03 *
* napeti [MPa] 1 1 5 62.6 *
IR R R R SRS R SRS EEEESEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEESE]
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kkkkkhkkhkkhkhkkhkkhkkhkkkk*x

Souhmoti : 2.00 pocet lozisek : 2

Dynamicka kontrola loziska 32220A
(vyrobce ZzvL )

Koeficient bezpecnosti (dynamicky) loziska : 2.76 [-]
Trvanlivost loziska : 27580. [hod]
Potrebna unosnost pro loz. stejneho typu : 261849. [N]
Bezpecnost proti preotackovani : 16.50 [-]

Staticka kontrola loziska 32220A
(vyrobce zvL )

Koeficient bezpecnosti (staticky) loziska : 5.47 [-]
Lozisko staticky vyhovuje pro vsechny druhy provozu

Dynamicka kontrola loziska 32220A
(vyrobce 2zvL )

Koeficient bezpecnosti (dynamicky) loziska : 2.28 [-]
Trvanlivost loziska : 22763. [hod]
Potrebna unosnost pro loz. stejneho typu : 277369. [N]
Bezpecnost proti preotackovani : 16.50 [-]

Staticka kontrola loziska 32220A
(vyrobce ZzvL )
Koeficient bezpecnosti (staticky) loziska : 8.36 [-]
Lozisko staticky vyhovuje pro vsechny druhy provozu
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*
*
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*
*
*

ozubena kola celni *

*

*

*

razitko pro kolo 10 *

*

*
_____________________________________________________________________________ *
ozubeni (CELNI, KUZELOVE) i celni *
zuby (PRIME,SIKME,SIPOVE) i sikme *
pocet zubu i z i 33 *
i modul i m i 6.00 *

nastroj i uhel profilu i alfa i 20 0 ©O *
i profil i CSN 014607 *

i vyska hlavy nastroje i hxf i1.25.m = 7.50 *

uhel sklonu bocni krivky zubu i beta i 25 0 ©O *
smysl stoupani bocni krivky zubu i - i levy *
jednotkove posunuti i X i .4302 *
jednotkova zmena tloustky zubu i xt i *
stupen presnosti st sev 641-77 i 7 - 7 - 5 Dh/III *
i tloustka zubu na tetive i i 9.98 -.059 *

i i i -.122 *

i vyska hlavy zubu nad tetivou i i 6.45 *

kontr. 1 pres zub i w i *
rozmer i i i *
i pres kulicky 0 7.00 i M i 224.96 -.202 *

i i i -.299 *

modul celni i mt i 6.62027 *
prumer zakladni kruznice i db i 202.73 *
uhel sklonu bocni krivky zubu na zakl.valcii betab i 23 23 56 *
i i *

i i *

betawl5 = 24 16 35 dwl5 = 211.31 i i *
*

spoluzabirajici kolo *

*

cislo vykresu i pocet zubu i vzdalenost os aw i uhel os *
i 32 i 220.00 + .035 i 0 *

i i 035 i *
_____________________________________________________________________________ *
*

*

prumery ozubeneho kolal® [mm] *

*

roztecny 218.47 mezni obvodove hazeni .056 *

patni 208.63 *

hlavovy 235.00 *

*

zadana sirka 18.00 mm *

*

*

*

*

IR R R R R RS EEEEEE SRR SRR SRR R R EE RS R EE SRR R RS REEEERREEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE]
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*
*
*

ozubena kola celni *

*

*

*

razitko pro kolo 4 *

*

*
_____________________________________________________________________________ *
ozubeni (CELNI, KUZELOVE) i celni *
zuby (PRIME,SIKME,SIPOVE) i sikme *
pocet zubu i z i 32 *
i modul i m i 6.00 *

nastroj i uhel profilu i alfa i 20 0 ©O *
i profil i CSN 014607 *

i vyska hlavy nastroje i hxf i1.25.m = 7.50 *

uhel sklonu bocni krivky zubu i beta i 25 0 ©O *
smysl stoupani bocni krivky zubu i - i pravy *
jednotkove posunuti i X i .4294 *
jednotkova zmena tloustky zubu i xt i *
stupen presnosti st sev 641-77 i 7 - 7 - 5 Dh/III *
i tloustka zubu na tetive i i 9.98 -.059 *

i i i -.122 *

i vyska hlavy zubu nad tetivou i i 6.44 *

kontr. 1 pres 5 zubu i w i 85.03 -.055 *
rozmer i i i -.115 *
i pres kulicky 0 7.00 i M i 218.57 -.202 *

i i i -.299 *

modul celni i mt i 6.62027 *
prumer zakladni kruznice i db i 196.59 *
uhel sklonu bocni krivky zubu na zakl.valcii betab i 23 23 56 *
i i *

i i *

betawl5 = 24 16 35 dwl5 = 204.90 i i *
*

spoluzabirajici kolo *

*

cislo vykresu i pocet zubu i vzdalenost os aw i uhel os *
i 33 i 220.00 + .035 i 0 *

i i 035 i *
_____________________________________________________________________________ *
*

*

prumery ozubeneho kola 4 [mm] *

*

roztecny 211.85 mezni obvodove hazeni .056 *

patni 202.00 *

hlavovy 228.37 *

*

zadana sirka 80.00 mm *

*

*

*

*

IR R R R R RS EEEEEE SRR SRR SRR R R EE RS R EE SRR R RS REEEERREEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE]
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EIE R I S R O S R S R R

zadane parametry

pocet zubu

normalny modul
normalny uhel zaberu
uhel sklonu zubu
jednotkove posunuti
sirka

material
tepelne zpracovani
jakostni trida
pevnost v jadre
mez kluzu
mez unavy Vv ohybu
mez unavy v dotyku
tvrdost v jadre
tvrdost boku
min. tloustka tvrz. vrstvy
presnost soukoli

mk [Nm] n [1/min]
zakladni smysl toceni
1060.00 165.00

opacny smysl toceni

vysledne hodnoty

smerodatne zatizeni
moment [Nm]
ohyb
dotyk
obvodova rychlost
ohyb
dotyk

[m/s]

L T SR R R I I S R T I T T I I T S T I I S T I S N B I I R R

oucinitele bezpecnosti

s
*
* ohyb
*
*
*

LR R R R S

souc.vysky hlavy hrebenov.nastroje
souc.polomeru zaobleni hreb.nastr.

str.aritm.uchyl.profilu(drsnost)[mkm]

pevnostni vypocet celnich ozubenych kol s vnejsim ozubenim

soubor zatezovacich stavu na kole 10

kolo 10 kolo 4
33 32
[mm] 6.00
[deg] 20.00
[deg] 25.00
.430 .429
[mm] 18.00 80.00
1.25
.38
16420.4 16420.4
CEMENT .KAL. CEMENT .KAL.
MQ MQ
[Mpa] 932. 932.
[Mpa] 735. 735.
[Mpa] 700. 700.
[Mpa] 1270. 1270.
[Hv] 300. 300.
[Hv] 650. 650.
[mm] .75 .75
7 - 7 - 5 Dh/III
1.60 1.60
tau[hod]
10000.00
kolo 10 kolo 4
1060.0 1027.9
1060.0 1027.9
1.887 1.887
1.887 1.887

LR R

* 3.34 5.57 *
* 1.39 1.39 *

Rk bk I R R kO R R R R I

*

E R R N U T R R R R R I T R R R R U I R T T R R R R R N N R T T R R

*
*
*
*
*
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kontrola pro jednoraz.max. zatizeni (staticky)

pevnostni vypocet celnich ozubenych kol s vnejsim ozubenim

soucinitele bezpec. pro jednor. zatizeni

R R Rk I b Ok R IR Rk S bk b R R R IR Rk kb S b Sk I R R Rk R R kb O R R R R

ohyb
dotyk

11.76
2.84

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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oOozubena kola celni
razitko pro kolo 3
ozubeni (CELNI, KUZELOVE) i celni
zuby (PRIME,SIKME,SIPOVE) i sikme
pocet zubu i z i 32
i modul i m i 6.00
nastroj i uhel profilu i alfa i 20 0 ©O
i profil i CSN 014607
i vyska hlavy nastroje i hxf i1.25.m = 7.50
uhel sklonu bocni krivky zubu i beta i 25 0 ©
smysl stoupani bocni krivky zubu i - i levy
jednotkove posunuti i X i .7522
jednotkova zmena tloustky zubu i xt i
stupen presnosti st sev 641-77 i 7 - 7 - 5 Dh/III
i tloustka zubu na tetive i i 11.22 -.059
i i i -.122
i vyska hlavy zubu nad tetivou i i 7.60
kontr. 1 pres 5 zubu i w i 86.35 -.055
rozmer i i i -.115
i pres kulicky 0 6.00 i M i 218.52 -.196
i i i -.291
modul celni i mt i 6.62027
prumer zakladni kruznice i db i 196.59
uhel sklonu bocni krivky zubu na zakl.valcii betab i 23 23 56
i i
i i
betawl5 = 24 16 35 dwl5 = 204.90 i i
spoluzabirajici kolo
cislo vykresu i pocet zubu i vzdalenost os aw i uhel os
i 32 i 220.00 + .035 i 0
i i .035 i
prumery ozubeneho kola 3 [mm]
roztecny 211.85 mezni obvodove hazeni .056
patni 205.88
hlavovy 231.12
zadana sirka 60.00 mm

LR R R S
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*

ozubena kola celni *

*

*

*

razitko pro kolo 4 *

*

*
_____________________________________________________________________________ *
ozubeni (CELNI, KUZELOVE) i celni *
zuby (PRIME,SIKME,SIPOVE) i sikme *
pocet zubu i z i 32 *
i modul i m i 6.00 *

nastroj i uhel profilu i alfa i 20 0 ©O *
i profil i CSN 014607 *

i vyska hlavy nastroje i hxf i1.25.m = 7.50 *

uhel sklonu bocni krivky zubu i beta i 25 0 ©O *
smysl stoupani bocni krivky zubu i - i pravy *
jednotkove posunuti i X i .7522 *
jednotkova zmena tloustky zubu i xt i *
stupen presnosti st sev 641-77 i 7 - 7 - 5 Dh/III *
i tloustka zubu na tetive i i 11.22 -.059 *

i i i -.122 *

i vyska hlavy zubu nad tetivou i i 7.60 *

kontr. 1 pres 5 zubu i w i 86.35 -.055 *
rozmer i i i -.115 *
i pres kulicky 0 6.00 i M i 218.52 -.196 *

i i i -.291 *

modul celni i mt i 6.62027 *
prumer zakladni kruznice i db i 196.59 *
uhel sklonu bocni krivky zubu na zakl.valcii betab i 23 23 56 *
i i *

i i *

betawl5 = 24 16 35 dwl5 = 204.90 i i *
*

spoluzabirajici kolo *

*

cislo vykresu i pocet zubu i vzdalenost os aw i uhel os *
i 32 i 220.00 + .035 i 0 *

i i 035 i *
_____________________________________________________________________________ *
*

*

prumery ozubeneho kola 4 [mm] *

*

roztecny 211.85 mezni obvodove hazeni .056 *

patni 205.88 *

hlavovy 231.12 *

*

zadana sirka 80.00 mm *

*

*

*

*
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zadan

pevnostni vypocet celnich ozubenych kol s vnejsim ozubenim

e parametry

poc
nor

et zubu
malny modul

normalny uhel zaberu

uhel sklonu zubu
jednotkove posunuti
sirka

souc.vysky hlavy hrebenov.nastroje
souc.polomeru zaobleni hreb.nastr.

mat

pre

str.aritm.uchyl.profilu(drsnost)[mkm]

soubor zatezovacich stavu na kole

mk

erial

tepelne zpraco
jakostni trida
pevnost v jadr
mez kluzu

mez unavy V O
mez unavy v do
tvrdost v jadr
tvrdost boku
min.
snost soukoli

[Nm]

vani
e
hybu

tyku
e

tloustka tvrz. vrstvy

n [1/min]

zakladni smysl toceni

5634.00

165.00

opacny smysl toceni

vysle

dne hodnoty

smerodatne zatizeni

moment [Nm]
ohyb
doty
obvodova rych
ohyb
doty

k

lost [m/s]

k

soucinitele bezpecnosti

LR R R R S

kolo 3
32
[mm]
[deg]
[deg]
.752
[mm] 60.00
16420.4
CEMENT.KAL.
MQ
[Mpa] 932.
[Mpa] 735.
[Mpa] 700.
[Mpa] 1270.
[Hv] 300.
[Hv] 650.
[mm] .73

kolo 4

32
6.00
20.00
25.00
.752
80.00
1.25
.38
16420.4
CEMENT.KAL.
MQ
932.
735.
700.
1270.
300.
650.
.73

7 - 7 - 5 Dh/III

1.60

1.60

3 (kolo 4 je mezikolo)

tau[hod]

10000.00

1.830
1.830

LR R

* 2.46
* 1.10

Rk bk I R R kO R R R R I

1.830
1.830

2.07 *
1.10 *

*
*
*
*
*
*
*
*
*
*
*
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*
*
*
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kontrola pro jednoraz.max. zatizeni (staticky)

pevnostni vypocet celnich ozubenych kol s vnejsim ozubenim

soucinitele bezpec. pro jednor. zatizeni

R R Rk I b Ok R IR Rk S bk b R R R IR Rk kb S b Sk I R R Rk R R kb O R R R R

ohyb
dotyk
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*
*
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*
*
*
*
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Souhmoti: 2.0 Spoj. prvek c.: 1
Prenos zatizeni od prev. prvku c.: 3

Rovnoboke drazkovani

Drazkovani z x d x D [mm] : 10 x 92 x 98
Sirka ozubeni b [mm] : 14
Delka drazkovani 1 [mm] : 60
Kroutici moment MK[Nm] : 5634.000
Tlak p [MPa]: 131.789
Dovoleny tlak pd[MPa]: 120.000
p : nevyhovuje
Skut. namahani Tau [MPa]: 14.120
Mez pevnosti Sigmapt[MPa]: 690.000
Mez kluzu Sigmakt[MPa]: 360.000
Souhmoti: 2.0 Spoj. prvek c.: 2
Prenos zatizeni od prev. prvku c.: 2

Rovnoboke drazkovani

Drazkovani z x d x D [mm] : 10 x 92 x 98
Sirka ozubeni b [mm] : 14

Delka drazkovani 1 [mm] : 40
Kroutici moment MK[Nm] : 4576.000

Tlak p [MPa]: 160.561
Dovoleny tlak pd[MPa]: 120.000

p : nevyhovuje

Skut. namahani Tau [MPa]: 17.203

Mez pevnosti Sigmapt[MPa]: 690.000

Mez kluzu Sigmakt[MPa]: 360.000
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Blok + souhmoti :zadani
Ak hkhkdkdkhkhkdkdkhkhkdkdhkhkhkdkhkhkhdkkkkkx*x

Blok : 1 pocet souhmoti : 4
Souhmoti : 3.0 souradny system :kartezky
ish I material souradnice pocatku (1.1o0z.)
I x[mm] y[mm] z[mm]
I
3 I 12050.50 .00 .00 .00
I

Rozmery nosneho profilu hridele - zadane

R R I b S R I Rk Ik b kS R Rk R I b R R o

Souhmoti : 3.0 pocet rezu : 4
rez I Z[mm] Dmax [mm] Dmin[mm]
I
1 I -16.00 65.00 .00
2 I 29.00 80.00 .00
3 I 132.00 100.00 .00
4 I 212.00 90.00 .00
I
z-tova sour. praveho konce hrid. : 262.00[mm]

Prevodove prvky - zadani polohy

Souhmoti : 3.0 pocet zaberu : 4
c. oznaceni I sour. Z[mm] uhel zaberu fi[deg]
I
1 11.05 I 121.00 180.00
2 4.10 I 144.00 .00
3 4.05 I 172.00 180.00
4 4.03 I 184.00 .00
I
Loziska - zadani polohy
Souhmoti : 3.0 pocet lozisek : 2

c. oznaceni sour.Z[mm] podpera maz. uloz.

1 30218
2 30318

.00 .0 olej ra(
236.00 .0 olej ra)

o
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Obecna zatezna mista -zadani polohy

Souhmoti : 3.0

pocet 0ZM

- VYPOCTOVE CLENENI NOSNEHO PROFILU SOUHMOTI

LR R ok o O R R kR Rk R R R I b ok R IR o

Souhmoti : 3.00
hridel I zatezna mista I loziska
rez Z[mm] Dmax[mm] Dmin[mm] I ozn. ZZM/0ZM I oznaceni typ loziska uloz.
1 -16.0 65.0 .0I I
2 .0 65.0 .0 I I 30218 r.kuz.jr. ra(
3 29.0 80.0 .0 I I
4 121.0 80.0 .0 I 11.05 valc.vne. I
5 132.0 100.0 .0 I I
6 144.0 100.0 .0 I 4.10 valc.vne. I
7 172.0 100.0 .0 I 4.05 valc.vne. I
8 184.0 100.0 .0 I 4.03 valc.vne. I
9 212.0 90.0 .0 I I
10 236.0 90.0 .0 I I 30318 r.kuz.jr. ra)
11 262.0 .0 .0 I I
Prevodove prvky - popis
LR R R S S I
souhmoti 3.00 pocet zZzZzM : 2
Zakl. zatezne m.: 1 I Zakl. zatezne m.: 2
I
oznaceni : 11. I oznaceni : 4,
celni kolo s vnejsim ozubenim I celni kolo s vnejsim ozubenim
I
pocet zubu 33. [-] I pocet zubu 32. [-]
norm. modul 6.00 [mm] I norm. modul 6.00 [mm]
uhel zaberu zubu: 20.00 [deg] I uhel zaberu zubu: 20.00 [deg]
uhel sklonu zubu: 25.00 [degq] I uhel sklonu zubu: 25.00 [degq]
sklon zubu pravy I sklon zubu pravy
sirka kola 18.00 [mm] I sirka kola 80.00 [mm]
material 16420.40 I material 16420.40
drsnost 1.60 I drsnost 1.60
druh korekce merny skluz I druh korekce merny skluz
os.vzdal./j. kor: 213.00 [mm]/[-]I os.vzdal./j. kor: 220.00 [mm]/[-
presnost 17 -7 - 5 Dh/III I presnost 17 -7 - 5 Dh/III
ucinnost .98 [-] I ucinnost .98 [-]
I
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LOZISKA - popis
EIE R I S
souhmoti 3.00 pocet lozisek : 2
lozisko 1 I lozisko : 2
I
oznaceni 30218 I oznaceni 30318
vyrobce : ZVL I vyrobce : ZVL
kuzelikove jednorade I kuzelikove jednorade
I
vnitrni prumer 90. [mm] I vnitrni prumer : 90. [mm]
vhejsi prumer 160. [mm] I vnejsi prumer : 190. [mm]
sirka 33. [mm] I sirka : 47. [mm]
unosnost dyn. 203000. [N] I unosnost dyn. : 355000. [N]
unosnost stat. 242000. [N] I unosnost stat. : 391000. [N]
mezni otacky 3800. [1/min] I mezni otacky 3200. [1/min]
koef. X1 1.00 [-] I koef. X1 1.00 [-]
koef. Y1 .00 [-] I koef. Y1 .00 [-]
koef. X2 .40 [-] I koef. X2 .40 [-]
koef. Y2 1.40 [-] I koef. Y2 1.70 [-]
koef. X0 1.00 [-] I koef. X0 1.00 [-]
koef. YO .80 [-] I koef. YO 1.00 [-]
koef. e .42 [-] I koef. e .35 [-]
I
ZATIZENI V PREVODOVYCH PRVCICH
LR R R
Souhmoti : 3.00 pocet ZzZM 4
Zadane hodnoty
oznaceni typ mst.zs Mk otacky doba behu
[Nm] [1/min] [ hod]
11.05 valc.vne. 1.01 --
4.10 valc.vne 1.01 -1060.0
4.05 valc.vne 1.01 5000.0
4.03 valc.vne. 1.01 -5300.0
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ZATIZENI V OBECNYCH ZATEZNYCH PRVCICH

LR R S

Souhmoti : 3.00 pocet 0ZM : 0O

SILY V PREVODOVYCH PRVCICH

LR S

Souhmoti : 3.00 pocet ZzZzM : 4
zadane hodnoty I vypoctene hodnoty
oznaceni typ mst.zs Mk I Fo Fr Fa
[Nm] I [N] [N] [N]

11.05 kuzel.k. 1.01 -- I -- -- --
4.10 valc.vne. 1.01 -1060.0 I -10007.2 4018.8 -4666.4
4.05 valc.vne. 1.01 5000.0 I 47203.5 18956.8 22011.4
4.03 valc.vne. 1.01 -5300.0 I -50035.8 20094.2 -23332.0

OBVODOVE RYCHLOSTI
EE R R S

zatez. misto I 11. I 4, I

--------------- I------meeeclemmeeeeaan-I

obv.rych.[m/s] I 2.29 1 2.22 1

REAKCE V LOZISKACH
R O
Souhmoti : 3.00 pocet lozisek : 2
lozisko I vypoctene hodnoty
oznaceni typ mst.zs I Fx Fy Fr Fa
I [N] [N] [N] [N]

30218 r. kuz.jr. 1.01I 23299.4 27726.9 36216.6 25750.1
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30318 r. kuz.jr. 1.01I -18143.0 79519.6 81563.1

-23989.1

DEFORMACE v prevodovych prvcich

LR R O

Souhmoti : 3.00 pocet ZzM : 4

prevod. prvkyl vypoctene hodnoty

ozn. typ ms.zs I pruhyb pruhyb
I ux[mm] uy[mm]

pruhyb natoceni
uo[mm] fio[rad]

natoceni
fik[rad]

11.05 kuzel.k. 1.01I -- --

4.03 valc.vne. 1.01I -.135E-01 -.215E-01 .254E-01 .439E-03

.221E-04

DEFORMACE v loziskach

LR L S

Souhmoti : 3.00 pocet lozisek : 2
lozisko I vypoctene hodnoty
oznaceni typ mst.zs I natoceni

I fio [rad]

30218 r. kuz.jr. 1.01I .6048E-03

30318 r. kuz.jr. 1.01I .5208E-03
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maximalni NAPETI

R b R I R I Sk

Souhmoti : 3.00

Ivypoctene hodnoty
mst. zs.I c. rezu souradnice napeti
(-1 [-11 [-] z[mm] sigr[Mpa]

1 1T 5 132.0 101.6

Maximalni DEFORMACE a NAPETI

Souhmoti : 3.00

RR R R b kI R R R Ik bk S kR Sk kI S R R Sk kb kS R R

* velicina : m.st. stav poradi hodnota *
* *
* pruhyb uo v ZzZM [mm] 1 1 2 .392E-01 *
* natoceni fio v ZzZM [rad] 1 1 4 .439E-03 *
* natoceni fio v lozisku [rad] 1 1 1 .605E-03 *
* napeti [MPa] 1 1 5 101.6 *
IR E R E SRS R SRS SRR EEEEEEEREEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEE]
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KONTROLA LOZISEK

kkkkkhkkhkkhkhkkhkkhkkhkkkk*x

Souhmoti : 3.00 pocet lozisek : 2

Dynamicka kontrola loziska 30218A
(vyrobce ZzvL )

Koeficient bezpecnosti (dynamicky) loziska : 1.04 [-]
Trvanlivost loziska : 10407. [hod]
Potrebna unosnost pro loz. stejneho typu : 200585. [N]
Bezpecnost proti preotackovani : 19.00 [-]

Staticka kontrola loziska 30218A
(vyrobce zvL )

Koeficient bezpecnosti (staticky) loziska : 4.26 [-]
Lozisko staticky vyhovuje pro vsechny druhy provozu

Dynamicka kontrola loziska 30318A
(vyrobce 2zvL )

Koeficient bezpecnosti (dynamicky) loziska : 1.36 [-]
Trvanlivost loziska : 13598. [hod]
Potrebna unosnost pro loz. stejneho typu : 323731. [N]
Bezpecnost proti preotackovani : 16.00 [-]

Staticka kontrola loziska 30318A
(vyrobce ZzvL )
Koeficient bezpecnosti (staticky) loziska : 3.70 [-]
Lozisko staticky vyhovuje pouze pro urcity druh provozu !
Lozisko staticky vyhovuje za klidu i pri vyraznem razovem zatizeni !
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ozubena kola celni *

*

*

*

razitko pro kolo 4 *

*

*
_____________________________________________________________________________ *
ozubeni (CELNI, KUZELOVE) i celni *
zuby (PRIME,SIKME,SIPOVE) i sikme *
pocet zubu i z i 32 *
i modul i m i 6.00 *

nastroj i uhel profilu i alfa i 20 0 ©O *
i profil i CSN 014607 *

i vyska hlavy nastroje i hxf i1.25.m = 7.50 *

uhel sklonu bocni krivky zubu i beta i 25 0 ©O *
smysl stoupani bocni krivky zubu i - i pravy *
jednotkove posunuti i X i .4294 *
jednotkova zmena tloustky zubu i xt i *
stupen presnosti st sev 641-77 i 7 - 7 - 5 Dh/III *
i tloustka zubu na tetive i i 9.98 -.059 *

i i i -.122 *

i vyska hlavy zubu nad tetivou i i 6.44 *

kontr. 1 pres 5 zubu i w i 85.03 -.055 *
rozmer i i i -.115 *
i pres kulicky 0 7.00 i M i 218.57 -.202 *

i i i -.299 *

modul celni i mt i 6.62027 *
prumer zakladni kruznice i db i 196.59 *
uhel sklonu bocni krivky zubu na zakl.valcii betab i 23 23 56 *
i i *

i i *

betawl5 = 24 16 35 dwl5 = 204.90 i i *
*

spoluzabirajici kolo *

*

cislo vykresu i pocet zubu i vzdalenost os aw i uhel os *
i 33 i 220.00 + .035 i 0 *

i i 035 i *
_____________________________________________________________________________ *
*

*

prumery ozubeneho kola 4 [mm] *

*

roztecny 211.85 mezni obvodove hazeni .056 *

patni 202.00 *

hlavovy 228.37 *

*

zadana sirka 80.00 mm *

*

*

*

*
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ozubena kola celni *

*

*

*

razitko pro kolo 10 *

*

*
_____________________________________________________________________________ *
ozubeni (CELNI, KUZELOVE) i celni *
zuby (PRIME,SIKME,SIPOVE) i sikme *
pocet zubu i z i 33 *
i modul i m i 6.00 *

nastroj i uhel profilu i alfa i 20 0 ©O *
i profil i CSN 014607 *

i vyska hlavy nastroje i hxf i1.25.m = 7.50 *

uhel sklonu bocni krivky zubu i beta i 25 0 ©O *
smysl stoupani bocni krivky zubu i - i levy *
jednotkove posunuti i X i .4302 *
jednotkova zmena tloustky zubu i xt i *
stupen presnosti st sev 641-77 i 7 - 7 - 5 Dh/III *
i tloustka zubu na tetive i i 9.98 -.059 *

i i i -.122 *

i vyska hlavy zubu nad tetivou i i 6.45 *

kontr. 1 pres zub i w i *
rozmer i i i *
i pres kulicky 0 7.00 i M i 224.96 -.202 *

i i i -.299 *

modul celni i mt i 6.62027 *
prumer zakladni kruznice i db i 202.73 *
uhel sklonu bocni krivky zubu na zakl.valcii betab i 23 23 56 *
i i *

i i *

betawl5 = 24 16 35 dwl5 = 211.31 i i *
*

spoluzabirajici kolo *

*

cislo vykresu i pocet zubu i vzdalenost os aw i uhel os *
i 32 i 220.00 + .035 i 0 *

i i 035 i *
_____________________________________________________________________________ *
*

*

prumery ozubeneho kolal® [mm] *

*

roztecny 218.47 mezni obvodove hazeni .056 *

patni 208.63 *

hlavovy 235.00 *

*

zadana sirka 18.00 mm *

*

*

*

*
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*

zadan

pevnostni vypocet celnich ozubenych kol s vnejsim ozubenim

e parametry

poc
nor

et zubu
malny modul

normalny uhel zaberu

uhel sklonu zubu
jednotkove posunuti
sirka

souc.vysky hlavy hrebenov.nastroje
souc.polomeru zaobleni hreb.nastr.

mat

pre

str.aritm.uchyl.profilu(drsnost)[mkm]

soubor zatezovacich stavu na kole

mk

erial

tepelne zpraco
jakostni trida
pevnost v jadr
mez kluzu

mez unavy V O
mez unavy v do
tvrdost v jadr
tvrdost boku
min.
snost soukoli

[Nm]

vani
e
hybu

tyku
e

tloustka tvrz. vrstvy

n [1/min]

zakladni smysl toceni

1060.00

-165.00

opacny smysl toceni

vysle

dne hodnoty

smerodatne zatizeni

moment [Nm]
ohyb
doty
obvodova rych
ohyb
doty

k

lost [m/s]

k

soucinitele bezpecnosti

LR R R R S

kolo 4
32
[mm]
[deg]
[deg]
.429
[mm] 80.00
16420.4
CEMENT.KAL.
MQ
[Mpa] 932.
[Mpa] 735.
[Mpa] 700.
[Mpa] 1270.
[Hv] 300.
[Hv] 650.
[mm] .75

kolo 10

33
6.00
20.00
25.00
.430
18.00
1.25
.38
16420.4
CEMENT.KAL.
MQ
932.
735.
700.
1270.
300.
650.
.75

7 - 7 - 5 Dh/III

1.60

1.60

4 (kolo 4 je mezikolo)

tau[hod]

10000.00

1.830
1.830

LR R

3.25 *
1.38 *

Rk bk I R R kO R R R R I

* 3.80
* 1.37

kolo 10

1.830
1.830

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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kontrola pro jednoraz.max. zatizeni (staticky)

pevnostni vypocet celnich ozubenych kol s vnejsim ozubenim

soucinitele bezpec. pro jednor. zatizeni

R R Rk I b Ok R IR Rk S bk b R R R IR Rk kb S b Sk I R R Rk R R kb O R R R R

ohyb
dotyk

*
*
*
*
*
*
*
*
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*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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*
*
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oOozubena kola celni *

*

*

*

razitko pro kolo 4 *

*

*
_____________________________________________________________________________ *
ozubeni (CELNI, KUZELOVE) i celni *
zuby (PRIME,SIKME,SIPOVE) i sikme *
pocet zubu i z i 32 *
i modul i m i 6.00 *

nastroj i uhel profilu i alfa i 20 0 ©O *
i profil i CSN 014607 *

i vyska hlavy nastroje i hxf i1.25.m = 7.50 *

uhel sklonu bocni krivky zubu i beta i 25 0 © *
smysl stoupani bocni krivky zubu i - i pravy *
jednotkove posunuti i X i .4294 *
jednotkova zmena tloustky zubu i xt i *
stupen presnosti st sev 641-77 i 7 - 7 - 5 Dh/III *
i tloustka zubu na tetive i i 9.98 -.059 *

i i i -.122 *

i vyska hlavy zubu nad tetivou i i 6.44 *

kontr. 1 pres 5 zubu i w i 85.03 -.055 *
rozmer i i i -.115 *
i pres kulicky 0 7.00 i M i 218.57 -.202 *

i i i -.299 *

modul celni i mt i 6.62027 *
prumer zakladni kruznice i db i 196.59 *
uhel sklonu bocni krivky zubu na zakl.valcii betab i 23 23 56 *
i i *

i i *

betawl5 = 24 16 35 dwl5 = 204.90 i i *
*

spoluzabirajici kolo *

*

cislo vykresu i pocet zubu i vzdalenost os aw i uhel os *
i 33 i 220.00 + .035 i 0 *

i i .035 i *
_____________________________________________________________________________ *
*

*

prumery ozubeneho kola 4 [mm] *

*

roztecny 211.85 mezni obvodove hazeni .056 *

patni 202.00 *

hlavovy 228.37 *

*

zadana sirka 80.00 mm *

*

*

*

*
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ozubena kola celni *

*

*

*

razitko pro kolo 10 *

*

*
_____________________________________________________________________________ *
ozubeni (CELNI, KUZELOVE) i celni *
zuby (PRIME,SIKME,SIPOVE) i sikme *
pocet zubu i z i 33 *
i modul i m i 6.00 *

nastroj i uhel profilu i alfa i 20 0 ©O *
i profil i CSN 014607 *

i vyska hlavy nastroje i hxf i1.25.m = 7.50 *

uhel sklonu bocni krivky zubu i beta i 25 0 ©O *
smysl stoupani bocni krivky zubu i - i levy *
jednotkove posunuti i X i .4302 *
jednotkova zmena tloustky zubu i xt i *
stupen presnosti st sev 641-77 i 7 - 7 - 5 Dh/III *
i tloustka zubu na tetive i i 9.98 -.059 *

i i i -.122 *

i vyska hlavy zubu nad tetivou i i 6.45 *

kontr. 1 pres zub i w i *
rozmer i i i *
i pres kulicky 0 7.00 i M i 224.96 -.202 *

i i i -.299 *

modul celni i mt i 6.62027 *
prumer zakladni kruznice i db i 202.73 *
uhel sklonu bocni krivky zubu na zakl.valcii betab i 23 23 56 *
i i *

i i *

betawl5 = 24 16 35 dwl5 = 211.31 i i *
*

spoluzabirajici kolo *

*

cislo vykresu i pocet zubu i vzdalenost os aw i uhel os *
i 32 i 220.00 + .035 i 0 *

i i 035 i *
_____________________________________________________________________________ *
*

*

prumery ozubeneho kolal® [mm] *

*

roztecny 218.47 mezni obvodove hazeni .056 *

patni 208.63 *

hlavovy 235.00 *

*

zadana sirka 18.00 mm *

*

*

*

*
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zadan

pevnostni vypocet celnich ozubenych kol s vnejsim ozubenim

e parametry

poc
nor

et zubu
malny modul

normalny uhel zaberu

uhel sklonu zubu
jednotkove posunuti
sirka

souc.vysky hlavy hrebenov.nastroje
souc.polomeru zaobleni hreb.nastr.

mat

pre

str.aritm.uchyl.profilu(drsnost)[mkm]

soubor zatezovacich stavu na kole

mk

erial

tepelne zpraco
jakostni trida
pevnost v jadr
mez kluzu

mez unavy V O
mez unavy v do
tvrdost v jadr
tvrdost boku
min.
snost soukoli

[Nm]

vani
e
hybu

tyku
e

tloustka tvrz. vrstvy

n [1/min]

zakladni smysl toceni

1060.00

-165.00

opacny smysl toceni

vysle

dne hodnoty

smerodatne zatizeni

moment [Nm]
ohyb
doty
obvodova rych
ohyb
doty

k

lost [m/s]

k

soucinitele bezpecnosti

LR R R R S

kolo 4
32
[mm]
[deg]
[deg]
.429
[mm] 80.00
16420.4
CEMENT.KAL.
MQ
[Mpa] 932.
[Mpa] 735.
[Mpa] 700.
[Mpa] 1270.
[Hv] 300.
[Hv] 650.
[mm] .75

kolo 10

33
6.00
20.00
25.00
.430
18.00
1.25
.38
16420.4
CEMENT.KAL.
MQ
932.
735.
700.
1270.
300.
650.
.75

7 - 7 - 5 Dh/III

1.60

1.60

4 (kolo 4 je mezikolo)

tau[hod]

10000.00

1.830
1.830

LR R

3.25 *
1.38 *

Rk bk I R R kO R R R R I

* 3.80
* 1.37

kolo 10

1.830
1.830

*
*
*
*
*
*
*
*
*
*
*
*
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*
*
*
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kontrola pro jednoraz.max. zatizeni (staticky)

pevnostni vypocet celnich ozubenych kol s vnejsim ozubenim

soucinitele bezpec. pro jednor. zatizeni

R R Rk I b Ok R IR Rk S bk b R R R IR Rk kb S b Sk I R R Rk R R kb O R R R R

ohyb
dotyk
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Blok + souhmoti :zadani
Ak Kk hkhkdkhkhkdkdkhkhkdkdhkhkhkdkhkhkhdhkkkxkkx*x

Blok 1 pocet souhmoti : 4
Souhmoti : 4.0 souradny system :kartezky
ish I material souradnice pocatku (1.1o0z.)
I x[mm] y[mm] z[mm]
I
4 I 14220.40 .00 .00 .00
I

Rozmery nosneho profilu hridele - zadane

R R R b S R R IR Ok b ko R R R b S R

Souhmoti : 4.0 pocet rezu : 3
rez I Z[mm] Dmax[mm] Dmin[mm]
I
1 I -64.00 100.00 .00
2 I 225.00 80.00 .00
3 I 375.00 70.00 .00
I
z-tova sour. praveho konce hrid. : 500.00[mm]

Prevodove prvky - zadani polohy

Souhmoti : 4.0 pocet zaberu : 3
c. oznaceni I sour. Z[mm] uhel zaberu fi[deg]
I
1 5.11 I 70.00 .00
2 5.04 I 110.00 .00
3 6.07 I 320.00 360.00
I

Loziska - zadani polohy

Souhmoti : 4.0 pocet lozisek : 3
c. oznaceni I sour.Z[mm] podpera maz. uloz.
I
1 2X7220 I .00 .0 olej ra()
2 NN3020 I 200.00 .0 olej r
3 2X7220 I 500.00 0 olej r
I
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Obecna zatezna mista -zadani polohy

pocet 0ZM

Souhmoti : 4.0

obecne zatizeni

sour. pusobiste
polom.pusobiste
uhel pusobiste

290.00 [mm]
.00 [mm]

180.00 [deg]

HHHHHHHERE

- VYPOCTOVE CLENENI NOSNEHO PROFILU SOUHMOTI

LR R O

Souhmoti : 4.00
hridel I zatezna mista I loziska
rez Z[mm] Dmax[mm] Dmin[mm] I ozn. ZZM/0ZM I oznaceni typ loziska uloz.
1 -64.0 100.0 .0 I I
2 .0 100.0 .0 I I 2X7220 r.kul.dr.n. ra()
3 70.0 100.0 .0 I 5.11 valc.vne. I
4 110.0 100.0 .0 I 5.04 valc.vne. I
5 200.0 100.0 .0 I I NN3020 r.val.dr. r
6 225.0 80.0 .0 I I
7 290.0 80.0 .0 I obec.zat. I
8 320.0 80.0 .0 I 6.07 spojka I
9 375.0 70.0 .0 I I
10 500.0 .0 .0 I I 2X7220 r.kul.dr.n. r
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Prevodove prvky - popis
kkhkkhkhkhkhkkhkkhkhkhkhkhkdkhkhrhkhkhkhkhxkkx*x
souhmoti 4.00 pocet ZzM : 2
Zakl. zatezne m.: 1 I Zakl. zatezne m.: 2
I
oznaceni : 5. I oznaceni 6.
celni kolo s vnejsim ozubenim I spojka
I
pocet zubu 32. [-] I druh spojky obecna spojka
norm. modul 6.00 [mm] I
uhel zaberu zubu: 20.00 [degq] I
uhel sklonu zubu: 25.00 [deg] I
sklon zubu levy I
sirka kola 18.00 [mm] I
material 16420.40 I
drsnost 1.60 I
druh korekce merny skluz I
os.vzdal./j. kor: 213.00 [mm]/[-]I
presnost 17 -7 - 5 Dh/III I
ucinnost .98 [-] I
I
LOZISKA - popis
PR R R R R R R R R R EEEEEEEE
souhmoti : 4.00 pocet lozisek : 3
lozisko 1 I lozisko : 2
I
oznaceni 2X7220 I oznaceni : NN3020
vyrobce : SKF I vyrobce : ZVL
kulickove jednor. s kosouh. stykem I valeckove dvojrad
I
vnitrni prumer 100. [mm] I vnitrni prumer 100. [mm]
vnejsi prumer 180. [mm] I vnejsi prumer 150. [mm]
sirka 34. [mm] I sirka 37. [mm]
unosnost dyn. 252720. [N] I unosnost dyn. 144000. [N]
unosnost stat. 274000. [N] I unosnost stat. 224000. [N]
mezni otacky 4500. [1/min] I mezni otacky 4700. [1/min]
koef. X1 1.00 [-] I
koef. Y1 .00 [-] I
koef. X2 .41 [-] I
koef. Y2 .87 [-] I
koef. X0 1.00 [-] I
koef. YO .38 [-] I
koef. e .68 [-] I
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lozisko : 3 I
I
oznaceni : 2X7220 I
vyrobce : SKF I
kulickove jednor. s kosouh. stykem I
I
vnitrni prumer : 100. [mm] I
vhejsi prumer : 180. [mm] I
sirka : 34. [mm] I
unosnost dyn. : 252720. [N] I
unosnost stat. : 274000. [N] I
mezni otacky : 4700. [1/min] I
koef. X1 : 1.00 [-] I
koef. Y1 : .00 [-] I
koef. X2 : .41 [-] I
koef. Y2 : .87 [-] I
koef. X0 : 1.00 [-] I
koef. YO : .38 [-] I
koef. e : .69 [-] I
I
ZATIZENI V PREVODOVYCH PRVCICH
LR R R S
Souhmoti : 4.00 pocet ZzZM 3
Zadane hodnoty I
oznaceni typ mst.zs Mk I otacky doba behu
[Nm] I [1/min] [ hod]
5.11 valc.vne. 1.01 -1000.0 I 165.0 10000.0
..................................... I
5.04 valc.vne. 1.01 5000.0 I
..................................... I
6.07 spojka 1.01 -4000.0 I
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ZATIZENI V OBECNYCH ZATEZNYCH PRVCICH

LR R S

Souhmoti : 4.00 pocet 0ZzM : 1
oznaceni typ mst.zs I Fo Fr Fa

I [N] [N] [N]
1.00 obec.zat. 1.01 I 26000.0 18000.0 10000.0

SILY V PREVODOVYCH PRVCICH

LR O

Souhmoti : 4.00 pocet zZzM : 3
zadane hodnoty I vypoctene hodnoty
oznaceni typ mst.zs Mk I Fo Fr Fa
[Nm] I [N] [N] [N]
5.11 valc.vne. 1.01 -1000.0 I -9440.7 3791.4 4402.3
5.04 valc.vne. 1.01 5000.0 I 47203.5 18956.8 -22011.4
6.07 spojka 1.01 -4000.0 I .0 .0 .0

OBVODOVE RYCHLOSTI

Rk R I Rk O R R Rk I I S

zatez. misto I 5. I 6. I
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REAKCE V LOZISKACH
IR R
Souhmoti 4.00 pocet lozisek 3
lozisko I vypoctene hodnoty
oznaceni typ mst.zs I Fx Fy Fr Fa
I [N] [N] [N] [N]
2X7220 r. kul.jr.ks 1.01I 23617.1 -19584.7 30681.1 7609.1
NN3020 r. val.dr. 1.01T -15666.3 3008.2 15952.5 .0
2X7220 r. kul.jr.ks 1.01I -3202.6 4813.7 5781.7 .0
DEFORMACE v prevodovych prvcich
EE R S
Souhmoti 4.00 pocet ZzZM 3
prevod. prvkyI vypoctene hodnoty
ozn. typ ms.zs I pruhyb pruhyb pruhyb natoceni natoceni
I ux[mm] uy[mm] uo[mm] fio[rad] fik[rad]
5.11 valc.vne. 1.01I -.626E-02 .701E-02 .940E-02 .865E-04 .000E+00
5.04 valc.vne. 1.01I -.649E-02 .840E-02 .106E-01 .461E-04 -.503E-04
6.07 spojka 1.01I .115E-01 -.174E-01 .209E-01 .667E-04 .169E-02
DEFORMACE v obecnych zateznych mistech
EE R R R S
Souhmoti 4.00 pocet 0zZM 1
0zZM I vypoctene hodnoty
poradi ms.zs I pruhyb pruhyb pruhyb natoceni natoceni
I ux[mm] uy[mm] uo[mm] fio[rad] fik[rad]
1. 1.01 I .973E-02 -.148E-01 .177E-01 .147E-03 .133E-02




Nazev : IFVW 17 Stroj : HCw 3
Autor : Martin Kratochvil 04/14/15

KRATOCHV.dhl List

44

DEFORMACE v loziskach

R Sk I S Rk S o

Souhmoti : 4.00 pocet lozisek : 3
lozisko I vypoctene hodnoty
oznaceni typ mst.zs I natoceni

I fio [rad]

2X7220 r. kul.dr.n. 1.01I .1583E-03

2X7220 r. kul.dr.n. 1.01I .2306E-03

maximalni NAPETI

LR S R R

Souhmoti : 4.00

Ivypoctene hodnoty
mst. zs.I c. rezu souradnice napeti
(-1 [-11 (-] z[mm] sigr[Mpa]

1 1T 7 290.0 84.9

Maximalni DEFORMACE a NAPETI

Souhmoti : 4.00

RR R R I b kR R R R R kR bk S R IR Sk kS Rk b S Rk b Sk

* velicina : m.st. stav poradi hodnota *
* *
* pruhyb uo v ZzZM [mm] 1 1 3 .209E-01 *
* natoceni fio v ZzZM [rad] 1 1 1 .865E-04 *
* natoceni fio v lozisku [rad] 1 1 3 .231E-03 *
* napeti [MPa] 1 1 7 84.9 *
IR R R R SRS E SRS EE RS E SRS EEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEESE]
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KONTROLA LOZISEK

kkkkkhkkhkkhkhkkhkkhkkhkkkk*x

Souhmoti : 4.00 pocet lozisek : 3

Dynamicka kontrola loziska 2X7220
(vyrobce SKF )

Koeficient bezpecnosti (dynamicky) loziska : 5.65 [-]
Trvanlivost loziska : 56451. [hod]
Potrebna unosnost pro loz. stejneho typu : 141933. [N]
Bezpecnost proti preotackovani : 22.50 [-]

Staticka kontrola loziska 2X7220
(vyrobce SKF )

Koeficient bezpecnosti (staticky) loziska : 8.16 [-]
Lozisko staticky vyhovuje pro vsechny druhy provozu

Dynamicka kontrola loziska NN3020K
(vyrobce 2zvL )

Koeficient bezpecnosti (dynamicky) loziska : 15.47 [-]
Trvanlivost loziska : 154694. [hod]
Potrebna unosnost pro loz. stejneho typu : 63317. [N]
Bezpecnost proti preotackovani : 23.50 [-]

Staticka kontrola loziska NN3020K
(vyrobce ZzvL )

Koeficient bezpecnosti (staticky) loziska : 14.04 [-]
Lozisko staticky vyhovuje pro vsechny druhy provozu
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Dynamicka kontrola loziska 2X7220
(vyrobce SKF )

Koeficient bezpecnosti (dynamicky) loziska : 843.56 [-]
Trvanlivost loziska : 8435644 . [hod]
Potrebna unosnost pro loz. stejneho typu : 26746. [N]
Bezpecnost proti preotackovani : 23.50 [-]

Staticka kontrola loziska 2X7220
(vyrobce SKF )
Koeficient bezpecnosti (staticky) loziska : 47.39 [-]
Lozisko staticky vyhovuje pro vsechny druhy provozu
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*

ozubena kola celni *

*

*

*

razitko pro kolo 5 *

*

*
_____________________________________________________________________________ *
ozubeni (CELNI, KUZELOVE) i celni *
zuby (PRIME,SIKME,SIPOVE) i sikme *
pocet zubu i z i 32 *
i modul i m i 6.00 *

nastroj i uhel profilu i alfa i 20 0 ©O *
i profil i CSN 014607 *

i vyska hlavy nastroje i hxf i1.25.m = 7.50 *

uhel sklonu bocni krivky zubu i beta i 25 0 ©O *
smysl stoupani bocni krivky zubu i - i levy *
jednotkove posunuti i X i -.1624 *
jednotkova zmena tloustky zubu i xt i *
stupen presnosti st sev 641-77 i 7 - 7 - 5 Dh/III *
i tloustka zubu na tetive i i 7.70 -.059 *

i i i -.122 *

i vyska hlavy zubu nad tetivou i i 3.56 *

kontr. 1 pres zub i w i *
rozmer i i i *
i pres kulicky 0 10.00 i M i 223.22 -.193 *

i i i -.286 *

modul celni i mt i 6.62027 *
prumer zakladni kruznice i db i 196.59 *
uhel sklonu bocni krivky zubu na zakl.valcii betab i 23 23 56 *
i i *

i i *

betawl5 = 24 16 35 dwl5 = 204.90 i i *
*

spoluzabirajici kolo *

*

cislo vykresu i pocet zubu i vzdalenost os aw i uhel os *
i 33 i 213.00 + .035 i 0 *

i i 035 i *
_____________________________________________________________________________ *
*

*

prumery ozubeneho kola 5 [mm] *

*

roztecny 211.85 mezni obvodove hazeni .056 *

patni 194.90 *

hlavovy 221.76 *

*

zadana sirka 18.00 mm *

*

*

*

*
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ozubena kola celni *

*

*

*

razitko pro kolo 11 *

*

*
_____________________________________________________________________________ *
ozubeni (CELNI, KUZELOVE) i celni *
zuby (PRIME,SIKME,SIPOVE) i sikme *
pocet zubu i z i 33 *
i modul i m i 6.00 *

nastroj i uhel profilu i alfa i 20 0 ©O *
i profil i CSN 014607 *

i vyska hlavy nastroje i hxf i1.25.m = 7.50 *

uhel sklonu bocni krivky zubu i beta i 25 0 ©O *
smysl stoupani bocni krivky zubu i - i pravy *
jednotkove posunuti i X i -.1858 *
jednotkova zmena tloustky zubu i xt i *
stupen presnosti st sev 641-77 i 7 - 7 - 5 Dh/III *
i tloustka zubu na tetive i i 7.61 -.059 *

i i i -.122 *

i vyska hlavy zubu nad tetivou i i 3.43 *

kontr. 1 pres zub i w i *
rozmer i i i *
i pres kulicky 0 10.00 i M i 229.32 -.194 *

i i i -.288 *

modul celni i mt i 6.62027 *
prumer zakladni kruznice i db i 202.73 *
uhel sklonu bocni krivky zubu na zakl.valcii betab i 23 23 56 *
i i *

i i *

betawl5 = 24 16 35 dwl5 = 211.31 i i *
*

spoluzabirajici kolo *

*

cislo vykresu i pocet zubu i vzdalenost os aw i uhel os *
i 32 i 213.00 + .035 i 0 *

i i 035 i *
_____________________________________________________________________________ *
*

*

prumery ozubeneho kolall [mm] *

*

roztecny 218.47 mezni obvodove hazeni .056 *

patni 201.24 *

hlavovy 228.10 *

*

zadana sirka 18.00 mm *

*

*

*

*
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pevnostni vypocet celnich ozubenych kol s vnejsim ozubenim

kolo 5 kolo 11
zadane parametry
pocet zubu 32 33
normalny modul [mm] 6.00
normalny uhel zaberu [deg] 20.00
uhel sklonu zubu [deg] 25.00
jednotkove posunuti -.162 -.186
sirka [mm] 18.00 18.00
souc.vysky hlavy hrebenov.nastroje 1.25
souc.polomeru zaobleni hreb.nastr. .38
material 16420.4 16420.4
tepelne zpracovani CEMENT.KAL. CEMENT.KAL.
jakostni trida MQ MQ
pevnost v jadre [Mpa] 932. 932.
mez kluzu [Mpa] 735. 735.
mez unavy Vv ohybu [Mpa] 700. 700.
mez unavy v dotyku [Mpa] 1270. 1270.
tvrdost v jadre [Hv] 300. 300.
tvrdost boku [Hv] 650. 650.
min. tloustka tvrz. vrstvy [mm] .75 .75
presnost soukoli 7 - 7 - 5 Dh/III
str.aritm.uchyl.profilu(drsnost)[mkm] 1.60 1.60
soubor zatezovacich stavu na kole 5
mk [Nm] n [1/min] tau[hod]
zakladni smysl toceni
-1000.00 165.00 10000.00
opacny smysl toceni

vysle

dne hodnoty

sme

sou

LR R R R S

rodatne zatizeni
moment [Nm]
ohyb
dotyk
obvodova rychlost [m/s]
ohyb
dotyk

cinitele bezpecnosti

kolo 5 kolo 11
1000.0 1031.3
1000.0 1031.3

1.830 1.830
1.830 1.830

LR R

* 3.15 3.15 *
* 1.31 1.32 *

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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kontrola pro jednoraz.max. zatizeni (staticky)

pevnostni vypocet celnich ozubenych kol s vnejsim ozubenim

soucinitele bezpec. pro jednor. zatizeni

R R Rk I b Ok R IR Rk S bk b R R R IR Rk kb S b Sk I R R Rk R R kb O R R R R

ohyb
dotyk
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Souhmoti: 4.0 Spoj. prvek c.: 1
Prenos zatizeni od prev. prvku c.: 5

Rozmer pera b xh [mm] : 28 x 16

Delka pera 1 [mm] : 100
Pocet per n[-] : 1
Kroutici moment MK [Nm] 5000.000
Prumer hridele d [mm] : 100.000
Tlak p [MPa]: 173.611
Dovoleny tlak pd[MPa]: 120.000
p : nevyhovuje

Navrhovana delka 1 [mm] 132.167

Souhmoti: 4.0 Prev. prvek c.: 2
Oznaceni prevod. prvku: 6

obecna spojka : neni pocitana
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CHS - Vnitrni chlazeni

D

1180 kq [pewz

PROMITANI | MERITKO [ CELK HMOTNOST] ZMVENA 1

=& 1:2

=M. KRATOCHVIL |~"20.5.2015

TECH.REFERENT
SCHVALIL

IFVW 17

FAKULTA STROUNI
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UNIVERSITY
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CHS - VNITRNI CHLAZENI
OV - VNITRNI OCHRANA VZDUCHEM

— | PROMITANI | MERITKO | CELK HVIOTNOST| ZMENA 1
Y. N | @ | 14 1180 kg ews
| 4 ] KRESLIL 1 DATUM CISLO VYKRESU SESTAVY
—Efe < CHLUATON it O 20220121 DP_KKS_ 2015
Te’ —'_| Ve SGVAT CRTCR DP-KKS-2015
i TYP DOKUMENTU
\ A 121 PR IS016016 | SESTAVA
CiSLO WKRESU
KATEDRA KONSTRUOVANE STROI0 | F V W 1 7 DP-KKS-2015 ne3 )2
7 | 6 | | 2 | 1 -
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C
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PROMTANI | MERITKO | CELK HVIOTNOST| ZMENA 1
=& | 14 | 1180 kg |28z
KRESLIL DATUM CISLO VYKRESU SESTAVY
FAUTASTON b RRATOCHVILL - 120.5.2015 1 s 9915
CNVERSITY — I CISLO SEZNAMU POLOZEK
VPLZNI DP-KKS-2015
NAZEV ISO16016 | SESTAV A
CISLO VWKRESU

DP-KKS-2015 uswst3/ 3]

1




6 | o | A 3 | 2 | 1
286
ROVNOBOKE DRAZKOVAN| 21
CSN 01 4942
10 x 927 x 98al1 x 10d10 10
A10,01/A
62
B-B(1:2) A-A(1:2) +0 3
/Ra 16 I__ A A I__
< Ra 0,8 i ' F25x0 3
\ A /_ I I
—— v
gz /—m{—————— = 2| |2
R IR RS SYEERRS
— i ]
=< \
14 — l
/ Ra 16
96,5 16 |'§
I__ A ’ L #10,01/A
A10,01]A
/ Ra 3,2 ( / Ra 0,8 / Ra 1,6)
PROMITANI |VERITKO  PRESNOST IS0 2768- K 'HVDTNOST E
E34) |12 [ ramomisoss 16,23 kg 2
MATERIAL ROZMER - POLOTOVAR
14220 4
) KRESLIL T DATUM CISLO VYKRESU SESTAVY
%UAMLTASTSEE@NI TECH.HI:IE/:II-I(H\JKI'RATOEH\/lL DATUM 20.5.2015 DP-KKS-2015
UNIVERSITY CISLO SEZNAMU POLOZEK
VPLZN SoVALL DATLM DP-KKS-2015
A TYP,DOKUMENTL
M 1S016016 |\'YROBN| (A3)
o . v/ CISLO VYKRESU
KaTEDRA KONSTRUOVANI STROWU
HRIDEL 1 DP-KKS-2015-20  sonwes 1/1
3 | 5 | A 3 | 7 | T




3 | 2 | ]
Ozubeni (CELNI, KUZELOVE) CELNI
Zuby (- ) Sikmé
A - A ( 1 2 ) Polet zubli zZ |3
Modul - NORMALNY m g
D L Uhel profilu 20°0' 0"
Nastroj "
Profil CSN 01 4607
—- . - -
_n __________l _ Vyska hlavy nastroje hyt _
A10,03 7 @212|A , — 1.25m = 7.5
I I Uhel sklonu bocni krivky zubu B |[25000"
Smysl| stoupani bocni kfivky zubu Levy
Jednotkové posunuti x| -0,500
- Jednotkova zména tloustky zubu Xt
Stupef presnosti ST SEV 641-77 7 - 7 - 5 Dh/III 54
-0,095
Toustka zubu na tétivé | So | 7,241 ’
o oustka zubu na tétivé 0,445
S ~ —
o= Viyska hl. zubu nad tetivou he 2,081
+ ’ v
S S Kontrolni rozmer 0090
c i ROVNOBOKE DRAZKOVANI Pfes 4 zubdl w | 63500
- v Y,
~N [SN 01 494’2 Pres KU“(VZKY @10 M 219 075 -0'287
L—10 x 102H7 x 108H10 x 16H11 " 0,440
o Modul Eelni M 16,620
Primér zakladni kruznice do | 196,588
Uhel sklonu boéni kfivky zubu na zakladnim valci B> | 23,399
Spoluzabirajici kolo
_B' Cislo vykresu Pocet zub{ Vzdalenost %s 0azw Uhel os
- 213,000
32 ! -0,023 0

PROMITANI

MERITKQ

PRESNOST IS0 2768 - mK

:

N/ a6 (v Ra 16 ) — - — (CEMENTOVAT NA TVRDOST 61 HRC

KATEDRA KONSTRUOVANI STROUU

KOLO 5

E}@ TOLEROVANI ISO 8015 15 66L kg Z
MATERIAL ROZMER - POLOTOVAR
18CrNiMo7-6
) KRESLIL T DATUM CISLO VYKRESU SESTAVY

Facamastran [ M KRATOCHVIL 22052015 pp_KKS-2015
UNIVERSITY SCRVAL o CISLO SEZNAMU POLOZEK
VAN DP-KKS-2015

e 1S016016 ["/YROBN| (A3)

CISLO VYKRESU

DP-KKS-2015-31

ustoust /1

1




v

30 |KOLO & DP-KKS-2015-30 18CrNiMo7-6 |15,36 kg 1
29 |KOLO 3 DP-KKS-2015-29 18CrNiMo7-6 |12,3 kg 1
28 |KOLO 2 DP-KKS-2015-28 18CrNiMo#-6 | 11,41 kg 1
21 |KOLO 1 DP-KKS-2015-21 18CrNiMo?-6 |6,36 kg 1
26 [ TLACNY KROUZEK DP-KKS-2015-26 11700 0,74 kg 1
25 |UNASECI KoTouc DP-KKS-2015-25 14220.4 17,26 kg 1
24 | TRN DP-KKS-2015-24 14220.4 8,38 kg 1
23 | VRETENO DP-KKS-2015-23 14220.4 19,95 kg 1
22 |HRIDEL & DP-KKS-2015-22 11700 11,2 kg 1
21 |HRIDEL 3 DP-KKS-2015-21 11700 31,05 kg 1
20 |HRIDEL 1 DP-KKS-2015-20 14220.4 16,23 kg 1
19 | PRUCHODKA DP-KKS-2015-19 11500 0,02 kg 2
18 | TRUBKA DP-KKS-2015-18 11500 0,23 kg 1
17 |LABYRINT DP-KKS-2015-17 11500 0,41 kg 1
16 |OPERA - LABYRINT DP-KKS-2015-16 11500 0,49 kg 1
15 |OPERA VIKO DP-KKS-2015-15 11500 1,81 kg 1
14 |OPERA VIKO MALE DP-KKS-2015-14 11500 0,7 kg 1
13 |ViKO SNEK DP-KKS-2015-13 11500 0,32 kg 1
12 |VIKO SERIZOVACI DP-KKS-2015-12 [ 11500 055 kg | 2
11 |VIKO SACHTA MALE DP-KKS-2015-11 11500 2,16 kg 1
10 [ViKO SACHTA DP-KKS-2015-10 11500 1,15 kg 1
9 |VIKO VRETENO DP-KKS-2015-09 11500 2,72 kg 1
8 |VIKO S DP-KKS-2015-08 11500 1,95 kg 1
7 |VIKO & DP-KKS-2015-07 11500 2,16 kg 1
6 |ViKO LOZISKO DP-KKS-2015-06 11500 2575 kg | 1
5 |VIKO 3 DP-KKS-2015-05 11500 3,54 kg 1
L |LISTA DP-KKS-2015-04 11700 2,2 kg 2
3 | OPERA DP-KKS-2015-03 422304 39,05 kg 1
2 | TELESO DP-KKS-2015-02 422660 103,69 kg | 1
1 | SKRIN DP-KKS-2015-01 422304 L78,68 kg| 1
POZ. NAZEV - ROZMER VYKRES - NORMA | MATERIAL |HMOTNOS | MN.
PROMITANI |VERITK]  PRESNOST 1SO 2768k | HVIOTNOST
G@ TOLEROVAN IS0 8015 1180 kg g :
MATERIAL ROZMER - POLOTOVAR
KRESLIL 4 DATUM CISLO VYKRESU SESTAVY
%ﬁﬁ%&mm el KRATOCHVIL | 20.5.2015 qsﬁémpfgé
VPLZN SCHVALLL DATUM KKS-DP-2015
N iso 16016 |"KISOVNIK (AL
CISLO VYKRESU
KATEDRA KONSTRUOVANI STROWU |FVW 17 (KS-DP-2015 . 51

N




v

60 |TLACNY ELEMENT & DP-KKS-2015-60 12060 0,08 kg 2
59 |POUZDRO ARETACE DP-KKS-2015-59 11500 0,02 kg 1
58 |PROTIKUS DP-KKS-2015-58 11500 0,06 kg 1
51 |ARETACE DP-KKS-2015-57% 11500 0,26 kg 1
56 |CEP ARETACE DP-KKS-2015-56 11500 0,03 kg 1
55 |CEP DP-KKS-2015-55 11500 0,01 kg 2
5L |KAMEN DP-KKS-2015-54 12060 0,12 kg 2
53 |OPERNY KROUZEK DP-KKS-2015-53 11500 1,16 kg 2
52 |OPERNE ViKO DP-KKS-2015-52 11500 0,55 kg 1
51 |KROUZEK - CELO DP-KKS-2015-51 11500 1,61 kg 1
50 |KROUZEK - JEHLY & DP-KKS-2015-50 14:220.4 0,92 kg 1
49 |KROUZEK - JEHLY 3 DP-KKS-2015-49 14220.4 0,94 kg 1
L8 |ViKO 1 DP-KKS-2015-48 11500 1,03 kg 1
L7 | TLACNA DESKA DP-KKS-2015-47 11700 0,44 kg 1
L6 |LAMELA MALA DP-KKS-2015-46 11523 0,27 kg 8
L5 |LAMELA VELKA DP-KKS-2015-45 11523 0,29 kg 6
Lk | OBLOZENI DP-KKS-2015-L44 FAG-M 0,22 kg 12
L3 |PODLOZKA - BRZDA DP-KKS-2015-43 11500 0,73 kg 2
42 |ViKO BUBNU DP-KKS-2015-42 11700 0,81 kg 2
L1 |MATICE TVAROVA DP-KKS-2015-41 12060 0,24 kg 1
L0 |KROUZEK - LOZISKO DP-KKS-2015-40  [11500 1,62 kg 1
39 |KROUZEK - OPERA DP-KKS-2015-39 14220.4 3,01 kg 1
38 |POUZDRO - PRUZINY DP-KKS-2015-38 11500 1,12 kg 1
31 |POUZDRO DP-KKS-2015-31 11500 19,92 kg 1
36 |BUBEN DP-KKS-2015-36 11100 519 kg 2
35 | SNEK DP-KKS-2015-35 18CrNiMo7-6 | 3,74 kg 1
34 | SNEKOVE KOLO DP-KKS-2015-34  |CuSn12 13,6 kg 1
33 |KOLO 7 DP-KKS-2015-33 18CrNiMo?-6 | 2,48 kg 1
32 |KOLO 6 DP-KKS-2015-32 18CrNiMo7-6 | 2,49 kg 1
31 |KOLO 5 DP-KKS-2015-31 18CrNiMo7-6 |15,66 kg 1
POZ. NAZEV - ROZMER VYKRES - NORMA | MATERIAL |HMOTNOS | MN.
PROMITANI |VERITK]  PRESNOST 1SO 2768k | HVIOTNOST
G@ TOLEROVAN IS0 8015 1180 kg g é
MATERIAL ROZMER - POLOTOVAR
KRESLIL 4 DATUM CISLO VYKRESU SESTAVY
%ﬁﬁ%&mm el KRATOCHVIL | 20.5.2015 qsﬁémpfgé
VPLZNI SCHVALLL DATUM KKS-DP-2015
N iso 16016 |"KISOVNIK (AL
CISLO VYKRESU
KATEDRA KONSTRUOVANI STROJU |FVW 17 KKS-DP-2015 . 5/2
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90 [NILOS 30218 AV SKF 0,06 kg | 1
89 |AS 140180 SKF 0,08 kg | &
88 |AS100135 SKF 0,05kg | &
87 [K 110x117x24 SKF 017 kg | 2
86 | AXK 100135 SKF 001kg | 2
85 |AXK 140180 SKF 0,02 kg | 2
8L |L0ZISKO 52206 SKF 022 kg | 1
83 [LOZISKO NN 3020 TN9/SP  |SKF 2,52 kg 1
82 |LOZISKO 7220 ACD/PLA SKF 325kg | 5
81 |LOZISKO 30318 J2 SKF 3,9 kg 1
80 |LOZISKO 30218 J2 SKF 2,5 kg 1
19 |LOZISKO 32220 J2 SKF 3,9 kg b
78 |PODLOZKA NASTROJ DP-KKS-2015-78 11500 0,06 kg 2
77 |PODLOZKA DELENA 2 DP-KKS-2015-77 11500 1,01 kg 1
76 |PODLOZKA DELENA 1 DP-KKS-2015-76 11500 0,71 kg 1
75 |KROUZEK SNEK B DP-KKS-2015-75 11500 0,04 kg 1
e |KROUZEK SNEK A DP-KKS-2015-74  [11500 0,26 kg | 1
13 |KROUZEK L F DP-KKS-2015-73 | 11500 0,21 kg 1
72 |KROUZEK & E DP-KKS-2015-72 | 11500 022 kg | 1
H |KROUZEK & D DP-KKS-2015-#1  [11500 0,15 kg 1
70 |KROUZEK L C DP-KKS-2015-70  |11500 039 kg | 1
69 |KROUZEK & B DP-KKS-2015-69 11500 0,34 kg 1
68 |KROUZEK 4 A DP-KKS-2015-68 | 11500 055 kg | 1
67 |KROUZEK 3 B DP-KKS-2015-67 | 11500 0,2 kg 1
66 |KROUZEK 3 A DP-KKS-2015-66 11500 0,87 kg 1
65 |KROUZEK 2 C DP-KKS-2015-65  [11500 027 kg | 1
64 |KROUZEK 2 B DP-KKS-2015-64  [11500 028 kg | 1
63 |KROUZEK 2 A DP-KKS-2015-63 11500 1,7 kg 1
62 |SROUB & DP-KKS-2015-62 | 11700 0,799 kg | 1
61 | TLACNY ELEMENT 3 DP-KKS-2015-61 [ 12060 0,06 kg | 2

POZ. NAZEV - ROZMER VYKRES - NORMA | MATERIAL |HMOTNOS | MN.
PROMTANT [VERITKJ  pRESNOST 1SO 2768-mK | HIMIOTNOST
G@ TOLEROVAN IS0 8015 1180 kg g é

MATERIAL ROZMER - POLOTOVAR
FALLTASTRON M _KRATOCHVIL S 2052015 1" p- 2015
UNIVERSITY CISLO SEZNAMU POLOZEK
VRLZN SCHVALT AT KKS-DP-2015
N iso 16016 |"KISOVNIK (AL
CISLO VYKRESU
KATEDRA KONSTRUOVANI STROJU |FVW 17 (KS-DP-2015 . 5/3
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120 | SROUB M10 x 65 IS0 4762 0,052 kg | 12
19 [SROUB M16 GOST 13152 0172 kg | 12
118 |SROUB M& x 10 IS0 4762 0,002 kg | 8
117 |SROUB M5 x 12 IS0 4762 0,004 kg | 10
116 | SROUB M6 x 12 IS0 4762 0,006 kg | 24
115 |SROUB M6 x 16 S0 4762 0,007 kg | 26
114 | SROUB M6 x 35 S0 4762 0,011 kg | 8
113 | SROUB M8 x 20 S0 4762 0,015 kg | 25
112 | SROUB M8 x 30 S0 4762 0,009 kg | 16
111 | SROUB M10 x 20 IS0 4762 0,028 kg | 6
110 |SROUB M10 x 35 S0 4762 12.9 0,034 kg | 8
109 |SROUB M24 x 140 CSN EN 24014 0,421kg | 1
108 |SROUB M24 x 300 S0 4762 1238 kg | 1
107 | SROUBEN| BAOEL6 PARKER 0,086 kg | 2
106 |PRUZINA A 0450 HENNLICH 50 CrV 4 0,023 kg | 48
105 | PRUZINA 16x116x40,5x85 | HENNLICH 11200 0,004 kg | 1
104 |MATICE KMT 16 SKF 0,9 kg 1
103 |POJISTNY KROUZEK 8 CSN 02 2930 11500 0,001 kg | 1
102 |PERO 28e? x 16 x 70 ESN 02 2562 11600 0221kg | 1
101 | 0-KROUZEK 300 x 5 HENNLICH NBR 70 0,018 kg | 2
100 | 0-KROUZEK 12 x 2 HENNLICH NBR 70 0 kg 1
99 |0-KROUZEK 8,7 x 2 HENNLICH NBR 70 0 kg L
98 | 0-KROUZEK 69 x 5 HENNLICH NBR 70 0,005 kg | 2
97 |ROTACNi PRIVOD SMT DEUBLIN 0818 kg | 1
96 |LISTA ZKOSENA DP-KKS-2015-79 0,843 kg | 1
95 | TLK 133 70 x 110 TOLLOK 0,706 kg | 1
94 |NILOS 32220 AV SKF 0,087 kg | 3
93 |NILOS 7220 AVG SKF 0,065 kg | 1
92 |NILOS 31318 AV SKF 0,107 kg | 1
91 [NILOS 30218 JV SKF 0,054 kg | 1
POZ. NAZEV - ROZMER VYKRES - NORMA | MATERIAL |HMOTNOS | MN.
PROMTANT [VERITKJ  pRESNOST 1SO 2768-mK | HIMIOTNOST
G@ TOLEROVAN ISO 8015 1180 kg g é
MATERIAL ROZMER - POLOTOVAR
FALLTASTRON T M KRATOCHVIL ™™ 2052015 |%0E om0t
UNIVERSITY CISLO SEZNAMU POLOZEK
VPLN SHVAT AT KKS-DP-2015
e soteote |"KUSGUNIK (As)
CISLO VYKRESU
KATEDRA KONSTRUOVANI STROWU |FVW 17 (KS-DP-2015 5/

N




129 [C800 3 15t STAMPERIA 1098 kg | &
128 [MAZACI HLAVICE M8 DIN 11412 0,006 kg 2
127 |PODLOZKA MB 20 SKF 0,083 kg | 1
126 |MB 700-080 KVT-KOENIG 0,005 kg | 8
125 [MATICE KM 20 SKF 0,769 kg | 1
124 |MATICE M16 IS0 4032 0,039 kg | 12
123 |MATICE M20 IS0 4032 0,074 kg | 1
122 |SROUB ML x 8 IS0 2009 0,001 kg
121 |$ROUB M24 x 55 IS0 4762 0,345 kg
POZ. NAZEV - ROZMER VYKRES - NORMA | MATERIAL |HMOTNOS | MN,
PROMITANI [VERITKJ pRESNOST 1SO 2768- | HIMOTNOST E :
G@ TOLEROVAN IS0 8015 1180 kg é
MATERIAL ROZMER - POLOTOVAR
. KRESLIL 4 DATUM CISLO VYKRESU SESTAVY

praasran | M KRATOCHVIL |27 2052015 [FrTESE=A

UNIVERSITY CISLO SEZNAMU POLOZEK

VPN SOHVALL DTV KKS-DP-2015

N 1S016016 | "KUSOVNIK (A4)
CISLO VYKRESU
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