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1 Uvod

Zadavatelem této diplomové prace je firma Wikov Gear s.r.o., kterd je prednim vyrobcem
pirevodovek pro tézky primysl a rychlobéznych prevodovek. Pievodovka je zafizeni, které
pomoci mechanického prevodu transformuje velikost sily, pohyb a polohu dle pozadavkd.
Zakladnim typem je jednostupiiova prevodovka s vnéj$im ozubenim, ktera transformuje veli-
kost kroutictho momentu a ota¢ek mezi hnacim a hnanym htidelem. Kinetickd vazba mezi
ozubenymi koly je zajisténa nejcastéji odvalovanim jednotlivych ploch boku zubid po evol-

ventni kiivce. Vyhodou této mechanické vazby je minimalni pfetvofeni mechanické energie
V jinou, napf. tepelnou, a proto ma vétsina téchto prevodi velmi vysokou ucinnost. Dalsi vy-
hodou je konstantni pfevodovy pomér, na kterém je zavisla zména to¢ivého momentu a ota-
¢ek mezi vstupnim a vystupnim ¢lenem. Tento pifevodovy pomér je stanoven jako podil pru-
méru nebo pocétu zubu jednotlivych ozubenych kol, kde se nazyva mensi ozubené kolo pas-
torkem a vétsi kolem. Pokud je pfevodovy poméri > 1, jedna se o ptevod do pomala, tzv.
reduktor, naopak pokud je pievodovy pomér i < 1, jedna se o pievod do rychla, tzv. multipli-
kator.

1.1 Zakladni déleni pevodovek [ P!
Déleni dle kinetiky pohybu:

- rotaéni & rotacni
- rotaéni & linearni

linearni < linearni

rotacni & periodicky
Déleni podle funkce:
- linearni
- nelinearni
Déleni dle pfenosu energie:
- jednosmérné
- obousmérné
- samosvorné
Déleni dle provedeni ozubenych kol:

- Vnitini ozubeni

vnéjsi ozubeni (Celni)

S pfimymi, Sikmymi nebo Sipovitymi zuby

s kuzelovym soukolim

se Snekovym pfevodem
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1.2 O firmé Wikov Gear s.r.o. *!

Spole¢nost Wikov je aktivni v mechanickém strojirenstvi vice nez 125 let. Pies 80 let je tra-
di¢nim vyrobcem ozubenych kol a mechanickych pievodovek. Nazev této firmy pochazi ze
jmen zakladatelt Wichterle-Kovarik, kde byl Frantisek Wichterle dédeckem znamého ceské-
ho vynalezce kontaktnich ¢ocek profesora Otty Wichterleho. Jedna se tedy o ¢eskou firmu.
Firma Wikov se d¢li na n€kolik spole¢nosti, mezi které patii pravé Wikov Gear s.r.0.

Vyrobni zavod Wikov Gear s.r.o. se specializuje na:
- design a vyrobu pievodovek pro:
- tepelné elektrarny
- povrchové doly
- Cementarny a zpracovani minerali
- pramysl té¢zby ropy a plynu
- cukrovary
- chemicky priamysl
- design a vyrobu rychlobéznych pievodovek

- vyrobu kuzelovych kol s ozubenim Klingelnberg do priméru 1 150 [mm] (lapované a
HPG)

- vyrobu profilové brouSenych ozubenych kol s pfimym vnitinim a vnéjSim ozubenim
do praméru 2 500 [mm]

- vyrobu frézovanych ozubenych dilt do praméru 3 500 [mm]

2 Zadani

Cilem této diplomové prace je navrhnout jednostupiiovou pomocnou pievodovku pro testova-
ni primyslovych pfevodovek, které firma Wikov Gear s.r.o. vyrabi. Hlavnim poZadavkem na
tuto pomocnou prevodovku je pokryti vystupnich ota¢ek v rozmezi 500 =5 000 [Ot'/min.]
pii pouziti jedné pfevodové skiin€. Toho ma byt docileno vyménou jednotlivych soukoli za
jiné s pottebnym pievodovym pomérem, ktery je potieba na testovani primyslové pievodov-
Ky. K testovani firma vyuziva elektricky trojfazovy asynchronni motor o vykonu 710 [kW] se
jmenovitym poctem otacek n = 1 492 [Ot'/min.]' Regulace otacek tohoto motoru je zajisténa
frekvenénim méni¢em. Pomocna pievodovka ma obsahovat ozubena kola s dvojité sikmymi
zuby, jejichz vhodnost je shrnuta v tab. 1. Ulozeni hnaného a hnaciho htidele ma byt zajisténo
pouze pomoci hydrodynamickych lozisek, diky kterym ma byt zamezeno velkym ztratdm
vykonu. Pomocné pfevodovka ma byt schopna prendset nejvyssi mozny vykon s rozumnym
poctem vyménnych pievodl. Celé schéma zkuSebny s potfebnym zatizenim je zobrazeno na
obr. 1.
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- vstupni otacky

0-+1492[0t/ . |
frekvenéni

meénic

)

trojfazovy asynchronni
motor

obr. 1 schéma zkusebny s pomocnou pfevodovkou

- konstantni vystupni vykon

- konstantni to¢ivv moment

- Sipovité ozubeni

- hydrodynamicka loziska

pomocna
prevodovka

Bc. Jifi Such

- vystupni otacky
500 + 5000 [t/ .. |

pramyslova
pirevodovka

|

Vyhody:

Nevyhody:

vysokd mechanicka G¢innost

sloZitéj$i a drazsi vyroba

piesné dodrzeni pfevodového poméru

naroky na presnost a tuhost uloZeni

schopnost pfenosu velikych vykont

hluk a chvéni (u vétSiny téchto prevodi)

schopnost dosazeni relativné vysokych pire-
vodovych pomért

tuha vazba neumoziuje tlumeni razi a dy-
namického zatizeni

dobré spolehlivost a zivotnost

malé osové vzdalenosti

relativné malé rozméry

malda naro¢nost na udrzbu

kratkodoba pretizitelnost

tab. 1 vyhody a nevyhody sikmého ozubeni !
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2.1 Specifikace frekvenéniho ménice a motoru

Aby bylo mozné regulovat otacky trojfazového asynchronniho motoru v urc¢itém rozmezi ota-
¢ek pii konstantnim krouticim momentu, je zapotiebi frekvencni méni€. U frekvencnich mé-
nicl lze regulovat proud nebo napéti a frekvenci, pomoci které je motor pohanén. Vlivem
regulace proudu je na motoru regulovan kroutici moment a vlivem regulace napéti a frekven-
ce jsou na motoru regulovany otacky. Vlivem pouziti frekvenéniho ménice dochazi ke ztraté
celkového vykonu motoru o cca 10 [kW]. Protoze jsou na motoru regulovany otacky a tedy i
napéti a frekvence, tece pfivodni kabelazi do motoru velky proud, proto je kabeldz pomérné
robustni. Na motoru tedy lze regulovat otacky pfi konstantnim krouticim momentu, ktery ne-
smi byt vyss§i nez jmenovity moment motoru, jinak by doslo k jeho pfetizeni. Vlivem tohoto
faktu dochazi ke zméné vstupniho vykonu. Protoze pozadavkem pomocné pievodovky je
konstantni vystupni vykon, dojde k pomérné zna¢nému poklesu vykonu oproti vykonu udava-
nym vyrobcem motoru.

Parametry trojfazového asynchronniho motoru:
znaCkaatyp CANTONI Sh 450 H4Bs
VyKON 710 [kW]
otdky 1492 [0t/ .|
kroutici moment_______ 4 544 [N - m]
hmotnost____ . 4000 [kg]
rozméry 2090 x 1356 x 940 [mm]
pocet pOlt 4[]

Parametry frekvenéniho ménice pro motor:

znaCkaatyp Danfoss FC 302 P 630
vykon 630 [kW]
hmotnost 1004 [kg]

[6]

obr. 3 frekvenéni ménic
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3 Navrh prevodi

Prvnim krokem vypoctu bylo stanoveni rozdilu vstupnich otacek. Tim je umoznéno stanovit
orientacni pocet prevodu, ktery pokryje vystupni pole pozadovanych otacek. Z téchto parame-
trll je mozné stanovit vystupni vykon z pomocné pievodovky, ktera pokryje pozadované spek-
trum vystupnich otacek. Na zéakladé zkuSenosti konstruktéri z firmy Wikov Gear s.r.o. je
uc¢innost prevodovky s Sikmym ozubenim a pouzitim hydrodynamickych lozisek 98 [%]. Ve
vypoctech jsou znaceny vstupni ¢leny s indexem 1. Vystupni ¢leny jsou znaceny indexem 2.

P o= My vykon pro toCivé stroje
W=2"T "N uhlova rychlost
)
P=M,-2-tn
Py = Pt vystupni vykon
0
_ P 60 _ 500000 30 _ ot.
M min. = Mg2m u 45447 098 1073 [min.] --------------------------------------------------------------------------

stanovené minimalni pracovni otacky asynchronniho motoru

vstupni otacky v zavislosti na vystupnim vykonu
pri konstantnim momentu

P, [kw
700

600 /
500 /
400 ~
300 /
200 //
100 -~

0

ng

0 300 600 900 1200 1500 .
[ot/min]

graf 1 zavislost vystupniho vykonu na otackach asynchronniho motoru
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Z grafu ,,graf 1* je patrné, Ze vystupni vykon bude proménlivy v zavislosti na otac¢kach asyn-
chronniho motoru. Jelikoz v zadani byl stanoven vystupni vykon konstantni pti celém spektru
zadanych otacek, stanovil jsem tento konstantni vystupni vykon na P, = 500 [kW]. Tento
vystupni vykon byl prodiskutovan a odsouhlasen se zadavatelem této diplomové prace. Pokud
by mohl byt vystupni vykon proménlivy, pohyboval by se v rozmezi 500 <+ 696 [kW] ve
stanovenych pracovnich otd¢kach asynchronniho motoru tj. 1 073 + 1 492 [Ot'/min.]'

Ny rozail = M max. — M1 min. = 1492 — 1073 =419 [Ot./min.]

stanovené rozmezi pracovnich otacek asynchronniho motoru

3.1 Stanoveni potiebnych prevodii

. N1 max. 1492
' = = = 0,2984 [—
M2 = T 5000 =]
_ Mymn. 1073 [ ot.
M2min =~ = = 53082~ > °°° [min,

Nejdiive byl spoéitan ptevodovy pomér pro maximalni vstupni a vystupni otacky. Z tohoto
pfevodového poméru je mozné zpétné dopocitat minimalni vystupni otdcky, které nastanou
pfi minimalnich vstupnich otackach.

Postup byl analogicky opakovan v programu Excel, dokud nebylo dosazeno na vystupnim
¢lenu pozadovanych 500 [Ot'/min.]' Na zakladé tohoto vypoctu bylo stanoveno 7 potifebnych
pfevodi, tj. 7 vyménnych soukoli. Kazdy z téchto potfebnych pievodl je pomérné financné
naro¢ny na vyrobu a piedstavuje vyrobu dvou htidelt a dvou ozubenych kol, proto jsem se
snazil toto Cislo dale zredukovat bez dalSiho poklesu vystupniho vykonu. Jedinym feSenim,
které ptipadalo v Givahu, bylo otoCeni celé pfevodové skiing o 180 [°], tedy zdménu vstupniho
htidele za vystupni a vystupni hiidel za vstupni. Tato skuteCnost stanovila potfebny pocet
prevodi na 4 vyménné pievody, které maji v tab. 2 stanoveny teoretické prevodové poméry.
Vyhodou je zaroven minimalizace vymény ptevodi, které pokryji zadané spektrum vysled-
nych otacek.

ip1="— . prevodovy pomér v zavislosti na zmeéné vstupniho ¢lenu za vystupni

‘%

i21 ly3 lgs ig7
3,3512 2,4095 1,7326 1,2460

tab. 2 teoretické pfevodové poméry pomocné prevodovky
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Daéle nésleduje navrh poctu zubl pro kazdy teoreticky pievodovy pomér a stanoveni skutec-
ného prevodového poméru. Navrh poctu zubt byl optimalizovan pomoci programu Excel tak,
aby vsechny jednotlivé pfevody mély priblizné shodnou teoretickou osovou vzdalenost a kaz-
dy z ptfevodi mél na jednom ozubeném kole sudy pocet zubii a na druhém kole lichy pocet
zubi, coz by mélo zlepsit celkovy chod prevodu. VSechna ozubena kola byla navrzena pomo-
ci specializovaného programu na ozubeni programem KISSOFT. Vstupni data pro navrh jsou
shrnuta v kapitole 3.4. Vysledné reporty o parametrech ozubenych kol jsou v ,,Ptiloha 1* di-
plomové préce.

. V4 v s v I4 W
i1, =2 skute¢ny ptevodovy pomér

Vypocdet teoretické osové vzdalenosti pro vnéjsi valcové soukoli s Sikmymi zuby:

m-z o v v 7 v 7 r
=— prumér rozte¢né kruznice prvniho ozubeného kola

d1 - {67013

A12 teor. = 0,5+ (dy + d3) teoreticka osova vzdalenost prvniho soukoli

z pocet zubl na ozubeném kole

B uhel sklonu Sroubovice Sikmého ozubeni

Uhel sklonu g pro $ipovité ozubeni mi bylo doporudeno konstruktéry z firmy Wikov Gear
s.r.0. na minimaln¢ 25 [°]. Pro vypocet vSech soukoli jsem stanovil jednotny tihel sklonu
B = 25 [°]. Zakladni rozméry jednotlivych soukoli jsou shrnuty v tab. 4.

Hrubv navrh modult jednotlivych soukoli dle Bachova vzorce:

pomérna Sitka ozubeného kola

materialova konstanta

pro Sikmé ozubeni tj. § % 0 plati koeficient 7,5
pro ptimé ozubeni tj. f = 0 plati koeficient 8,6

Za kroutici moment M je potfeba dosadit v [N - m], protoze koeficient 7,5 nebo 8,6 zajist'uje
také piepocet na [N - mm].

Vysledné orientacni moduly pro jednotliva soukoli jsou shrnuty v tab. 3. Vzhledem k vyrobé
ozubeného kola jsem stanovil skutecny modul ozubeni pro vSechny soukoli stejny o velikosti
m = 6 [mm].

* * * *
my, M3y Mg Mmyg

6,1971 | 6,3769 | 6,6158 | 6,8523 | [mm]

tab. 3 orienta¢ni moduly ozubeni dle Bacha
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igq [i43/igs/ig; | 3,3182 | 2,3929 | 1,7143 | 1,2558 | [—]
zy11z31 251z, 73 67 60 54 [—]
Zy 1 z4 | zg | zg 22 28 35 43 [—]
B 25 [°]
c 10 [MPa]
Y 10 (-]
m 6 [mm]
d,/ds;ldgld, | 483,280 | 443,558 | 397,216 | 357,494 | [mm]
d,/dyldgldg| 145,646 | 185,367 | 231,709 | 284,672 | [mm]
12 teor. | Q34 teor. | Ase teor. | A7g teor. | 314,463 | 314,463 | 314,463 | 321,083 | [mm]

tab. 4 zakladni rozméry jednotlivych soukoli

Vlivem pottebné zmény prevodovych pomérli oproti orientaénim pfevodovym pomérim v
tab. 2 dojde ke zméné vyslednych otacek, které se musi piepocitat a jsou uvedeny

v kapitole 3.2.
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3.2 Parametry navrzenych prevodu

e L R
l12 I34 Is6 i7g

0,3014 0,4179 0,5833 0,7963

Ny max. 4 950 3570 2 557 1873

N min. 3561 2 568 1840 1348

M max. 1492

N4 min. 1073

My min. 984 1365 1905 2601

My max. | 1369 1899 2651 3618

My min. 3 265

My max. 4544

tab. 5 otacky a kroutici momenty jednotlivych soukoli

i21 i4-3 i65 i87
3,3182 2,3929 1,7143 1,2558
N1 max. 449 623 870 1188
N4 min. 324 449 626 855
N max. 1492
Ny min. 1073

M., | 10851 | 7820 | 5600 | 4101

M, mae | 15078 | 10873 | 7790 | 5706

M3 min. 3 265

M3 max. 4 544

tab. 6 otacky a kroutici momenty jednotlivych soukoli pti zaméné vstupniho Elenu s vystupnim

Bc. Jifi Such

vystupni kroutici moment

Z tab. 5 a tab. 6 vyplyva, ze vysledné pievody zkusebni prevodovky pokryji vystupni otacky
Vrozmezi 324 <+ 623;626 +~ 2557 ;2568 + 4950 [Ot'/min.] S vyuzitim asynchronniho
motoru, ktery by ve svém pracovnim spektru otacek mohl byt pfipojen bez pouziti pomocné
ptevodovky. Tyto udaje byly prodiskutovany a odsouhlaseny zadavatelem diplomové prace.
Pokud by mohl byt vystupni vykon proménlivy, doslo by pouze ke zméné€ minimalnich krou-

ticich momentti na hodnoty maximalni, coz pro dal$i navrhy nema vliv.

11
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M, [N-m]
16000

Zavislost vystupniho momentu na otackach pri
konstantnim vykonu P, = 500 [kW]

Bc. Jifi Such

14000

12000

’/’

10000

8000

6000

4000

T~

2000

0

0

graf 2 zavislost vystupniho momentu na otac¢kach pti konstantnim vykonu

P, w

n
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 [ot/mzin]

Zavislost vystupniho vykonu na otackach
pri maximalnim krouticim momentu

710

680

650

620

590

560

530

/

/

500

/

[

/

0

graf 3 zavislost vystupniho vykonu na otackach pti maximalnim krouticim momentu

n
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 [otjmzin]
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3.3 Vypocet mezery mezi Sikmymi zuby

Pti zavéreéné Upravé ozubeni brusnym kotouc¢em musi byt Sipovité ozubeni odd€lené urcitou
mezerou B nebo musi byt jednotliva kola délena, coz nékdy neumoziuje konstrukce a také by
to mélo za nasledek sloZitou a pfesnou montaz. Sipovité ozubeni se proto vyrabi vétsinou
z jednoho kusu, kde se sitka vénce Sikmé ¢asti voli priblizné stejna jako vyrobni mezera B. Z
obr. 4 1ze pomoci matematickych vztahti odvodit vyslednou mezeru B mezi Sikmymi zuby,
kde je ¢ervenou barvou znazornén brusny kotou¢. V tab. 7 jsou vypo¢itiny minimalni mezery
Bonin. pro kazdé ozubené kolo podle zvolenych rozmért potfebnych k vypoctu a déle stanove-
né (zaokrouhlené) vyrobni mezery B.

Ok =300 [mm) zvoleny pramér brusného kotouce
p =10 [mm] zvoleny piesah pro vyjezd brusného kotouce
B = 25 (O] sklon $roubovice Sikmého ozubeni
O o hlavova kruznice obrabéného kola (tab. 8)
OAf e patni kruznice obrabéného kola (tab. 8)

Biin, = B* - cos(f)
B*=x+p

= B (5

Bmin. B
zZ; 65,42
Z 65,42
Z3 65,42
Zy4 65,42
Zs 65,42 "0
Zg 65,42
Z7 64,67
Zg 64,67
[mm] [mm] E—— E———
tab. 7 mezery mezi §ipovitym ozubenim  obr. 4 schéma pro vpo&et potfebné mezery B mezi $ikmymi zuby

13
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3.4 Vstupni data pro navrh ozubeni programem KISSOFT

V programu KISSOFT jsem provedl navrh jednotlivych soukoli a zkontroloval jejich bezpec-
nost. Vyhodou tohoto programu je moznost exportovat vyslednou zpravu se vSemi potiebny-
mi parametry daného soukoli a zaroven export 3D modelu. Vysledné reporty o parametrech
ozubenych kol jsou uvedeny v ,,Pfiloha 1* této diplomové prace.

Vstupni zadané hodnoty:

z pocet zubt na kole a pastorku viz tab. 4

dvojite Sikmé

m modul ozubeni viz tab. 4

zvolena osova vzdalenost na zakladé uvedenych hodnot v tab. 4

korekce ozubenych kol na mérné skluzy

42CrMo 4 (2) / 1SO 6336-5
42CrMo 4 (2) / 1SO 6336-5

materialy kol

materialy pastorki

typ Mazaciho Ol€ € ISO-VG 46
zpusob mazani vstiikovani oleje do mista zabéru
VYpOCetni NOTMa DIN 3990:1987 metoda B
maximalni ptenaSené zatizeni______ volba krouticiho momentu a otacek dle tab. 6
VO NOS 20 000 hodin
tolerance hlavoveé Kruznice h10
Ki=12 soucinitel vnéjSich dynamickych sil dle zadavatele diplomové prace

- profil zubu byl zvolen dle normy ,,ISO 53.2:1997 profil C* s normalizovanym thlem
zabéru a = 20 [°]

- celkova 8ife soukoli a mezera mezi §ipovitym ozubenim Viz tab. 7, kde celkova $ife byla
zvolena jako nasobek tii potfebné mezery pro vyrobu.

Ostatni koeficienty pro vypocet byly po konzultaci s firmou Wikov Gear s.r.o. ponechany na
vychozich hodnotach programu.

14
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Vystupni hodnoty:

Vypocet daného soukoli je téméf okamzity. Zakladnim vysledkem je navrh profilu zubu (obr.
5), zakladni rozmérové hodnoty a bezpecnosti pro zadany zatézny stav, které jsou uvedeny v
tab. 8. Vysledné bezpecnosti jsou uvedeny pii maximalnim mozném zatézném stavu, tj. ma-
ximalni kroutici moment, ktery mize na daném soukoli nastat, coZ nastava u prevodi

i21; U435 lgs; Ig7 . Ostatni podrobné hodnoty o jednotlivych pfevodech jsou uvedeny v
,,Priloha 1%,

obr. 5 vypocitany 2D profil zubi

Z Zy Z3 Zy Zs Zg Zy Zg
bezpecnost | g6, | 31286 | 36354 | 3,748 | 42658 | 43716 | 56004 | 56113 | []
V paté zubu
bezpecnost

p 1,3958 1,6734 1,9223 2,0618 [—]
boku zubu
bezpecnost
proti odirdni 3,4088 3,9256 4,2682 4,1876 [—]
(véetné teploty)

souCinitel

PN 2,9849 3,0206 3,0438 3,1907 [—]
trvani zabéru
jednotkovd | 1755 | 09654 | 01041 | 01941 | 00417 | 01317 | 05834 | -03670
korekce x | ™ ' ' ! ! ’ : ! [mm]
Ohlavove | o317 | 160824 | 454303 | 100,601 | 408,700 | 245284 | 361,733 | 291,507 | [mm]
kruznice d,

Oroztetné | o5 | 145,646 | 443556 | 185367 | 307,216 | 231,700 | 357,494 | 284,672 | [mm]
kruznice d

@ patni

D 466,176 | 13383 | 427,300 | 172,697 | 381,715 | 218,29 | 335493 | 265267 | [mm]
kruznice d

O zakladni | g 466 | 135,154 | 411,606 | 172,015 | 368,603 | 215018 | 33L742 | 264165 | [mm]
kruznice d,,

tab. 8 vysledné bezpecnosti jednotlivych ozubenych kol + jednotkové korekce a rozméry
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4 Vybér hydrodynamickych lozisek

Navrh hydrodynamického loziska je slozitym strojirenskym oborem. Véda, kterd se zabyva
problematikou tfeni, se nazyva tribologie. Pii vzdjemném pohybu dvou kluznych ploch
S pouzitim kapalinového maziva vznika tfeni, které mize byt mezni, smiSené nebo hydrody-
namické viz obr. 6. U hydrodynamickych loziskovych panvi dochézi vlivem zatizeni k vytla-
covani oleje a vlivem rotacniho pohybu k vytvareni hydrodynamického klinu. Pokud je pocet
otacek hridele dostate¢né veliky, vznika v zatizené dolni ¢asti prostoru loziskové vile G¢in-
kem rotace hiidele, viskozity oleje a klinovitého tvaru prostoru ve vrstvé oleje hydrodyna-
micky tlak, ktery odd¢€li kluzné plochy hiidele a loziska a hiidel se vychyli ve sméru rotace,
viz obr. 7. Teoreticky by pifi nekone¢né velkém poétu otaéek mohl hiidel zaujmout soustied-
nou polohu Vv lozisku. Unosnost loziska zavisi na velikosti hydrodynamického tlaku v mazaci
vrstve, tj. zavisi hlavné na velikosti loziskové viile P, kluzné rychlosti a viskozit¢ maziva 7.
Vzajemnou zavislost téchto veli¢in uréuje Sommerfeldovo ¢islo So = z;_—lf a jeho prevracena
hodnota se nazyva loziskové ¢islo a. Hydrodynamicka loziska se vyrabi v riznych provede-
nich, ktera jsou zobrazena v kapitole 4.1.

Mazni tfeni
/ Smisené tieni Hydrodynamicke tieni
0
_ 7
8 s
E ey
=
E
3 prp -
P
P> p2
s
L -
% 2 >
/ g L i /
Rychlost u ’A/»//f 7 "}/
obr. 6 Stribeckovy kiivky ™ obr. 7 poloha hiidele pii hydrodynamickém ma-

zani

16



Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad. rok 2013/14
Stavba vyrobnich strojii a zafizeni Bc. Jifi Such

Segmentova loziska jsou vyhodna pro vysoké obvodové rychlosti a vyznacuji se vysokou
tuhosti a utlumem. Tato segmentova loziska je mozné zatézovat dvéma zpusoby, viz obr. 8.
Lozisko zatizené mezi segmenty zvySi mozné zatiZzeni cca o 1/3 oproti zatézovani na seg-
ment. U tohoto typu loziska se tedy snazime, aby vysledna reakce pusobila pravé mezi seg-
menty. Dale jsou vSechna hydrodynamické loziska délena z technologickych a praktickych
divodu, viz obr. 9. Vyrabéné hodnoty téchto lozisek jsou uréeny pomérem $itky K primeéru.
Nejcastéjsi hodnoty jsou B / d= 0,4;0,5;0,7; 1 [—]. Loziska mohou byt radialni, axialni nebo

radialné-axialni.

e P . S

v v . 1
obr. 8 zatizeni loZiska ,,na segment* a ,,mezi segmenty* !

[7]

obr. 9 ukazka vyrabéného hydrodynamického loziska
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4.1 Typy hydrodynamickych loZisek ™

B B " pievodovky, parni
0(3 53)0 0’2( 5)4’5 0,5—10 | s | turbiny, elektrické
‘ motory, generatory
2570 02-35 «% | pievodovky, parni
(80) ’ @) ’ 0-1,5 | ,uuq |turbiny, elektrické
: motory, generatory
Obecné pro malé
30-90 | 0,1-3,0 0—1.0 **% | pruméry hiidelt s
(100) (3,9 7| ¥ | vysokymi otaCkami
turbodmychadla
20-90 0,2-35 0-20 *** | pfevodovky, pamni
(100) (4,0) ’ *E*x% | turbiny
el ] 2y | 20-90 0,2-35 0-20 *#% | pfevodovky, parni
{\\ i (100) (4,0) - **%x% | turbiny
Doublé Offset
vysokorychlostni pumpy,
30-90 0,1-2,0 0-1.0 *¥* | pfevodovky, expanzni
- (100) (2,5) i * turbiny, turbiny chlazeni,
S vietena obrabécich stroji
0-25 wxsx | pPievodovky, pamni.
30-100 3 03 0-1,0 wseqese | turbiny, jednohfidelové
’ kompresory
o ' ' hlob&né prevodovk
30-125 | 0-3,0 s | 1Y P s
(150) 3.5) 0-1,0 sxxx | turbokompresory, parni
i ’ : turbiny, plynové turbiny
5-Segmentil '
kk* Velmi vysoké hodnoty * Nizké hodnoty

tab. 9 prehled vnitfnich profiléi hydrodynamickych lozisek
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4.2 Vypocet a vybér vhodnych loZisek

Samotny navrh by byl obsahem nové diplomové prace. Firma Wikov Gear s.r.o. nakupuje
hydrodynamicka loziska od firmy Waukesha bearings zabyvajici se touto problematikou. Ka-
talog tohoto vyrobce je uveden v ,,Ptiloha 2. K vybéru vhodného loziska je potieba znat vy-
sledné reakce, které na n¢ plisobi. Protoze hydrodynamicka loziska jsou pomérné nakladnou
zalezitosti, budou v této pomocné prevodovce pouzity 4 druhy hydrodynamickych lozZisek,
ktera budou navrzena na maximalni zaté¢zny stav. Tyto 4 loziska budou tedy vyuzivdna pro
vSechny vyménné pievody.

siLA OD
T 0zZUBENI ¢d,;

X T Y

s s
s
Y

obr. 10 Reakce v ulozeni vyvozené zabérem zubtl a vlastni hmotnosti soukoli

Z vysledku soukoli v programu KISSOFT dle ,,Pfiloha 1 jsem vyhledal korigovany ¢elni
uhel zabéru a,,; a z pasobicich sil spocetl vyslednou reakci F,,,, .

Ey = 1/Ftw2 +E"W2

i12 i21 i34 i43 i56 i65 i78 i87
Fuw | 20251 | 67197 | 22065 | 52798 | 24 639 | 42 238 | 27 377 | 34 380 | [N]
At 22,122 22,122 22,122 18,935 [°]

tab. 10 sily v ozubenych ptevodech

_ tglaw) —1(9b1;3;57tAb 24568\ _ , -1 (Frw
wt = —= = oS =t v
cos(B) 2-ay, Frw

priklad vypoctu ¢elniho uhlu zabéru pro korigované soukoli

kde a,, je v programu KISSOFT znacen jako a,,y,.

Fiais = J(F) + () 2 By B c08(h)

vypocet vysledné reakce v lozisku S uvazovanim vlastni tihy hiidele
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2%

z piedbéznych sil uvedenych v tab. 10, kde jsem vysledné reakce F,, pro kazdé lozisko vydé-
lil dvéma, protoze ozubena kola budou stejn¢ vzdalena od kazdého loziska. Z vysledkl jsem
dle katalogu ,,Ptiloha 2 zvolil zakladni praméry hiideld, kde jsem zvolil pomér Sifky k pru-
méru roven jedné. Skute¢né maximalni reakce plisobici na loziska pfi riznych prevodovych
pomérech jsou stanoveny V tab. 11 a pfislusné znaceni na obr. 11. Vysledky vyplyvaji z navr-
hu hfidelt, viz kapitola 5. LozZiska oznac¢ena Y;; Y,; X, volim radialni a lozisko X; jako radi-
aln¢-axialni. Radidlné-axialni lozisko je zvoleno na pomalobézné hiideli z davodi mensich
vykonovych ztrat. Z technologického hlediska montaze nelze pouzit na ob¢ hiidele loziska
s naklapécimi segmenty. Protoze je lozisko s naklapécimi segmenty vyhodnéjsi pro vysoké
obvodové rychlosti, budou tyto loziska umisténa na rychlobéznou hiidel.

l12 I34 Is6 I7g i21 l43 les lg7
Fy, | 9,044 9,95 | 11,236 | 12,579 | 35,573 | 27,461 | 22,213 | 18,298 | [
Px1 | 2494 | 24,68 | 24,39 | 20,68 | 20,79 | 21,2 20,98 | 17,74 (| [
Fy, | 9,716 | 10,623 | 11,91 | 13,27 | 34,886 | 26,776 | 21,528 | 17,598 || [kN]
@y, | 23,11 | 23,02 | 22,93 | 19,56 | 21,22 | 21,76 | 21,68 | 18,47 || [

pusobi nad délici rovinou pusobi pod d€lici rovinou
Fy, | 10,282 | 11,259 | 12,649 | 14,16 | 33,441 @ 26,171 | 20,787 | 16,715 || [kN]
Qx, | 21,76 | 21,65 | 21,51 | 18,27 | 22,23 | 22,33 22,5 | 19,49 | [°]
Fy,, | 10,568 | 11,544 | 12,935 | 14,451 | 33,157 | 25,888 | 20,504 | 16,426 || [kN]
@y, | 21,15 | 21,09 | 21,01 | 17,89 | 22,43 | 22,58 | 22,82 | 19,85 || [°]

pusobi pod délici rovinou pusobi nad délici rovinou

tab. 11 reakce pisobici na loZiska pti maximalnim zatizeni pro jednotlivé pfevody

obr. 11 znaceni lozisek (v délici roving)
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Vybér lozisek:
Priimér hiidele pod loziskem X, a Y; je 140 [mm]. Musi byt mensi nez dy, = 335,493 [mm].

Pramér htidele pod loziskem X, a ¥, je 110 [mm]. Musi byt mensi nez dy, = 133,83 [mm].

Loziska X; a ¥, volim dle tab. 9 v provedeni ,,valec* s pomérem B / 4 = 075 [—]. (Obvyklé
hodnoty $itky k priméru v provedeni valcového profilu B / d= 0,5;0,75;1.)

_ __ d'Npgx, _ 70,141492
Umax. = Wmax. ' T = 50 = 50 =109 |-

B=075-140 =105mm]
S=B-d=105-140 = 14 700 [mmz]

Sitka loziskové panve

zatézna plocha loziskové panve

Pmax. = Fms‘”" = % =242 [MPa] mérny tlak (kontrola mérného tlaku v tab. 9)

LozZiska X, a Y, volim dle maximalniho zatiZeni, viz tab. 11, jako segmentova loziska vyra-
béné firmou Waukesha Bearings s ozna¢enim TF 110 — 110. Maximalni zatizeni tohoto 10-
ziska na segment je 25,4 [kN] a mezi segmenty 33,9 [kN]. Lozisko je ¢tyf-segmentové. Sudy
pocet segmentt je vyhodny, protoze pii zdmeéné hnaciho htidele za hnany se reakce na lozisko
oto¢i 0 180 [°] a oba zatéZné stavy pusobi tak mezi segmenty. Vyrobce loZiska poskytuje také
graf zavislosti ztratového vykonu a prutoéného mnozstvi oleje na otackach htidele, viz
,,Priloha 2.

_ _ mdNpgy _ 70114950
Umax. = Wmax. " T = 60 = 60 =285 |-

Z dvodi ochrany lozisek pfed zadfenim se u kazdého loZiska musi kontrolovat teplota oleje
V misté pisobeni maximalni zatézné sily. Tyto Ghly se vlivem vyménnych pfevodi méni a
jsou uvedeny v tab. 11. Jako m¢éfici thly bych zvysledkii stanovil pfevody
i7g @ iy1. Z toho vyplyva, Ze by bylo potieba kazdé loZzisko méfit na dvou odliSnych mistech
pooto¢enych o cca 180 [°] , tj. v horni a spodni ¢asti pievodové skiing.
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5 Navrh hridelu

Navrh a vypocet hitidelt byl proveden v programu KISSOFT, viz Piiloha 3. Pro zku$ebni pie-
vodovku musi byt vyrobeno celkem 8 kust htideli. Z hlediska usnadnéni vyroby jsem zvolil
pro kazdy prevod htidele stejnych rozméri, viz obr. 12 a obr. 13. Pro vypocet bylo zadano
zatizeni pfevzaté z vysledkil jednotlivych ozubeni. Dulezitym parametrem bylo urceni sméru
rotace otaceni a pozice spolu zabirajiciho kola, ktery urcuje vysledny smér a velikost reakci
Vv loziskach, viz Ptiloha 3. Pii vypoétu bylo uvazovano s vlastni hmotnosti hiidele a zadany
material jsem zvolil ,,C45 (1)*. O tom, ktera ozubena kola budou na hiidel nalisovana nebo
ktera budou vyrobena spolu s hiideli, je uvedeno v kapitole 6. V kritickych (vrubovych) mis-
tech byla provedena kontrola na cyklické namahani, kde vSechny hiidele maji neomezenou
zivotnost. Zakladni hodnoty vysledka jsou shrnuty v tab. 12 a tab. 13. Maximalni pruhyby
jsou v koncovych mistech htideld, tj. v pfipojeni pro spojku.

i12 i21 i34- i4-3 i56 i65 i78 i87
mi’:;gfilm 16,17 | 54,06 | 16,33 | 39,29 | 16,56 | 28,59 | 16,81 | 21,27 | [MPa]
maximdlni | 550\ 599 | 386 | 745 | 425 | 586 | 467 | 466 |[um]
prihyb
hmotnost 165 kgl

tab. 12 vysledné hodnoty pomalobé&znych hiideld znacenych (1; 3; 5; 7)

i12 i21 i34- i4-3 i56 i65 i78 i87
maximdlni | 4316 | 4369 | 1679 | 401 | 234 | 401 | 31,93 | 401 |[MPa]
napéti
maximdlni | o4 54 | 7509 | 1337 | 3475 | 11,59 | 21,83 | 11,68 | 16,1 | [um]
prithyb
hmotnost 66 kgl

tab. 13 vysledné hodnoty rychlobéznych hiidelt znacenych (2; 4; 6; 8)
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ozubena kola
Lt g
Z1; Z3; Zs; Zy

243

—

radialné-axialni \

—

radialni
lozisko Y; lozisko X, zamezeni krutu
I I odsttedivy krouzek pro
- o o labyrintové t&snéni
oo B 2
' 87 } Eia - a7 | Bearing

obr. 12 pomalobéZna htidel

= radialni

loZisko X,

ozubené pastorky

: XXt - oz 7 7 .
labyrintové tésnéni lozisko v, |2 2ai Zei 23 e
| 394 |

|

— todive krousek -
odsttedivy krouzek pro radialni
87 } Bearing

< 317
I I \

pridavky pro dynamické vyvazovani

obr. 13 rychlobéZna hiidel
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5.1 Vypocet spoje pro spojku

Pfipojeni hiidele ke kotoucové spojce volim pomoci drazkového spoje, viz obr. 14, kde dovo-
leny tlak je py; = 60 [MPa]. Délku rovnobokého drazkovani volim L = 100 [mm]. Vypocet
je pouze kontrolou pro navrzeny typ rovnobokého drazkovani s ohledem na rozméry htideli.

b
B
- %
I 7
[ d

obr. 14 rovnoboké drazkovani

Rovnoboké drazkovani na rychlobéznych hiidelich:

My max. = 4 544 [N - m]___maximalni kroutici moment pienaSeny rovnobokym drazkovanim

10x102x108 znaceni rovnobokého drazkovani
F, = *Mkmax 4458 _ggesoN) obvodova sila
d+D 0,102+0,108

108-102

Szatéiovany =0,75" DT_d L-z=0,75" -100-10 = 2 250 [mmz]

plocha zatéZovanych boki zubii

Pmérny = fo = 86552 38,5 [MPa] < py v vyhovuje

Szatéiovany 2250

Rovnoboké drazkovani na pomalobéznych hiidelich:

My max. = 15078 [N - m]

10 x 130 x 140
4+ My mae 4-15078

F, = - = = 223378 |N

°" d+D 013+0,14 V]

D—-d 140 — 130 5
Szatéiovany =0,75- T L-z=0,75-" T -100-10 =3750 [mm ]
Fo _ 223378 _ .

Pmerny = Szaterovany ~ 3750 59,6 [MPa] < Pa v vyhovu1e
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6 Nalisovani

Ozubené kolo miize byt na hiidel nalisovano za tepla nebo za studena. Vlivem uloZeni
s presahem vznika ve spoji tlak, ktery umozni pfenaset to¢ivy moment z ozubeného kola na
htidel. U rychlobéznych ptevodovek miize také dojit k uvolnéni spoje vlivem odstredivé sily,
ktera puisobi na ob& hmoty. Proto uvazuji i s touto silou. Z hlediska vyroby je 1épe obrobitelna
htidel nez dira. Proto ma dira vétSinou vétsi tolerancni pole oproti hiideli. Toleran¢ni pole
diry je zvoleno na H7 a pfislu$na tolerance hiidele musi byt dopocitana.

@d
@D

AN -

S =TT D L plocha pfenasejici tocivy moment

Se =2, (=] bezpecnost lisovaného spoje

f=02[-1_ koeficient tfeni mezi htideli a ozubenym kolem po nalisovani za tepla

My =F,- % =F;- % ___________________________ kroutici moment pro vyjadfeni tecné sily pro lisovany spoj
Ft

Ppotr Z_H'Sf = ,T.,f).L f = ,ifzkj; ------------------------------------------------------------------------------------------------
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6.1 Vypocet presahu, ktery vyvola potiebny tlak

ppofﬁ.

:EEJ
IRV Y|

Kotoué

obr. 16 schéma pro vypocet pfesahu nalisovani

AR = |

N

ARH| + ARK

BAARAAAI
ppofF._

AR® = AR + ARH® — ARK®

Bc. Jifi Such

_ppotF.

Pretvoreni silnosténné nadoby ziskdme pomoci pomérné deformace a Hookova zakona, kde
v [—] je Poissonovo ¢islo.

2m-(x+Ax)—-2-mx Ax

&t

1

& ==

E
d

2T X

(O-t -V O-T)

Ax ==+ (04i0) =V Or())

X

obr. 17 pfetvofeni silnosténné nadoby

Obecné prubéhy te¢ného a radialniho napéti, kdyz w = 0 [rad/ S], jsou zobrazeny na obr. 16.

___________________

! D,

i Or(x) Dl - x_z

! )

| Oty = D1+ —
4

Or(x) + Ot(x) = 2D,
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6.1.1 Zména rozméru hridele
ARH — R . H H,  H

~ FH (Ut(R) -V Ur(R))
O-L{%R) =2 DlH + Dpoti.
po dosazeni aféR) a af{R):

R " Ppott. R%- (1_VH) +Rg ’ (1+VH)

ARY =
EH R? — R?

6.1.2 Zména rozméru kotouce

R
ARK = K (ofry — v afipy)

O-tKER) =2 Df + Ppoti.
po dosazeni O'tKER) a UrK(R):

ARK =R-pp0tf_.R2-(1—vK)+r2-(1+vK)
FK 2 _R2

Potiebny piesah nalisovaného spoje, ktery zptsobi tlak py .-

Bc. Jifi Such

RZ-(1—-vIh)+R5-(1+vH) R?-(1—-vK)+7%-(1+vK)

AR=R- ppotf'- ) EH . (RZ _ R%)
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6.2 Zména rozméru pri rotaci:

Obecné pribéhy te¢ného a radialniho napéti, kdyz w # 0 [rad/ s]’ jsou zobrazeny na obr. 18

X
‘ ]
Kotouc
X
e |
Huw dr_lw
| ~ Or
o \ Hiidel

] o 0]

- Dl . — Dl{lw

w=konst.#0 w=konst.#0
obr. 18 prib&h napéti v kotoudi zpisobeny vlastni obr. 19 pribéh napéti v htideli zplisobeny vlastni
rotaci rotaci
| w i | Kw Hw Hw :
' 1 1 0. = 0. =0 1
0%y =DP =D, - B+V)xP——% T o o
| ! . Ko _ Ho _ |
| 0 | + Orry) =0 oy =0
1 | b e e = !
:at“(’x)=D{" Dw-(1+3-v)-xz+—22 : 2
| 2 :
| "W '
:Dw=p8 ! DK® = DK . (3 +vK) - (R? + r?)
R RRREEEE L DX® = pK. (3 +vX)-R?-r?

DH® = pH . (3 + yH) - R?

pie =0
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6.2.1 Zména rozméru kotouce

R
ARK? = 22 (ouiny = V¥ - @)

o = 2°DE - [R?- (1 =v) +7r%- (3 +vF)]

po dosazeni o) @ o5R):

ARK® =

2:DE-[R*-(1—v*)+r?2-3+v¥)]-

Bc. Jifi Such

R

EK

6.2.2 Zména rozméru plného hridele
R

AR = =+ (o) — v 07()

ath(',‘;’) =2-DH.R2.-(1—-vH)

po dosazeni a/{g) a o, (f):

2-DH-R3.(1—vH)

ARH® = i

g
ARH® < ARK®
g
AR, = AR¥® — ARH®

odlehnuti kotouce od hiidele vlivem rotace

Vlivem rotace vznika odlehnuti kotouc¢e od htidele o AR,,, proto je potieba toto odlehnuti

pficist k pottebnému presahu AR a na tento celkovy pfesah AR ., navrhnout vhodné ulozeni.
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6.2.3 Presah pro lisovani rotujicich kotoucu

Nasledujici graf 4 znazornuje vliv rotace na lisovany spoj, ktery by byl uvazovan a poc¢itan
bez ni. Pro sestrojeni grafu jsem pouzil tyto parametry a konstanty:

P =510 [kW] prenaSeny vykon spoje

v=vl =y =0,3[-] Poissonovo &islo

E=FEH = EX =2,1-105 [MPq]

p=pt =p¥ =7860 [% hustota materialu

délka lisovaného spoje

pramér kotouce

pramér hiidele

AD = 2- AR
AD,, = 2-AR,,
AD,y. = AD + AD,, = 2 - (AR + AR,)

Uvolnujici otacky lisovaného spoje pro stejny material a plnou htidel:

n_l_ 2'ppotf.
T [(34+v)-p-(r?2—R?)
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Presah pro nalisovani rotujicich kotouci pri P=510 [kW]

I:)min.
[km]
100
1 —AD
90
— ADw
80
e e 0o ADcelk.

70

60

50

40 k

\ uvolnujici otacky
30 % 1230 [ot./min ]
20 ‘\. ®e \ e0°®’ .* _~
\....o 00'.... /
\.°00000\'°° /
10 Y —
/
0 T n
0 200 400 600 800 1000 1200 1400 1600 1800 2000 [omin]
M
[N-m]

o 24351 12175 8117 6088 4870 4058 3479 3044 2705 2435

graf 4 minimalni pfesah pro nalisovani rotujicich kotoudt pii konstantnim vykonu

Z grafu je patrné, Ze pokud spoj dimenzujeme pouze na toCivy moment (Cervena ¢ara) a neu-
vazujeme otaceni hiidele (zelena ¢ara), stava se spoj od ur¢itého mista poddimenzovan od

hodnoty cca. 1/ 3 uvolfyjicich otacek spoje pfi bezpecnosti Sy = 1,1.

Od tohoto mista smérem k vys$sim otackam je nutné uvazovat vliv rotace nebo logaritmicky
navysSovat bezpecnost spoje na pieneseni potiebného tofivého momentu. U rychlobéznych
ptevodovek je tedy potieba uvazovat s timto vloZzenym odlehnutim. ProtoZe se navrzena pte-
vodovka pro testovani primyslovych prevodovek vyuziva v pomalobézném i rychlobézném
rezimu, musi byt lisovany spoj navrzen na takovy zatézny stav, ktery zptisobi nejvétsi odleh-
nuti AD ..
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6.3 Vybér vhodného uloZeni

Na zakladé celkového potiebného piesahu AD,.;;. a tolerovanou diru H7 musime najit mini-
malni ptesah ulozeni P,,;,, , ktery miiZze nastat a ktery musi byt vétsi nez AD ., -

+7?
toleranc¢ni pole pro hridel p-zc 5

+?

I:)I'nlﬁ
Pmax.

+7?
tolerancni pole pro diru | g7

jmengvity @

obr. 20 ulozeni s pfesahem

Jednotlivé ulozeni kazdého soukoli je shrnuto v tab. 14.

6.4 Ohrati potfebné pro montaz lisovaného spoje
Rozdil teplot pro montaz je uréen z pomérné deformace a teplotni roztaznosti latky, kde

a [1/ K] je soucinitel teplotni roztaznosti.

APpgx. + v
= ' =a-At
& D a
4
APy + v
At = ———
D-«a
v=(0,006+0,012)-vD pfiblizné viile pro montaz
a=11-10"° [l] __________________________________________ soucinitel délkové roztaznosti pro chromovou ocel
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6.5 Vysledné uloZeni jednotlivych ozubenych kol

Vypocet ulozeni jednotlivych kol byl proveden pomoci programu Excel, kde byl vybran nej-
téz81 zatézny stav, ktery zpusobi nejveétsi potiebny presah nalisovani. Vysledna ulozeni jed-
notlivych kol na hiidele jsou zobrazena v tab. 14. Ozubené pastorky z, a z, nelze kvuli ma-
lym rozmérim lisovat a je nutné je vyrobit spolu s hiideli.

v=vl =vK=03[-] Poissonovo &islo

p=pt =pX =7850 [% _____________________________________________________________________________ hustota materialu
S =2 = bezpecnost spoje na zatizeni vici AD o
=02 =] koeficient tfeni po nalisovani za tepla
L =210 [mm) délka lisovaného spoje
Ro = O (MM rozmér htidele
Z4 Z3 Zs Zg Zy Zg
nevyssi zatézny stav
M, 3265 | 10873 | 7790 4 544 5698 4544 | [N -m]
n 1492 | 449 626 | 1073 | 855 | 1073 [[°0/ .. ]
240 200 150 120 150 120 | [mm]
AD 2,606 9,85 8,744 7,47 6,665 6,648 | [um]
D, 10,55 0,67 0,784 0,627 1,185 0,947 | [um]
ADioip. * S 26,312 20,5 19,06 | 16,194 15,7 15,19 | [um]
uloZeni H7/r5 H7/r5 H7/r5 H7/r5 H7/r5 H7/r5 | [—]
Ppin./Prnax. | 38/104 i 31/97 25/83 19/69 25/83 19/69 | [um]
At 98 108 125 135 125 135 | [°C]

tab. 14 stavy nalisovani pro jednotliva ozubena kola
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7 Navrh prevodové skriné

Pti nadvrhu ptevodové skiin€ jsem vychazel z pozadovanych vlastnosti zadani a vypocti. Prv-
nim krokem bylo vygenerovani 3D modelt jednotlivych ozubenych kol a pastorkt. Nasledné
byla vymodelovana jednotlivd hydrodynamické loziska o rozmérech uvedenych v ,,Ptiloha 2.
Jednotlivé hiidele byly vymodelovany podle vypoc¢tt v kapitole 5.

UlozZeni jednotlivych pievodii s hydrodynamickymi lozisky je zajisténo pomoci pievodové
skiing, ktera je vzhledem zadédni modelovana jako svafenec. Pfevodova skiiii musi zajistit
vSechny pottebné vlastnosti pro funkci pievodovky, naptiklad mazani vSech funkénich kom-
ponent, odvod maziva, tuhost, dynamické naméhani, manipulaci, ochranu pfed necistotami
atd. Pro tuto pomocnou pievodovku jsem zvolil délenou skiin, ktera se sklada z vika a spodni
¢asti. Délici rovina se nachdzi v Grovni os htideli. Zdkladem svafované ptfevodové skiing jsou
vypalky plechti o riznych tloustkéach a bramy (odlévané desky velké tloustky), ze kterych je
prevodova skiin tvofena. Material pievodové skiiné musi byt zaru¢ené svafitelny, proto bych
k vyrobé pouzil béznou konstrukéni ocel 11 373, ktera ma mez kluzu R, = 220 [MPa]. Viko
a spodni cast pifevodové skiin€ jsou zobrazeny na obr. 21 a obr. 22. Pro vyrobu obou ¢asti
jsem vyuZil plecht tloustky 3; 10; 15 a 30 [mm]. Hmotnost spodniho dilu je cca 361 [Kg] a
vika cca 323 [Kg]. Spodni ¢ast pievodové skiing se sklada z celkem 22 plechu a viko je slo-
Zeno ze 14 plechi. Prevodova skiin je 935 [mm] dlouhd, 670 [mm] Siroka a 585 [mm] vy-
soka. Dé¢lici rovina je umisténa ve vysce 310 [mm]. Na obrazcich jsou vyznaceny potiebné
svary zlutou barvou.

Spojeni obou casti prevodové skiing je zajisténo dvéma druhy Sroubd. Prvnim typem je 6
hlavnich Sroubli vyrabénych na miru, které prenaseji zatiZzeni vzniklé od zabéru zubl a zame-
zuji tak otevieni vika pfevodové skiin€ a ptipadné havarii. Druhym typem jsou normalizova-
né Srouby, které zajiSt'uji tésnost prevodove skiin€ po celém obvodu délici roviny. VSechny
Srouby jsou zajistény proti povoleni druhou matici. Pfesnou polohu spodni ¢asti s vikem pie-
vodove skiin€ vymezuji dva kuzelové koliky.

Pfevodova skiifi musi byt ustavena v pozadované poloze na stabilnim podlozi. Proto jsou ve
spodni ¢asti ptfivareny dvé takzvané patky, za které 1ze pfevodovou skiifl ustavit napt. Srouby
nebo upinkami. Pro zvySeni tuhosti a odolnosti proti dynamickému naméhani se prevodové
skiin¢ opatiuji zebrovanim, které se zpravidla nachazi v blizkosti uloZeni jednotlivych hiideli.
Dalsi dulezitou vlastnosti pfevodové skiiné je pfivod a odvod mazaciho oleje do vSech po-
ttebnych mist. Prvnim je zptsob mazani ozubeného pievodu. Pro kvalitni mazani a minimali-
zaci ztrat vznikajicich napt. brodénim zubu v olejové lazni je tato pomocna pievodovka ma-
zéna piimim vstfikem oleje do zubového zabéru. Viko ptevodové skiin€ je proto opatieno
ptirubou, do které se uchyti olejové trysky. Pro Sipovité ozubeni je doporucen smér otadceni ve
sméru jednotlivych $ipt, aby byl olej vlivem odstredivé sily vytlatovan a nedochéazelo k je-
ho pfipadnému piehfivani. Druhym potiebnym mistem pro mazani jsou hydrodynamicka lo-
ziska. Rozvod oleje v lozisku je zajistén drazkou po obvodu, ktera je dana vyrobcem loziska.
Ptistup oleje do téchto draZzek je umoZnén vyvrtem a drazkou v délici roviné ve spodni ¢asti
prevodové skiing, viz obr. 22. Protoze vznikem rotace htidele dochazi v hydrodynamickém
lozisku ke vzniku tlaku, je potfeba na vné&jsi strané loziska zajistit dostatecné velky odvod
oleje, aby nedochazelo k prasakiim oleje ptes labyrintové tésnéni mimo prevodovou skiin.
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Tento odvod oleje z vn&jsi Casti loziska je Casto feSen prostorem vymezenym dvéma Zebry,
ktera jsou piekryta tenkym plechem. Do obou mist (zubového zabéru a hydrodynamickych
lozisek) je tedy nezbytné nutny neustaly ptisun oleje, proto je nutné odpadni olej z pfevodové
skiin¢ odvadét, filtrovat a chladit, aby se mohl znovu vyuzit pro mazani obou funkcnich prv-
kt. Hlavni odvod odpadniho oleje z pievodové skiiné musi byt dostate¢né velky a umistény
na spravné stran¢ spodni ¢asti pievodové skiin€. Vlivem vitfivych proudi, vznikajicich pii
vlastni rotaci ozubenych kol je totiz olej nepiimo vhanén do hlavniho odvodu odpadniho ole-
je.

Abychom zajistili bezproblémovy chod ptevodovky, monitoruji se ur¢ité hodnoty méfenim,
napt. otacky htidelt, vibrace, tlak olejové kapaliny nebo teplota oleje v reakci ptisobici v 1o-
ziskové panvi. Tyto reakce jsou shrnuty v tab. 11. Pro tuto pomocnou pievodovku by byla
potieba méfit teplotu na osmi mistech. Timto méfenim se predchazi pripadnému zadfeni lozi-
sek, kterd jsou finanéné€ ndkladna.

Posledni dilezitou komponentou je utésnéni okolo htideld. Firma Wikov Gear s.r.o. si vyrabi
vlastni délena labyrintova tésnéni, viz obr. 25. Tato specialni tésnéni nejsou v pifimém kontak-
tu s hiideli, jako je tomu napt. u gufera. Aby labyrintové tésnéni plnilo svoji funkci, je opatie-
no odstfedivym kuzelem, ktery je také soucasti kazd¢ hiidele. Vlivem rotace htidele dochazi
ke generovani odstiedivé sily, kterd plisobi na olej a ma tendenci ho vracet zpét do prevodové
skiiné.

uchyty pro manipulaci
s pfevodovkou

piiruba pro olejové
trysky, které zajis-
t'uji mazani ozubeni

Zebra zajist'ujici tuhost ulo-

o TrAte svary
zeni hiidela

obr. 21 viko ptevodové skiing
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drazka pro pfistup oleje mezi
jednotlivymi lozisky

odvrtané diry pro hlavni vstup oleje
do hydrodynamickych lozisek

hlavni vystup odpadniho oleje
(urceného k filtraci a chlazeni)

odpadni kanal oleje z loziska (musi zajistit
dostate¢ny odtok, jinak by dochazelo
k hromadéni oleje a dochazelo k Gnikim
okolo htidele)

obr. 22 spodni (olejova) ¢ast prevodové skiing
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pfiruba pro pfivod oleje k
hydrodynamickym loziskdm

drazkované hridele pro
piipojeni spojky

vyrazeny smér otaceni

hiidele
manometr

8x teplomér (umistény v misté vysledné kuzelové koliky pro presné usazeni

reakce pro dané lozisko) vika se spodnim dilem prevodové

6x Sroub zajistujici 6x svornik, ktery piendsi zatizeni vzniklé
tésnost délici roviny od zubového zabéru ozubenych kol

obr. 23 navrZzend pomocna pievodovka s vyménnymi pievody
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ucpavka rychlobéZna hiidel

radialni hydrody-
namické lozisko

radialné-axialni

hydrodynamické
lozisko
labyrintové tésnéni radidlni hydrodynamicka
loziska s naklapécimi
pomalobé&zna htidel segmenty

obr. 24 pohled do délici roviny navrzené pomocné pievodovky

jednotlivé labyrinty

odstredivy krouzek \—\

obr. 25 labyrintové té€snéni
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7.1 RozloZeni prevodii v pievodové skiini

Bc. Jifi Such

ot.
Nyystupni 3561 +4950 —_—
min.
Myystupni | 1369 + 984 [N - m]
Y
I 1 I
i1 =3,3182 [-] I —E!)_E_
ot.
Nyystupni 324 + 449 —_
min.
Myystupni | 15078 10851 | [N-m] |l _ \ ( \
i34 = 0,4179
nv}'lstupnl’ 2568 +-3570
nystupm’ 1899 = 1365
i3 =2,3929
Nyystupni 449 = 623
Myystupni | 10873 + 7 820
isq = 0,5833
nv}?stupm’ 1840 + 2557
Myystupni 2651 +1905
igs =1,7143
Nyystupni 626 + 870
nystupni 7790 + 5600
ig =0,7963 [—] i L
ot.
Nyystupni 1348 +~1873 —_—
min.
M]]}'Istupnl' 3618 +-2601 [N : m] | ‘
|
il . 7 8 .
ig; =1,2558 | [-] j =GRy
ot.
Nyystupni 855+1188 —_—
min.
nystupni 5706 +-4101 [N -m] N

obr. 26 rozloZeni pfevodd v ptevodové skiini
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8 MKP analyza prevodové skriné

Metoda kone¢nych prvki (MKP) je numericka metoda slouzici k simulaci prabéht napéti,
deformaci, vlastnich frekvenci, proudéni tepla, jevl elektromagnetismu, proudéni tekutin atd.
na vytvoieném fyzikalnim modelu. Jeji princip spociva v diskretizaci spojit¢ho kontinua do
urcitého (kone¢ného) poctu prvki, pficemz zjistované parametry jsou urcovany v jednotli-
vych uzlovych bodech. MKP je uzivana ptedevsim pro kontrolu jiz navrzenych zatizeni, nebo
pro stanoveni kritického (nejnamahavéjsiho) mista konstrukce. Metoda konecnych prvkl je
zalozena na Lagrangeov¢ principu (t€leso je v rovnovaze, jestlize celkova potencidlni energie
deformace soustavy je minimélni).[z]

Vyhodou této metody je snizeni vyvojového Casu a nakladi pro zavedeni vyroby. Vstupem
pro tuto analyzu je navrzeny model pfevodové skiin€¢ v CAD (pocitatem podporované projek-
tovani) programu, viz kapitola 7. Pro ¢asové urychleni vypoctu je potieba vétSinou model
zjednodusit napiiklad o malé priméry dér, které neovliviiuji ndmi zkoumanou a piedpoklada-
nou oblast maximalniho napéti. Na tomto zjednoduseném modelu se dale aplikuje automatic-
ka sit’ kone¢nych prvki, kterd je hlavni soucasti MKP analyzy a jejiz kvalita ovliviiuje pres-
nost vyslednych hodnot. Pro tento model jsem zvolil sit’ tvofenou Ctyfstény s mezi-uzly
»CTETRA(10)“. Jeden takovy prvek ma celkem 10 uzlovych boda, které jsou zdkladem pro
tvorbu linearnich algebraickych rovnic. Velikost tohoto elementu pro viko pfevodové skiing
jsem zvolil o velikosti 20 [mm] a pro spodni ¢ast 0 velikosti 18 [mm]. Propojeni sité vika se
spodni ¢asti prevodové skiiné v jeden celek je provedeno pomoci funkce ,,Mesh Mating Con-
dition* ve kterém je nastavena vazba mezi jednotlivymi uzly na hodnotu ,,free coincident®.

Material ptevodové skiiné je z konstrukéni oceli typu 11 373, kterd ma mez kluzu R, =
220 [MPal]. V této analyze jsem se zaméfil hlavné na odlehnuti délici roviny a na napéti, kte-
ré bude plisobit na Srouby spojujici tuto délici rovinu. Z tohoto diivodu je potieba pro fesi¢
zvolit sit’ i pro tyto Srouby. V programu NX jsem vyuzil funkce, ktera nahrazuje skuteény
Sroub. Tato funkce nahrazuje Sroub poddajnym prvkem valcového prifezu o zvoleném pri-
méru a hlavu Sroubu s matici takzvanou rigidovou ruzici, ktera je uvazovana jako absolutné
tuhy prvek typu ,,RBE3“. Pro piesnéjsi vysledky bylo povoleno rigidové riizici propojeni
k mezi-uzlim u elementd pfevodové skiin€. Pro svorniky pienasejici hlavni zatiZzeni je zvolen
Sroub M30. Ostatni Srouby zajiSt'ujici té€snost v delici rovin€é jsou M20. Posledni ptipravou
pied zadanim okrajovych podminek byla aplikace 1D sité typu ,,bod na plochu* v dirach slou-
Zicim pro ustaveni pfevodové skiin€ v pozadované poloze. Tato 1D sit’ je zvolena jako abso-
lutn¢ tuhy prvek typu ,,RBE2* a slouzi k naslednému zavedeni potiebné okrajové podminky
nutné pro vypocet. Na obr. 27 je zobrazen cely model s vytvofenou siti kone¢nych prvkd, na
ktery se nasledné budou aplikovat okrajové podminky.
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propojeni siti pomoci funkce 3D sit’ pfevodové skiiné
»Mesh Mating Condition* typu ,,CTETRA(10)*
S volnymi uzly

- AN
AT AYAY VA VAVATAVATATATA NN

rigidova razice
typu ,,RBE3“

1D sit’ Sroubu typu
,CBEAM*

rigidova razice typu ,,RBE2‘ automaticky prvek

(bod na plochu) nahrazujici Sroub

obr. 27 model s vytvofenou siti kone¢nych prvki

8.1 Okrajové podminky

Okrajové podminky potiebné pro vypocet MKP analyzy je potieba zvolit tak, abychom se
pfiblizili co nejvice skuteénym podminkam pii provozu prevodové skiing. Spatnou volbou
okrajovych podminek dochézi ke zkreslenym nebo nesmyslnym vysledkiim, které se snazime
eliminovat. Pfevodova skiin je ustavena v prostoru fixni vazbou odebirajici 6 stupniti volnosti
za jednotlivé body, nachézejici se v dirdch patek slouzicich pro ustaveni. Tyto body byly vy-
tvofeny v minulé kapitole. Dale je zamezen posuv v 0se z na spodnich plochach patek, které
zjednodusSen¢ nahrazuji pevny zaklad, na kterém je pfevodovka ustavena. Pro zjiSténi redlné-
ho chovani v misté¢ délici roviny byla vyuzita kontaktni funkce ,,plocha na plochu®, ktera
mnohonasobné prodluzuje celkovy vypocetni ¢as. V této funkci je nutné zadat staticky souci-
nitel tieni jednotlivych (ocelovych) ploch. Tento soucinitel byl zvolen pro dany material ze
strojnich tabulek s hodnotou 0,15 [—]. Poslednimi okrajovymi podminky je aplikace vSech sil
pusobicich na pievodovku. Pro vétsi stroje je uvazovano s gravitaéni silou, kterda mize ovliv-
nit celkové vysledky. V délici roviné se nachazi celkem 12 kusti Sroubi, které prenaseji zati-
zeni nebo slouzi k jejimu utésnéni. VSechny tyto Srouby jsou piedepjaty, aby nedochazelo
K odlehnuti délici roviny a naslednym netésnostem. Pfedepnutim se dale snizuje i cyklické

namahani Sroubi. Silu pro piedepnuti svorniki jsem spocetl na orienta¢ni hodnotu 18,5 [kN].
Ostatni Srouby zajist'ujici tésnost v délici roving byli predepjaty silou 15 [kN].
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Hlavni zatézujici silou pro pifevodovku jsou vysledné reakce vznikajici v misté hydrodyna-
mickych lozisek, viz tab. 11. Z téchto sil byla vybrana maximalni sila, ktera nastane pti vyuzi-
ti pfevodu i,;. Jednotlivé sméry a hodnoty sil psobicich v misté hydrodynamickych loZisek
byly aplikovany pomoci specialni funkce ,,bearing®, ktera je v nabidce programu NX. Vyho-
dou pouziti této funkce je moznost volby parabolického rozlozeni kazdé sily, ktera se piibli-
zUje skute¢nému zatéznému stavu. Jednotlivé okrajové podminky jsou vidét na obr. 28.

kontakt plochy na plochu s
koeficientem tieni pro ocel

sila od ptredepnuti

Sroubtu \

maximalni zatiZeni hyper-
bolického typu vyplyvajici
z reakcti v loZisku

- fixni vazba odebirajici 6

i |
\‘ stupiiti volnosti

obr. 28 okrajové podminky potiebné pro analyzu
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8.2 Vysledky analyzy
Vysledky analyz jsou zobrazeny na obr. 29 - obr. 31. Pro ¢itelné zobrazeni toho, jak se model

prevodové skiin€ chova pii zatiZeni, je zobrazeni modelu v 5[%] méfitku deformace
z modelu. Z obr. 30 je patrna deformace pirevodové skiiné pii maximalnim mozném zatézném
stavu. Jak je patrné z tohoto obrazku, nedochazi pouze k odlehnuti vika od spodni ¢asti pre-
vodové skiing, ale dochézi také k jejimu smykani ve sméru osy y. To je zpiisobeno tim, Ze
vysledné reakce pusobi pod thlem cca 22 [°] od 0SYy z V roving yz. Vysledné hodnoty posuvi
jsou v fadech setin milimetru, které ve skute¢nosti budou jesté nizsi vlivem vloZenych hydro-
dynamickych lozisek. Na obr. 29 je zobrazen pribéh redukovaného napéti dle hypotézy
HMH. Z vysledkt je patrné, ze maximalni napéti v pfevodové skiini je cca 25 [MPa]. Pii
zvoleném materidlu prevodové skiin¢ z konstrukéni oceli 11 373, kterd ma mez kluzu
R, = 220 [MPa], vychazi koeficient bezpe¢nosti cca 8 [—]. Nejvice namahanym prvkem
prevodové skiing jsou jednotlivé Srouby. Redukované napéti ve Sroubech se pohybuje v roz-
mezi od 30 do 95 [MPa] v zavislosti na poloze jednotlivych $roubli. Maximalni napéti

s hodnotou 105 [MPa] je zptisobeno vlivem lokalni neptesnosti sité.

skrin_sim1 : Selution 1 Result

Subcase - Static Loads 1, Static Step 1

Stress - Element-Nodal, Averaged, Von-Mises
Beam Section : Recovery Paint C

Min : 0.00, Max : 105.05, Units = N'mm*2(MPa)
Beam Coord sys : Local

Deformation : Displacement - Nodal Magnitude
105.00 g -

80.00

B 70.00

— 50.00

30.00

20.00

B 15.00

10.00

4.00

2.00
s— OLQ‘J,.LY
\' y

Units = N'mm*2{MPa)

obr. 29 prubé&h redukovaného napéti v ptevodové skiini dle hypotézy HMH
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skrin_sim1 : Solution 1 Resuit

Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0374, Units = mm
Deformation : Displacement - Nodal Magnitude

0.0400
0.0370
= 0.0340
— 0.0310
0.0270
0.0230
= 0.0190
0.0150
0.0100
0.0050

Units = mm

obr. 30 deformace pievodové skiiné

8.2.1 Odlehnuti ploch v délici roviné

Na obr. 31 je zobrazeno odlehnuti vika od spodni ¢asti prevodové skiing. Z obrazku je patrné,
ze k nejvétsimu odlehnuti dochézi pravé v mistech, kde ptisobi vysledné reakce v ulozeni hii-
delti do vrchni ¢asti, tj. vika prevodové skiing. Z vysledki 1ze snadno rozeznat, Ze pii ptisobe-
ni této maximalni zatézné sily bude prevodova skiin pii dodrzeni predepnuti jednotlivych
Sroubd 100 [%] utésnéna.

skrin_sim1 : Solution 1 Result

Subcase - Static Loads 1, Static Step 1
Final Contact Separation - Nodal, Scalar
Min : -9.348E-008, Max : 6.645E-003, Units = mm
Deformation : Displacement - Nodal Magnitude

7.000E-003

6.500E-003

— G.000E-003

— 5.500E-003

5.000E-003

4.500E-003

— 4.000E-003

3.500E-003

3.000E-003

0.0000

Units = mm

obr. 31 odlehnuti délici roviny pfi maximalnim zatizeni
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9 Technicko-ekonomické zhodnoceni

Technicko-ekonomické zhodnoceni procesu slouzi ke stanoveni nakladu, které jsou potiebné
k uskute¢néni vyroby zadané soucasti. Technické zhodnoceni je potiebné K urceni parametra
vyroby a tim zjiSténi, zda je soucast vyrobitelnd. Ekonomické zhodnoceni je zapotiebi piede-
v§im ke stanoveni prodejni ceny a trzeb firmy. K tomuto zhodnoceni poslouzi tab. 15, kde se
stanovi jednotlivé redlné varianty vyroby, a posouzenim vlivu jednotlivych faktord ziskdme
nejlepsi variantu.

Kazdy sloupec tabulky nam dava na vybér zpiisoby vyroby pievodovky pii zachovani dané
funkce. Variant vyroby muze byt nékolik, ale dle zadani diplomové prace je vétSina téchto
parametrii pfedem stanovena.

Varianta A zobrazuje pozadavky na vyrobu pfevodovky dané firmou Wikov Gear s.r.o. Vari-
antu B bych zvolil pii pozadavku na levnéjsi vyrobu, kdy bych hydrodynamické loziska za-
menil za valiva, kterd jsou ekonomictéjsi, ale snizuji icinnost pomocné pievodovky. Zména
loziska ma také za nasledek zjednoduSeni pievodové skiin€ a sniZzeni pozadavku na mazani
lozisek.

Varianta A Varianta B

prevodova skiin svafenec odlitek

¢elni ozubeni s

¢elni ozubeni

¢elni zubeni se

béru

typ ozubeni dvojité Sikmymi v s 1
P ) pfimé Sikmymi zuby
zuby
zpiisob mazani rozstiikem pfimym vstiikem
P e o do zubového za- olejovou mlhou
ozubeného prevodu (brodénim)

zména prevodu

ru¢né faditelna

mechanickd vy-
meéna prevodl

vystupniho ¢lenu

loZiska hydrostaticka hydrodynamicka valivé
pracovni prostiedi vnitini venkovni
zatiZitelnost trvaly provoz prerusovany pro-
vOoz

spoj ozubeného lisovani vyroba z jednoho S kovy SDO;
kola s hifdeli nalisovani KUSU drazkovy spoj
k ih . A e kuzelovy svérny

onec vstupniho a $poj perem drazkovy spoj uzelovy svérny

Spoj

tab. 15 stanoveni parametrd pfevodovky
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Firma Wikov Gear s.r.o0. pro tuto praci poskytnula skute¢né ceny jednotlivych hlavnich dili
vyrabéné prevodovky, viz tab. 16, ktera se podoba svou velikosti a pfenasenym vykonem po-
mocné pievodovce zpracované v této praci. Vyrobni ceny uvazuji stejné s jedinym rozdilem,
kterym je pocet kusti pomalobézné a rychlobézné hiidele s ozubenim pro moznost zmény
pirevodového poméru. Pro tuto pomocnou prevodovku bylo zapotiebi pouzit 4 pomalobézné a
rychlobézné hiidele. Vyrobni cenu celé pomocné pievodovky varianty A odhaduji ptiblizné

na 1862 700 [K&].

prevodova skiin 192 800 [K¢]
rychlobézna hiidel s pastorkem 70078 [K¢]
pomalobézna hiidel s ozubenym kolem 134 196 [K¢]
2x radialni hydrodynamické lozisko s nakla- y

pécimi segmenty (pro rychlobéznou htidel) 2x 95000 [K¢]
radiélni hydrodynamické lozisko y

(pro pomalobéznou htidel) 30000 K€l
radidlné-axidlni hydrodynamické lozisko y

(pro pomalobé&znou hiidel) 35000 K€l
celkova cena prevodovky 1249 878 [K¢]

tab. 16 vyrobni ceny dle firmy Wikov Gear s.r.0.

Aby bylo mozné porovnat naklady potiebné na vyrobu pomocné pievodovky varianty B, po-
zadal jsem firmu SKF o zaslani cenové nabidky na rizné druhy lozisek viz tab. 17. Tyto dru-
hy lozZisek jsem stanovil po pfedbéznych vypoctech a vSechna vydrzi maximalni namahéni
stanovené v tab. 11. Vyrobni cenu této pomocné prevodovky varianty B odhaduji ptiblizné na
1700 000 [K¢].

typ vale¢kového loziska SKF | cena bez DHP

NU 326 ECP 22 474 [K¢]
NJ 326 ECJ 38 475 [K¢]
NU 2226 ECP 15 423 [K¢]
NU 2228 ECML 35 662 [K¢]
NU 2326 ECML 70 836 [K¢]
NU 2320 ECML 35599 [K¢]
NJ 2320 ECML 30 154 [K¢]

tab. 17 ceny lozisek firmy SKF
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10 Dynamické zatizeni prevodové skriné

Pievodova skiin je vystavena dynamickym u¢inkim sil vznikajicim z rotace hiideli a ozube-
nych kol. Pii tomto dynamickém namahani mize dochédzet k rezonancnimu stavu pievodové
skiin¢ nebo htideli. Tento stav je nepfijemnou skutecnosti kazdého to¢ivého stroje. Zptisobuje
vysoké hodnoty deformaci jednotlivych prvki a je potieba se témto rezonan¢nim staviim vy-
hnout. Tyto rezonancni stavy nastavaji tehdy, jeli budici frekvence rovna vlastni frekvenci
dané soucasti. Budici frekvence je pfimo imérna otackam jednotlivych hiideli a ozubenych
kol. Jelikoz tato pomocna prevodovka muze pracovat ve velkém rozsahu otacek, nemélo by
dochazet ke stavu rezonance v celém rozsahu otacek. Vlastni frekvence a ptislusné tvary kmi-
tl lze zjistit naptiklad vypocetni technikou. Jelikoz pievodovka a tudiz i hydrodynamicka
loZiska pracuji ve velkém rozsahu otacek a riznych zatézujicich spektrech, nelze presné urcit
jednotlivé tuhosti a utlumy pro jednotlivd hydrodynamicka loziska. Tyto ménici se tuhosti a
utlumy jsou vstupnim a také hlavnim parametrem pro zjisténi skutecnych vlastnich frekvenci.
Stanoveni spravnych vlastnich frekvenci se vymyka rozsahu této diplomové prace a jejich
urceni by v tomto piipadé bylo velice obtizné.

Jednotlivé rezonancni stavy lze také zjistit na jiz vyrobené pfevodovce za jejiho provozu. To-
ho Ize dosdhnout méfenim na predpokladanych kritickych mistech nebo mistech, kde je po-
tteba diagnostiky kviili mozné predikci poruchy. Pokud by na této pomocné pievodovce do-
chézelo k rezonanénimu stavu, bylo by jedinym feSenim ptevodovou skiiii dodate¢né vyztuzit
pomocnym vhodné umisténym Zebrem nebo se vyhnout kritickym otackam, zpasobujicim
rezonancni stav. Vzhledem ke zvolenym rozmérim jednotlivych hiidelti a zvolené tloustky
plechti pro vyrobu pfevodové skiiné mizeme predpokladat, ze k rezonan¢nim staviim nebude
dochazet.

11 Zavér

V této diplomové praci jsem se zabyval ndvrhem pomocné prevodovky pro zkusebnu, kterou
by chtéli vyuzivat ve firmé¢ Wikov Gear s.r.o. pro testovani primyslovych pievodovek.
Vzhledem k jednozna¢nému zadani jsem nemél piili§ velkou moznost vybéru riznych kon-
struk¢nich variant. V praci jsem se tedy zaméfil hlavné na praktické vypocty a snazil se je
shrnout do praktickych grafii a tabulek, které popisuji provozni stavy pomocné pievodovky.
Na zéklad¢ téchto daji jsem navrhl a vymodeloval univerzalni pievodovou skiin s ostatnimi
ptevody a piislusenstvim. Pomoci simula¢niho softwaru jsem cely model otestoval na nej-
vyssi zatézny stav. Zajimavym vysledkem je zobrazeni odlehnuti dé€lici roviny, které mize
vést pii Spatném navrhu k netésnostem pievodové skiiné a uniku oleje, ktery je vzdy neza-
douci. Tuto praci hodnotim jako velice zajimavou, protoze pozadované pievody nejsou z fi-
nan¢ni naro¢nosti faditelné, ale musi se vzdy pro testovani na dany stav mechanicky vymeénit.
V této praci jsem Se hloubéji ponofil do problematiky navrhu pfevodovek a naucil se zpraco-
vani ve vypoctovém softwaru KISSOFT. Diky tomu se prohloubily moje zkusenosti a védo-
mosti v této oblasti konstrukei.

47



Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad. rok 2013/14
Stavba vyrobnich stroji a zafizeni Bc. Jifi Such

12 Pouzita literatura

1.1.KniZni publikace

[1] NOVOTNY, J. Teorie a metodika navrhu hydrodynamickych lozisek. Plzei, 2010. Diser-
tacni prace. Zapadoceska univerzita v Plzni. Vedouci prace Doc. Ing. Jaroslav Kratky, Ph.D.

LEINVEBER, J., VAVRA, P. Strojnické tabulky: pomocnd ucebnice pro $koly technického
zaméreni. 1. vyd. Uvaly: Albra, 2003, xv, 865 s. ISBN 80-864-9074-2.

[5] KRATKY, J., KRONEROVA, E., HOSNEDL, S. Obecné strojni &asti 2. 1. vyd. Plzeii:
Zapadoceska univerzita v Plzni, 2011, 266 s. ISBN: 978-80-261-0066-9

STANEK, J., NEMEJC, J. Metodika zpracovani a iprava diplomovych (bakaldrskych) pra-
ci ZCU. Plzeii, 2005

HOSNEDL, S., KRATKY, J. Pfirucka strojniho inzenyra : Obecné strojni éasti 1. Brno:
Computer Press, 1999

HOSNEDL, S., KRATKY, J. Piirucka strojniho inZenyra : Obecné strojni ¢dsti 2. Praha:
Computer Press, 2000

1.2.Internetové odkazy

www.pohonnatechnika.cz 5.12.2013
[6] www.danfoss.com 12.12.2013
[2] www.wikipedia.org/MKP 15.5.2014
[3] www.wikov.cz 30.11.2013
[4] www.wikipedia.org/Pfevodovka 10.1.2014

www.e-konstrukter.cz 5.2.2014

www.techlab.cz/ 8.2.2014

WWW.gtw.cz 8.2.2014
[7] www.waukbearing.com 8.2.2014

www.loziskaaurednik.cz 10.2.2014

www.mitcalc.cz 15.4.2014

Www.generator.citace.com 20.5.2014

13 Pouzity software
Siemens NX v. 8.5

Microsoft Office 2010
AutoCAD 2007
KISSOFT - release 03-2012F

48


http://www.pohonnatechnika.cz/skola/motory/asynchronni-motor
http://www.danfoss.com/Czech_Republic/BusinessAreas/DrivesSolutions/Documentations/Technical+Documentation.htm
http://cs.wikipedia.org/wiki/Metoda_konečných_prvků
http://www.wikov.cz/cz/?o-spolecnosti
https://cs.wikipedia.org/wiki/Převodovka
http://e-konstrukter.cz/prakticke-informace/vlastnosti-latek-a-materialu
http://www.techlab.cz/
http://www.gtw.cz/reference/
http://www.waukbearing.com/en/engineered-fluid-film/
http://www.loziskaaurednik.cz/aurednik.html
http://www.mitcalc.cz/doc/boltcon/help/cz/boltcontxt.htm
http://generator.citace.com/

Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad. rok 2013/14
Stavba vyrobnich stroji a zafizeni Bc. Jifi Such

14 Seznam obrazkua

obr. 1 schéma zkuSebny s pomocnou prevodoOVKOU .........cieiiiieiiiiiiciee e 5
obr. 2 trojfazovy asynChIONNT MOTOT .......ccveiiiiieiieiie et e s e e e e e sreeaesnees 6
obr. 3 frekvendni mENIE ... 6
obr. 4 schéma pro vypocet potiebné mezery B mezi Sikmymi zuby........cccccevvviiniiiiniinnnne, 13
obr. 5 vypocitany 2D profil ZUbU .........cccoooiiiiiiiiiic s 15
obr. 6 Stribeckovy kiivky ettt 16
obr. 7 poloha hfidele pfi hydrodynamickém mazani M ..........co.ccoooviviiiiivieceeceee s 16
obr. 8 zatiZeni loziska ,,na segment* a ,,mezi segmenty* e 17
obr. 9 ukéazka vyrab&ného hydrodynamického loZiska [ ........co.coovviiiiiiiieiseeec e 17
ukéazka vyrdbéného hydrodynamického 10Ziska..........ccocooeiiiiiiiiiiiii 17
obr. 10 Reakce v ulozeni vyvozené zabérem zubu a vlastni hmotnosti soukoli ...................... 19
obr. 11 znaceni lozisek (V d€lici TOVINEG) ....vviiiiiiiiiiiieiiiic i 20
obr. 12 pomalobeZna hiidel.........coooviiiiiiiiiiie s 23
obr. 13 rychlob@Znd hffdel.........c.ooiiiiiii e 23
Ob1. 14 rOVNODOKE ATAZKOVANI......eiuviiiiiiiiiiieeee e 24
obr. 15 siloveé G¢inky v NaliSOVANEM SPOJI...vvevieiiriiiieriiieiie st et 25
obr. 16 schéma pro vypocet presahu naliSOVANI.........ccccvviiiiiiiiiii e 26
obr. 17 pietvoreni silnosténné NAdODY .........cceviiiiiiiiiiiii 26
obr. 18 pritb¢h napéti v kotouc€i zplisobeny viastni rotaci.........ccoccvveviiiiiiieniiieiniie e 28
obr. 19 pribéh napéti v hiideli zplsobeny vlastni rotaci .........cccovveiiiiiiiiiiiic e, 28
obr. 20 uloZeni s PIESANEIM .........eviiiiiiieec e 32
obr. 21 viko prevodove SKIINE........ccoviiiiiiiicii s 35
obr. 22 spodni (olejova) ¢ast pievodove SKIINE.........cccovviiiiiiiiiici e 36
obr. 23 navrZzend pomocna pifevodovka s vymeénnymi pfevody.........ccocvvviiiiiiiiiicniniiiienn, 37
obr. 24 pohled do dé€lici roviny navrzené pomocné prevodovKY ........cccovvviiiiiiiiicniiiieennns 38
ObT. 25 1abyriNtoVE tESNENT ......vviiiiiiiiicii s 38
obr. 26 rozlozeni pievodil v prevodoVeE SKIINT.......civiiiiiiieiiieieesece e 39
obr. 27 model s vytvorenou siti kone€nych prvkil .........cccccoviiiiiiiniiiiii e, 41
obr. 28 okrajové podminky potfebné pro analyzu...........ccceriiiieiiiie i 42
obr. 29 pribéh redukovaného napéti v prevodové skiini dle hypotézy HMH ...................... 43
obr. 30 deformace prevodoveE SKIINE .........cccvviiiiiiiiiie e 44
obr. 31 odlehnuti délici roviny pii maximalnim zatiZeni .........cccooeiiiiiniieiiniiie e, 44

49


file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509394
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509395
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509396
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509397
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509398
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509399
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509400
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509401
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509402
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509403
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509404
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509405
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509406
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509407
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509408
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509409
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509410
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509411
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509412
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509413
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509414
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509415
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509416
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509417
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509418
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509419
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509420
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509421
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509422
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509423
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509424
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509425

Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad. rok 2013/14
Stavba vyrobnich stroji a zafizeni Bc. Jifi Such

15 Seznam tabulek

tab. 1 vyhody a nevyhody $ikmého 0zubeni Pl ..........cco.covvvoveieeeeeeeeeeeeeeeses e 5
tab. 2 teoretické prevodové pomeéry pomocné prevodovKY .....cccvvveiiiiiiiiiiiiiiiee e 8
tab. 3 orienta¢ni moduly ozubeni dle Bacha ............ccccoiiiiiiiiii 9
tab. 4 zékladni rozméry jednotlivych SOUKOIT ........ccveiiiiiiiiiiiii e 10
tab. 5 otacky a kroutici momenty jednotlivych SOUKOIL .........cccoeviiiiiiiiiic, 11
tab. 6 otacky a kroutici momenty jednotlivych soukoli pfi zaméné vstupniho ¢lenu s
VYSTUPIUITY 1.ttt er et b et nr e et e b e e e nr e e e r e nne s 11
tab. 7 mezery mezi SIpovitym 0ZUDENIM........cociiiiiiiiiiii i 13

tab. 8 vysledné bezpecnosti jednotlivych ozubenych kol + jednotkové korekce a rozméry.... 15

tab. 9 ptehled vnitinich profilti hydrodynamickych lozisek B s 18
tab. 10 sily v ozubenych prevodech ..........ccooviiiiiiiieiic e 19
tab. 11 reakce pusobici na loZiska pifi maximalnim zatizeni pro jednotlivé ptevody .............. 20
tab. 12 vysledné hodnoty pomalobéznych hiidelti znacenych (15 3; 5; 7) cooveevieiiiiniiiiiieniens 22
tab. 13 vysledné hodnoty rychlobéZznych hiideld znacenych (2; 4; 6; 8) ...veevvvvvviiiiiiieiee 22
tab. 14 stavy nalisovani pro jednotliva ozubend Kola.............cccoeeeiiiiiiniiiniienc e 33
tab. 15 stanoveni parametrll preVOAOVKY .......ooiiiiiiiiiiiiie e 45
tab. 16 vyrobni ceny dle firmy Wikov Gear S.1.0.......cccccverviiiiiiiiiies e 46
tab. 17 ceny loZisek firmy SKF .......c.ccoiiiiiiiii 46

16 Seznam grafi

graf 1 zavislost vystupniho vykonu na otdkach asynchronniho motoru..........c.ccceevvieiiieennn. 7
graf 2 zavislost vystupniho momentu na otackach pti konstantnim vykonu .............cccceceeene 12
graf 3 zavislost vystupniho vykonu na otadckach pii maximélnim krouticim momentu .......... 12
graf 4 minimalni pfesah pro nalisovani rotujicich kotouct pfi konstantnim vykonu .............. 31

17 Seznam priloh

Ptiloha 1: vysledky ozubenych pievodl z programu KISSOFT ..., 51
Ptiloha 2: hydrodynamicka loZiska WAUKESHA .........ccccooiiiiiiiiic 108
Ptiloha 3: vysledky hiidelti z programu KISSOFT ........cocooiiiiiiiiiieeeeee e 119
Ptiloha 4: specifikace asynchronniho motoru...........ccvoiveiiiiiiii i 257
Ptiloha 5: specifikace frekvencniho mENICe..........ccoovviiiiiiiiii i 260
Ptiloha 6: vykresova dOKUMENLACE .........c.ccvviiiiiiiiiiieec e 262

50


file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509426
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509427
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509428
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509429
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509430
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509431
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509431
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509432
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509433
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509434
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509435
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509436
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509437
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509438
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509439
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509440
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509441
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509442
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509443
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509444
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509445
file:///D:/Documents/Skydrive/5.%20Ročník/Letní%20semestr/PDP/Diplomová%20práce%20-%20Bc.%20Jiří%20Šuch.docx%23_Toc388509446

Zapadoceska univerzita v Plzni. Fakulta strojni. Diplomova prace, akad. rok 2013/14
Stavba vyrobnich stroji a zafizeni Bc. Jifi Such

Priloha 1: vysledky ozubenych prevodii z programu KISSOFT

(pouze ukazka zbytek se nachazi na ptiloZeném CD)
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KISSsoFT

Ealewlation programs for machine design

KISSsoft - Release 03-2012F
KISSsoft academic license for Uni Pilsen

Project
Name : prevodovka zkusebna
File
Name HE-
Changed by : jirisuch on: 14.03.2014 at: 18:03:25

Important hint: At least one warning has occurred during the calculation:
1-> The circumferential speed is very high ( 27.1517 m/s)!

You have to take adequate action to

guarantee proper lubrication.

2-> 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.

CALCULATION OF A HELICAL GEAR PAIR

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

Calculation method DIN 3990:1987 Method B

——————— GEAR 1 -------- GEAR 2 --
Power (kW) [P] 510.246
Speed (1/min) [n] 1073.0 3560.4
Torque (Nm) [T] 4541 .0 1368.5
Application factor [KA] 1.20
Required service life [H] 20000.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
ISO 21771:2007)
——————— GEAR 1 -------- GEAR 2 --
Center distance (mm) [a] 315.000
Centre distance tolerance ISO 286:2010 Measure H7
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] 73 22
Double helical gearing right/left left/right
Total facewidth of Gear (mm) [b] 210.00 210.00
Width of intermediate groove (mm) [bNut] 70.00
Facewidth for calculation (mm) [beH] 70.00 70.00
Accuracy grade [Q-DIN 3961:1978] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gear 1: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
Gear 2: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
——————— GEAR 1 -------- GEAR 2 --
Surface hardness HRC 56 HRC 56
Fatigue strength. tooth root stress (N/mm?)
[sigFlim] 370.00 370.00
Fatigue strength for Hertzian pressure (N/mm?)
[sigHlim] 1220.00 1220.00
Tensile strength (N/mm?) [Rm] 1100.00 1100.00
Yield point (N/mm?) [Rp] 900.00 900.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (um) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00

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

Dedendum coefficient

Root radius factor
Addendum coefficient

Tip radius factor

Tip form height coefficient
Protuberance height factor
Protuberance angle

Ramp angle

Tool or reference profile of gear 2

Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:

Dedendum coefficient

Root radius factor
Addendum coefficient

Tip radius factor

Tip form height coefficient
Protuberance height factor
Protuberance angle

Ramp angle

Summary of reference profile gears:

Dedendum reference profile (module)

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

Tip form height coefficient (module)

Ramp angle (°)

Type of profile modification:

none
Tip relief (um)

Lubrication type

Type of oil

Lubricant base

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

FZG test A/8.3/90 (

ISO 14635-1:2006)
Specific density at 15 °C (kg/dm?)
0il 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)
Tip alteration (mm)
Reference diameter (mm)
Base diameter (mm)
Tip diameter (mm)
(mm)

Tip diameter allowances (mm)

Tip chamfer / tip rounding (mm)
Tip form diameter (mm)

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

(mm)
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)
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1997 pProfil C

[hfP*] 1.250
[rhofP*] 0.250
[haP*] 1.000
[rhoaP*] 0.000
[hFaP~*] 0.000
[hprP~*] 0.000
[alfprP] 0.000
[alfKP] 0.000
not topping
1997 Profil C
[hfP*] 1.250
[rhofP*] 0.250
[haP*] 1.000
[rhoaP*] 0.000
[hFaP~*] 0.000
[hprP~*] 0.000
[alfprP] 0.000
[alfKP] 0.000
not topping
[hfP*] 1.250 1.250
[rofP*] 0.250 0.250
[haP*] 1.000 1.000
[hprP*] 0.000 0.000
[alfprP] 0.000 0.000
[hFaP*] 0.000 0.000
[alfKP] 0.000 0.000
(only running-in)
[Ca] 3.4 3.4
0oil injection lubrication
Oil: ISO-VG 46
Mineral-oil base
[nud0] 46.00
[nul00] 6.70
[FZGtestA] 12
[ro0il] 0.880
[TS] 70.000
——————— GEAR 1 -------- GEAR 2 -
[itot] -0.301
[ul 3.318
[mt] 6.620
[alft] 21.880
[alfwt] 22.122
[alfwt.e/1] 22.146 / 22.122
(°) [alfwn] 20.219
[betaw] 25.037
[betab] 23.399
[ad] 314.463
[Summexi] 0.0900
[x] -0.1753 0.2654
[sn*] 1.4432 1.7640
[k*mn] -0.003 -0.003
[d] 483.280 145.646
[db] 448.466 135.154
[dal 493.170 160.824
[da.e/1] 493.170 / 492.920 160.824 / 160.
[Ada.e/1i] 0.000 / -0.250 0.000 / -0.010
[hK] 0.000 0.000
[dFa] 493.170 160.824
[dFa.e/1i] 493.170 / 492.920 160.824 / 160.
[dNa.e/1i] 493.170 / 492.920 160.824 / 160.
[dw] 484.105 145.895
[dw.e/1] 484.185 / 484.105 145.919 / 145.
[df] 466.176 133.830
[xE.e/1] -0.2051 / -0.2188 0.2436 / 0.2
[df.e/1] 465.818 / 465.654 133.569 / 133.
[c] 1.500 1.500
[c.e/1] 1.876 / 1.631 1.818 / 1.679
[dNf] 472.914 138.909
[dNf.e/i] 473.007 / 472.914 139.115 / 138.
[dFf] 469.663 137.998
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Total contact ratio with allowances
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2.997/2.985/2.973

(mm) [dFf.e/i] 469.379 / 469.249 137.858 / 137.786
Reserve (dNf-dFf) /2 (mm) [cF.e/1] 1.879 / 1.767 0.665 / 0.526
Addendum (mm) [ha = mn * (haP*+x)] 4,945 7.589
(mm) [ha.e/1i] 4.945 /  4.820 7.589 / 7.584
Dedendum (mm) [hf = mn * (hfP*-x)] 8.552 5.908
(mm) [hf.e/1i] 8.731 / 8.813 6.038 / 6.107
Roll angle at dFa (°) [xsi dFa.e/i] 26.212 / 26.135 36.952 / 36.944
Roll angle to dNa (°) [xsi dNa.e/i] 26.212 / 26.135 36.952 / 36.944
Roll angle to dNf (°) [xsi dNf.e/i] 19.212 / 19.175 13.972 / 13.600
Roll angle at dFf (°) [xsi dFf.e/i] 17.700 / 17.644 11.517 / 11.361
Tooth height (mm) [H] 13.497 13.497
Virtual gear no. of teeth [zn] 95.628 28.820
Normal tooth thickness at tip cyl. (mm) [san] 4.925 3.970
(mm) [san.e/1i] 4.894 / 4.732 3.873 / 3.813
Normal spacewidth at root cylinder (mm) [efn] 4.601 0.000
(mm) [efn.e/i] 4.632 / 4.647 0.000 / 0.000
Max. sliding velocity at tip (m/s) [vga] 5.546 7.817
Specific sliding at the tip [zetaa] 0.481 0.481
Specific sliding at the root [zetaf] -0.927 -0.927
Sliding factor on tip [Kgal 0.204 0.287
Sliding factor on root [Kgf] -0.287 -0.204
Pitch on reference circle (mm) [pt] 20.798
Base pitch (mm) [pbt] 19.300
Transverse pitch on contact-path (mm) [pet] 19.300
Lead height (mm) [pz] 3255.935 981.241
Axial pitch (mm) [px] 44 .602
Length of path of contact (mm) [ga, e/i] 27.542 (27.542 / 27.094)
Length T1-A, T2-A (mm) [T1A, T2A] 75.042(75.042/75.189) 43.582(43.582/43.573)
Length T1-B (mm) [T1B, T2B] 83.284(83.284/82.983) 35.340(35.340/35.779)
Length T1-C (mm) [T1C, T2C] 91.153(91.153/91.259) 27.471(27.471/27.503)
Length T1-D (mm) [T1D, T2D] 94.342(94.342/94.489) 24.282(24.282/24.273)
Length T1-E (mm) [T1E, T2E] 102.584(102.584/102.283) 16.040(16.040/16.479)
Length T1-T2 (mm) [T1T2] 118.624 (118.624 / 118.762)
Diameter of single contact point B (mm)
[d-B] 478.401(478.401/478.191) 152.520(152.520/152.929)
Diameter of single contact point D (mm)
[d-D] 486.543(486.543/486.657) 143.615(143.615/143.609)
Addendum contact ratio [eps] 0.592( 0.592/ 0.571) 0.835( 0.835/ 0.833)
Minimal length of contact line (mm) [Lmin] 97.027
Transverse contact ratio [eps_al] 1.427
Transverse contact ratio with allowances [eps a.e/m/i] 1.427 / 1.415 / 1.404
Overlap ratio [eps_b-beH (eps b-b)] 1.569 (3.139)
Total contact ratio [eps g] 2.997 (4.566)
[

2. FACTORS OF GENERAL INFLUENCE

eps_g.e/m/1i]

(4.566/4.554/4.543)

——————— GEAR 1 ---—-—-—--- GEAR 2 --

Nominal circum. force at pitch circle (N)

[Ft] 18792.4
Axial force (N) [Fa] 0.0
Radial force (N) [Fr] 7547.0
Normal force (N) [Fnorm] 22065.9
Tangent.load at p.c.d.per mm (N/mm) (N/mm)

[w] 134.23
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 18760.4
Axial force (N) [Faw] 0.0
Radial force (N) [Frw] 7626.3
Circumferential speed pitch d.. (m/sec) [v] 27.15
Running-in value (pm) [yp] 0.8
Running-in value (pm) [vEf] 0.8
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 0.975
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/um) [c'] 13.146
Meshing stiffness (N/mm/pm) [cal 17.356
Reduced mass (kg/mm) [mRed] 0.07223
Resonance speed (min-1) [nE1] 2028
Nominal speed (-) [N] 0.529

Subcritical range
Running-in value (um) [ya] 0.8
Bearing distance 1 of pinion shaft (mm) [1] 336.000
Distance s of pinion shaft (mm) [s] 16.800
Outside diameter of pinion shaft (mm) [dsh] 132.400
Load according to figure 6.8,
DIN 3990-1:1987 [-] 4

(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
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Coefficient K' according figure 6.8,
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DIN 3990-1:1987 [K'] -1.00
Without support effect
Tooth trace deviation (active) (um) [Fby] 4.25
from deformation of shaft (um) [fsh*B1] 2.37
Tooth without tooth trace modification
Position of Contact pattern: favorable
from production tolerances (um) [fma*B2] 10.00
Tooth trace deviation, theoretical (um) [Fbx] 5.00
Running-in value (um) [yb] 0.8
Dynamic factor [KV] 1.248
Face load factor - flank [KHb] 1.184
- Tooth root [KED] 1.146
- Scuffing [KBDb] 1.184
Transverse load factor - flank [KHa] 1.212
- Tooth root [KFa] 1.212
- Scuffing [KBa] 1.212
Helical load factor scuffing [Kbg] 1.283
Number of load cycles (in mio.) [NL] 1287.600 4272 .491
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] 1.33 1.18
Stress correction factor [YS] 2.25 2.42
Working angle (°) [alfFen] 19.42 20.38
Bending lever arm (mm) [hF] 6.68 5.56
Tooth thickness at root (mm) [sFn] 13.47 13.00
Tooth root radius (mm) [roF] 2.43 2.29
(hF* = 1.113/0.927 sFn* = 2.245/2.166 roF* = 0.405/0.381 dsFn = 468.04/135.57 alfsFn = 30.00/30.00)
Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 0.792
Effective facewidth (mm) [beff] 70.00 70.00
Nominal shear stress at tooth root (N/mm?)
[sigFO0] 53.12 50.66
Tooth root stress (N/mm?) [sigF] 110.47 105.36
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT] 1.002 1.003
Surface factor [YRrelT] 0.957 0.957
Size coefficient (Tooth root) [YX] 0.990 0.990
Finite life factor [YNT] 1.000 1.000
[YdrelT*YRrelT*YX*YNT] 0.950 0.950
Alternating bending coefficient [YM] 1.000 1.000
Stress correction factor [Yst] 2.00
Limit strength tooth root (N/mm?) [sigFG] 702.64 703.09
Permissible tooth root stress (N/mm?)
[sigFP=sigFG/SFmin] 501.89 502.20
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 6.36 6.67
Transmittable power (kW) [kWRating] 2318.11 2432.11
4. SAFETY AGAINST PITTING (TOOTH FLANK)
——————— GEAR 1 --—-———-- GEAR 2 --
Zone factor [ZH] 2.290
Elasticity coefficient (N*.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.837
Helix angle factor [Zbet] 0.952
Effective facewidth (mm) [beff] 70.00
Nominal flank pressure (N/mm?) [sigHO] 379.34
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 555.83
Single tooth contact factor [ZB, ZD] 1.00 1.00
Flank pressure (N/mm?) [sigH] 555.83 555.83
Lubrication factor [ZL] 0.931 0.931
Speed factor [ZV] 1.030 1.030
Roughness factor [ZR] 0.993 0.993
Material mating factor [ZW] 1.000 1.000
Finite life factor [ZNT] 1.000 1.000
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[ZL*ZV*ZR*ZNT] 0.952 0.952
Small amount of pitting permissible (0O=no, l=yes) 0 0
Size coefficient (flank) [ZX] 1.000 1.000
Limit strength pitting (N/mm?) [SigHG] 1161.54 1161.54
Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin] 1161.54 1161.54

Safety for surface pressure at operating pitch circle

[SHw] 2.09 2.09
Required safety [SHmin] 1.00 1.00
Transmittable power (kW) [kWRating] 2228.22 2228.22
Safety for stress at single tooth contact

[SHBD=sigHG/sigH] 2.09 2.09
(Safety regarding nominal torque) [ (SHBD) *2] 4.37 4.37
4b. MICROPITTING ACCORDING TO ISO TR 15144-1:2010
Calculation did not run. (Lubricant: Load stage micropitting test is unknown

5. STRENGTH AGAINST SCUFFING

Calculation method according to
DIN 3990:1987

Lubrication coefficient (for lubrication type)

[XS] 1.200
Relative structure coefficient (Scuffing)

[XWrelT] 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780 13.780
Relevant tip relief (um) [Ca] 3.40 3.40
Optimal tip relief (um) [Ceff] 6.19
Effective facewidth (mm) [beff] 70.000

Applicable circumferential force/facewidth (N/mm)

[wBt] 369.636
Pressure angle factor (epsl:
0.592, eps2: 0.835) [Xalfbet] 0.990
Flash temperature-criteria
Tooth mass temperature (°C) [theM-B] 92.78
theM-B = theoil + XS*0.47*theflamax [theflamax] 40.40
Scuffing temperature (°C) [theS] 469.40
Coordinate gamma (point of highest temp.) [Gamma] 0.286
[Gamma.A]= -0.177 [Gamma.E]= 0.125
Highest contact temp. (°C) [theB] 133.18
Flash factor (°K*N"-.75*s”.5*m"-.5%mm) [XM] 50.058
Geometry factor [XB] 0.135
Load sharing factor [XGam] 1.000
Dynamic viscosity (mPa*s) [etaM] 6.603
Coefficient of friction [mym] 0.058
Required safety [SBmin] 2.000
Safety factor for scuffing (flash-temp) [SB] 6.320
Integral temperature-criteria
Tooth mass temperature (°C) [theM-C] 85.68
theM-C = theoil + XS*0.70*theflaint [theflaint] 18.67
Integral scuffing temperature (°C) [theSint] 469.40
Flash factor (°K*N"-.75*s”.5*m"-.5%mm) [XM] 50.058
Contact ratio factor [Xeps] 0.270
Dynamic viscosity (mPa*s) [etaOil] 12.31
Averaged coefficient of friction [mym] 0.053
Geometry factor [XBE] 0.259
Meshing factor [XQ] 1.000
Tip relief factor [XCa] 1.026
Integral tooth flank temperature (°C) [theint] 113.69
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [SSint] 4.129
Safety referring to transferred torque [SSL] 9.142
6. MEASUREMENTS FOR TOOTH THICKNESS
——————— GEAR 1 ---—-——--- GEAR 2 --
Tooth thickness deviation DIN 3967:1978 cd25 DIN 3967:1978 cd25
Tooth thickness allowance (normal section) (mm)
[As.e/1] -0.130 / -0.190 -0.095 / -0.145
Number of teeth spanned [k] 11.000 4.000
Base tangent length (no backlash) (mm) [Wk] 193.379 65.529
Actual base tangent length ('span') (mm) [Wk.e/i] 193.257 / 193.200 65.440 / 65.393
Diameter of contact point (mm) [dMWk .m] 482.256 147.889
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> Base tangent length Gear 1 is not measurable

(Gear to thin)
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Theoretical diameter of ball/pin (mm) [DM] 10.027
Eff. Diameter of ball/pin (mm) [DMeff] 10.500
Theor. dim. centre to ball (mm) [MrK] 248.218
Actual dimension centre to ball (mm) [MrK.e/i] 248.045 / 247.
Diameter of contact point (mm) [dMMr .m] 481.900
Diametral measurement over two balls without clearance (mm)
[MdK] 496.324
Actual dimension over balls (mm) [MdK.e/i] 495.978 / 495.
Diametral measurement over rolls without clearance (mm)
[MdR] 496.437
Actual dimension over rolls (mm) [MdR.e/1i] 496.090 / 495.
Dimensions over 3 rolls without clearance (mm)
[Md3R] 496.437
Actual dimensions over 3 rolls (mm) [Md3R.e/1i] 496.090 / 495.
Chordal tooth thickness (no backlash) (mm)
["sn] 8.659
Actual chordal tooth thickness (mm) ["sn.e/1i] 8.529 / 8.469
Reference chordal height from da.m (mm) [ha] 4.914
Tooth thickness (Arc) (mm) [sn] 8.659
(mm) [sn.e/1i] 8.529 / 8.469
Backlash free center distance (mm) [aControl.e/1] 314.693
Backlash free center distance, allowances (mm)
[jtal -0.307
Centre distance allowances (mm) [Aa.e/1] 0.052
Circumferential backlash from Aa (mm) [Jt Ra.e/i] 0.042
Radial clearance (mm) [Jr] 0.509
Circumferential backlash (transverse section) (mm)
[jt] 0.413
Torsional angle for fixed gear 1 (°) 0.3246
Normal backlash (mm) [jn] 0.351
7. GEAR ACCURACY
——————— GEAR 1
According to
DIN 3961:1978:
Accuracy grade [0-DIN3961] 6
Profile form deviation (um) [ff] 10.00
Profile slope deviation (um) [fHa] 7.00
Total profile deviation (um) [Ff] 13.00
Helix form deviation (um) [ffb] 8.00
Helix slope deviation (um) [fHDb] 10.00
Total helix deviation (um) [Fb] 13.00
Normal base pitch deviation (um) [fpel 10.00
Single pitch deviation (um) [fp] 10.00
Difference between adjacent pitches (um) [fu] 12.00
Total cumulative pitch deviation (um) [Fp] 40.00
Cumulative circular pitch deviation over z/8 pitches (um)
[Fpz/8] 25.00
Concentricity deviation (pm) [Fr] 28.00
Tooth Thickness Variation (pm) [Rs] 16.00
Total radial composite deviation (um) [Fi"] 32.00
Radial tooth-to-tooth composite deviation (um)
[£i"] 14.00
Total tangential composite deviation (um)
[Fi'] 42.00
Tangential tooth-to-tooth composite deviation (um)
[fi'] 16.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Qual
Maximum value for deviation error of axis (um)
[fSigbet]
Maximum value for inclination error of axes (um)
[fSigdel]
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [cr] 122.2
Mean coeff. of friction (acc. Niemann) [mum]
Wear sliding coef. by Niemann [zetw]
Power loss from gear load (kW) [PVZ]
(Meshing efficiency (%) [etaz]
Weight - calculated with da (kg) [Mass] 314.097
Total weight (kg) [Mass]

Moment of inertia
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(System referenced to wheel 1):

10.702
11.000
82.429
965 82.327 / 82.274
149.069
164.859
817 164.655 / 164.547
164.859
930 164.655 / 164.547
0.000
930 0.000 / 0.000
10.577
10.482 / 10.432
7.745
10.584
10.489 / 10.439
/314.543
/ -0.457
/ 0.000
/ 0.000
/ 0.307
/ 0.249
/0.1957
/ 0.212
———————— GEAR 2 --
6
10.00
7.00
13.00
8.00
10.00
13.00
9.00
9.00
11.00
35.00
22.00
25.00
15.00
28.00
12.00
38.00
15.00
ity
6)
36.00 (Fb=15.00)
72.00
11.1
0.032
0.687
2.022
99.604)
33.402
347.499
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calculation without consideration of the exact tooth shape

single gears ((da+df)/2...di) (kg*m?) [TraeghMom] 8.52585 0.07571
System ((da+df)/2...di) (kg*m?) [TraeghMom] 9.35941

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..
- Details of calculation method:
cg according to method B
KV according to method B
KHb, KFb according method C
KHa, KFa according to method B

End report lines: 502
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KISSsoft - Release 03-2012F
KISSsoft academic license for Uni Pilsen

Project
Name : prevodovka zkusebna
File
Name 121
Changed by : jirisuch on: 14.03.2014 at: 18:05:26

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.

CALCULATION OF A HELICAL GEAR PAIR

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

Calculation method DIN 3990:1987 Method B

——————— GEAR 1 -——————-- GEAR 2 --
Power (kW) [P] 510.246
Speed (1/min) [n] 323.4 1073.0
Torque (Nm) [T] 15067.9 4541.0
Application factor [KA] 1.20
Required service life [H] 20000.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
ISO 21771:2007)
——————— GEAR 1 -------- GEAR 2 --
Center distance (mm) [a] 315.000
Centre distance tolerance ISO 286:2010 Measure H7
Normal module (mm) [mn] 6.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta]l 25.0000
Number of teeth [z] 73 22
Double helical gearing right/left left/right
Total facewidth of Gear (mm) [b] 210.00 210.00
Width of intermediate groove (mm) [bNut] 70.00
Facewidth for calculation (mm) [beH] 70.00 70.00
Accuracy grade [Q-DIN 3961:1978] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gear 1: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
Gear 2: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
——————— GEAR 1 -------- GEAR 2 --
Surface hardness HRC 56 HRC 56
Fatigue strength. tooth root stress (N/mm?)
[sigFlim] 370.00 370.00
Fatigue strength for Hertzian pressure (N/mm?)
[sigHlim] 1220.00 1220.00
Tensile strength (N/mm?) [Rm] 1100.00 1100.00
Yield point (N/mm?) [Rp] 900.00 900.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (pm) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (upm) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
Tool or reference profile of gear 1 :
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
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Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Tool or reference profile of gear 2 :
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Summary of reference profile gears:
Dedendum reference profile (module) [hfP*] 1.250 1.250
Tooth root radius Refer. profile (module)
[rofP*] 0.250 0.250
Addendum Reference profile (module) [haP*] 1.000 1.000
Protuberance height factor (module) [hprP*] 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000
Tip form height coefficient (module) [hFaP*] 0.000 0.000
Ramp angle (°) [alfKP] 0.000 0.000
Type of profile modification:
none (only running-in)
Tip relief (um) [Ca] 3.4 3.4
Lubrication type 0il injection lubrication
Type of oil 0il: ISO-VG 46
Lubricant base Mineral-oil base
Kinem. viscosity oil at 40 °C (mm?/s) [nu40] 46.00
Kinem. viscosity oil at 100 °C (mm?/s) [nul00] 6.70
FZG test A/8.3/90 (
ISO 14635-1:2006) [FZGtestA] 12
Specific density at 15 °C (kg/dm?) [ro0il] 0.880
0il temperature (°C) [TS] 70.000
——————— GEAR 1 --—————-- GEAR 2 --
Overall transmission ratio [itot] -0.301
Gear ratio [u] 3.318
Transverse module (mm) [mt] 6.620
Pressure angle at pitch circle (°) [alft] 21.880
Working transverse pressure angle (°) [alfwt] 22.122
[alfwt.e/1] 22.146 / 22.122
Working pressure angle at normal section (°) [alfwn] 20.219
Helix angle at operating pitch circle (°)
[betaw] 25.037
Base helix angle (°) [betab] 23.399
Reference centre distance (mm) [ad] 314.463
Sum of profile shift coefficients [Summexi ] 0.0900
Profile shift coefficient [x] -0.1753 0.2654
Tooth thickness (Arc) (module) [sn*] 1.4432 1.7640
Tip alteration (mm) [k*mn] -0.003 -0.003
Reference diameter (mm) [d] 483.280 145.046
Base diameter (mm) [db] 448.466 135.154
Tip diameter (mm) [da] 493.170 160.824
(mm) [da.e/1i] 493.170 / 492.920 160.824 / 160.814
Tip diameter allowances (mm) [Ada.e/1] 0.000 / -0.250 0.000 / -0.010
Tip chamfer / tip rounding (mm) [hK] 0.000 0.000
Tip form diameter (mm) [dFa] 493.170 160.824
(mm) [dFa.e/1] 493.170 / 492.920 160.824 / 160.814
Active tip diameter (mm) [dNa.e/1i] 493.170 / 492.920 160.824 / 160.814
Operating pitch diameter (mm) [dw] 484.105 145.895
(mm) [dw.e/1] 484.185 / 484.105 145.919 / 145.895
Root diameter (mm) [df] 466.176 133.830
Generating Profile shift coefficient [xE.e/1] -0.2051 / -0.2188 0.2436 / 0.2322
Manufactured root diameter with xE (mm) [df.e/1] 465.818 / 465.654 133.569 / 133.432
Theoretical tip clearance (mm) [c] 1.500 1.500
Effective tip clearance (mm) [c.e/i] 1.876 / 1.631 1.818 / 1.679
Active root diameter (mm) [dNf] 472.914 138.909
(mm) [dNf.e/i] 473.007 / 472.914 139.115 / 138.909
Root form diameter (mm) [dFf] 469.663 137.998
(mm) [dFf.e/i] 469.379 / 469.249 137.858 / 137.786
Reserve (dNf-dFf)/2 (mm) [cF.e/1] 1.879 / 1.767 0.665 / 0.526
Addendum (mm) [ha = mn * (haP*+x)] 4.945 7.589
(mm) [ha.e/1] 4.945 / 4.820 7.589 / 7.584
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mm
mm

Dedendum (mm) [hf = mn * (hfP*-x)] 8.552 5.908
(mm) [hf.e/1i] 8.731 / 8.813 6.038 / 6.107
Roll angle at dFa (°) [xsi dFa.e/i] 26.212 / 26.135 36.952 / 36.944
Roll angle to dNa (°) [xsi dNa.e/i] 26.212 / 26.135 36.952 / 36.944
Roll angle to dNf (°) [xsi dNf.e/i] 19.212 / 19.175 13.972 / 13.600
Roll angle at dFf (°) [xsi dFf.e/i] 17.700 / 17.644 11.517 / 11.361
Tooth height (mm) [H] 13.497 13.497
Virtual gear no. of teeth [zn] 95.628 28.820
Normal tooth thickness at tip cyl. (mm) [san] 4.925 3.970
(mm) [san.e/1i] 4.894 / 4.732 3.873 / 3.813
Normal spacewidth at root cylinder (mm) [efn] 4.601 0.000
(mm) [efn.e/i] 4.632 / 4.647 0.000 / 0.000
Max. sliding velocity at tip (m/s) [vgal 1.671 2.356
Specific sliding at the tip [zetaa]l 0.481 0.481
Specific sliding at the root [zetaf] -0.927 -0.927
Sliding factor on tip [Kga]l 0.204 0.287
Sliding factor on root [Kgf] -0.287 -0.204
Pitch on reference circle (mm) [pt] 20.798
Base pitch (mm) [pbt] 19.300
Transverse pitch on contact-path (mm) [pet] 19.300
Lead height (mm) [pz] 3255.935 981.241
Axial pitch (mm) [px] 44,602
Length of path of contact (mm) [ga, e/i] 27.542 (27.542 / 27.094)
Length T1-A, T2-A (mm) [T1A, T2A] 75.042(75.042/75.189) 43.582(43.582/43.573)
Length T1-B ) [T1B, T2B] 83.284(83.284/82.983) 35.340(35.340/35.779)
)

( ]

Length T1-C (mm) [T1C, T2C] 91.153(91.153/91.259) 27.471(27.471/27.503
( ]
]

Length T1-D (mm) [T1D, T2D] 94.342(94.342/94.489) 24.282(24.282/24.273)
Length T1-E (mm) [T1E, T2E] 102.584(102.584/102.283) 16.040(16.040/16.479)
Length T1-T2 (mm) [T1T2] 118.624 (118.624 / 118.762)
Diameter of single contact point B (mm)

[d-B] 478.401(478.401/478.191) 152.520(152.520/152.929)
Diameter of single contact point D (mm)

[d-D] 486.543(486.543/486.657) 143.615(143.615/143.609)
Addendum contact ratio [eps] 0.592( 0.592/ 0.571) 0.835( 0.835/ 0.833)
Minimal length of contact line (mm) [Lmin] 97.027
Transverse contact ratio [eps_a] 1.427
Transverse contact ratio with allowances [eps a.e/m/i] 1.427 / 1.415 / 1.404
Overlap ratio [eps_b-beH (eps_b-b)] 1.569 (3.139)
Total contact ratio [eps_g] 2.997 (4.566)
Total contact ratio with allowances [eps g.e/m/1i] 2.997/2.985/2.973 (4.566/4.554/4.543)
2. FACTORS OF GENERAL INFLUENCE

——————— GEAR 1 --—-————-- GEAR 2 --
Nominal circum. force at pitch circle (N)
[Ft] 62356.7
Axial force (N) [Fa] 0.0
Radial force (N) [Fr] 25042.3
Normal force (N) [Fnorm] 73218.7
Tangent.load at p.c.d.per mm (N/mm) (N/mm)
[w] 445,41
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 62250.4
Axial force (N) [Faw] 0.0
Radial force (N) [Frw] 25305.5
Circumferential speed pitch d.. (m/sec) [v] 8.18
Running-in value (um) [yp] 0.8
Running-in value (pm) [vEf] 0.8
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 0.975
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/um) [c'] 13.146
Meshing stiffness (N/mm/pm) [cg] 17.356
Reduced mass (kg/mm) [mRed] 0.07223
Resonance speed (min-1) [nE1] 2028
Nominal speed (-) [N] 0.159
Subcritical range
Running-in value (pm) [ya] 0.8
Bearing distance 1 of pinion shaft (mm) [1] 336.000
Distance s of pinion shaft (mm) [s] 16.800
Outside diameter of pinion shaft (mm) [dsh] 132.400
Load according to figure 6.8,
DIN 3990-1:1987 [-] 4
(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
Coefficient K' according figure 6.8,
DIN 3990-1:1987 [K'] -1.00

Without support effect
Tooth trace deviation (active) (um) [Fby] 4.25
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from deformation of shaft (um) [fsh*B1] 6.49
Tooth without tooth trace modification
Position of Contact pattern: favorable

from production tolerances (um) [fma*B2] 10.00
Tooth trace deviation, theoretical (um) [Fbx] 5.00
Running-in value (um) [yb] 0.8
Dynamic factor [KV] 1.030
Face load factor - flank [KHb] 1.067
- Tooth root [KFb] 1.054
- Scuffing [KBb] 1.067
Transverse load factor - flank [KHa] 1.026
- Tooth root [KFa] 1.026
- Scuffing [KBa] 1.026
Helical load factor scuffing [Kbg] 1.283
Number of load cycles (in mio.) [NL] 388.044 1287.600

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] 1.33 1.18
Stress correction factor [YS] 2.25 2.42
Working angle (°) [alfFen] 19.42 20.38
Bending lever arm (mm) [hF] 6.68 5.56
Tooth thickness at root (mm) [sFn] 13.47 13.00
Tooth root radius (mm) [roF] 2.43 2.29

(hF* = 1.113/0.927 sFn* = 2.245/2.166 roF* = 0.405/0.381 dsFn 468.04/135.57 alfsFn = 30.00/30.00)

Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 0.792
Effective facewidth (mm) [beff] 70.00 70.00
Nominal shear stress at tooth root (N/mm?)
[sigF0] 176.26 168.11
Tooth root stress (N/mm?) [sigF] 235.63 224.73
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT] 1.002 1.003
Surface factor [YRrelT] 0.957 0.957
Size coefficient (Tooth root) [YX] 0.990 0.990
Finite life factor [YNT] 1.000 1.000
[YdrelT*YRrelT*YX*YNT] 0.950 0.950
Alternating bending coefficient [YM] 1.000 1.000
Stress correction factor [Yst] 2.00
Limit strength tooth root (N/mm?) [sigFG] 702.64 703.09
Permissible tooth root stress (N/mm?)
[sigFP=sigFG/SFmin] 501.89 502.20
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 2.98 3.13
Transmittable power (kW) [kWRating] 1086.83 1140.27
4. SAFETY AGAINST PITTING (TOOTH FLANK)
——————— GEAR 1 ---—-—-—--- GEAR 2 --
Zone factor [ZH] 2.290
Elasticity coefficient (N”.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.837
Helix angle factor [Zbet] 0.952
Effective facewidth (mm) [beff] 70.00
Nominal flank pressure (N/mm?) [sigHO] 691.00
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 803.85
Single tooth contact factor [ZB, ZD] 1.00 1.00
Flank pressure (N/mm?) [sigH] 803.85 803.85
Lubrication factor [ZL] 0.931 0.931
Speed factor [ZV] 0.995 0.995
Roughness factor [ZR] 0.993 0.993
Material mating factor [ZW] 1.000 1.000
Finite life factor [ZNT] 1.000 1.000
[ZL*ZV*ZR*ZNT] 0.920 0.920
Small amount of pitting permissible (0=no, l=yes) 0 0
Size coefficient (flank) [ZX] 1.000 1.000
Limit strength pitting (N/mm?) [sigHG] 1122.01 1122.01
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Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin] 1122.01 1122.01

Safety for surface pressure at operating pitch circle

[SHw] 1.40 1.40
Required safety [SHmin] 1.00 1.00
Transmittable power (kW) [kWRating] 994.09 994.09
Safety for stress at single tooth contact

[SHBD=sigHG/sigH] 1.40 1.40
(Safety regarding nominal torque) [ (SHBD) ~2] 1.95 1.95
4b. MICROPITTING ACCORDING TO ISO TR 15144-1:2010
Calculation did not run. (Lubricant: Load stage micropitting test is unknown

5. STRENGTH AGAINST SCUFFING

Calculation method according to
DIN 3990:1987

Lubrication coefficient (for lubrication type)

[XS] 1.200
Relative structure coefficient (Scuffing)
[XWrelT] 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780 13.780
Relevant tip relief (um) [Ca] 3.40 3.40
Optimal tip relief (um) [Ceff] 20.53
Effective facewidth (mm) [beff] 70.000
Applicable circumferential force/facewidth (N/mm)
[wBt] 773.101
Pressure angle factor (epsl:
0.592, eps2: 0.835) [Xalfbet] 0.990
Flash temperature-criteria
Tooth mass temperature (°C) [theM-B] 108.49
theM-B = theoil + XS*0.47*theflamax [theflamax] 68.24
Scuffing temperature (°C) [theS] 469.40
Coordinate gamma (point of highest temp.) [Gamma] 0.286
[Gamma.A]l= -0.177 [Gamma.E]= 0.125
Highest contact temp. (°C) [theB] 176.73
Flash factor (°K*N~-.75*%*s”.5*m"-.5%mm) [XM] 50.058
Geometry factor [XB] 0.135
Load sharing factor [XGam] 1.000
Dynamic viscosity (mPa*s) [etaM] 4.70
Coefficient of friction [mym] 0.103
Required safety [SBmin] 2.000
Safety factor for scuffing (flash-temp) [SB] 3.742
Integral temperature-criteria
Tooth mass temperature (°C) [theM-C] 94.30
theM-C = theoil + XS*0.70*theflaint [theflaint] 28.93
Integral scuffing temperature (°C) [theSint] 469.40
Flash factor (°K*N~-.75*%*s”.5*m"-.5%mm) [XM] 50.058
Contact ratio factor [Xeps] 0.270
Dynamic viscosity (mPa*s) [etaOil] 12.31
Averaged coefficient of friction [mym] 0.086
Geometry factor [XBE] 0.259
Meshing factor [XQ] 1.000
Tip relief factor [XCa] 1.026
Integral tooth flank temperature (°C) [theint] 137.70
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [SSint] 3.409
Safety referring to transferred torque [SSL] 5.899
6. MEASUREMENTS FOR TOOTH THICKNESS
——————— GEAR 1 --—-———-- GEAR 2 --
Tooth thickness deviation DIN 3967:1978 cd25 DIN 3967:1978 cd25
Tooth thickness allowance (normal section) (mm)
[As.e/1] -0.130 / -0.190 -0.095 / -0.145
Number of teeth spanned [k] 11.000 4.000
Base tangent length (no backlash) (mm) [Wk] 193.379 65.529
Actual base tangent length ('span') (mm) [Wk.e/i] 193.257 / 193.200 65.440 / 65.393
Diameter of contact point (mm) [dMWk .m] 482.256 147.889
> Base tangent length Gear 1 is not measurable (Gear to thin)
Theoretical diameter of ball/pin (mm) [DM] 10.027 10.702
Eff. Diameter of ball/pin (mm) [DMeff] 10.500 11.000

5/7



Theor. dim. centre to ball (mm) [MrK] 248.218
Actual dimension centre to ball (mm) [MrK.e/i] 248.045 / 247.
Diameter of contact point (mm) [dMMr .m] 481.900
Diametral measurement over two balls without clearance (mm)
[MdK] 496.324
Actual dimension over balls (mm) [MdK.e/1i] 495.978 / 495.
Diametral measurement over rolls without clearance (mm)
[MdR] 496.437
Actual dimension over rolls (mm) [MdR.e/1] 496.090 / 495.
Dimensions over 3 rolls without clearance (mm)
[Md3R] 496.437
Actual dimensions over 3 rolls (mm) [Md3R.e/1] 496.090 / 495.
Chordal tooth thickness (no backlash) (mm)
["sn] 8.659
Actual chordal tooth thickness (mm) ['sn.e/i] 8.529 / 8.469
Reference chordal height from da.m (mm) [ha] 4.914
Tooth thickness (Arc) (mm) [sn] 8.659
(mm) [sn.e/i] 8.529 / 8.469
Backlash free center distance (mm) [aControl.e/1] 314.693
Backlash free center distance, allowances (mm)
[jtal -0.307
Centre distance allowances (mm) [Aa.e/1] 0.052
Circumferential backlash from Aa (mm) [jt_Aa.e/i] 0.042
Radial clearance (mm) [Fr] 0.509
Circumferential backlash (transverse section) (mm)
[jt] 0.413
Torsional angle for fixed gear 1 (°) 0.3246
Normal backlash (mm) [Jn] 0.351
7. GEAR ACCURACY
——————— GEAR 1
According to
DIN 3961:1978:
Accuracy grade [Q-DIN3961] 6
Profile form deviation (um) [f£] 10.00
Profile slope deviation (um) [fHa] 7.00
Total profile deviation (um) [F£] 13.00
Helix form deviation (um) [ffb] 8.00
Helix slope deviation (um) [fHDb] 10.00
Total helix deviation (um) [Fb] 13.00
Normal base pitch deviation (um) [fpel 10.00
Single pitch deviation (um) [fp] 10.00
Difference between adjacent pitches (um) [fu] 12.00
Total cumulative pitch deviation (um) [Fp] 40.00
Cumulative circular pitch deviation over z/8 pitches (um)
[Fpz/8] 25.00
Concentricity deviation (um) [Fr] 28.00
Tooth Thickness Variation (pm) [Rs] 16.00
Total radial composite deviation (um) [Fi"] 32.00
Radial tooth-to-tooth composite deviation (um)
[fi"] 14.00
Total tangential composite deviation (upm)
[Fi'] 42.00
Tangential tooth-to-tooth composite deviation (um)
[fi'] 16.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Qual
Maximum value for deviation error of axis (um)
[fSigbet]
Maximum value for inclination error of axes (um)
[fSigdel]
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [cr] 122.2
Mean coeff. of friction (acc. Niemann) [mum]
Wear sliding coef. by Niemann [zetw]
Power loss from gear load (kW) [PVZ]
(Meshing efficiency (%) [etaz]
Weight - calculated with da (kg) [Mass] 314.097
Total weight (kg) [Mass]
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] 8.52585
System ((da+df)/2...di) (kg*m?) [TraeghMom] 9
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82.429
965 82.327 / 82.274
149.069
164.859
817 164.655 / 164.547
164.859
930 164.655 / 164.547
0.000
930 0.000 / 0.000
10.577
10.482 / 10.432
7.745
10.584
10.489 / 10.439
/314.543
/ =0.457
/ 0.000
/ 0.000
/ 0.307
/ 0.249
/0.1957
/ 0.212
———————— GEAR 2 --
6
10.00
7.00
13.00
8.00
10.00
13.00
9.00
9.00
11.00
35.00
22.00
25.00
15.00
28.00
12.00
38.00
15.00
ity
6)
36.00 (Fb=15.00)
72.00
11.1
0.051
0.687
3.243
99.364)
33.402
347.499
0.07571
.35941
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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..
- Details of calculation method:

cg according to method B

KV according to method B

KHb, KFb according method C

KHa, KFa according to method B

End report lines: 502
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Important hint: At least one warning has occurred during the calculation:
1-> The circumferential speed is very high ( 24.9200 m/s)!

You have to take adequate action to

guarantee proper lubrication.

2-> 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.

CALCULATION OF A HELICAL GEAR PAIR

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

Calculation method DIN 3990:1987 Method B

——————— GEAR 1 -------- GEAR 2 --
Power (kW) [P] 510.246
Speed (1/min) [n] 1073.0 2567.5
Torque (Nm) [T] 4541 .0 1897.7
Application factor [KA] 1.20
Required service life [H] 20000.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
ISO 21771:2007)
——————— GEAR 1 -------- GEAR 2 --
Center distance (mm) [a] 315.000
Centre distance tolerance ISO 286:2010 Measure H7
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] 67 28
Double helical gearing right/left left/right
Total facewidth of Gear (mm) [b] 210.00 210.00
Width of intermediate groove (mm) [bNut] 70.00
Facewidth for calculation (mm) [beH] 70.00 70.00
Accuracy grade [Q-DIN 3961:1978] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gear 1: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
Gear 2: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
——————— GEAR 1 -------- GEAR 2 --
Surface hardness HRC 56 HRC 56
Fatigue strength. tooth root stress (N/mm?)
[sigFlim] 370.00 370.00
Fatigue strength for Hertzian pressure (N/mm?)
[sigHlim] 1220.00 1220.00
Tensile strength (N/mm?) [Rm] 1100.00 1100.00
Yield point (N/mm?) [Rp] 900.00 900.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (um) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00

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

Dedendum coefficient

Root radius factor
Addendum coefficient

Tip radius factor

Tip form height coefficient
Protuberance height factor
Protuberance angle

Ramp angle

Tool or reference profile of gear 2

Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:

Dedendum coefficient

Root radius factor
Addendum coefficient

Tip radius factor

Tip form height coefficient
Protuberance height factor
Protuberance angle

Ramp angle

Summary of reference profile gears:

Dedendum reference profile (module)

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

Tip form height coefficient (module)

Ramp angle (°)

Type of profile modification:

none
Tip relief (um)

Lubrication type

Type of oil

Lubricant base

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

FZG test A/8.3/90 (

ISO 14635-1:2006)
Specific density at 15 °C (kg/dm?)
0il 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)
Tip alteration (mm)
Reference diameter (mm)
Base diameter (mm)
Tip diameter (mm)
(mm)

Tip diameter allowances (mm)

Tip chamfer / tip rounding (mm)
Tip form diameter (mm)

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

(mm)
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)

2/1

(°)
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1997 pProfil C

[hfP*] 1.250
[rhofP*] 0.250
[haP*] 1.000
[rhoaP*] 0.000
[hFaP~*] 0.000
[hprP~*] 0.000
[alfprP] 0.000
[alfKP] 0.000
not topping
1997 Profil C
[hfP*] 1.250
[rhofP*] 0.250
[haP*] 1.000
[rhoaP*] 0.000
[hFaP~*] 0.000
[hprP~*] 0.000
[alfprP] 0.000
[alfKP] 0.000
not topping
[hfP*] 1.250 1.250
[rofP*] 0.250 0.250
[haP*] 1.000 1.000
[hprP*] 0.000 0.000
[alfprP] 0.000 0.000
[hFaP*] 0.000 0.000
[alfKP] 0.000 0.000
(only running-in)
[Ca] 3.4 3.4
0oil injection lubrication
Oil: ISO-VG 46
Mineral-oil base
[nud0] 46.00
[nul00] 6.70
[FZGtestA] 12
[ro0il] 0.880
[TS] 70.000
——————— GEAR 1 -------- GEAR 2 --
[itot] -0.418
[ul 2.393
[mt] 6.620
[alft] 21.880
[alfwt] 22.122
[alfwt.e/1] 22.146 / 22.122
(°) [alfwn] 20.219
[betaw] 25.037
[betab] 23.399
[ad] 314.463
[Summexi] 0.0900
[x] -0.1041 0.1941
[sn*] 1.4950 1.7121
[k*mn] -0.003 -0.003
[d] 443.558 185.367
[db] 411.606 172.015
[dal 454.303 199.691
[da.e/1i] 454.303 / 454.053 199.691 / 199.681
[Ada.e/1i] 0.000 / -0.250 0.000 / -0.010
[hK] 0.000 0.000
[dFa] 454.303 199.691
[dFa.e/1i] 454.303 / 454.053 199.691 / 199.681
[dNa.e/1i] 454.303 / 454.053 199.691 / 199.681
[dw] 444 .316 185.684
[dw.e/1] 444.389 / 444.316 185.715 / 185.684
[df] 427.309 172.697
[xE.e/1] -0.1338 / -0.1476 0.1724 / 0.1609
[df.e/1] 426.952 / 426.787 172.436 / 172.298
[c] 1.500 1.500
[c.e/1] 1.876 / 1.631 1.818 / 1.679
[dNf] 433.437 177.795
[dNf.e/i] 433.529 / 433.437 178.017 / 177.795
[dFf] 430.752 176.690



KISSsoFT

Ealewlation programs for machine design

(mm) [dFf.e/i] 430.470 / 430.341 176.531 / 176.449
Reserve (dNf-dFf) /2 (mm) [cF.e/1] 1.594 / 1.483 0.784 / 0.632
Addendum (mm) [ha = mn * (haP*+x)] 5.373 7.162
(mm) [ha.e/1i] 5.373 / 5.248 7.162 / 7.157
Dedendum (mm) [hf = mn * (hfP*-x)] 8.124 6.335
(mm) [hf.e/1i] 8.303 / 8.386 6.466 / 6.535
Roll angle at dFa (°) [xsi dFa.e/i] 26.765 / 26.683 33.784 / 33.777
Roll angle to dNa (°) [xsi dNa.e/i] 26.765 / 26.683 33.784 / 33.777
Roll angle to dNf (°) [xsi dNf.e/i] 18.948 / 18.906 15.267 / 14.979
Roll angle at dFf (°) [xsi dFf.e/i] 17.544 / 17.483 13.216 / 13.093
Tooth height (mm) [H] 13.497 13.497
Virtual gear no. of teeth [zn] 87.769 36.679
Normal tooth thickness at tip cyl. (mm) [san] 4.880 4.280
(mm) [san.e/1i] 4.850 / 4.686 4.185 / 4.126
Normal spacewidth at root cylinder (mm) [efn] 4.587 5.001
(mm) [efn.e/i] 4.620 / 4.635 5.065 / 5.101
Max. sliding velocity at tip (m/s) [vga] 4.757 6.005
Specific sliding at the tip [zetaa] 0.440 0.440
Specific sliding at the root [zetaf] -0.787 -0.787
Sliding factor on tip [Kgal 0.191 0.241
Sliding factor on root [Kgf] -0.241 -0.191
Pitch on reference circle (mm) [pt] 20.798
Base pitch (mm) [pbt] 19.300
Transverse pitch on contact-path (mm) [pet] 19.300
Lead height (mm) [pz] 2988.324 1248.852
Axial pitch (mm) [px] 44 .602
Length of path of contact (mm) [ga, e/i] 28.229 (28.229 / 27.785)
Length T1-A, T2-A (mm) [T1A, T2A] 67.911(67.911/68.059) 50.713(50.713/50.704)
Length T1-B (mm) [T1B, T2B] 76.840(76.840/76.544) 41.784(41.784/42.218)
Length T1-C (mm) [T1C, T2C] 83.661(83.661/83.759) 34.963(34.963/35.004)
Length T1-D (mm) [T1D, T2D] 87.211(87.211/87.359) 31.413(31.413/31.404)
Length T1-E (mm) [T1E, T2E] 96.140(96.140/95.844) 22.484(22.484/22.918)
Length T1-T2 (mm) [T1T2] 118.624 (118.624 / 118.762)
Diameter of single contact point B (mm)
[d-B] 439.360(439.360/439.153) 191.240(191.240/191.621)
Diameter of single contact point D (mm)
[d-D] 447.038(447.038/447.153) 183.129(183.129/183.122)
Addendum contact ratio [eps] 0.647( 0.647/ 0.626) 0.816( 0.816/ 0.813)
Minimal length of contact line (mm) [Lmin] 100.316
Transverse contact ratio [eps_a] 1.463
Transverse contact ratio with allowances [eps a.e/m/i] 1.463 / 1.451 / 1.440
Overlap ratio [eps_b-beH (eps b-b)] 1.569 (3.139)
Total contact ratio [eps g] 3.032 (4.602)
Total contact ratio with allowances [eps g.e/m/i] 3.032/3.021/3.009 (4.602/4.590/4.579)
2. FACTORS OF GENERAL INFLUENCE
——————— GEAR 1 ---—-—-—--- GEAR 2 --
Nominal circum. force at pitch circle (N)
[Ft] 20475.3
Axial force (N) [Fa] 0.0
Radial force (N) [Fr] 8222.8
Normal force (N) [Fnorm] 24041.9
Tangent.load at p.c.d.per mm (N/mm) (N/mm)
[w] 146.25
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 20440.4
Axial force (N) [Faw] 0.0
Radial force (N) [Frw] 8309.3
Circumferential speed pitch d.. (m/sec) [v] 24.92
Running-in value (pm) [yp] 0.8
Running-in value (pm) [vEf] 0.8
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 0.975
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/um) [c'] 13.272
Meshing stiffness (N/mm/pm) [cal 17.877
Reduced mass (kg/mm) [mRed] 0.10564
Resonance speed (min-1) [nE1] 1854
Nominal speed (-) [N] 0.579
Subcritical range
Running-in value (um) [ya] 0.8
Bearing distance 1 of pinion shaft (mm) [1] 336.000
Distance s of pinion shaft (mm) [s] 16.800
Outside diameter of pinion shaft (mm) [dsh] 168.000
Load according to figure 6.8,
DIN 3990-1:1987 [-] 4

(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
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Coefficient K' according figure 6.8,
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DIN 3990-1:1987 [K'] -1.00
Without support effect
Tooth trace deviation (active) (um) [Fby] 4.36
from deformation of shaft (um) [fsh*B1] 1.81
Tooth without tooth trace modification
Position of Contact pattern: favorable
from production tolerances (um) [fma*B2] 10.00
Tooth trace deviation, theoretical (um) [Fbx] 5.13
Running-in value (um) [yb] 0.8
Dynamic factor [KV] 1.252
Face load factor - flank [KHb] 1.177
- Tooth root [KFb] 1.142
- Scuffing [KBDb] 1.177
Transverse load factor - flank [KHa] 1.196
- Tooth root [KFa] 1.196
- Scuffing [KBa] 1.196
Helical load factor scuffing [Kbg] 1.285
Number of load cycles (in mio.) [NL] 1287.600 3081.043
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] 1.26 1.17
Stress correction factor [YS] 2.33 2.42
Working angle (°) [alfFen] 19.40 19.81
Bending lever arm (mm) [hF] 6.33 5.56
Tooth thickness at root (mm) [sFn] 13.48 13.12
Tooth root radius (mm) [roF] 2.38 2.33
(hF* = 1.055/0.927 sFn* = 2.247/2.186 roF* = 0.397/0.389 dsFn = 429.15/174.48 alfsFn = 30.00/30.00)
Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 0.792
Effective facewidth (mm) [beff] 70.00 70.00
Nominal shear stress at tooth root (N/mm?)
[sigFO0] 56.46 54.37
Tooth root stress (N/mm?) [sigF] 115.80 111.51
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT] 1.003 1.003
Surface factor [YRrelT] 0.957 0.957
Size coefficient (Tooth root) [YX] 0.990 0.990
Finite life factor [YNT] 1.000 1.000
[YdrelT*YRrelT*YX*YNT] 0.950 0.950
Alternating bending coefficient [YM] 1.000 1.000
Stress correction factor [Yst] 2.00
Limit strength tooth root (N/mm?) [sigFG] 703.03 702.92
Permissible tooth root stress (N/mm?)
[sigFP=sigFG/SFmin] 502.16 502.09
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 6.07 6.30
Transmittable power (kW) [kWRating] 2212.63 2297.50
4. SAFETY AGAINST PITTING (TOOTH FLANK)
——————— GEAR 1 --—-———-- GEAR 2 --
Zone factor [ZH] 2.290
Elasticity coefficient (N*.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.827
Helix angle factor [Zbet] 0.952
Effective facewidth (mm) [beff] 70.00
Nominal flank pressure (N/mm?) [sigHO] 361.88
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 526.34
Single tooth contact factor [ZB, ZD] 1.00 1.00
Flank pressure (N/mm?) [sigH] 526.34 526.34
Lubrication factor [ZL] 0.931 0.931
Speed factor [ZV] 1.027 1.027
Roughness factor [ZR] 0.993 0.993
Material mating factor [ZW] 1.000 1.000
Finite life factor [ZNT] 1.000 1.000
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[ZL*ZV*ZR*ZNT] 0.950 0.950
Small amount of pitting permissible (0O=no, l=yes) 0 0
Size coefficient (flank) [ZX] 1.000 1.000
Limit strength pitting (N/mm?) [sigHG] 1158.66 1158.66
Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin] 1158.66 1158.66

Safety for surface pressure at operating pitch circle

[SHw] 2.20 2.20
Required safety [SHmin] 1.00 1.00
Transmittable power (kW) [kWRating] 2472 .67 2472.67
Safety for stress at single tooth contact

[SHBD=sigHG/sigH] 2.20 2.20
(Safety regarding nominal torque) [ (SHBD) *2] 4.85 4.85
4b. MICROPITTING ACCORDING TO ISO TR 15144-1:2010
Calculation did not run. (Lubricant: Load stage micropitting test is unknown

5. STRENGTH AGAINST SCUFFING

Calculation method according to
DIN 3990:1987

Lubrication coefficient (for lubrication type)

[XS] 1.200
Relative structure coefficient (Scuffing)

[XWrelT] 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780 13.780
Relevant tip relief (um) [Ca] 3.40 3.40
Optimal tip relief (um) [Ceff] 6.54
Effective facewidth (mm) [beff] 70.000

Applicable circumferential force/facewidth (N/mm)

[wBt] 397.572
Pressure angle factor (epsl:
0.647, eps2: 0.816) [Xalfbet] 0.990
Flash temperature-criteria
Tooth mass temperature (°C) [theM-B] 86.90
theM-B = theoil + XS*0.47*theflamax [theflamax] 29.96
Scuffing temperature (°C) [theS] 469.40
Coordinate gamma (point of highest temp.) [Gamma] 0.195
[Gamma.A]= -0.188 [Gamma.E]= 0.149
Highest contact temp. (°C) [theB] 116.86
Flash factor (°K*N"-.75*s”.5*m"-.5%mm) [XM] 50.058
Geometry factor [XB] 0.100
Load sharing factor [XGam] 1.000
Dynamic viscosity (mPa*s) [etaM] 7.69
Coefficient of friction [mym] 0.058
Required safety [SBmin] 2.000
Safety factor for scuffing (flash-temp) [SB] 8.521
Integral temperature-criteria
Tooth mass temperature (°C) [theM-C] 83.46
theM-C = theoil + XS*0.70*theflaint [theflaint] 16.02
Integral scuffing temperature (°C) [theSint] 469.40
Flash factor (°K*N"-.75*s”.5*m"-.5%mm) [XM] 50.058
Contact ratio factor [Xeps] 0.268
Dynamic viscosity (mPa*s) [etaOil] 12.31
Averaged coefficient of friction [mym] 0.053
Geometry factor [XBE] 0.220
Meshing factor [XQ] 1.000
Tip relief factor [XCa] 1.023
Integral tooth flank temperature (°C) [theint] 107.49
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [SSint] 4.367
Safety referring to transferred torque [SSL] 10.653
6. MEASUREMENTS FOR TOOTH THICKNESS
——————— GEAR 1 ---—-——--- GEAR 2 --
Tooth thickness deviation DIN 3967:1978 cd25 DIN 3967:1978 cd25
Tooth thickness allowance (normal section) (mm)
[As.e/1] -0.130 / -0.190 -0.095 / -0.145
Number of teeth spanned [k] 10.000 5.000
Base tangent length (no backlash) (mm) [Wk] 175.292 83.617
Actual base tangent length ('span') (mm) [Wk.e/i] 175.169 / 175.113 83.527 / 83.480
Diameter of contact point (mm) [dMWk .m] 441.878 188.314
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> Base tangent length Gear 1 is not measurable (Gear to thin)

Theoretical diameter of ball/pin (mm) [DM] 10.051 10.438
Eff. Diameter of ball/pin (mm) [DMeff] 10.500 10.500
Theor. dim. centre to ball (mm) [MrK] 228.766 101.181
Actual dimension centre to ball (mm) [MrK.e/i] 228.595 / 228.516 101.071 / 101.013
Diameter of contact point (mm) [dMMr .m] 442 .960 187.541
Diametral measurement over two balls without clearance (mm)
[MdK] 457.409 202.362
Actual dimension over balls (mm) [MdK.e/i] 457.067 / 456.909 202.142 / 202.026
Diametral measurement over rolls without clearance (mm)
[MdR] 457.532 202.362
Actual dimension over rolls (mm) [MdR.e/1i] 457.190 / 457.032 202.142 / 202.026
Dimensions over 3 rolls without clearance (mm)
[Md3R] 457.532 0.000
Actual dimensions over 3 rolls (mm) [Md3R.e/1i] 457.190 / 457.032 0.000 / 0.000
Chordal tooth thickness (no backlash) (mm)
['sn] 8.970 10.269
Actual chordal tooth thickness (mm) ["sn.e/1i] 8.840 / 8.780 10.174 / 10.124
Reference chordal height from da.m (mm) [ha] 5.347 7.276
Tooth thickness (Arc) (mm) [sn] 8.970 10.273
(mm) [sn.e/1i] 8.840 / 8.780 10.178 / 10.128
Backlash free center distance (mm) [aControl.e/1] 314.693 /314.543
Backlash free center distance, allowances (mm)
[jtal -0.307 / -0.457
Centre distance allowances (mm) [Aa.e/1] 0.052 / 0.000
Circumferential backlash from Aa (mm) [Jt Ra.e/i] 0.042 / 0.000
Radial clearance (mm) [Jr] 0.509 / 0.307
Circumferential backlash (transverse section) (mm)
[jt] 0.413 / 0.249
Torsional angle for fixed gear 1 (°) 0.2550 /0.1537
Normal backlash (mm) [jn] 0.351 / 0.212
7. GEAR ACCURACY
——————— GEAR 1 -——————-- GEAR 2 -—-
According to
DIN 3961:1978:
Accuracy grade [0-DIN3961] 6 6
Profile form deviation (um) [f£f] 10.00 10.00
Profile slope deviation (pm) [fHa] 7.00 7.00
Total profile deviation (um) [Ff] 13.00 13.00
Helix form deviation (um) [ffb] 8.00 8.00
Helix slope deviation (um) [fHDb] 10.00 10.00
Total helix deviation (um) [Fb] 13.00 13.00
Normal base pitch deviation (um) [fpel 10.00 9.00
Single pitch deviation (um) [fp] 10.00 9.00
Difference between adjacent pitches (um) [fu] 12.00 11.00
Total cumulative pitch deviation (um) [Fp] 40.00 35.00
Cumulative circular pitch deviation over z/8 pitches (um)
[Fpz/8] 25.00 22.00
Concentricity deviation (pm) [Fr] 28.00 25.00
Tooth Thickness Variation (pm) [Rs] 16.00 15.00
Total radial composite deviation (um) [Fi"] 32.00 28.00
Radial tooth-to-tooth composite deviation (um)
[£i"] 14.00 12.00
Total tangential composite deviation (um)
[Fi'] 42.00 38.00
Tangential tooth-to-tooth composite deviation (um)
[fi'] 16.00 15.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality
6)
Maximum value for deviation error of axis (um)
[fSigbet] 36.00 (Fb=15.00)
Maximum value for inclination error of axes (um)
[fSigdel] 72.00
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [cr] 106.0 18.5
Mean coeff. of friction (acc. Niemann) [mum] 0.030
Wear sliding coef. by Niemann [zetw] 0.644
Power loss from gear load (kW) [PVZ] 1.625
(Meshing efficiency (%) [etaz] 99.682)
Weight - calculated with da (kg) [Mass] 266.540 51.498
Total weight (kg) [Mass] 318.037

Moment of inertia
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calculation without consideration of the exact tooth shape

single gears ((da+df)/2...di) (kg*m?) [TraeghMom] 6.07936 0.19332
System ((da+df)/2...di) (kg*m?) [TraeghMom] 7.18627

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..
- Details of calculation method:
cg according to method B
KV according to method B
KHb, KFb according method C
KHa, KFa according to method B

End report lines: 502
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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.

CALCULATION OF A HELICAL GEAR PAIR

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

Calculation method DIN 3990:1987 Method B

——————— GEAR 1 -——————-- GEAR 2 --
Power (kW) [P] 510.246
Speed (1/min) [n] 448.4 1073.0
Torque (Nm) [T] 10866.0 4541.0
Application factor [KA] 1.20
Required service life [H] 20000.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
ISO 21771:2007)
——————— GEAR 1 -------- GEAR 2 --
Center distance (mm) [a] 315.000
Centre distance tolerance ISO 286:2010 Measure H7
Normal module (mm) [mn] 6.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta]l 25.0000
Number of teeth [z] 67 28
Double helical gearing right/left left/right
Total facewidth of Gear (mm) [b] 210.00 210.00
Width of intermediate groove (mm) [bNut] 70.00
Facewidth for calculation (mm) [beH] 70.00 70.00
Accuracy grade [Q-DIN 3961:1978] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gear 1: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
Gear 2: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
——————— GEAR 1 -------- GEAR 2 --
Surface hardness HRC 56 HRC 56
Fatigue strength. tooth root stress (N/mm?)
[sigFlim] 370.00 370.00
Fatigue strength for Hertzian pressure (N/mm?)
[sigHlim] 1220.00 1220.00
Tensile strength (N/mm?) [Rm] 1100.00 1100.00
Yield point (N/mm?) [Rp] 900.00 900.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (pm) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (upm) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
Tool or reference profile of gear 1 :
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
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Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Tool or reference profile of gear 2 :
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Summary of reference profile gears:
Dedendum reference profile (module) [hfP*] 1.250 1.250
Tooth root radius Refer. profile (module)
[rofP*] 0.250 0.250
Addendum Reference profile (module) [haP*] 1.000 1.000
Protuberance height factor (module) [hprP*] 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000
Tip form height coefficient (module) [hFaP*] 0.000 0.000
Ramp angle (°) [alfKP] 0.000 0.000
Type of profile modification:
none (only running-in)
Tip relief (um) [Ca] 3.4 3.4
Lubrication type 0il injection lubrication
Type of oil 0il: ISO-VG 46
Lubricant base Mineral-oil base
Kinem. viscosity oil at 40 °C (mm?/s) [nu40] 46.00
Kinem. viscosity oil at 100 °C (mm?/s) [nul00] 6.70
FZG test A/8.3/90 (
ISO 14635-1:2006) [FZGtestA] 12
Specific density at 15 °C (kg/dm?) [ro0il] 0.880
0il temperature (°C) [TS] 70.000
——————— GEAR 1 --—————-- GEAR 2 --
Overall transmission ratio [itot] -0.418
Gear ratio [u] 2.393
Transverse module (mm) [mt] 6.620
Pressure angle at pitch circle (°) [alft] 21.880
Working transverse pressure angle (°) [alfwt] 22.122
[alfwt.e/1] 22.146 / 22.122
Working pressure angle at normal section (°) [alfwn] 20.219
Helix angle at operating pitch circle (°)
[betaw] 25.037
Base helix angle (°) [betab] 23.399
Reference centre distance (mm) [ad] 314.463
Sum of profile shift coefficients [Summexi ] 0.0900
Profile shift coefficient [x] -0.1041 0.1941
Tooth thickness (Arc) (module) [sn*] 1.4950 1.7121
Tip alteration (mm) [k*mn] -0.003 -0.003
Reference diameter (mm) [d] 443,558 185.367
Base diameter (mm) [db] 411.006 172.015
Tip diameter (mm) [da] 454,303 199.691
(mm) [da.e/1i] 454.303 / 454.053 199.691 / 199.681
Tip diameter allowances (mm) [Ada.e/1] 0.000 / -0.250 0.000 / -0.010
Tip chamfer / tip rounding (mm) [hK] 0.000 0.000
Tip form diameter (mm) [dFa] 454,303 199.691
(mm) [dFa.e/1] 454.303 / 454.053 199.691 / 199.681
Active tip diameter (mm) [dNa.e/1i] 454,303 / 454.053 199.691 / 199.681
Operating pitch diameter (mm) [dw] 444,316 185.684
(mm) [dw.e/1] 444.389 / 444.316 185.715 / 185.684
Root diameter (mm) [df] 427.309 172.697
Generating Profile shift coefficient [xE.e/1] -0.1338 / -0.1476 0.1724 / 0.1609
Manufactured root diameter with xE (mm) [df.e/1] 426.952 / 426.787 172.436 / 172.298
Theoretical tip clearance (mm) [c] 1.500 1.500
Effective tip clearance (mm) [c.e/i] 1.876 / 1.631 1.818 / 1.679
Active root diameter (mm) [dNf] 433.437 177.795
(mm) [dNf.e/i] 433.529 / 433.437 178.017 / 177.795
Root form diameter (mm) [dFf] 430.752 176.690
(mm) [dFf.e/i] 430.470 / 430.341 176.531 / 176.449
Reserve (dNf-dFf)/2 (mm) [cF.e/1] 1.594 / 1.483 0.784 / 0.632
Addendum (mm) [ha = mn * (haP*+x)] 5.373 7.162
(mm) [ha.e/1] 5.373 / 5.248 7.162 / 7.157
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Dedendum (mm) [hf = mn * (hfP*-x)]
(mm) [hf.e/1i]
Roll angle at dFa (°) [xsi dFa.e/i]
Roll angle to dNa (°) [xsi_dNa.e/i]
Roll angle to dNf (°) [xsi dNf.e/i]
Roll angle at dFf (°) [xsi dFf.e/1i]
Tooth height (mm) [H]
Virtual gear no. of teeth [zn]
Normal tooth thickness at tip cyl. (mm) [san]
(mm) [san.e/i]
Normal spacewidth at root cylinder (mm) [efn]
(mm) [efn.e/i]
Max. sliding velocity at tip (m/s) [vga]
Specific sliding at the tip [zetaa]l
Specific sliding at the root [zetaf]
Sliding factor on tip [Kga]l
Sliding factor on root [Kgf]
Pitch on reference circle (mm) [pt]
Base pitch (mm) [pbt]
Transverse pitch on contact-path (mm) [pet]
Lead height (mm) [pz]
Axial pitch (mm) [px]
Length of path of contact (mm) [ga, e/i]
Length T1-A, T2-A (mm) [T1A, T2A] 67.
Length T1-B (mm) [T1B, T2B] 76
Length T1-C (mm) [T1C, T2C] 83.
Length T1-D (mm) [T1D, T2D] 87
Length T1-E (mm) [T1E, T2E] 96
Length T1-T2 (mm) [T1T2]
Diameter of single contact point B (mm)
[d-B]
Diameter of single contact point D (mm)
[d-D]
Addendum contact ratio [eps]
Minimal length of contact line (mm) [Lmin]
Transverse contact ratio [eps_a]
Transverse contact ratio with allowances [eps_a.e/m
Overlap ratio [eps_b-beH
Total contact ratio [eps g]
Total contact ratio with allowances [eps g.e/m
2. FACTORS OF GENERAL INFLUENCE
Nominal circum. force at pitch circle (N)
[Ft]
Axial force (N) [Fa]
Radial force (N) [Fr]
Normal force (N) [Fnorm]

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

[w]

.211(87
.140(96.

8.303
26.765
26.765
18.948
17.544

4.850

911(67.

.840 (76.

661 (83.

0.647(

/1]
(eps_b

/1]

Only as information: Forces at operating pitch circle:

Nominal circumferential force (N)

Axial force (N)

Radial force (N)

Circumferential speed pitch d.. (m/sec)

Running-in value (um)
Running-in value (pm)
Correction coefficient
Gear body coefficient
Reference profile coefficient
Material coefficient
Singular tooth stiffness (N/mm/um)
Meshing stiffness (N/mm/pm)
Reduced mass (kg/mm)
Resonance speed (min-1)
Nominal speed (-)
Subcritical range
Running-in value (um)
Bearing distance 1 of pinion shaft (mm)
Distance s of pinion shaft (mm)
Outside diameter of pinion shaft (mm)
Load according to figure 6.8,
DIN 3990-1:1987
(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
Coefficient K' according figure 6.8,
DIN 3990-1:1987
Without support effect
Tooth trace deviation (active) (um)
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[Ftw]
Faw]

[CBS]

[K']

[Fby]

NN NN
N
[9))

O O OO &b

2988.

911/68
840/76
661/83

.211/87

140/95
118.

0.647/

-b) ]

.124
.386
.683
.683
.906
.483
. 497
.769
.880
.686
.587

.988
.440
.787
.191
.241

324

28.229
.059) 5
.544) 4
.759) 3
.359) 3
.844) 2
624 (11

0.626)
1

1.463 /
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6.335
6.466 / 6.535
33.784 / 33.777
33.784 / 33.777
15.267 / 14.979
13.216 / 13.093
13.497
36.679
4.280
4.185 / 4.126
5.001
5.065 / 5.101
2.509
0.440
-0.787
0.241
-0.191
20.798
19.300
19.300
1248.852
44.602

(28.229 / 27.785)

0.713(50.713/50.704)
1.784(41.784/42.218)
4.963(34.963/35.004)
1.413(31.413/31.404)
2.484(22.484/22.918)
8.624 / 118.762)

439.360(439.360/439.153) 191.240(191.240/191.621)

447.038(447.038/447.153) 183.129(183.129/183.122)

0.816( 0.816/ 0.813)
00.316

1.463

1.451 / 1.440
1.569 (3.139)
3.032 (4.602)

3.032/3.021/3.009 (4.602/4.590/4.579)

3

1

-1.00

0.10564
1854
0.242

36.000
16.800
68.000
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from deformation of shaft (um) [fsh*B1] 3.65
Tooth without tooth trace modification
Position of Contact pattern: favorable

from production tolerances (um) [fma*B2] 10.00
Tooth trace deviation, theoretical (um) [Fbx] 5.00
Running-in value (um) [yb] 0.8
Dynamic factor [KV] 1.053
Face load factor - flank [KHb] 1.086
- Tooth root [KFb] 1.069
- Scuffing [KBb] 1.086
Transverse load factor - flank [KHa] 1.059
- Tooth root [KFa] 1.059
- Scuffing [KBa] 1.059
Helical load factor scuffing [Kbg] 1.285
Number of load cycles (in mio.) [NL] 538.101 1287.600

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] 1.26 1.17
Stress correction factor [YS] 2.33 2.42
Working angle (°) [alfFen] 19.40 19.81
Bending lever arm (mm) [hF] 6.33 5.56
Tooth thickness at root (mm) [sFn] 13.48 13.12
Tooth root radius (mm) [roF] 2.38 2.33

(hF* = 1.055/0.927 sFn* = 2.247/2.186 roF* = 0.397/0.389 dsFn 429.15/174.48 alfsFn = 30.00/30.00)

Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 0.792
Effective facewidth (mm) [beff] 70.00 70.00
Nominal shear stress at tooth root (N/mm?)
[sigF0] 135.10 130.09
Tooth root stress (N/mm?) [sigF] 193.38 186.21
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT] 1.003 1.003
Surface factor [YRrelT] 0.957 0.957
Size coefficient (Tooth root) [YX] 0.990 0.990
Finite life factor [YNT] 1.000 1.000
[YdrelT*YRrelT*YX*YNT] 0.950 0.950
Alternating bending coefficient [YM] 1.000 1.000
Stress correction factor [Yst] 2.00
Limit strength tooth root (N/mm?) [sigFG] 703.03 702.92
Permissible tooth root stress (N/mm?)
[sigFP=sigFG/SFmin] 502.16 502.09
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 3.64 3.77
Transmittable power (kW) [kWRating] 1324.96 1375.78
4. SAFETY AGAINST PITTING (TOOTH FLANK)
——————— GEAR 1 ---—-—-—--- GEAR 2 --
Zone factor [ZH] 2.290
Elasticity coefficient (N”.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.827
Helix angle factor [Zbet] 0.952
Effective facewidth (mm) [beff] 70.00
Nominal flank pressure (N/mm?) [sigHO] 559.78
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 674.98
Single tooth contact factor [ZB, ZD] 1.00 1.00
Flank pressure (N/mm?) [sigH] 674.98 674.98
Lubrication factor [ZL] 0.931 0.931
Speed factor [ZV] 1.001 1.001
Roughness factor [ZR] 0.993 0.993
Material mating factor [ZW] 1.000 1.000
Finite life factor [ZNT] 1.000 1.000
[ZL*ZV*ZR*ZNT] 0.926 0.926
Small amount of pitting permissible (0=no, l=yes) 0 0
Size coefficient (flank) [ZX] 1.000 1.000
Limit strength pitting (N/mm?) [sigHG] 1129.50 1129.50
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Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin] 1129.50 1129.50

Safety for surface pressure at operating pitch circle

[SHw] 1.67 1.67
Required safety [SHmin] 1.00 1.00
Transmittable power (kW) [kWRating] 1428.81 1428.81

Safety for stress at single tooth contact

[SHBD=sigHG/sigH] 1.67 1.67
(Safety regarding nominal torque) [ (SHBD) ~2] 2.80 2.80
4b. MICROPITTING ACCORDING TO ISO TR 15144-1:2010
Calculation did not run. (Lubricant: Load stage micropitting test is unknown
5. STRENGTH AGAINST SCUFFING
Calculation method according to
DIN 3990:1987
Lubrication coefficient (for lubrication type)
[XS] 1.200
Relative structure coefficient (Scuffing)
[XWrelT] 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780 13.780
Relevant tip relief (um) [Ca] 3.40 3.40
Optimal tip relief (um) [Ceff] 15.66
Effective facewidth (mm) [beff] 70.000
Applicable circumferential force/facewidth (N/mm)
[wBt] 653.839
Pressure angle factor (epsl:
0.647, eps2: 0.816) [Xalfbet] 0.990
Flash temperature-criteria
Tooth mass temperature (°C) [theM-B] 93.25
theM-B = theoil + XS*0.47*theflamax [theflamax] 41.23
Scuffing temperature (°C) [theS] 469.40
Coordinate gamma (point of highest temp.) [Gamma] 0.195
[Gamma.A]= -0.188 [Gamma.E]= 0.149
Highest contact temp. (°C) [theB] 134.49
Flash factor (°K*N~-.75*%*s”.5*m"-.5%mm) [XM] 50.058
Geometry factor [XB] 0.100
Load sharing factor [XGam] 1.000
Dynamic viscosity (mPa*s) [etaM] 6.56
Coefficient of friction [mym] 0.084
Required safety [SBmin] 2.000
Safety factor for scuffing (flash-temp) [SB] 6.193
Integral temperature-criteria
Tooth mass temperature (°C) [theM-C] 87.80
theM-C = theoil + XS*0.70*theflaint [theflaint] 21.19
Integral scuffing temperature (°C) [theSint] 469.40
Flash factor (°K*N~-.75*%*s”.5*m"-.5%mm) [XM] 50.058
Contact ratio factor [Xeps] 0.268
Dynamic viscosity (mPa*s) [etaOil] 12.31
Averaged coefficient of friction [mym] 0.075
Geometry factor [XBE] 0.220
Meshing factor [XQ] 1.000
Tip relief factor [XCa] 1.023
Integral tooth flank temperature (°C) [theint] 119.58
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [SSint] 3.926
Safety referring to transferred torque [SSL] 8.056
6. MEASUREMENTS FOR TOOTH THICKNESS
——————— GEAR 1 -------- GEAR 2 --
Tooth thickness deviation DIN 3967:1978 cd25 DIN 3967:1978 cd25
Tooth thickness allowance (normal section) (mm)
[As.e/1] -0.130 / -0.190 -0.095 / -0.145
Number of teeth spanned [k] 10.000 5.000
Base tangent length (no backlash) (mm) [Wk] 175.292 83.617
Actual base tangent length ('span') (mm) [Wk.e/i] 175.169 / 175.113 83.527 / 83.480
Diameter of contact point (mm) [dMWk .m] 441.878 188.314
> Base tangent length Gear 1 is not measurable (Gear to thin)
Theoretical diameter of ball/pin (mm) [DM] 10.051 10.438
Eff. Diameter of ball/pin (mm) [DMeff] 10.500 10.500
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Theor. dim. centre to ball (mm) [MrK] 228.766
Actual dimension centre to ball (mm) [MrK.e/i] 228.595 / 228.
Diameter of contact point (mm) [dMMr .m] 442 .960
Diametral measurement over two balls without clearance (mm)
[MdK] 457.409
Actual dimension over balls (mm) [MdK.e/1i] 457.067 / 456.
Diametral measurement over rolls without clearance (mm)
[MdR] 457.532
Actual dimension over rolls (mm) [MdR.e/1] 457.190 / 457.
Dimensions over 3 rolls without clearance (mm)
[Md3R] 457.532
Actual dimensions over 3 rolls (mm) [Md3R.e/1] 457.190 / 457.
Chordal tooth thickness (no backlash) (mm)
["sn] 8.970
Actual chordal tooth thickness (mm) ['sn.e/i] 8.840 / 8.780
Reference chordal height from da.m (mm) [ha] 5.347
Tooth thickness (Arc) (mm) [sn] 8.970
(mm) [sn.e/i] 8.840 / 8.780
Backlash free center distance (mm) [aControl.e/1] 314.693
Backlash free center distance, allowances (mm)
[jtal -0.307
Centre distance allowances (mm) [Aa.e/1] 0.052
Circumferential backlash from Aa (mm) [jt_Aa.e/i] 0.042
Radial clearance (mm) [Fr] 0.509
Circumferential backlash (transverse section) (mm)
[jt] 0.413
Torsional angle for fixed gear 1 (°) 0.2550
Normal backlash (mm) [Jn] 0.351
7. GEAR ACCURACY
——————— GEAR 1
According to
DIN 3961:1978:
Accuracy grade [Q-DIN3961] 6
Profile form deviation (um) [f£] 10.00
Profile slope deviation (um) [fHa] 7.00
Total profile deviation (um) [F£] 13.00
Helix form deviation (um) [ffb] 8.00
Helix slope deviation (um) [fHDb] 10.00
Total helix deviation (um) [Fb] 13.00
Normal base pitch deviation (um) [fpel 10.00
Single pitch deviation (um) [fp] 10.00
Difference between adjacent pitches (um) [fu] 12.00
Total cumulative pitch deviation (um) [Fp] 40.00
Cumulative circular pitch deviation over z/8 pitches (um)
[Fpz/8] 25.00
Concentricity deviation (um) [Fr] 28.00
Tooth Thickness Variation (pm) [Rs] 16.00
Total radial composite deviation (um) [Fi"] 32.00
Radial tooth-to-tooth composite deviation (um)
[fi"] 14.00
Total tangential composite deviation (upm)
[Fi'] 42.00
Tangential tooth-to-tooth composite deviation (um)
[fi'] 16.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Qual
Maximum value for deviation error of axis (um)
[fSigbet]
Maximum value for inclination error of axes (um)
[fSigdel]
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [cr] 106.0
Mean coeff. of friction (acc. Niemann) [mum]
Wear sliding coef. by Niemann [zetw]
Power loss from gear load (kW) [PVZ]
(Meshing efficiency (%) [etaz]
Weight - calculated with da (kg) [Mass] 266.540
Total weight (kg) [Mass]
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] 6.07936
System ((da+df)/2...di) (kg*m?) [TraeghMom] 7
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101.181
516 101.071 / 101.
187.541
202.362
909 202.142 / 202.
202.362
032 202.142 / 202.
0.000
032 0.000 / 0.000
10.269
10.174 / 10.124
7.276
10.273
10.178 / 10.128
/314.543
/ -0.457
/ 0.000
/ 0.000
/ 0.307
/ 0.249
/0.1537
/ 0.212
———————— GEAR 2 --
6
10.00
7.00
13.00
8.00
10.00
13.00
9.00
9.00
11.00
35.00
22.00
25.00
15.00
28.00
12.00
38.00
15.00
ity
6)
36.00 (Fb=15.00)
72.00
18.5
0.042
0.644
2.304
99.548)
51.498
318.037
0.19332
.18627

013

026

026
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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..
- Details of calculation method:

cg according to method B

KV according to method B

KHb, KFb according method C

KHa, KFa according to method B

End report lines: 502
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Important hint: At least one warning has occurred during the calculation:

1-> The circumferential speed is very high (
You have to take adequate action to
guarantee proper lubrication.

2-> Notice:

Gear 1

Measuring the Base tangent length is critical,
it is better to use measurement over rolls!

CALCULATION OF A HELICAL GEAR PAIR

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

Calculation method DIN 3990:1987 Method B

22.3165 m/s) !

——————— GEAR 1 -------- GEAR 2 --
Power (kW) [P] 510.246
Speed (1/min) [n] 1073.0 1839.4
Torque (Nm) [T] 4541 .0 2648.9
Application factor [KA] 1.20
Required service life [H] 20000.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
ISO 21771:2007)
——————— GEAR 1 -------- GEAR 2 --
Center distance (mm) [a] 315.000
Centre distance tolerance ISO 286:2010 Measure H7
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] 60 35
Double helical gearing right/left left/right
Total facewidth of Gear (mm) [b] 210.00 210.00
Width of intermediate groove (mm) [bNut] 70.00
Facewidth for calculation (mm) [beH] 70.00 70.00
Accuracy grade [Q-DIN 3961:1978] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gear 1: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
Gear 2: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
——————— GEAR 1 -------- GEAR 2 --
Surface hardness HRC 56 HRC 56
Fatigue strength. tooth root stress (N/mm?)
[sigFlim] 370.00 370.00
Fatigue strength for Hertzian pressure (N/mm?)
[sigHlim] 1220.00 1220.00
Tensile strength (N/mm?) [Rm] 1100.00 1100.00
Yield point (N/mm?) [Rp] 900.00 900.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (um) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00

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

Dedendum coefficient

Root radius factor
Addendum coefficient

Tip radius factor

Tip form height coefficient
Protuberance height factor
Protuberance angle

Ramp angle

Tool or reference profile of gear 2

Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:

Dedendum coefficient

Root radius factor
Addendum coefficient

Tip radius factor

Tip form height coefficient
Protuberance height factor
Protuberance angle

Ramp angle

Summary of reference profile gears:

Dedendum reference profile (module)

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

Tip form height coefficient (module)

Ramp angle (°)

Type of profile modification:

none
Tip relief (um)

Lubrication type

Type of oil

Lubricant base

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

FZG test A/8.3/90 (

ISO 14635-1:2006)
Specific density at 15 °C (kg/dm?)
0il 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)
Tip alteration (mm)
Reference diameter (mm)
Base diameter (mm)
Tip diameter (mm)
(mm)

Tip diameter allowances (mm)

Tip chamfer / tip rounding (mm)
Tip form diameter (mm)

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

(mm)
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)
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1997 pProfil C

[hfP*] 1.250
[rhofP*] 0.250
[haP*] 1.000
[rhoaP*] 0.000
[hFaP~*] 0.000
[hprP~*] 0.000
[alfprP] 0.000
[alfKP] 0.000
not topping
1997 Profil C
[hfP*] 1.250
[rhofP*] 0.250
[haP*] 1.000
[rhoaP*] 0.000
[hFaP~*] 0.000
[hprP~*] 0.000
[alfprP] 0.000
[alfKP] 0.000
not topping
[hfP*] 1.250 1.250
[rofP*] 0.250 0.250
[haP*] 1.000 1.000
[hprP*] 0.000 0.000
[alfprP] 0.000 0.000
[hFaP*] 0.000 0.000
[alfKP] 0.000 0.000
(only running-in)
[Ca] 3.4 3.4
0oil injection lubrication
Oil: ISO-VG 46
Mineral-oil base
[nud0] 46.00
[nul00] 6.70
[FZGtestA] 12
[ro0il] 0.880
[TS] 70.000
——————— GEAR 1 -------- GEAR 2 --
[itot] -0.583
[ul 1.714
[mt] 6.620
[alft] 21.880
[alfwt] 22.122
[alfwt.e/1] 22.146 / 22.122
(°) [alfwn] 20.219
[betaw] 25.037
[betab] 23.399
[ad] 314.463
[Summexi] 0.0900
[x] -0.0417 0.1317
[sn*] 1.5404 1.6667
[k*mn] -0.003 -0.003
[d] 397.216 231.709
[db] 368.603 215.018
[da] 408.709 245.284
[da.e/1] 408.709 / 408.459 245.284 / 245.
[Ada.e/1i] 0.000 / -0.250 0.000 / -0.010
[hK] 0.000 0.000
[dFa] 408.709 245.284
[dFa.e/1i] 408.709 / 408.459 245.284 / 245.
[dNa.e/1i] 408.709 / 408.459 245.284 / 245.
[dw] 397.895 232.105
[dw.e/1] 397.960 / 397.895 232.144 / 232.
[df] 381.715 218.290
[xE.e/1] -0.0715 / -0.0852 0.1100 / 0.09
[df.e/1] 381.358 / 381.193 218.029 / 217.8
[c] 1.500 1.500
[c.e/1] 1.876 / 1.631 1.818 / 1.679
[dNf] 387.402 223.417
[dNf.e/i] 387.494 / 387.402 223.651 / 223.4
[dFf] 385.165 222.100

274

274
274

105
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(mm) [dFf.e/i] 384.888 / 384.761 221.926 / 221.835
Reserve (dNf-dFf) /2 (mm) [cF.e/1] 1.366 / 1.257 0.908 / 0.746
Addendum (mm) [ha = mn * (haP*+x)] 5.747 6.787
(mm) [ha.e/1i] 5.747 / 5.622 6.787 / 6.782
Dedendum (mm) [hf = mn * (hfP*-x)] 7.750 6.710
(mm) [hf.e/1i] 7.929 / 8.011 6.840 / 6.909
Roll angle at dFa (°) [xsi dFa.e/i] 27.446 / 27.355 31.452 / 31.44¢6
Roll angle to dNa (°) [xsi dNa.e/i] 27.446 / 27.355 31.452 / 31.44¢6
Roll angle to dNf (°) [xsi dNf.e/i] 18.577 / 18.531 16.398 / 16.170
Roll angle at dFf (°) [xsi dFf.e/i] 17.219 / 17.150 14.639 / 14.541
Tooth height (mm) [H] 13.497 13.497
Virtual gear no. of teeth [zn] 78.599 45.849
Normal tooth thickness at tip cyl. (mm) [san] 4.824 4.492
(mm) [san.e/1i] 4.797 / 4.630 4.397 / 4.340
Normal spacewidth at root cylinder (mm) [efn] 4.598 4.833
(mm) [efn.e/i] 4.633 / 4.649 4.878 / 4.902
Max. sliding velocity at tip (m/s) [vga] 4.075 4.670
Specific sliding at the tip [zetaa] 0.411 0.411
Specific sliding at the root [zetaf] -0.697 -0.697
Sliding factor on tip [Kga] 0.182 0.209
Sliding factor on root [Kgf] -0.209 -0.182
Pitch on reference circle (mm) [pt] 20.798
Base pitch (mm) [pbt] 19.300
Transverse pitch on contact-path (mm) [pet] 19.300
Lead height (mm) [pz] 2676.111 1561.065
Axial pitch (mm) [px] 44 .602
Length of path of contact (mm) [ga, e/i] 28.675 (28.675 / 28.237)
Length T1-A, T2-A (mm) [T1A, T2A] 59.608(59.608/59.757) 59.016(59.016/59.006)
Length T1-B (mm) [T1B, T2B] 68.983(68.983/68.693) 49.641(49.641/50.069)
Length T1-C (mm) [T1C, T2C] 74.921(74.921/75.008) 43.704(43.704/43.755)
Length T1-D (mm) [T1D, T2D] 78.908(78.908/79.057) 39.716(39.716/39.706)
Length T1-E (mm) [T1E, T2E] 88.283(88.283/87.993) 30.341(30.341/30.769)
Length T1-T2 (mm) [T1T2] 118.624 (118.624 / 118.762)
Diameter of single contact point B (mm)
[d-B] 393.577(393.577/393.374) 236.833(236.833/237.193)
Diameter of single contact point D (mm)
[d-D] 400.966(400.966/401.083) 229.221(229.221/229.214)
Addendum contact ratio [eps] 0.692( 0.692/ 0.673) 0.793( 0.793/ 0.790)
Minimal length of contact line (mm) [Lmin] 102.560
Transverse contact ratio [eps_a] 1.486
Transverse contact ratio with allowances [eps a.e/m/i] 1.486 / 1.474 / 1.463
Overlap ratio [eps_b-beH (eps b-b)] 1.569 (3.139)
Total contact ratio [eps g] 3.055 (4.625)
Total contact ratio with allowances [eps g.e/m/i] 3.055/3.044/3.032 (4.625/4.613/4.602)
2. FACTORS OF GENERAL INFLUENCE
——————— GEAR 1 ---—-—-—--- GEAR 2 --
Nominal circum. force at pitch circle (N)
[Ft] 22864.1
Axial force (N) [Fa] 0.0
Radial force (N) [Fr] 9182.2
Normal force (N) [Fnorm] 26846.8
Tangent.load at p.c.d.per mm (N/mm) (N/mm)
[w] 163.32
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 22825.1
Axial force (N) [Faw] 0.0
Radial force (N) [Frw] 9278.7
Circumferential speed pitch d.. (m/sec) [v] 22.32
Running-in value (pm) [yp] 0.8
Running-in value (pm) [vEf] 0.8
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 0.975
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/um) [c'] 13.329
Meshing stiffness (N/mm/pm) [cal 18.185
Reduced mass (kg/mm) [mRed] 0.14244
Resonance speed (min-1) [nE1] 1798
Nominal speed (-) [N] 0.597
Subcritical range
Running-in value (um) [ya] 0.8
Bearing distance 1 of pinion shaft (mm) [1] 336.000
Distance s of pinion shaft (mm) [s] 16.800
Outside diameter of pinion shaft (mm) [dsh] 168.000
Load according to figure 6.8,
DIN 3990-1:1987 [-] 4

(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
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Coefficient K' according figure 6.8,

DIN 3990-1:1987 [K'] -1.00
Without support effect
Tooth trace deviation (active) (um) [Fby] 5.12
from deformation of shaft (um) [fsh*B1] 1.14
Tooth without tooth trace modification
Position of Contact pattern: favorable
from production tolerances (um) [fma*B2] 10.00
Tooth trace deviation, theoretical (um) [Fbx] 6.03
Running-in value (um) [yb] 0.9
Dynamic factor [KV] 1.236
Face load factor - flank [KHb] 1.192
- Tooth root [KFb] 1.153
- Scuffing [KBDb] 1.192
Transverse load factor - flank [KHa] 1.170
- Tooth root [KFa] 1.170
- Scuffing [KBa] 1.170
Helical load factor scuffing [Kbg] 1.287
Number of load cycles (in mio.) [NL] 1287.600 2207.314
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] 1.21 1.16
Stress correction factor [YS] 2.38 2.42
Working angle (°) [alfFen] 19.39 19.54
Bending lever arm (mm) [hF] 6.06 5.61
Tooth thickness at root (mm) [sFn] 13.47 13.24
Tooth root radius (mm) [roF] 2.36 2.35

(hF* = 1.010/0.935 sFn* = 2.245/2.206 roF* = 0.393/0.391 dsFn 383.54/220.09 alfsFn = 30.00/30.00)

Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 0.792
Effective facewidth (mm) [beff] 70.00 70.00
Nominal shear stress at tooth root (N/mm?)
[sigF0] 61.85 60.33
Tooth root stress (N/mm?) [sigF] 123.81 120.77
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT] 1.003 1.003
Surface factor [YRrelT] 0.957 0.957
Size coefficient (Tooth root) [YX] 0.990 0.990
Finite life factor [YNT] 1.000 1.000
[YdrelT*YRrelT*YX*YNT] 0.950 0.950
Alternating bending coefficient [YM] 1.000 1.000
Stress correction factor [Yst] 2.00
Limit strength tooth root (N/mm?) [sigFG] 703.22 702.96
Permissible tooth root stress (N/mm?)
[sigFP=sigFG/SFmin] 502.30 502.11
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 5.68 5.82
Transmittable power (kW) [kWRating] 2070.11 2121.48
4. SAFETY AGAINST PITTING (TOOTH FLANK)
——————— GEAR 1 --—-———-- GEAR 2 --
Zone factor [ZH] 2.290
Elasticity coefficient (N*.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.820
Helix angle factor [Zbet] 0.952
Effective facewidth (mm) [beff] 70.00
Nominal flank pressure (N/mm?) [sigHO] 358.62
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 515.90
Single tooth contact factor [ZB, ZD] 1.00 1.00
Flank pressure (N/mm?) [sigH] 515.90 515.90
Lubrication factor [ZL] 0.931 0.931
Speed factor [ZV] 1.024 1.024
Roughness factor [ZR] 0.993 0.993
Material mating factor [ZW] 1.000 1.000
Finite life factor [ZNT] 1.000 1.000
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[ZL*ZV*ZR*ZNT] 0.947 0.947
Small amount of pitting permissible (0O=no, l=yes) 0 0
Size coefficient (flank) [ZX] 1.000 1.000
Limit strength pitting (N/mm?) [sigHG] 1154.93 1154.93
Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin] 1154.93 1154.93

Safety for surface pressure at operating pitch circle

[SHwW] 2.24 2.24
Required safety [SHmin] 1.00 1.00
Transmittable power (kW) [kWRating] 2557.17 2557.17

Safety for stress at single tooth contact

[SHBD=sigHG/sigH] 2.24 2.24
(Safety regarding nominal torque) [ (SHBD) *2] 5.01 5.01
4b. MICROPITTING ACCORDING TO ISO TR 15144-1:2010
Calculation did not run. (Lubricant: Load stage micropitting test is unknown
5. STRENGTH AGAINST SCUFFING
Calculation method according to
DIN 3990:1987
Lubrication coefficient (for lubrication type)
[XS] 1.200
Relative structure coefficient (Scuffing)
[XWrelT] 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780 13.780
Relevant tip relief (um) [Ca] 3.40 3.40
Optimal tip relief (um) [Ceff] 7.18
Effective facewidth (mm) [beff] 70.000
Applicable circumferential force/facewidth (N/mm)
[wBt] 434.818
Pressure angle factor (epsl:
0.692, eps2: 0.793) [Xalfbet] 0.990
Flash temperature-criteria
Tooth mass temperature (°C) [theM-B] 83.51
theM-B = theoil + XS*0.47*theflamax [theflamax] 23.96
Scuffing temperature (°C) [theS] 469.40
Coordinate gamma (point of highest temp.) [Gamma] 0.136
[Gamma.A]= -0.204 [Gamma.E]= 0.178
Highest contact temp. (°C) [theB] 107.47
Flash factor (°K*N"-.75*s”.5*m"-.5%mm) [XM] 50.058
Geometry factor [XB] 0.077
Load sharing factor [XGam] 1.000
Dynamic viscosity (mPa*s) [etaM] 8.38
Coefficient of friction [mym] 0.059
Required safety [SBmin] 2.000
Safety factor for scuffing (flash-temp) [SB] 10.655
Integral temperature-criteria
Tooth mass temperature (°C) [theM-C] 82.50
theM-C = theoil + XS*0.70*theflaint [theflaint] 14.88
Integral scuffing temperature (°C) [theSint] 469.40
Flash factor (°K*N"-.75*s”.5*m"-.5%mm) [XM] 50.058
Contact ratio factor [Xeps] 0.271
Dynamic viscosity (mPa*s) [etaOil] 12.31
Averaged coefficient of friction [mym] 0.054
Geometry factor [XBE] 0.195
Meshing factor [XQ] 1.000
Tip relief factor [XCa] 1.021
Integral tooth flank temperature (°C) [theint] 104.82
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [SSint] 4.478
Safety referring to transferred torque [SSL] 11.471
6. MEASUREMENTS FOR TOOTH THICKNESS
——————— GEAR 1 ---—-——--- GEAR 2 --
Tooth thickness deviation DIN 3967:1978 cd25 DIN 3967:1978 cd25
Tooth thickness allowance (normal section) (mm)
[As.e/1] -0.130 / -0.190 -0.095 / -0.145
Number of teeth spanned [k] 9.000 6.000
Base tangent length (no backlash) (mm) [Wk] 157.057 101.851
Actual base tangent length ('span') (mm) [Wk.e/i] 156.935 / 156.878 101.762 / 101.715
Diameter of contact point (mm) [dMWk .m] 395.733 234.417
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Theoretical diameter of ball/pin (mm) [DM] 10.080 10.282
Eff. Diameter of ball/pin (mm) [DMeff] 10.500 10.500
Theor. dim. centre to ball (mm) [MrK] 205.945 124.078
Actual dimension centre to ball (mm) [MrK.e/1i] 205.776 / 205.698 123.963 / 123.903
Diameter of contact point (mm) [dMMr .m] 397.280 233.448
Diametral measurement over two balls without clearance (mm)

[MdK] 411.889 247.917
Actual dimension over balls (mm) [MdK.e/1i] 411.552 / 411.396 247.688 / 247.567
Diametral measurement over rolls without clearance (mm)

[MdR] 411.889 248.156
Actual dimension over rolls (mm) [MdR.e/1] 411.552 / 411.396 247.927 / 247.806
Dimensions over 3 rolls without clearance (mm)

[Md3R] 0.000 248.156
Actual dimensions over 3 rolls (mm) [Md3R.e/1i] 0.000 / 0.000 247.927 / 247.806

Chordal tooth thickness (no backlash) (mm)

['sn] 9.242 9.998
Actual chordal tooth thickness (mm) ["sn.e/1i] 9.112 / 9.052 9.903 / 9.853
Reference chordal height from da.m (mm) [ha] 5.728 6.874
Tooth thickness (Arc) (mm) [sn] 9.243 10.000
(mm) [sn.e/1i] 9.113 / 9.053 9.905 / 9.855
Backlash free center distance (mm) [aControl.e/1i] 314.693 /314.543
Backlash free center distance, allowances (mm)
[jtal -0.307 / -0.457
Centre distance allowances (mm) [Aa.e/1] 0.052 / 0.000
Circumferential backlash from Aa (mm) [Jt Ra.e/i] 0.042 / 0.000
Radial clearance (mm) [r] 0.509 / 0.307
Circumferential backlash (transverse section) (mm)
[jt] 0.413 / 0.249
Torsional angle for fixed gear 1 (°) 0.2040 /0.1230
Normal backlash (mm) [in] 0.351 / 0.212
7. GEAR ACCURACY
——————— GEAR 1 ---—-—-—--- GEAR 2 --
According to
DIN 3961:1978:
Accuracy grade [O-DIN3961] 6 6
Profile form deviation (um) [f£] 10.00 10.00
Profile slope deviation (pm) [fHa] 7.00 7.00
Total profile deviation (pm) [Ff] 13.00 13.00
Helix form deviation (um) [ffb] 8.00 8.00
Helix slope deviation (um) [fHDb] 10.00 10.00
Total helix deviation (um) [Fb] 13.00 13.00
Normal base pitch deviation (um) [fpe] 10.00 9.00
Single pitch deviation (um) [fp] 10.00 9.00
Difference between adjacent pitches (um) [fu] 12.00 11.00
Total cumulative pitch deviation (um) [Fp] 40.00 35.00
Cumulative circular pitch deviation over z/8 pitches (um)
[Fpz/8] 25.00 22.00
Concentricity deviation (um) [Fr] 28.00 25.00
Tooth Thickness Variation (pm) [Rs] 16.00 15.00
Total radial composite deviation (um) [Fi"] 32.00 28.00
Radial tooth-to-tooth composite deviation (um)
[£i"] 14.00 12.00
Total tangential composite deviation (upm)
[Fi'] 42.00 38.00
Tangential tooth-to-tooth composite deviation (um)
[fi'] 16.00 15.00

Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality

6)

Maximum value for deviation error of axis (um)

[fSigbet] 36.00 (Fb=15.00)
Maximum value for inclination error of axes (um)

[fSigdel] 72.00
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [cr] 86.5 29.4
Mean coeff. of friction (acc. Niemann) [mum] 0.029
Wear sliding coef. by Niemann [zetw] 0.610
Power loss from gear load (kW) [PVZ] 1.407
(Meshing efficiency (%) [etaz] 99.724)
Weight - calculated with da (kg) [Mass] 215.725 77.698
Total weight (kg) [Mass] 293.423

Moment of inertia (System referenced to wheel 1):
calculation without consideration of the exact tooth shape
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single gears ((da+df)/2...di) (kg*m?) [TraeghMom] 3.92701 0.4640601
System ((da+df)/2...di) (kg*m?) [TraeghMom] 5.29238

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..
- Details of calculation method:
cg according to method B
KV according to method B
KHb, KFb according method C
KHa, KFa according to method B

End report lines: 501
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Important hint: At least one warning has occurred during the calculation:
1-> Notice:

Gear 1

Measuring the Base tangent length is critical,

it is better to use measurement over rolls!

CALCULATION OF A HELICAL GEAR PAIR

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

Calculation method DIN 3990:1987 Method B

——————— GEAR 1 -——————-- GEAR 2 --
Power (kW) [P] 510.246
Speed (1/min) [n] 625.9 1073.0
Torque (Nm) [T] 7784.6 4541.0
Application factor [KA] 1.20
Required service life [H] 20000.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
ISO 21771:2007)
——————— GEAR 1 -------- GEAR 2 --
Center distance (mm) [a] 315.000
Centre distance tolerance ISO 286:2010 Measure H7
Normal module (mm) [mn] 6.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta]l 25.0000
Number of teeth [z] 60 35
Double helical gearing right/left left/right
Total facewidth of Gear (mm) [b] 210.00 210.00
Width of intermediate groove (mm) [bNut] 70.00
Facewidth for calculation (mm) [beH] 70.00 70.00
Accuracy grade [Q-DIN 3961:1978] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gear 1: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
Gear 2: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
——————— GEAR 1 -------- GEAR 2 --
Surface hardness HRC 56 HRC 56
Fatigue strength. tooth root stress (N/mm?)
[sigFlim] 370.00 370.00
Fatigue strength for Hertzian pressure (N/mm?)
[sigHlim] 1220.00 1220.00
Tensile strength (N/mm?) [Rm] 1100.00 1100.00
Yield point (N/mm?) [Rp] 900.00 900.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (pm) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (upm) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
Tool or reference profile of gear 1 :
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
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Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Tool or reference profile of gear 2 :
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Tip form height coefficient [hFaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Ramp angle [alfKP] 0.000
not topping
Summary of reference profile gears:
Dedendum reference profile (module) [hfP*] 1.250 1.250
Tooth root radius Refer. profile (module)
[rofP*] 0.250 0.250
Addendum Reference profile (module) [haP*] 1.000 1.000
Protuberance height factor (module) [hprP*] 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000
Tip form height coefficient (module) [hFaP*] 0.000 0.000
Ramp angle (°) [alfKP] 0.000 0.000
Type of profile modification:
none (only running-in)
Tip relief (um) [Ca] 3.4 3.4
Lubrication type 0il injection lubrication
Type of oil 0il: ISO-VG 46
Lubricant base Mineral-oil base
Kinem. viscosity oil at 40 °C (mm?/s) [nu40] 46.00
Kinem. viscosity oil at 100 °C (mm?/s) [nul00] 6.70
FZG test A/8.3/90 (
ISO 14635-1:2006) [FZGtestA] 12
Specific density at 15 °C (kg/dm?) [ro0il] 0.880
0il temperature (°C) [TS] 70.000
——————— GEAR 1 --—————-- GEAR 2 --
Overall transmission ratio [itot] -0.583
Gear ratio [u] 1.714
Transverse module (mm) [mt] 6.620
Pressure angle at pitch circle (°) [alft] 21.880
Working transverse pressure angle (°) [alfwt] 22.122
[alfwt.e/1] 22.146 / 22.122
Working pressure angle at normal section (°) [alfwn] 20.219
Helix angle at operating pitch circle (°)
[betaw] 25.037
Base helix angle (°) [betab] 23.399
Reference centre distance (mm) [ad] 314.463
Sum of profile shift coefficients [Summexi ] 0.0900
Profile shift coefficient [x] -0.0417 0.1317
Tooth thickness (Arc) (module) [sn*] 1.5404 1.6667
Tip alteration (mm) [k*mn] -0.003 -0.003
Reference diameter (mm) [d] 397.216 231.709
Base diameter (mm) [db] 368.603 215.018
Tip diameter (mm) [da] 408.709 245.284
(mm) [da.e/1i] 408.709 / 408.459 245.284 / 245.274
Tip diameter allowances (mm) [Ada.e/1] 0.000 / -0.250 0.000 / -0.010
Tip chamfer / tip rounding (mm) [hK] 0.000 0.000
Tip form diameter (mm) [dFa] 408.709 245.284
(mm) [dFa.e/1] 408.709 / 408.459 245.284 / 245.274
Active tip diameter (mm) [dNa.e/1i] 408.709 / 408.459 245.284 / 245.274
Operating pitch diameter (mm) [dw] 397.895 232.105
(mm) [dw.e/1] 397.960 / 397.895 232.144 / 232.105
Root diameter (mm) [df] 381.715 218.290
Generating Profile shift coefficient [xE.e/1] -0.0715 / -0.0852 0.1100 / 0.0985
Manufactured root diameter with xE (mm) [df.e/1] 381.358 / 381.193 218.029 / 217.892
Theoretical tip clearance (mm) [c] 1.500 1.500
Effective tip clearance (mm) [c.e/i] 1.876 / 1.631 1.818 / 1.679
Active root diameter (mm) [dNf] 387.402 223.417
(mm) [dNf.e/i] 387.494 / 387.402 223.651 / 223.417
Root form diameter (mm) [dFf] 385.165 222.100
(mm) [dFf.e/i] 384.888 / 384.761 221.926 / 221.835
Reserve (dNf-dFf)/2 (mm) [cF.e/1] 1.366 / 1.257 0.908 / 0.746
Addendum (mm) [ha = mn * (haP*+x)] 5.747 6.787
(mm) [ha.e/1] 5.747 / 5.622 6.787 / 6.782
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Dedendum (mm) [hf = mn * (hfP*-x)] 7.750 6.710
(mm) [hf.e/1i] 7.929 / 8.011 6.840 / 6.909
Roll angle at dFa (°) [xsi dFa.e/i] 27.446 / 27.355 31.452 / 31.446
Roll angle to dNa (°) [xsi dNa.e/i] 27.446 / 27.355 31.452 / 31.446
Roll angle to dNf (°) [xsi dNf.e/i] 18.577 / 18.531 16.398 / 16.170
Roll angle at dFf (°) [xsi dFf.e/i] 17.219 / 17.150 14.639 / 14.541
Tooth height (mm) [H] 13.497 13.497
Virtual gear no. of teeth [zn] 78.599 45.849
Normal tooth thickness at tip cyl. (mm) [san] 4.824 4.492
(mm) [san.e/1i] 4.797 / 4.630 4.397 / 4.340
Normal spacewidth at root cylinder (mm) [efn] 4.598 4.833
(mm) [efn.e/i] 4.633 / 4.649 4.878 / 4.902
Max. sliding velocity at tip (m/s) [vgal 2.3717 2.724
Specific sliding at the tip [zetaa]l 0.411 0.411
Specific sliding at the root [zetaf] -0.697 -0.697
Sliding factor on tip [Kga]l 0.182 0.209
Sliding factor on root [Kgf] -0.209 -0.182
Pitch on reference circle (mm) [pt] 20.798
Base pitch (mm) [pbt] 19.300
Transverse pitch on contact-path (mm) [pet] 19.300
Lead height (mm) [pz] 2676.111 1561.065
Axial pitch (mm) [px] 44,602
Length of path of contact (mm) [ga, e/i] 28.675 (28.675 / 28.237)
Length T1-A, T2-A (mm) [T1A, T2A] 59.608(59.608/59.757) 59.016(59.016/59.006
Length T1-B ) [T1B, T2B] 68.983(68.983/68.693) 49.641(49.641/50.069

)

(mm ] )

Length T1-C (mm) [T1C, T2C] 74.921(74.921/75.008) 43.704(43.704/43.755)
( 1 )

] )

Length T1-D (mm) [T1D, T2D] 78.908(78.908/79.057) 39.716(39.716/39.706
Length T1-E (mm) [T1E, T2E] 88.283(88.283/87.993) 30.341(30.341/30.769
Length T1-T2 (mm) [T1T2] 118.624 (118.624 / 118.762)
Diameter of single contact point B (mm)
[d-B] 393.577(393.577/393.374) 236.833(236.833/237.193)
Diameter of single contact point D (mm)
[d-D] 400.966(400.966/401.083) 229.221(229.221/229.214)
Addendum contact ratio [eps] 0.692( 0.692/ 0.673) 0.793( 0.793/ 0.790)
Minimal length of contact line (mm) [Lmin] 102.560
Transverse contact ratio [eps_a] 1.486
Transverse contact ratio with allowances [eps a.e/m/i] 1.486 / 1.474 / 1.463
Overlap ratio [eps_b-beH (eps_b-b)] 1.569 (3.139)
Total contact ratio [eps_g] 3.055 (4.625)
Total contact ratio with allowances [eps g.e/m/1i] 3.055/3.044/3.032 (4.625/4.613/4.602)
2. FACTORS OF GENERAL INFLUENCE
——————— GEAR 1 --—-————-- GEAR 2 --
Nominal circum. force at pitch circle (N)
[Ft] 39195.7
Axial force (N) [Fa] 0.0
Radial force (N) [Fr] 15740.8
Normal force (N) [Fnorm] 46023.2
Tangent.load at p.c.d.per mm (N/mm) (N/mm)
[w] 279.97
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 39128.8
Axial force (N) [Faw] 0.0
Radial force (N) [Frw] 15906.3
Circumferential speed pitch d.. (m/sec) [v] 13.02
Running-in value (um) [yp] 0.8
Running-in value (pm) [vEf] 0.8
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 0.975
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/um) [c'] 13.329
Meshing stiffness (N/mm/pm) [cg] 18.185
Reduced mass (kg/mm) [mRed] 0.14244
Resonance speed (min-1) [nE1] 1798
Nominal speed (-) [N] 0.348
Subcritical range
Running-in value (pm) [ya] 0.8
Bearing distance 1 of pinion shaft (mm) [1] 336.000
Distance s of pinion shaft (mm) [s] 16.800
Outside diameter of pinion shaft (mm) [dsh] 168.000
Load according to figure 6.8,
DIN 3990-1:1987 [-] 4
(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
Coefficient K' according figure 6.8,
DIN 3990-1:1987 [K'] -1.00
Without support effect
Tooth trace deviation (active) (um) [Fby] 4.46
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from deformation of shaft (um) [fsh*B1] 1.72
Tooth without tooth trace modification
Position of Contact pattern: favorable

from production tolerances (um) [fma*B2] 10.00
Tooth trace deviation, theoretical (um) [Fbx] 5.25
Running-in value (um) [yb] 0.8
Dynamic factor [KV] 1.090
Face load factor - flank [KHb] 1.111
- Tooth root [KFb] 1.089
- Scuffing [KBDb] 1.111
Transverse load factor - flank [KHa] 1.092
- Tooth root [KFa] 1.092
- Scuffing [KBa] 1.092
Helical load factor scuffing [Kbg] 1.287
Number of load cycles (in mio.) [NL] 751.100 1287.600

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] 1.21 1.16
Stress correction factor [YS] 2.38 2.42
Working angle (°) [alfFen] 19.39 19.54
Bending lever arm (mm) [hF] 6.06 5.61
Tooth thickness at root (mm) [sFn] 13.47 13.24
Tooth root radius (mm) [roF] 2.36 2.35

(hF* = 1.010/0.935 sFn* = 2.245/2.206 roF* = 0.393/0.391 dsFn 383.54/220.09 alfsFn = 30.00/30.00)

Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 0.792
Effective facewidth (mm) [beff] 70.00 70.00
Nominal shear stress at tooth root (N/mm?)
[sigF0] 106.02 103.42
Tooth root stress (N/mm?) [sigF] 164.85 160.80
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT] 1.003 1.003
Surface factor [YRrelT] 0.957 0.957
Size coefficient (Tooth root) [YX] 0.990 0.990
Finite life factor [YNT] 1.000 1.000
[YdrelT*YRrelT*YX*YNT] 0.950 0.950
Alternating bending coefficient [YM] 1.000 1.000
Stress correction factor [Yst] 2.00
Limit strength tooth root (N/mm?) [sigFG] 703.22 702.96
Permissible tooth root stress (N/mm?)
[sigFP=sigFG/SFmin] 502.30 502.11
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 4.27 4.37
Transmittable power (kW) [kWRating] 1554.72 1593.30
4. SAFETY AGAINST PITTING (TOOTH FLANK)
——————— GEAR 1 ---—-—-—--- GEAR 2 --
Zone factor [ZH] 2.290
Elasticity coefficient (N”.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.820
Helix angle factor [Zbet] 0.952
Effective facewidth (mm) [beff] 70.00
Nominal flank pressure (N/mm?) [sigHO] 469.54
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 591.33
Single tooth contact factor [ZB, ZD] 1.00 1.00
Flank pressure (N/mm?) [sigH] 591.33 591.33
Lubrication factor [ZL] 0.931 0.931
Speed factor [ZV] 1.008 1.008
Roughness factor [ZR] 0.993 0.993
Material mating factor [ZW] 1.000 1.000
Finite life factor [ZNT] 1.000 1.000
[ZL*ZV*ZR*ZNT ] 0.932 0.932
Small amount of pitting permissible (0=no, l=yes) 0 0
Size coefficient (flank) [ZX] 1.000 1.000
Limit strength pitting (N/mm?) [sigHG] 1136.75 1136.75
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Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin] 1136.75 1136.75

Safety for surface pressure at operating pitch circle

[SHw] 1.92 1.92
Required safety [SHmin] 1.00 1.00
Transmittable power (kW) [kWRating] 1885.58 1885.58

Safety for stress at single tooth contact

[SHBD=sigHG/sigH] 1.92 1.92
(Safety regarding nominal torque) [ (SHBD) ~2] 3.70 3.70
4b. MICROPITTING ACCORDING TO ISO TR 15144-1:2010
Calculation did not run. (Lubricant: Load stage micropitting test is unknown
5. STRENGTH AGAINST SCUFFING
Calculation method according to
DIN 3990:1987
Lubrication coefficient (for lubrication type)
[XS] 1.200
Relative structure coefficient (Scuffing)
[XWrelT] 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780 13.780
Relevant tip relief (um) [Ca] 3.40 3.40
Optimal tip relief (um) [Ceff] 12.32
Effective facewidth (mm) [beff] 70.000
Applicable circumferential force/facewidth (N/mm)
[wBt] 571.273
Pressure angle factor (epsl:
0.692, eps2: 0.793) [Xalfbet] 0.990
Flash temperature-criteria
Tooth mass temperature (°C) [theM-B] 85.74
theM-B = theoil + XS*0.47*theflamax [theflamax] 27.90
Scuffing temperature (°C) [theS] 469.40
Coordinate gamma (point of highest temp.) [Gamma] 0.136
[Gamma.A]= -0.204 [Gamma.E]= 0.178
Highest contact temp. (°C) [theB] 113.64
Flash factor (°K*N~-.75*%*s”.5*m"-.5%mm) [XM] 50.058
Geometry factor [XB] 0.077
Load sharing factor [XGam] 1.000
Dynamic viscosity (mPa*s) [etaM] 7.92
Coefficient of friction [mym] 0.073
Required safety [SBmin] 2.000
Safety factor for scuffing (flash-temp) [SB] 9.149
Integral temperature-criteria
Tooth mass temperature (°C) [theM-C] 84.35
theM-C = theoil + XS*0.70*theflaint [theflaint] 17.08
Integral scuffing temperature (°C) [theSint] 469.40
Flash factor (°K*N~-.75*%*s”.5*m"-.5%mm) [XM] 50.058
Contact ratio factor [Xeps] 0.271
Dynamic viscosity (mPa*s) [etaOil] 12.31
Averaged coefficient of friction [mym] 0.067
Geometry factor [XBE] 0.195
Meshing factor [XQ] 1.000
Tip relief factor [XCa] 1.021
Integral tooth flank temperature (°C) [theint] 109.98
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [SSint] 4.268
Safety referring to transferred torque [SSL] 9.991
6. MEASUREMENTS FOR TOOTH THICKNESS
——————— GEAR 1 -------- GEAR 2 --
Tooth thickness deviation DIN 3967:1978 cd25 DIN 3967:1978 cd25
Tooth thickness allowance (normal section) (mm)
[As.e/1] -0.130 / -0.190 -0.095 / -0.145
Number of teeth spanned [k] 9.000 6.000
Base tangent length (no backlash) (mm) [Wk] 157.057 101.851
Actual base tangent length ('span') (mm) [Wk.e/i] 156.935 / 156.878 101.762 / 101.715
Diameter of contact point (mm) [dMWk .m] 395.733 234.417
Theoretical diameter of ball/pin (mm) [DM] 10.080 10.282
Eff. Diameter of ball/pin (mm) [DMeff] 10.500 10.500
Theor. dim. centre to ball (mm) [MrK] 205.945 124.078
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Actual dimension centre to ball (mm) [MrK.e/i] 205.776 / 205.
Diameter of contact point (mm) [dMMr .m] 397.280
Diametral measurement over two balls without clearance (mm)

[MdK] 411.889
Actual dimension over balls (mm) [MdK.e/1i] 411.552 / 411.

Diametral measurement over rolls without clearance (mm)
[MdR] 411.889
Actual dimension over rolls (mm) [MdR.e/i] 411.552 / 411.
Dimensions over 3 rolls without clearance (mm)
[Md3R] 0.000
Actual dimensions over 3 rolls (mm) [Md3R.e/1i] 0.000 / 0.000
Chordal tooth thickness (no backlash) (mm)
['sn] 9.242
Actual chordal tooth thickness (mm) ['sn.e/1i] 9.112 / 9.052
Reference chordal height from da.m (mm) [ha] 5.728
Tooth thickness (Arc) (mm) [sn] 9.243
(mm) [sn.e/1i] 9.113 / 9.053
Backlash free center distance (mm) [aControl.e/i] 314.693
Backlash free center distance, allowances (mm)
[jtal -0.307
Centre distance allowances (mm) [Aa.e/1] 0.052
Circumferential backlash from Aa (mm) [Jt Ra.e/i] 0.042
Radial clearance (mm) [Fr] 0.509
Circumferential backlash (transverse section) (mm)
[jt] 0.413
Torsional angle for fixed gear 1 (°) 0.2040
Normal backlash (mm) [in] 0.351
7. GEAR ACCURACY
——————— GEAR 1
According to
DIN 3961:1978:
Accuracy grade [Q-DIN3961] 6
Profile form deviation (um) [££f] 10.00
Profile slope deviation (um) [fHa] 7.00
Total profile deviation (um) [F£] 13.00
Helix form deviation (pm) [f£fb] 8.00
Helix slope deviation (um) [fHDb] 10.00
Total helix deviation (um) [Fb] 13.00
Normal base pitch deviation (um) [fpel 10.00
Single pitch deviation (um) [fp] 10.00
Difference between adjacent pitches (um) [fu] 12.00
Total cumulative pitch deviation (um) [Fp] 40.00
Cumulative circular pitch deviation over z/8 pitches (um)
[Fpz/8] 25.00
Concentricity deviation (um) [Fr] 28.00
Tooth Thickness Variation (um) [Rs] 16.00
Total radial composite deviation (um) [Fi"] 32.00
Radial tooth-to-tooth composite deviation (pm)
[fi"] 14.00
Total tangential composite deviation (upm)
[Fi'] 42.00
Tangential tooth-to-tooth composite deviation (um)
[fi'] 16.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Qual
Maximum value for deviation error of axis (um)
[fSigbet]
Maximum value for inclination error of axes (um)
[fSigdel]
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [cr] 86.5
Mean coeff. of friction (acc. Niemann) [mum]
Wear sliding coef. by Niemann [zetw]
Power loss from gear load (kW) [PVZ]
(Meshing efficiency (%) [etaz]
Weight - calculated with da (kg) [Mass] 215.725
Total weight (kg) [Mass]
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] 3.92701
System ((da+df)/2...di) (kg*m?) [TraeghMom] 5
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698 123.963 / 123.
233.448
247.917
396 247.688 / 247.
248.156
396 247.927 / 247.
248.156
247.927 / 247.806
9.998
9.903 / 9.853
6.874
10.000
9.905 / 9.855
/314.543
/ =0.457
/ 0.000
/ 0.000
/ 0.307
/ 0.249
/0.1230
/ 0.212
———————— GEAR 2 --
6
10.00
7.00
13.00
8.00
10.00
13.00
9.00
9.00
11.00
35.00
22.00
25.00
15.00
28.00
12.00
38.00
15.00
ity
6)
36.00 (Fb=15.00)
72.00
29.4
0.035
0.610
1.745
99.658)
77.698
293.423
0.46461
.29238
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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..
- Details of calculation method:

cg according to method B

KV according to method B

KHb, KFb according method C

KHa, KFa according to method B

End report lines: 501
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KISSsoft - Release 03-2012F
KISSsoft academic license for Uni Pilsen

Project
Name : prevodovka zkusebna
File
Name : 178
Changed by : jirisuch on: 14.03.2014 at: 18:09:09

Important hint: At least one warning has occurred during the calculation:
1-> The circumferential speed is very high ( 20.0848 m/s)!

You have to take adequate action to

guarantee proper lubrication.

CALCULATION OF A HELICAL GEAR PAIR

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

Calculation method DIN 3990:1987 Method B

——————— GEAR 1 ---—-—-—--- GEAR 2 --
Power (kW) [P] 510.246
Speed (1/min) [n] 1073.0 1347.5
Torque (Nm) [T] 4541 .0 3616.0
Application factor [KA] 1.20
Required service life [H] 20000.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
ISO 21771:2007)
——————— GEAR 1 -——————- GEAR 2 --
Center distance (mm) [a] 315.000
Centre distance tolerance ISO 286:2010 Measure H7
Normal module (mm) [mn] 6.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta] 25.0000
Number of teeth [z] 54 43
Double helical gearing right/left left/right
Total facewidth of Gear (mm) [b] 210.00 210.00
Width of intermediate groove (mm) [bNut] 70.00
Facewidth for calculation (mm) [beH] 70.00 70.00
Accuracy grade [Q-DIN 3961:1978] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gear 1: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
Gear 2: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
——————— GEAR 1 -------- GEAR 2 --
Surface hardness HRC 56 HRC 56
Fatigue strength. tooth root stress (N/mm?)
[sigFlim] 370.00 370.00
Fatigue strength for Hertzian pressure (N/mm?)
[sigHlim] 1220.00 1220.00
Tensile strength (N/mm?) [Rm] 1100.00 1100.00
Yield point (N/mm?) [Rp] 900.00 900.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (pm) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (upm) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
Tool or reference profile of gear 1 :
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.250
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
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Tip form height coefficient
Protuberance height factor
Protuberance angle

Ramp angle

not toppi
Tool or reference profile of gear 2 :
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*]
Root radius factor [rhofP*]
Addendum coefficient [haP*]
Tip radius factor [rhoaP*]
Tip form height coefficient [hFaP*]
Protuberance height factor [hprP*]
Protuberance angle [alfprP]
Ramp angle [alfKP]
not toppi
Summary of reference profile gears:
Dedendum reference profile (module) [hfP*] 1.250
Tooth root radius Refer. profile (module)
[rofP*] 0.250
Addendum Reference profile (module) [haP*] 1.000
Protuberance height factor (module) [hprP*] 0.000
Protuberance angle (°) [alfprP] 0.000
Tip form height coefficient (module) [hFaP*] 0.000
Ramp angle (°) [alfKP] 0.000
Type of profile modification:
none (only running-in)
Tip relief (pm) [Ca] 3.4
Lubrication type 0il injection lubrication
Type of oil 0il: ISO-VG 46
Lubricant base Mineral-oil base
Kinem. viscosity oil at 40 °C (mm?/s) [nud0] 46.
Kinem. viscosity oil at 100 °C (mm?/s) [nul00]
FZG test A/8.3/90 (
ISO 14635-1:2006) [FZGtestA] 1
Specific density at 15 °C (kg/dm?) [ro0il]
0il temperature (°C) [TS] 70.
————— GEAR 1 --
Overall transmission ratio [itot] -0
Gear ratio [ul] 1.
Transverse module (mm) [mt] 6.
Pressure angle at pitch circle (°) [alft] 21
Working transverse pressure angle (°) [alfwt] 18
[alfwt.e/1] 18.963 /
Working pressure angle at normal section (°) [alfwn] 17.
Helix angle at operating pitch circle (°)
[betaw] 24.
Base helix angle (°) [betab] 23.
Reference centre distance (mm) [ad] 321.
Sum of profile shift coefficients [Summexi ] -0.
Profile shift coefficient [x] -0.5834
Tooth thickness (Arc) (module) [sn*] 1.1401
Tip alteration (mm) [k*mn] -0.380
Reference diameter (mm) [dl] 357.494
Base diameter (mm) [db] 331.742
Tip diameter (mm) [da] 361.733
(mm) [da.e/1] 361.733 / 361.503
Tip diameter allowances (mm) [Ada.e/1] 0.000 / -0.230
Tip chamfer / tip rounding (mm) [hK] 0.000
Tip form diameter (mm) [dFa] 361.733
(mm) [dFa.e/i] 361.733 / 361.503
Active tip diameter (mm) [dNa.e/1i] 361.733 / 361.503
Operating pitch diameter (mm) [dw] 350.722
(mm) [dw.e/1] 350.780 / 350.722
Root diameter (mm) [df] 335.493
Generating Profile shift coefficient [xE.e/1] -0.6132 / -0.6269
Manufactured root diameter with xE (mm) [df.e/1] 335.136 / 334.971
Theoretical tip clearance (mm) [c] 1.500
Effective tip clearance (mm) [c.e/1i] 1.928 / 1.678
Active root diameter (mm) [dNf] 341.530
(mm) [dNf.e/i] 341.611 / 341.530
Root form diameter (mm) [dFf] 341.132
(mm) [dFf.e/i] 340.910 / 340.808
Reserve (dNf-dFf) /2 (mm) [cF.e/1i] 0.402 / 0.310
Addendum (mm) [ha = mn * (haP*+x)] 2.119
(mm) [ha.e/1] 2.119 / 2.004
Dedendum (mm) [hf = mn * (hfP*-x)] 11.001
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[hFaP*]
[hprp*]
[alfprP]
[alfKP]

6.

0.

0.000
0.000
0.000
0.000
ng
1.250
0.250
1.000
0.000
0.000
0.000
0.000
0.000
ng
1.250
0.250
1.000
0.000
0.000
0.000
0.000
3.4
00
70
2
880
000
—————— GEAR 2 -
796
256
620
880
935
18.935
326
583
399
083
9504
-0.3670
1.3036
-0.380
284.672
264.165
291.507

291.507 / 291.

0.000 / -0.010

0.000

291.507
291.507 / 291.
291.507 / 291.

279.278
279.324 / 279.

265.267
-0.3968 / -0.
264.910 / 264.

1.500

1.818 / 1.678

270.943
271.144 / 270.

270.743
270.534 / 270.

0.352 / 0.204

3.418

3.418 / 3.413

9.702

497

497
497

278

4105
745

943

439
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(mm) [hf.e/1i] 11.179 / 11.262 9.881 / 9.963
Roll angle at dFa (°) [xsi dFa.e/i] 24.908 / 24.808 26.735 / 26.729
Roll angle to dNa (°) [xsi dNa.e/i] 24.908 / 24.808 26.735 / 26.729
Roll angle to dNf (°) [xsi dNf.e/i] 14.079 / 14.020 13.256 / 13.062
Roll angle at dFf (°) [xsi dFf.e/i] 13.563 / 13.486 12.657 / 12.562
Tooth height (mm) [H] 13.120 13.120
Virtual gear no. of teeth [zn] 70.739 56.329
Normal tooth thickness at tip cyl. (mm) [san] 5.330 5.262
(mm) [san.e/1i] 5.287 / 5.138 5.133 / 5.068
Normal spacewidth at root cylinder (mm) [efn] 5.645 5.664
(mm) [efn.e/1i] 5.715 / 5.748 5.753 / 5.796
Max. sliding velocity at tip (m/s) [vgal 3.853 4.136
Specific sliding at the tip [zetaa]l 0.476 0.476
Specific sliding at the root [zetaf] -0.907 -0.907
Sliding factor on tip [Kgal 0.196 0.210
Sliding factor on root [Kgf] -0.210 -0.196
Pitch on reference circle (mm) [pt] 20.798
Base pitch (mm) [pbt] 19.300
Transverse pitch on contact-path (mm) [pet] 19.300
Lead height (mm) [pz] 2408.500 1917.880
Axial pitch (mm) [px] 44 .602
Length of path of contact (mm) [ga, e/i] 31.520 (31.520 / 31.059)
Length T1-A, T2-A (mm) [T1A, T2A] 40.588(40.588/40.760) 61.631(61.631/61.619)
Length T1-B (mm) [T1B, T2B] 52.808(52.808/52.519) 49.411(49.411/49.860)
Length T1-C (mm) [T1C, T2C] 56.905(56.905/56.994) 45.313(45.313/45.384)
Length T1-D (mm) [T1D, T2D] 59.888(59.888/60.060) 42.331(42.331/42.319)
Length T1-E (mm) [T1E, T2E] 72.108(72.108/71.819) 30.111(30.111/30.560)
Length T1-T2 (mm) [T1T2] 102.218 (102.218 / 102.378)
Diameter of single contact point B (mm)
[d-B] 348.149(348.149/347.974) 282.044(282.044/282.360)
Diameter of single contact point D (mm)
[d-D] 352.703(352.703/352.820) 277.400(277.400/277.393)
Addendum contact ratio [eps] 0.788( 0.788/ 0.768) 0.845( 0.845/ 0.841)
Minimal length of contact line (mm) [Lmin] 116.888
Transverse contact ratio [eps_a] 1.633
Transverse contact ratio with allowances [eps a.e/m/i] 1.633 / 1.621 / 1.609
Overlap ratio [eps_b-beH (eps_b-b)] 1.569 (3.139)
Total contact ratio [eps_g] 3.203 (4.772)
Total contact ratio with allowances [eps g.e/m/1i] 3.203/3.191/3.179 (4.772/4.760/4.748)
2. FACTORS OF GENERAL INFLUENCE
——————— GEAR 1 -------- GEAR 2 --

Nominal circum. force at pitch circle (N)

[Ft] 25404.6
Axial force (N) [Fa] 0.0
Radial force (N) [Fr] 10202.4
Normal force (N) [Fnorm] 29829.8
Tangent.load at p.c.d.per mm (N/mm) (N/mm)

[w] 181.46
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 25895.2
Axial force (N) [Faw] 0.0
Radial force (N) [Frw] 8883.8
Circumferential speed pitch d.. (m/sec) [v] 20.08
Running-in value (pm) [yp] 0.8
Running-in value (um) [vEf] 0.8
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 0.975
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/pm) [c'] 11.555
Meshing stiffness (N/mm/pm) [cal 17.042
Reduced mass (kg/mm) [mRed] 0.16124
Resonance speed (min-1) [nE1] 1818
Nominal speed (-) [N] 0.590
Subcritical range
Running-in value (pm) [ya] 0.8
Bearing distance 1 of pinion shaft (mm) [1] 336.000
Distance s of pinion shaft (mm) [s] 16.800
Outside diameter of pinion shaft (mm) [dsh] 168.000
Load according to figure 6.8,

DIN 3990-1:1987 [-] 4
(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
Coefficient K' according figure 6.8,
DIN 3990-1:1987 [K'] -1.00

Without support effect
Tooth trace deviation (active) (um) [Fby] 5.66
from deformation of shaft (um) [fsh*B1] 0.66
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Tooth without tooth trace modification

Position of Contact pattern: favorable
from production tolerances (pm)
Tooth trace deviation, theoretical (um)
Running-in value (um)
Dynamic factor
Face load factor - flank
- Tooth root
- Scuffing
Transverse load factor - flank
- Tooth root
- Scuffing

Helical load factor scuffing

Number of load cycles (in mio.)

3. TOOTH ROOT STRENGTH

[fma*B2]
[Fbx]
[yb]

[KV]

[KHb]
[KEFDb]
[KBDb]
[KHa]
[KFa]
[KBa]
[Kbg]

[NL]

1287.

Calculation of Tooth form coefficients according method: B
(Calculate tooth shape coefficient YF with addendum mod.

Tooth form factor [YF]
Stress correction factor [YS]
Working angle (°) [alfFen]
Bending lever arm (mm) [hF]
Tooth thickness at root (mm) [sFn]
Tooth root radius (mm) [roF]
(hF* = 0.869/0.833 sFn* = 2.086/2.093 roF* =

Contact ratio factor

Helical load factor

Effective facewidth (mm)

Nominal shear stress at tooth root

Tooth root stress (N/mm?)

[Yeps]
[Ybet]
[beff]

(N/mm?)

[sigFO0]
[sigF]

Permissible bending stress at root of Test-gear

Notch sensitivity factor [YdrelT]

Surface factor [YRrelT]

Size coefficient (Tooth root) [YX]

Finite life factor [YNT]
[YdrelT*YRrel T*YX*YNT]

Alternating bending coefficient [YM]

Stress correction factor [Yst]

Limit strength tooth root (N/mm?) [sigFG]

Permissible tooth root stress (N/mm?)

[sigFP=sigFG/SFmin]

Required safety [SFmin]

Safety for Tooth root stress [SF=sigFG/sigF]

Transmittable power (kW) [kWRating]

4. SAFETY AGAINST PITTING (TOOTH FLANK)

Zone factor [ZH]

Elasticity coefficient (N”.5/mm) [ZE]

Contact ratio factor [Zeps]

Helix angle factor [Zbet]

Effective facewidth (mm) [beff]

Nominal flank pressure (N/mm?) [sigHO]

Surface pressure at operating pitch circle (N/mm?)
[sigHw]
Single tooth contact factor [ZB, ZD]
Flank pressure (N/mm?) [sigH]
Lubrication factor [ZL]
Speed factor [ZV]
Roughness factor [ZR]
Material mating factor [ZW]
Finite life factor [ZNT]
[ZL*ZV*ZR*ZNT]
Small amount of pitting permissible (0O=no, 1l=yes)
Size coefficient (flank) [ZX]
Limit strength pitting (N/mm?) [sigHG]

Permissible surface pressure (N/mm?)
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10.00
6.66
1.0
1.184
1.187
1.150
1.187
1.142
1.142
1.142
1.294
1616.986
———————— GEAR 2 --
1.17
2.11
16.04
5.00
12.56
3.15
337.80/267.46 alfsFn =
1.000
0.792
70.00
59.00
110.06
0.995
0.957
0.990
1.000
0.942
1.000
2.00
697.40
498.14
1.40
6.34
2309.51
———————— GEAR 2 --
2.493
189.812
0.783
0.952
70.00
377.15
523.34
1.00
523.34
0.931
1.021
0.993
1.000
1.000
0.944
0
1.000
1151.35
1151.35

30.00/30.00)



Safety for surface pressure at operating pitch circle
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[SHw] 2.20
Required safety [SHmin] 1.00
Transmittable power (kW) [kWRating] 2469.55
Safety for stress at single tooth contact
[SHBD=sigHG/sigH] 2.20
(Safety regarding nominal torque) [ (SHBD) "2] 4.84
4b. MICROPITTING ACCORDING TO ISO TR 15144-1:2010
Calculation did not run. (Lubricant: Load stage micropitting test is unknown
5. STRENGTH AGAINST SCUFFING
Calculation method according to
DIN 3990:1987
Lubrication coefficient (for lubrication type)
[XS] 1.200
Relative structure coefficient (Scuffing)
[XWrelT] 1.000
Thermal contact factor (N/mm/s”.5/K) [BM] 13.780
Relevant tip relief (um) [Ca] 3.40
Optimal tip relief (um) [Ceff] 8.52
Effective facewidth (mm) [beff] 70.000
Applicable circumferential force/facewidth (N/mm)
[wBt] 452,145
Pressure angle factor (epsl:
0.788, eps2: 0.845) [Xalfbet] 0.944
Flash temperature-criteria
Tooth mass temperature (°C) [theM-B] 85.23
theM-B = theoil + XS*0.47*theflamax [theflamax] 27.00
Scuffing temperature (°C) [theS] 469.40
Coordinate gamma (point of highest temp.) [Gamma] -0.335
[Gamma.A]= -0.287 [Gamma.E]= 0.267
Highest contact temp. (°C) [theB] 112.22
Flash factor (°K*N"-.75*s”.5*m"-.5%mm) [XM] 50.058
Geometry factor [XB] 0.235
Load sharing factor [XGam] 0.333
Dynamic viscosity (mPa*s) [etaM] 8.02
Coefficient of friction [mym] 0.070
Required safety [SBmin] 2.000
Safety factor for scuffing (flash-temp) [SB] 9.457
Integral temperature-criteria
Tooth mass temperature (°C) [theM-C] 84.24
theM-C = theoil + XS*0.70*theflaint [theflaint] 16.95
Integral scuffing temperature (°C) [theSint] 469.40
Flash factor (°K*N"-.75*s”.5*m"-.5%mm) [XM] 50.058
Contact ratio factor [Xeps] 0.252
Dynamic viscosity (mPa*s) [eta0il] 12.31
Averaged coefficient of friction [mym] 0.060
Geometry factor [XBE] 0.235
Meshing factor [XQ] 1.000
Tip relief factor [XCal 1.027
Integral tooth flank temperature (°C) [theint] 109.67
Required safety [SSmin] 1.800
Safety factor for scuffing (intg.-temp.) [SSint] 4.280
Safety referring to transferred torque [SSL] 10.068
6. MEASUREMENTS FOR TOOTH THICKNESS
——————— GEAR 1 -—--—--—-

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

[As.e/1]
Number of teeth spanned [k]
Base tangent length (no backlash) (mm) [Wk]
Actual base tangent length ('span') (mm) [Wk.e/i]
Diameter of contact point (mm) [dMWk .m]
Theoretical diameter of ball/pin (mm) [DM]
Eff. Diameter of ball/pin (mm) [DMeff]
Theor. dim. centre to ball (mm) [MrK]
Actual dimension centre to ball (mm) [MrK.e/i]
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DIN 3967:1978 cd25
-0.130 / -0.190

7.000

118.741
118.619 / 118.562

349.140

9.951

10.000

181.854
181.662 / 181.572

2.20
2469.55

2.20
4.84

13.780
3.40

-- GEAR 2 --
DIN 3967:1978 cd25

-0.130 / -0.190

6.000
100.694
100.571 / 100.515
279.818

9.953
10.000
146.799
146.615 / 146.530
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Diameter of contact point (mm) [dMMr .m] 350.187 279.973
Diametral measurement over two balls without clearance (mm)

[MdK] 363.708 293.409
Actual dimension over balls (mm) [MdK.e/1i] 363.323 / 363.144 293.042 / 292.
Diametral measurement over rolls without clearance (mm)

[MdR] 363.708 293.598
Actual dimension over rolls (mm) [MdR.e/1] 363.323 / 363.144 293.231 / 293.
Dimensions over 3 rolls without clearance (mm)

[Md3R] 0.000 293.598
Actual dimensions over 3 rolls (mm) [Md3R.e/1i] 0.000 / 0.000 293.231 / 293.060
Chordal tooth thickness (no backlash) (mm)

['sn] 6.876 7.821
Actual chordal tooth thickness (mm) ['sn.e/i] 6.746 / 6.686 7.691 / 7.631
Reference chordal height from da.m (mm) [ha] 2.089 3.460
Tooth thickness (Arc) (mm) [sn] 6.877 7.822

(mm) [sn.e/i] 6.747 / 6.687 7.692 / 7.632

Backlash free center distance (mm) [aControl.e/i] 314.588 /314.396
Backlash free center distance, allowances (mm)

[jtal -0.412 / -0.604
Centre distance allowances (mm) [Aa.e/1] 0.052 / 0.000
Circumferential backlash from Aa (mm) [Jt Aa.e/i] 0.036 / 0.000
Radial clearance (mm) [jr] 0.656 / 0.412
Circumferential backlash (transverse section) (mm)

[jt] 0.447 / 0.281
Torsional angle for fixed gear 1 (°) 0.1799 /0.1133
Normal backlash (mm) [9n] 0.381 / 0.240
7. GEAR ACCURACY

——————— GEAR 1 -------- GEAR 2 --
According to
DIN 3961:1978:

Accuracy grade [O-DIN3961] 6 6
Profile form deviation (um) [££f] 10.00 10.00
Profile slope deviation (um) [fHa] 7.00 7.00
Total profile deviation (um) [Ff] 13.00 13.00
Helix form deviation (pm) [f£fb] 8.00 8.00
Helix slope deviation (um) [fHDb] 10.00 10.00
Total helix deviation (um) [Fb] 13.00 13.00
Normal base pitch deviation (um) [fpel 10.00 10.00
Single pitch deviation (pm) [fp] 10.00 10.00
Difference between adjacent pitches (um) [fu] 12.00 12.00
Total cumulative pitch deviation (pm) [Fp] 40.00 40.00
Cumulative circular pitch deviation over z/8 pitches (um)

[Fpz/8] 25.00 25.00
Concentricity deviation (um) [Fr] 28.00 28.00
Tooth Thickness Variation (pm) [Rs] 16.00 16.00
Total radial composite deviation (um) [Fi"] 32.00 32.00
Radial tooth-to-tooth composite deviation (pm)

[fi"] 14.00 14.00
Total tangential composite deviation (um)

[Fi'] 42.00 42.00
Tangential tooth-to-tooth composite deviation (um)

[fi'] 16.00 16.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality

6)

Maximum value for deviation error of axis (um)

[fSigbet] 36.00 (Fb=15.00)
Maximum value for inclination error of axes (um)

[fSigdel] 72.00
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [cr] 65.6 41.6
Mean coeff. of friction (acc. Niemann) [mum] 0.030
Wear sliding coef. by Niemann [zetw] 0.777
Power loss from gear load (kW) [PVZ] 1.521
(Meshing efficiency (%) [etaz] 99.702)
Weight - calculated with da (kg) [Mass] 168.985 109.741
Total weight (kg) [Mass] 278.726
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] 2.37670 0.96648
System ((da+df)/2...di) (kg*m?) [TraeghMom] 3.90090

9. DETERMINATION OF TOOTHFORM

6/7
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Data for the tooth form calculation
Data not available.

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

consideration of all tolerances

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

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

cg according to method B

KV according to method B

KHb, KFb according method C

KHa, KFa according to method B

End report lines: 501
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CALCULATION OF A HELICAL GEAR PAIR
Drawing or article number:
Gear 1: 0.000.0
Gear 2: 0.000.0
Calculation method DIN 3990:1987 Method B
——————— GEAR 1 -------- GEAR 2 --
Power (kW) [P] 510.246
Speed (1/min) [n] 854.4 1073.0
Torque (Nm) [T] 5702.7 4541.0
Application factor [KA] 1.20
Required service life [H] 20000.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL
(geometry calculation according to
ISO 21771:2007)
——————— GEAR 1 ---—-——--- GEAR 2 --
Center distance (mm) [a] 315.000
Centre distance tolerance ISO 286:2010 Measure H7
Normal module (mm) [mn] 6.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta] 25.0000
Number of teeth [z] 54 43
Double helical gearing right/left left/right
Total facewidth of Gear (mm) [b] 210.00 210.00
Width of intermediate groove (mm) [bNut] 70.00
Facewidth for calculation (mm) [beH] 70.00 70.00
Accuracy grade [O-DIN 3961:1978] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00
Material
Gear 1: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
Gear 2: 42 CrMo 4 (2), Through hardened steel, flame/ind. hardened
ISO 6336-5 Figure 11/12 (MQ)
——————— GEAR 1 -------- GEAR 2 --
Surface hardness HRC 56 HRC 56
Fatigue strength. tooth root stress (N/mm?)
[sigFlim] 370.00 370.00
Fatigue strength for Hertzian pressure (N/mm?)
[sigHlim] 1220.00 1220.00
Tensile strength (N/mm?) [Rm] 1100.00 1100.00
Yield point (N/mm?) [Rp] 900.00 900.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (um) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00

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

Dedendum coefficient [hfP*]
Root radius factor [rhofP*]
Addendum coefficient [haP*]
Tip radius factor [rhoaP*]
Tip form height coefficient [hFaP*]
Protuberance height factor hprp*]

[
Protuberance angle [alfprP]
Ramp angle [alfKP]

Tool or reference profile of gear 2

Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
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Dedendum coefficient [hfP*]
Root radius factor [rhofP*]
Addendum coefficient [haP*]
Tip radius factor [rhoaP*]
Tip form height coefficient [hFaP~*]
Protuberance height factor [hprP*]
Protuberance angle [alfprP]
Ramp angle [alfKP]
not toppi
Summary of reference profile gears:
Dedendum reference profile (module) [hfP*] 1.250
Tooth root radius Refer. profile (module)
[rofP*] 0.250
Addendum Reference profile (module) [haP*] 1.000
Protuberance height factor (module) [hprP*] 0.000
Protuberance angle (°) [alfprP] 0.000
Tip form height coefficient (module) [hFaP*] 0.000
Ramp angle (°) [alfKP] 0.000
Type of profile modification:
none (only running-in)
Tip relief (um) [Ca] 3.4
Lubrication type 0oil injection lubrication
Type of oil Oil: ISO-VG 46
Lubricant base Mineral-oil base
Kinem. viscosity oil at 40 °C (mm?/s) [nu4o0] 46
Kinem. viscosity o0il at 100 °C (mm?/s) [nul00] 6
FZG test A/8.3/90 (
ISO 14635-1:2006) [FZGtestA] 1
Specific density at 15 °C (kg/dm?) [roOil] 0
0il temperature (°C) [TS] 70
————— GEAR 1 --
Overall transmission ratio [itot] -0
Gear ratio [u] 1
Transverse module (mm) [mt] 6
Pressure angle at pitch circle (°) [alft] 21
Working transverse pressure angle (°) [alfwt] 18.
[alfwt.e/1] 18.963 /
Working pressure angle at normal section (°) [alfwn] 17.
Helix angle at operating pitch circle (°)
[betaw] 24,
Base helix angle (°) [betab] 23.
Reference centre distance (mm) [ad] 321.
Sum of profile shift coefficients [Summexi ] -0.
Profile shift coefficient [x] -0.5834
Tooth thickness (Arc) (module) [sn*] 1.1401
Tip alteration (mm) [k*mn] -0.380
Reference diameter (mm) [d] 357.494
Base diameter (mm) [db] 331.742
Tip diameter (mm) [da] 361.733
(mm) [da.e/1] 361.733 / 361.503
Tip diameter allowances (mm) [Ada.e/1i] 0.000 / -0.230
Tip chamfer / tip rounding (mm) [hK] 0.000
Tip form diameter (mm) [dFa] 361.733
(mm) [dFa.e/1i] 361.733 / 361.503
Active tip diameter (mm) [dNa.e/1i] 361.733 / 361.503
Operating pitch diameter (mm) [dw] 350.722
(mm) [dw.e/1] 350.780 / 350.722
Root diameter (mm) [df] 335.493
Generating Profile shift coefficient [xE.e/1] -0.6132 / -0.6269
Manufactured root diameter with xE (mm) [df.e/i] 335.136 / 334.971
Theoretical tip clearance (mm) [c] 1.500
Effective tip clearance (mm) [c.e/i] 1.928 / 1.678
Active root diameter (mm) [dNf] 341.530
(mm) [dNf.e/i] 341.611 / 341.530
Root form diameter (mm) [dFf] 341.132
(mm) [dFf.e/i] 340.910 / 340.808
Reserve (dNf-dFf)/2 (mm) [cF.e/1] 0.402 / 0.310
Addendum (mm) [ha = mn * (haP*+x)] 2.119
(mm) [ha.e/1i] 2.119 / 2.004
Dedendum (mm) [hf = mn * (hfP*-x)] 11.001
(mm) [hf.e/1i] 11.179 / 11.262
Roll angle at dFa (°) [xsi dFa.e/i] 24.908 / 24.808 2
Roll angle to dNa (°) [xsi dNa.e/i] 24.908 / 24.808 2
Roll angle to dNf (°) [xsi dNf.e/i] 14.079 / 14.020 1
Roll angle at dFf (°) [xsi dFf.e/i] 13.563 / 13.486 1
Tooth height (mm) [H] 13.120
Virtual gear no. of teeth [zn] 70.739
Normal tooth thickness at tip cyl. (mm) [san] 5.330
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1.250
0.250
1.000
0.000
0.000
0.000
0.000
0.000
ng
1.250
0.250
1.000
0.000
0.000
0.000
0.000
3.4
.00
.70
2
.880
.000
—————— GEAR 2 -
796
256
620
880
935
18.935
326
583
399
083
9504
-0.3670
1.3036
-0.380
284.672
264.165
291.507

291.507 / 291.

0.000 / -0.010
0.000
291.507

291.507 / 291.

291.507 / 291.
279.278
279.324 / 279.
265.267
-0.3968 / -0
264.910 / 264.
1.500
1.818 / 1.678
270.943
271.144 / 270.
270.743
270.534 / 270.
0.352 / 0.204
3.418
3.418 / 3.413
9.702
9.881 / 9.963
6.735 / 26.729
6.735 / 26.729
3.256 / 13.062
2.657 / 12.562
13.120
56.329
5.262
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497
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(mm) [san.e/1i] 5.287 / 5.138 5.133 / 5.068
Normal spacewidth at root cylinder (mm) [efn] 5.645 5.6064
(mm) [efn.e/i] 5.715 / 5.748 5.753 / 5.796
Max. sliding velocity at tip (m/s) [vga] 3.068 3.293
Specific sliding at the tip [zetaa] 0.476 0.476
Specific sliding at the root [zetaf] -0.907 -0.907
Sliding factor on tip [Kgal 0.196 0.210
Sliding factor on root [Kgf] -0.210 -0.196
Pitch on reference circle (mm) [pt] 20.798
Base pitch (mm) [pbt] 19.300
Transverse pitch on contact-path (mm) [pet] 19.300
Lead height (mm) [pz] 2408.500 1917.880
Axial pitch (mm) [px] 44 .602
Length of path of contact (mm) [ga, e/i] 31.520 (31.520 / 31.059)
Length T1-A, T2-A (mm) [T1A, T2A] 40.588(40.588/40.760) 61.631(61.631/61.6109)
Length T1-B (mm) [T1B, T2B] 52.808(52.808/52.519) 49.411(49.411/49.860)
Length T1-C (mm) [T1C, T2C] 56.905(56.905/56.994) 45.313(45.313/45.384)
Length T1-D (mm) [T1D, T2D] 59.888(59.888/60.060) 42.331(42.331/42.319)
Length T1-E (mm) [T1E, T2E] 72.108(72.108/71.819) 30.111(30.111/30.560)
Length T1-T2 (mm) [T1T2] 102.218 (102.218 / 102.378)
Diameter of single contact point B (mm)
[d-B] 348.149(348.149/347.974) 282.044(282.044/282.360)
Diameter of single contact point D (mm)
[d-D] 352.703(352.703/352.820) 277.400(277.400/277.393)
Addendum contact ratio [eps] 0.788( 0.788/ 0.768) 0.845( 0.845/ 0.841)
Minimal length of contact line (mm) [Lmin] 116.888
Transverse contact ratio [eps_a] 1.633
Transverse contact ratio with allowances [eps a.e/m/i] 1.633 / 1.621 / 1.609
Overlap ratio [eps_b-beH (eps_b-b)] 1.569 (3.139)
Total contact ratio [eps _g] 3.203 (4.772)
Total contact ratio with allowances [eps g.e/m/i] 3.203/3.191/3.179 (4.772/4.760/4.748)
2. FACTORS OF GENERAL INFLUENCE
——————— GEAR 1 ---—-—-—--- GEAR 2 --
Nominal circum. force at pitch circle (N)
[Ft] 31903.4
Axial force (N) [Fa] 0.0
Radial force (N) [Fr] 12812.3
Normal force (N) [Fnorm] 37460.7
Tangent.load at p.c.d.per mm (N/mm) (N/mm)
[w] 227.88
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 32519.5
Axial force (N) [Faw] 0.0
Radial force (N) [Frw] 11156.4
Circumferential speed pitch d.. (m/sec) [v] 15.99
Running-in value (pm) [yp] 0.8
Running-in value (pm) [vEf] 0.8
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 0.975
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/pm) [c"] 11.555
Meshing stiffness (N/mm/pm) [cal 17.042
Reduced mass (kg/mm) [mRed] 0.16124
Resonance speed (min-1) [nE1] 1818
Nominal speed (-) [N] 0.470
Subcritical range
Running-in value (pm) [ya] 0.8
Bearing distance 1 of pinion shaft (mm) [1] 336.000
Distance s of pinion shaft (mm) [s] 16.800
Outside diameter of pinion shaft (mm) [dsh] 168.000
Load according to figure 6.8,
DIN 3990-1:1987 [-] 4
(0:6.8a, 1:6.8b, 2:6.8c, 3:6.8d, 4:6.8e)
Coefficient K' according figure 6.8,
DIN 3990-1:1987 [K'] -1.00
Without support effect
Tooth trace deviation (active) (um) [Fby] 5.52
from deformation of shaft (um) [fsh*B1] 0.79
Tooth without tooth trace modification
Position of Contact pattern: favorable
from production tolerances (um) [fma*B2] 10.00
Tooth trace deviation, theoretical (um) [Fbx] 6.49
Running-in value (upm) [ybl 1.0
Dynamic factor [KV] 1.122
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Face load factor - flank
- Tooth root
- Scuffing

Transverse load factor - flank
- Tooth root
- Scuffing

Helical load factor scuffing

Number of load cycles (in mio.)

3. TOOTH ROOT STRENGTH

KISSsoFT
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Calculation of Tooth form coefficients according method: B
(Calculate tooth shape coefficient YF with addendum mod. x)

Tooth form factor
Stress correction factor
Working angle (°)
Bending lever arm (mm)
Tooth thickness at root
Tooth root radius (mm)
(hF* = 0.869/0.833

(mm)

sFn* = 2.086/2.093 roF* = 0.562/0.525 dsFn

[KHb] 1.153
[KFb] 1.123
[KBb] 1.153
[KHa] 1.109
[KFa] 1.109
[KBa] 1.109
[Kbg]l 1.294
[NL] 1025.311 1287.600
——————— GEAR 1 -------- GEAR 2 --
[YF] 1.23 1.17
[vs] 2.01 2.11
[alfFen] 16.01 16.04
[hF] 5.22 5.00
[sFn] 12.51 12.56
[roF] 3.37 3.15

337.80/267.46 alfsFn = 30.00/30.00)

Contact ratio factor [Yeps] 1.000
Helical load factor [Ybet] 0.792
Effective facewidth (mm) [beff] 70.00 70.00
Nominal shear stress at tooth root (N/mm?)
[sigFO0] 74.13 74.09
Tooth root stress (N/mm?) [sigF] 124.35 124.28
Permissible bending stress at root of Test-gear
Notch sensitivity factor [YdrelT] 0.994 0.995
Surface factor [YRrelT] 0.957 0.957
Size coefficient (Tooth root) [YX] 0.990 0.990
Finite life factor [YNT] 1.000 1.000
[YdrelT*YRrelT*YX*YNT] 0.941 0.942
Alternating bending coefficient [YM] 1.000 1.000
Stress correction factor [Yst] 2.00
Limit strength tooth root (N/mm?) [sigFG] 696.38 697.40
Permissible tooth root stress (N/mm?)
[sigFP=sigFG/SFmin] 497,42 498.14
Required safety [SFmin] 1.40 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 5.60 5.61
Transmittable power (kW) [kWRating] 2041.12 2045.11
4. SAFETY AGAINST PITTING (TOOTH FLANK)
——————— GEAR 1 -------- GEAR 2 --
Zone factor [ZH] 2.493
Elasticity coefficient (N”.5/mm) [ZE] 189.812
Contact ratio factor [Zeps] 0.783
Helix angle factor [Zbet] 0.952
Effective facewidth (mm) [beff] 70.00
Nominal flank pressure (N/mm?) [sigHO] 422.65
Surface pressure at operating pitch circle (N/mm?)
[sigHw] 554.66
Single tooth contact factor [ZB, ZD] 1.00 1.00
Flank pressure (N/mm?) [sigH] 554.66 554.66
Lubrication factor [ZL] 0.931 0.931
Speed factor [ZV] 1.014 1.014
Roughness factor [ZR] 0.993 0.993
Material mating factor [ZW] 1.000 1.000
Finite life factor [ZNT] 1.000 1.000
[ZL*ZV*ZR*ZNT] 0.937 0.937
Small amount of pitting permissible (0=no, l=yes) 0 0
Size coefficient (flank) [ZX] 1.000 1.000
Limit strength pitting (N/mm?) [sigHG] 1143.62 1143.62
Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin] 1143.62 1143.62
Safety for surface pressure at operating pitch circle
[SHw] 2.06 2.06
Required safety [SHmin] 1.00 1.00
Transmittable power (kW) [kWRating] 2169.16 2169.16
Safety for stress at single tooth contact
[SHBD=sigHG/sigH] 2.06 2.06
(Safety regarding nominal torque) [ (SHBD) ~2] 4.25 4.25
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4b. MICROPITTING ACCORDING TO ISO TR 15144-1:2010

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

5. STRENGTH AGAINST SCUFFING

Calculation method according to
DIN 3990:1987

Lubrication coefficient (for lubrication type)

[XS]
Relative structure coefficient (Scuffing)

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

[wBt]
Pressure angle factor (epsl:
0.788, eps2: 0.845) [Xalfbet]

Flash temperature-criteria

Tooth mass temperature (°C) [theM-B]
theM-B = theoil + XS*0.47*theflamax [theflamax]
Scuffing temperature (°C) [theS]
Coordinate gamma (point of highest temp.) [Gamma]
[Gamma.A]l= -0.287 [Gamma.E]= 0.267
Highest contact temp. (°C) [theB]
Flash factor (°K*N"-.75*s”.5*m"-.5%mm) [XM]
Geometry factor [XB]
Load sharing factor [XGam]
Dynamic viscosity (mPa*s) [etaM]
Coefficient of friction [mym]
Required safety [SBmin]
Safety factor for scuffing (flash-temp) [SB]

Integral temperature-criteria

Tooth mass temperature (°C) [theM-C]
theM-C = theoil + XS*0.70*theflaint [theflaint]
Integral scuffing temperature (°C) [theSint]
[
[

Flash factor (°K*N"-.75*s”.5*m"-.5%mm) XM]
Contact ratio factor Xeps]
Dynamic viscosity (mPa*s) [etaOil]
Averaged coefficient of friction [mym]
Geometry factor [XBE]
Meshing factor [XQ]

Tip relief factor [XCa]
Integral tooth flank temperature (°C) [theint]
Required safety [SSmin]
Safety factor for scuffing (intg.-temp.) [SSint]
Safety referring to transferred torque [SSL]

6. MEASUREMENTS FOR TOOTH THICKNESS

Tooth thickness deviation
Tooth thickness allowance (normal section) (mm)
[As.e/1]

Number of teeth spanned [k]

Base tangent length (no backlash) (mm) [Wk]

Actual base tangent length ('span') (mm) [Wk.e/i]
[

Diameter of contact point (mm) dMWk .m]

Theoretical diameter of ball/pin (mm) [DM]

Eff. Diameter of ball/pin (mm) [DMeff]

Theor. dim. centre to ball (mm) [MrK]

Actual dimension centre to ball (mm) [MrK.e/i]

Diameter of contact point (mm) [dMMr .m]

Diametral measurement over two balls without clearance
[MdK]

Actual dimension over balls (mm) [MdK.e/1i]

Diametral measurement over rolls without clearance (mm)
[MdR]

Actual dimension over rolls (mm) [MdR.e/1]

Dimensions over 3 rolls without clearance (mm)
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13.780
3.40

70.000

507.875

——————— GEAR 1 ------

DIN 3967:1978 cd25
-0.130 / -0.190

7.000

118.741
118.619 / 118.562

349.140

9.951

10.000

181.854
181.662 / 181.572

350.187

(mm)

363.708

363.323 / 363.144

363.708
363.323 / 363.144

13.780
3.40

-- GEAR 2 --
DIN 3967:1978 cd25

-0.130 / -0.190

6.000
100.694
100.571 / 100.515
279.818

9.953

10.000
146.799
146.615 / 146.530
279.973

293.409
293.042 / 292.871

293.598
293.231 / 293.060
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[Md3R] 0.000 293.598
Actual dimensions over 3 rolls (mm) [Md3R.e/1i] 0.000 / 0.000 293.231 / 293.060
Chordal tooth thickness (no backlash) (mm)
['sn] 6.876 7.821
Actual chordal tooth thickness (mm) ['sn.e/i] 6.746 / 6.686 7.691 / 7.631
Reference chordal height from da.m (mm) [ha] 2.089 3.460
Tooth thickness (Arc) (mm) [sn] 6.877 7.822
(mm) [sn.e/1i] 6.747 / 6.687 7.692 / 7.632
Backlash free center distance (mm) [aControl.e/1] 314.588 /314.396
Backlash free center distance, allowances (mm)
[jtal -0.412 / -0.604
Centre distance allowances (mm) [Aa.e/1] 0.052 / 0.000
Circumferential backlash from Aa (mm) [Jt Aa.e/i] 0.036 / 0.000
Radial clearance (mm) [§r] 0.656 / 0.412
Circumferential backlash (transverse section) (mm)
[jt] 0.447 / 0.281
Torsional angle for fixed gear 1 (°) 0.1799 /0.1133
Normal backlash (mm) [jn] 0.381 / 0.240
7. GEAR ACCURACY
——————— GEAR 1 ---—-—-—--- GEAR 2 --
According to
DIN 3961:1978:
Accuracy grade [O-DIN3961] 6 6
Profile form deviation (pm) [f£] 10.00 10.00
Profile slope deviation (um) [fHa] 7.00 7.00
Total profile deviation (pm) [Ff] 13.00 13.00
Helix form deviation (um) [ffb] 8.00 8.00
Helix slope deviation (um) [fHb] 10.00 10.00
Total helix deviation (um) [Fb] 13.00 13.00
Normal base pitch deviation (um) [fpel 10.00 10.00
Single pitch deviation (pm) [fp] 10.00 10.00
Difference between adjacent pitches (um) [fu] 12.00 12.00
Total cumulative pitch deviation (pm) [Fp] 40.00 40.00
Cumulative circular pitch deviation over z/8 pitches (um)
[Fpz/8] 25.00 25.00
Concentricity deviation (pm) [Fr] 28.00 28.00
Tooth Thickness Variation (um) [Rs] 16.00 16.00
Total radial composite deviation (um) [Fi"] 32.00 32.00
Radial tooth-to-tooth composite deviation (pm)
[fi"] 14.00 14.00
Total tangential composite deviation (upm)
[Fi'] 42.00 42.00
Tangential tooth-to-tooth composite deviation (um)
[fi'] 16.00 16.00
Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality
6)
Maximum value for deviation error of axis (um)
[fSigbet] 36.00 (Fb=15.00)
Maximum value for inclination error of axes (um)
[fSigdel] 72.00
8. ADDITIONAL DATA
Torsional stiffness (MNm/rad) [cr] 65.6 41.6
Mean coeff. of friction (acc. Niemann) [mum] 0.033
Wear sliding coef. by Niemann [zetw] 0.777
Power loss from gear load (kW) [PVZ] 1.666
(Meshing efficiency (%) [etaz] 99.673)
Weight - calculated with da (kg) [Mass] 168.985 109.741
Total weight (kg) [Mass] 278.726
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] 2.37670 0.96648
System ((da+df)/2...di) (kg*m?) [TraeghMom] 3.90090
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
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consideration of all tolerances
Specifications with [.m] imply: Mean value within tolerance
- For the backlash tolerance, the center distance tolerances and the tooth thickness
deviation are taken into account. Shown is the maximal and the minimal backlash corresponding
the largest resp. the smallest allowances
The calculation is done for the Operating pitch circle..
- Details of calculation method:
cg according to method B
KV according to method B
KHb, KFb according method C
KHa, KFa according to method B

End report lines: 501
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SIZE CODES

Waukesha Tilting Pad Radial Bearings are identified by a two part code which consists
of the bearing size followed by a suffix indicating the type of construction.

The size designation is shown in the left-hand column of the Size Tables on Pg. 19 while

the suffix options are shown below.

In addition to the basic two part code, various additional features can be specified by
referencing an appropriate Style option from Pg. 11. Note than in many cases the use
of the Style designation does not completely describe the feature required and additional

information is required.

Code Nomenclature

T)

050 020
|

|
Range Prefix:
TF =4 pad bearing
TFB = Large range 4 pad bearing
T) =5 pad bearing
TJB = Large range 5 pad bearing

Nominal shaft dia (mm)

Pad Width (mm)

2D Style J

Type of Housing:

(see Fig 13)

/2D = Split brg, pin located

/2DF = Split brg, flange located

/OD = One piece brg, flange located

Style Options (see Section 6):

AP = Adjustable pivots

AR60 = 60° arc pads on Series
TF Bearings

BP = Two pad orientation

CL = Curved line pivot

FL or FL2 = Single or double
floating seal

Examples of complete bearing
reference codes which should be
used for orders or enquiries are as
follows:

Code
TJ050-020/2D

TJ100-100/0OD

TF120-084/2DF Style |

TJ200-080/2DF Style BP, FL, IR

TJ250-250/2DF Style TP2

IT1 = Provision for
customer supply
temperature sensors

T2 = Temperatures
sensors (Waukesha
supply)

IR = Provision for

customer supply
proximity probes
= Hydrostatic jacking

J
KN or KN2 = Single or double

knife edge end plate

Description

oP = Offset pivot pads
TLG or TLG2 = Single or double
plain grooved axial
face
TLU or TLU2 =Single or double
taper land
axial face
(uni-directional)
TLB or TLB2 = Single or double
taper land
axial face
(bi-directional)
= Single or double
tilting pad axial
face

TP or TP2

50mm 5 pad bearing, b/d = 0.4, split, pin located

100mm 5 pad bearing, b/d = 1.0, one piece, flange located

120mm 4 pad bearing, b/d = 0.7, split, flange located with jacking

200mm 5 pad bearing, b/d = 0.4, split, flange located with two pad
orientation, single floating seal and provision for radial proximity probes

250mm 5 pad bearing, b/d = 1.0, split, flange located with tilting pad axial

faces on both ends
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e 1
Table 1
via=04 FRiTAE = Y
Shatt | yiien mended| Widch Canng | S |H |1 [k |L M| & | Weight
Size B Bore Load on | Load between | (kg)
Al B |c| a D | F | F1Dia* | Dia | Dia | Dia PC Dia | Dia | Pad pads
;Fnzo.ooa 20 g | 13 :i:g;: 2 58| 2000 | sa|es| 8| 6| 4| 4| 72 |ss 335 445 03
;]F 025010 | 25 | 10 | 15 :3?: » | & g:g;z 60| 69| 9| 6| 4| 4| 76 |55 520 700 04
Ifoso-ou 0 | 12 |7 :2:3;: 25 | 69 :::g;:’; 66| 76| 97| 6| 4| 4| 8 |ss 750 1000 05
If035-o14 3| 14 [ 19| 120 7 | ;::gég 72|80 (100 6| 4] 4| 8 |55 1025 1370 07
17040—016 s [ 16 || 290 3 | @ gi:gg; 78| 9 [110| 6] 4| 5| 9 |55 | 1340 1790 08
Ifms-ow as | 18 [ 23| 299 33 | e gg:gg; 85| 98 |117 | 6| 4| 5| 103 |55 | 1700 2270 09
17050020 | 50 | 20 |25 i:::g: 35 | 95 Zg:ggﬁ 92 (104 [127 [75| 4| 5| 111 |66 | 2100 2800 1
lfoss-on ss | 22 | 27| 2670 37 {111 | 111922 1100 120 (143 |75 | 5| 5| 127 |66 | 2540 3390 16
1060024 | 60 | 24 | 29f 2873 39 {420 | 120922 Y406 |430 (152 | 9| 5| 5| 136 |66 | 3020 4030 2
Eom.ozs 70 | 28 | 33 ggzg 45 [130 }gg:gﬁg 18 [141 [162 [ 11| 5| 6| 146 |66 | 4120 5490 26
%Fosu-on 80 | 32 |37 g::gzz 49 [139 :gggﬁg 130 150 [171 | 11| 6| 6| 155 |ee | s400 7170 3
109003 | 90 | 36 |42 S| 56 [165 | 19925 1452 177 [197 | 14| 6| 7| 181 |66 | 6800 9070 5
%F 100-040 | 100 | 40 | 46 12:3215 60 |177 :;;g;‘;g 164 |190 |217 | 14| 8| 7| 197 | 9| 8400 11200 6
T 110084 | 110 so| $901 es |190 | 120029 1476 204 |230 [ 16| 8| 9| 210 | 9 | 10200 13600 8
.IT.IFuo.ma 120 | 48 | s4 gg:::g 72 |215 g:ggﬁg 188 |230 [255 |17 (10| 9| 235 | 9 | 12100 16100 1
T1400s6 | 140 | se | e3| 2301 g3 |28 oee |212 |24 |268 [ 21 (10 [10| 248 | 9 | 16500 22000 13
If 160064 | 160 | 64 | 71| 7290 95 [266 gg:g;ﬁ 245 |284 (314 | 22 (12 [ 12| 290 | 11 | 21500 28700 20
Emuon 180 | 72 [ 80| 2370 104 |298 g;gjggs 278 317 |354 [ 25 [12 [12| 326 | 14 | 27200 36300 27
Ifzouo&o 200 | 80 |s8| 7| 114 |33 g;g:ggg 302 [357 (392 |28 |16 |13 | 364 | 14 | 33600 44800 38
Ifzmeae 20 | 88 | 96| Joace| 128 [374 ;;::ggg 326 397 |430 [ 31 |16 |16 | 402 | 14 | 40700 54200 53
Ifzsmoo 250 | 100 [109( 19338 | 145|406 :g:g;g 371 (431|478 [ 35 |20 |18 | 442 | 18 | 52500 70000 65
lfzao-nz 260 | 112 (122 120500 | 160 [450 | Sooond (407 |477 522 | 39(20 |19 | 486 | 18 | 65900 87800 86
1730020 [ 300 | 120 [130 [ (2378 | 472 |42 | 352040 | 439|511 554 | 42|20 [21| s18 | 18 | 75600 | 101000 110

*Gives Hé-hé fit for /2D and /2DF bearings and Hé-gé fit for /OD bearings
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SCTIMN XX
Table 2
Nom Res it Recom- Maximum Load (N)
bid = 0.7 v Wpiaddﬂ‘l mended | Width “(‘::ﬁf; c|H|)|k|L|M| R [s See Saction.d Weight
Size Dia Casing Bore Load on | Load between | (kg)
A B c C1 D F | F1 Dia* | Dia | Dia | Dia PC Dia | Dia pad pads
TF 18.993 58.019
T 020-014 20 14 19 18972 27 58 58.000 54 | 65| 86 6| 4| 4 72 5.5 590 785 0.4
TF 21.993 62.019
T 025-017 25 17 22 21.972 30 62 62.000 60 | 69 | 90 6| 4| 4 76 5.5 920 1225 0.5
TF 25.993 69.019
T 030-021 30 Pl 26 25.972 34 69 69.000 66 | 76 | 97 8| 4| 4 83 5.5 1320 1760 0.7
TF 28.993 76.019
T 035-024 35 24 29 28.972 37 76 76.000 72| 80 | 100 9 4| 4 86 5.5 1800 2400 0.9
TF 32991 82.022
T 040-028 40 28 33 32.966 43 82 82.000 78 | 90 (110 [ 10| 4| 5 96 55 2350 3140 12
TF 35.991 89.022
T 045-031 45 31 36 35.966 46 89 89.000 85| 98 |117 | 11| 4| 5 103 55 3020 4030 14
TF 39.99 95.022
T 050-035 50 35 40 39.966 50 95 95.000 92 1104 |127 | 12| 4 5 11 6.6 3670 4900 16
TF 42.991 111.022
T 055-038 55 38 43 42.966 53 |11 111.000 100 | 120 |143 | 13| 5 5 127 6.6 4500 5930 24
TF 46.991 120.022
T 060-042 60 42 47 46,066 57 |120 120.000 106 | 130 [ 152 ‘!5 5 5 136 6.6 5290 7060 33
TF 53.990 130.025
T 070-049 70 49 54 53.960 66 | 130 130.000 118 | 141 [162 | 17| 5 6 146 6.6 7200 9600 4
TF 60.990 139.025
T 080-056 80 56 61 60.960 73 |139 139.000 130 | 150 171 | 20| &6 | & 155 6.6 9410 12500 5
TF 68.990 165.025
T 090-063 90 63 69 68.960 83 |165 165.000 152 |177 |197 | 22| 6| 7 181 6.6 11900 15900 8
TF 75.990 177.025
T 100-070 100 70 76 75.960 90 |177 177.000 164 | 190 217 | 25| 8 | 7 197 9 14700 19 600 10
TF ! 82.988 190.029
T 110-077 110 77 83 82.953 101 [ 190 190.000 176 |204 |230 [ 27| 8| 9 210 9 17 800 23700 12
TF 89.988 215.029
T 120-084 120 84 90 89.953 108 |[215 215.000 188 | 230 |255 |29 |10 | 9 235 9 21200 28200 17
TF 104.988 228.029
T 140-098 140 98 |[105 104.953 125 |228 228.000 212 | 244 | 268 | 34 | 10 | 10 248 9 28 800 38400 21
TF 118.988 266.032
T 160-112 160 112|119 118.953 143 | 266 266,000 245 | 284 (314 | 39 (12 [ 12 290 11 37 600 50200 £l
TF 133.986 298.032
T 180-126 180 126|134 133.946 160 |298 298,000 278 | 317 | 354 | 44 |12 | 12 326 14 47 600 63 500 43
TF 147.986 336.036
T 200-140 200 140 | 148 147.946 174 | 336 336,000 302 | 357 [ 392 | 49|16 |13 364 14 58 800 78 400 61
TF 161.986 374.036
T 220-154 220 154 | 162 161.946 194 1374 374.000 326 | 397 | 430 | 54 |16 | 16 402 14 71100 94 900 85
TE 183.985 406.040
T 250-175 250 175 | 184 183.939 220 | 406 406.000 371 1431 [478 | 61 |20 | 18 442 18 91900 122 000 102
TF 205.985 450.040
T 280-196 280 196 | 206 205.939 244 | 450 450,000 407 | 477 | 522 | 69 | 20 19. 486 18 | 115000 154 000 142
TF 219.985 482.040
T 300-210 300 210 | 220 219.939 262 | 482 482.000 431 | 511 |554 | 74 (20 | 21 518 18 | 132000 176 000 175

*Gives Hé-hé fit for 12D and /2DF bearings and Hé-gé fit for /OD bearings
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Table 3
Recom- Maximum Load (N)

;E??c “P'iadt:h E&E‘% Width "E::I":gd G|H|)J|k|L|M| R |s e Sectoms Weight

Size Bore Load on | Load between (kg)

Al B |c| a D | F | F1Dia* | Dia | Dia | Dia PC Dia | Dia | Pad pads

Ifozo-mo 20 | 2 |25 %::ggi 33 | s8 ggﬁg s4|es| 8| 7| 4| 4| 72 |ss 840 1120 05
nosos | 25 | a5 30| BB 5 |6 | 0| 69| 0| o 4] 4] 7 |s5| 1310 1750 07
Ifoanmo 0 | 30 |35 ;::::; a3 | e :g:g:]g 66| 76| 97 11| 4| 4| 8 |55 | 1890 2520 09
10303 | 35 | 35 | 40| BN 4g | 7 T | 72| 80100 13| 4| 4| 8 |55 2570 3430 12
00040 | 40 | 40 |as| ML g g 20 78| 90110 [1af 4| 5| 9 [s5| 3360 4480 14
1045045 | 45 | 45 |50 e | 60 | 89| 202 a5 | 98|17 16| 4| 5| 103 [s55| 4250 5670 18
Trosooso | s0 | so | ss cioeg| 65 | 95| 22| 92 |104 [127 | 18] 4| 5| 11 |66 | s250 7000 23
Toss.oss | 55 | ss |0 caoeg | 70 [111 | 111922 f100 |120 [143 [ 19| 5| 5| 127 |66 | 6350 8470 33
Toso060 | 60 | 60 | 65 Go | 75 120 | 120922 Y40 130 {152 |21 | 5| s | 136 [ee | 7560 10100 42
Toooro | 70 | 70 |75 Taoor| 87 |130 | 130925 L 41 141 {162 |25 | 5 | 6| 146 |66 | 10300 13700 5
Trosoos0 | 80 | 80 |85 a7 |139 | 132925 1430 (150 {171 |28 | 6 | 6| 155 |66 | 13400 17900 6
109000 | 90 | 90 | 96| 2| 10 |1es | 163925 1452|177 (197 [ 32| 6| 7| 181 |66 | 17000 22700 10
T 100100 | 100 | 100 106 10538 | 120 [177 | 177028 |64 190 (217 35| 8| 7| 197 | 9 | 21000 28000 13
I_1T_JF110.110 10 | 110 [116| 1131 434 f190 | 190029 1476 |204 (230 [ 39| 8| 9| 210 | 9 | 25400 33900 16
712020 [ 120 | 120 [126 [ (2398 | 144|215 | 213929 Y4 1230 255 |42 |10 | 9| 235 | 9 | 30200 40300 2
%F 140140 | 140 | 140 |147 1:2;3: 167 |228 gg_'ggg 212 | 244 |268 | 49 |10 |10 | 248 | 9 | 41200 54900 26
%F 160-160 | 160 | 160 |[167 ::2:232 191|266 | 296032 | 245 (284 314 |56 12 [12| 200 | 11 | 53800 71700 41
Ifmo.wo 180 | 180 |188 }g;:gg; 212|298 §3§j§3§ 278 (317 [354 |63 |12 [ 12| 326 | 14 | e8000 90700 58
1200200 | 200 | 200 [208 | 207385 234 |33 Trenae |302 357 392 [ 70 (16 {13 | 364 | 14 | 84000 | 112000 84
Ifzzo.no 20 | 220 |228 %g:g; 260 |[374 g;:jg;g 326 |397 |430 | 77 |16 |16 | 402 | 14 [102000 136 000 115
17250250 | 250 | 250 (259 | 228983 | 595 |40 a0 |371 |431 |478 |88 |20 [18 | 442 | 18 |131000 | 175000 144
Tr280280 | 280 | 260 [290 voss | 328 [450 | 50040 (407 |477 522 | 98|20 | 19| 486 | 18 [165000 | 220000 194
15300300 | 300 | 300 (310 30098 | 355 [4g2 | #2040 | 43¢ | 511 (554 [105 (20 |21 s18 | 18 [189000 | 252000 239

*Gives Hé-hé fit for /2D and /2DF bearings and Hé-gé fit for /OD bearings
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NOTE: TJB SERIES BEARING IS SHOWN.
TFB SERIES BEARINGS HAVE
SAME EXTERNAL DIMENSION
Table 4
hid 0 MNom. Shaft Pad
Diameter Width Width
Size A B C D F Dia G Dia K L N Dia P
8 300210 300 210 220 264 525 450 74 | 2 489 14
Ty 350-245 350 245 256 304 593 512 86 25 551 18
?FBB 400-280 400 280 291 345 684 577 98 25 636 18
PFBB 450-315 450 315 327 385 752 640 110 30 698 2
;JFBB 500-350 500 350 362 425 838 713 123 30 778 21
PFEB 550-385 550 385 398 467 904 776 135 35 838 25
T8 600420 600 420 43 506 997 841 147 | 40 925 28
T 650-455 650 455 469 546 1065 905 159 | 40 987 28
;::BB 700-490 700 490 504 586 1159 971 172 4 1075 32
;’F'; 750-525 750 525 540 627 1225 1033 184 50 1135 35
Orders & Enquiries
When enquiring for or ordering 1. Application. . Oil grade to be used -
\éVauI.(esh? T|It|nt$ Pgd Radlalk 2 Shaft diameter — also inlet temperature
earings from t Ir? a:dboo , with tolerance if and pressulre at entry
we .re.com?end t .att e i non-standard shaft to the bearing.
ant|0|lpate otiel:[atlngf.con t'ltlons to be used. . Optional features —
are given so that confirmation can 3. Shaft soeed — normal and If these are required,
be given for the bearing selection. : p dditional inf ti
Please use the Data Sheet on maximum. addifiona’ information
i ) may be needed as indicated
Pg. 25 or state the following: 4. Load — normal, maximum and

at start-up, also angle and
whether steady or rotating.

in the appropriate
Style description.
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SECTION “A*-"A°

HWOTE: STYLE TLGZ IS5 SHOWM.
STYLE TLUZ & TLB2 ASSEMBLIES
HAVE SAME EXTERMAL DIMENSIONS

Sizes and Axial Load Capacity for Style TL

(for single letter dimensions see main dimension tables — Pgs. 21-23)

Nominal Load Capacity (N
Tiing pag | AXa! | Axial | Axial apsciy M
ing Face Face Collar : Taperland Face
Radial Brg | o, Dia I.Dia | ©O.Dia Plain e
Size Grooved (See Note)
AA BB GG Face Unidirectional | Bidirectional
Tho20 55 30 57 600 6100 3200
Thoas 60 35 62 650 6800 3800
Eoso 65 40 67 700 7300 4250
Tos 75 45 77 1000 10100 5800
Tho40 80 50 82 1100 10500 6200
%Fms 85 55 87 1200 11000 6600
Thoso 95 60 98 1500 14500 8850
%F 055 100 70 103 1400 12400 7500
%Foao 105 75 108 1500 12700 7700
Thoro 120 85 123 2000 16 600 10200
Thoso 130 95 133 2200 17 000 10 450
%cho 155 105 158 3500 33300 20000
%Fmo 165 120 168 3500 29000 17 600
1o 175 130 178 3800 29300 17 800
;JF1 20 190 140 193 4500 36 000 22000
%F 140 215 160 218 5700 43000 26200
1JF1 60 245 185 248 7100 52 500 32000
180 280 210 283 9400 71500 43900
Tr200 305 230 309 11000 80000 49000
%F 220 325 250 329 11900 80000 49000
Thaso 370 285 374 15300 102500 62200
T80 410 320 415 18000 113000 69 000
%Fsoo 430 340 435 19000 113 000 69200

NOTE Load capacities for taperland faces are for preliminary guidance only: they are based on the high speed

dotted line in FIG 4(a) with the same oil conditions

Fig 11 Plain/taper land Axial Faces — Style TL (Assemblies with low/medium axial load capacity)
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NOTE : STYLE TP2 IS SHOMN
Sizes and Axial Load Capacity for Style TP
(for single letter dimensions see main dimension tables — Pgs. 21-23)
Housing Width Axial Length
Tilting Pad 11'::;"3; ::’ Housing | Collar | Flange "‘I’_‘;T‘;‘“‘
n‘;;n:l s 0.4 b/d = 0.7 b e RSN KLl b/d = 0.4 b/d = 0.7 bid =1.0 [Py
(see note) cc FF GG HH XX (see note)
If 040 M1347 2 33 55 82 79 90 48 55 67 3980
IJF 045 M1256 28 3 50 89 88 98 51 59 73 5860
;JF 050 M1356 31 40 55 95 94 104 54 63 78 6350
If 055 M1456 35 43 60 11 100 120 58 66 83 6816
I]F 060 M1367 35 47 65 120 113 130 61 73 91 9910
If 070 M1379 39 54 75 134 133 145 68 83 104 15280
I_]F 080 M1479 46 61 8s 146 141 157 75 90 114 16530
E 090 M1394 50 69 9 165 158 177 82 101 128 24220
;IF 100 M13103 53 76 106 177 172 190 89 112 142 29450
;Fno M13112 59 83 116 190 188 204 97 121 154 35860
;IF 120 M13123 6 9 126 215 204 230 105 133 169 43390
1 140 M13146 71 105 147 240 243 256 118 152 194 64100
;f, 160 M14146 85 119 167 266 260 284 132 166 214 69120
%F 180 M12190 88 134 188 298 294 317 146 192 246 102 560
H 200 M14190 102 148 208 336 335 357 160 220 280 120250
%F 20 M14207 108 162 228 374 365 397 174 228 294 143190
1250 M14225 127 202 277 406 400 431 196 253 328 172550
1) 280 M13269 138 206 290 450 448 477 217 285 369 229 640
IJF 300 M14269 152 220 310 482 476 511 231 299 389 247 000

NOTE Tilting pad axial bearings are from the MS range as described in Designer’s Handbook 5A: see bearing selection comments for restrictions in
use of maximum load capacity.

Fig 12 Tilting Pad Axial Faces — Style TP (Assemblies with high axial load capacity)
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Fig 4(a) Power loss and Oil Flow. Td series.B/D
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Fig 4(b) Power loss and Oil Flow. TJ series.B/D
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Fig 4(c) Power loss and Oil Flow. TJ series.B/D = 1.0
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Sense of rotation
The shaft axis runs along the positive y—direction (left to right in the graphical Shaft editor). In the Shaft editor, the Z-axis points upwards, the X-axis points towards the user. A right-hand rotation of the shaft around the positive y-axis direction is specified as "clockwise".
direction ifthe shaftis

The next figure shows the direction of these co-ordinates and the positive direction of forces and moments. Please note that weight has an effect in the negative
fighthand enc

Definition of Co-ordinate System
Position of Application

Z!

— clock wise

(Direction of rotadion: aliways seen from leftnand side)

fefhand ena |

Positive Direction of Forces and Moments

Radial forces
Axial force
Bending moment
Torsional Moment
(g, W-002) :

Mx
In most force elements, the directions of the moments is usually defined by the terms “driving" and "driven”. The entry"driving” means either that the shaft drives (an external application) or that the torque runs counter to the sense of rotation (i.e. the shaft loses power). The entry “driven” means either that

the shattis driven from outside (e.g. by a motor) or that the torgue runs in the same direction as the sense of rotation (i.e. the shaftis supplied with power).
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 788.000
Speed (1/min) 1073.00
Sense of rotation: counter clockwise

Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (100-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 165.288
Mass moment of inertia (kg*m?) 0.898
Momentum of mass GD2 (Nm?) 35.218
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Reference temperature (°C) 20.000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Taper (Cone) y= 0.00...20.00 (mm)
dl1=130.00 (mm), dr=140.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 20.00...32.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 32.00...142.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 1.8

Cylinder (Cylinder) y= 142.00...154.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 154.00...169.00 (mm)

d=140.00 (mm), 1=15.00 (mm), Rz= 8.0

Taper (Cone) y= 169.00...179.00 (mm)

dl=200.00 (mm), dr=240.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (zl nahrada) y= 179.00...389.00 (mm)

d=240.00 (mm), 1=210.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 389.00...406.00 (mm)
d=243.00 (mm), 1=17.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 406.00...414.00 (mm)

d=243.00 (mm), 1=8.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 414.00...426.00 (mm)

d=243.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 426.00...536.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 2.8

Relief groove left (Relief groove left)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Relief groove right (Relief groove right)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Cylinder (Cylinder) y= 536.00...556.00 (mm)
d=243.00 (mm), 1=20.00 (mm), Rz=32.0

Taper (Cone) y= 556.00...572.00 (mm)

dl=243.00 (mm), dr=150.00 (mm), 1=16.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 572.00...603.00 (mm)

d=150.00 (mm), 1=31.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 603.00...623.00 (mm)
d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 623.00...788.00 (mm)
d=150.00 (mm), 1=165.00 (mm), Rz=16.0

Inner contour

Forces
Cylindrical gear (zl il2) y= 284.00 (mm)
Operating pitch diameter (mm) 484.1053

Helix angle (°) 25.0375 Double helical gearing, right-left
Working pressure angle at normal section (°) 20.2194

Position of contact point (%) 180.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driving (Output)

Torque (Nm) 4541 .0000

Axial force (N) 0.0000

Shearing force X (N) 7626.3126

Shearing force Z (N) 18760.3827

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000
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Bearing

Free bearing (leve radialni) y= 87.00 (mm)
Degrees of freedom

X: fixed, Y: free, 7Z: fixed

Rx: free, Ry: free, Rz: free

Fixed bearing adjusted on both sides (prave radialni+axialni) y= 481.00 (mm)
Degrees of freedom

X: fixed, Y: fixed, Z: fixed

Rx: free, Ry: free, Rz: free

Own Input (vstup) y= 788.00 (mm)
Degrees of freedom

X: free, Y: free, Z: free

Rx: free, Ry: fixed, Rz: free

maximum deflection 3.58 pm  (Shaft 1, 788.00 (mm))

Center of mass
Shaft 1 371.1 mm

Deformation due to torsion
Shaft 1 [phi.t] -0.03 °

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'
Position (Y-coordinate) [v] 87.00 mm

Bearing reaction force [Fx] -3.813 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] -8.937 kN
Bearing reaction force [Fr] 9.716 kN  (-113.11°
Displacement of bearing [ux] 0.000 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] 0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] 0.011 mrad (0.04")
Misalignment of bearing [ry] 0.450 mrad (1.55")
Misalignment of bearing [rz] -0.004 mrad (-0.02")
Misalignment of bearing [rr] 0.012 mrad (0.04")

Shaft 'Shaft 1' Bearing 'prave radialnit+axialni'
Position (Y-coordinate) [v] 481.00 mm

Bearing reaction force [Fx] -3.813 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -8.201 kN

Bearing reaction force [Fr] 9.044 kKN (-114.94°)
Displacement of bearing [ux] 0.000 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] 0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] -0.010 mrad (-0.03")
Misalignment of bearing [ry] 0.342 mrad (1.18")
Misalignment of bearing [rz] 0.004 mrad (0.01")
Misalignment of bearing [rr] 0.011 mrad (0.04")
Shaft 'Shaft 1' Bearing 'vstup'

Position (Y-coordinate) [yl 788.00 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] -4541.00 Nm

Bearing reaction moment [Mz] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (0°)
Displacement of bearing [ux] -0.001 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] -0.003 mm
Displacement of bearing [ur] 0.004 mm (-108.75°)
Misalignment of bearing [rx] -0.011 mrad (-0.04")
Misalignment of bearing [ry] 0.000 mrad (0')
Misalignment of bearing [rz] 0.004 mrad (0.01")
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Misalignment of bearing [rr] 0.012 mrad (0.04")

Figure: Displacement (bending etc.) (Arbitrary plane 71.25031329 °)

L

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

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

KISSsoFT

Ealewlation programs for machine design

Summary
Label Shaft 1
Drawing
Material Cc45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)
Cross section Position (Y-Coord) (mm)
1 168.99 Smooth shaft
3 536.00 Shoulder with relief groove
2 426.00 Shoulder with relief groove
Results:
Cross section Kfb Kfsig K2d SD SS
1 1.00 0.92 0.80 60.43 79.14
3 3.32 0.87 0.80 10.76 16.06
2 3.32 0.87 0.80 9.71 15.93
Nominal safety: 1.20 1.20
Abbreviations:
Kfb: Notch factor bending
Kfsig: Surface factor
K2d: Size coefficient bending
SD: Safety endurance limit
SS: Safety against yield point
The requirements of the safety proof of the shaft are:
satisfied [x] not satisfied [ ]
Design engineer:........c.ouiuenn... Date:..ovuuen.. Signature:......
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rd
T I T I T 1
L i iy
Figure: Strength
Calculation details:
General statements
Label Shaft 1
Drawing
Length (mm) [1] 788.00
Speed (1/min) [n] 1073.00
Material c45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Tension/Compression Bending Torsion Shearing

Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 700.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 490.00
[sigzdW] (bei dB) (N/mm?) 280.00
[sigbW] (bei dB) (N/mm?) 350.00
[tautW] (bei dB) (N/mm?) 210.00
Thickness of raw material (mm) [dWerkst] 250.00

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

[sigBeff] (N/mm?) 482.72
[sigSeff] (N/mm?) 337.91
[sigbF] (N/mm?) 405.49
[tautF] (N/mm?) 234.11
[sigzdW] (N/mm?) 193.09
[sigbW] (N/mm?) 241.36
[tautW] (N/mm?) 144.82

Endurance limit for single stage use

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

Cross section 'l' Smooth shaft
Comment
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Position (Y-Coordinate) (mm) [y] 168.99
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft
Mean roughness (um) [Rz] 8.000
Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)
Mean value 0.0 0.0 0.0 0.0
Amplitude 0.0 811.9 0.0 9890.7
Maximum value 0.0 1380.3 0.0 16814.1
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 15393.8 269392 538783 15393.8
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 3.014 0.000 0.857
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) 0.000 5.124 0.000 1.456
Technological size influence [K1 (sigB) 1] 0.690
[K1(sigS)] 0.690
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [betal 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.924 0.924 0.956
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.082 1.325 1.289
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [s1gWK] 178.410 182.143 112.387
Influence coeff. mean stress sensitivity.
[PsisigK] 0.227 0.233 0.132
Permissible amplitude (N/mm?) [sigADK] 178.410 182.143 112.387
Margin of safety endurance limit [S] 60.434
Required safety [Smin] 1.200
Result (%) [S/Smin] 5036.1
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 337.907 405.489 234.109
Margin of safety yield stress [S] 79.140
Required safety [Smin] 1.200
Result (%) [S/Smin] 6595.0
Cross section '3' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 536.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000

Notch effect

[D, 4, D1, r, t] (mm)
Shape B
Mean roughness (um)

Stress: (N)
Mean value
Amplitude

Maximum value
Cross section,
[A, Wb, Wt, A]

(Nm)

Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm]
[sigzda, sigba, taua, taugal]

[sigzdmax, sigbmax, taumax, taugmax]
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moment of resistance:

Shoulder with relief groove

243.00 139.20 140.00 1.20 0.40
[Rz] 32.000
Tension/Compression Bending Torsion Shearing
-0.0 0.0 2270.5 0.0
0.0 43.9 2270.5 420.0
-0.0 74.6 7719.7 714.0
(mm?)
15218.4 264800 529600 15218.4
(N/mm?) -0.000 0.000 4.287 0.000
(N/mm?) 0.000 0.166 4.287 0.037
(N/mm?) -0.000 0.282 14.576 0.063
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Technological size influence [K1 (sigB) 1] 0.690
[K1 (sigS)] 0.690
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2(d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 7.426
Equivalent mean stress (N/mm?) [taumV] 4.287
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
Permissible amplitude (N/mm?) [sigADK] 0.052 10.185 46.858
Margin of safety endurance limit [S] 10.761
Required safety [Smin] 1.200
Result (%) [S/Smin] 896.7
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 16.060
Required safety [Smin] 1.200
Result (%) [S/Smin] 1338.3
Cross section '2' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 426.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder with relief groove
[D, d, D1, r, t] (mm) 243.00 139.20 140.00 1.20 0.40
Shape B
Mean roughness (um) [Rz] 32.000

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

Mean value -0.0 0.0 2270.5 0.0
Amplitude 0.0 585.4 2270.5 9550.3
Maximum value -0.0 995.2 7719.7 16235.4
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 15218.4 264800 529600 15218.4
Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 4.287 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 2.211 4.287 0.837
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 3.758 14.576 1.422
Technological size influence [K1 (sigB) 1] 0.690
[K1(sigS)] 0.690
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 7.426
Equivalent mean stress (N/mm?) [taumV] 4,287
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
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Permissible amplitude (N/mm?) [sigADK] 0.052 46.785 46.858
Margin of safety endurance limit [S] 9.711

Required safety [Smin] 1.200

Result (%) [S/Smin] 809.3

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 15.928

Required safety [Smin] 1.200

Result (%) [S/Smin] 1327.3

Remarks:

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

The reference diameter for the notch number is not defined.

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

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

End report lines: 531
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 788.000
Speed (1/min) 324.00
Sense of rotation: counter clockwise

Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (100-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 371.555
Mass moment of inertia (kg*m?) 7.986
Momentum of mass GD2 (Nm?) 313.366
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Reference temperature (°C) 20.000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Taper (Cone) y= 0.00...20.00 (mm)
dl1=130.00 (mm), dr=140.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 20.00...32.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 32.00...142.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 1.8

Cylinder (Cylinder) y= 142.00...154.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 154.00...169.00 (mm)

d=140.00 (mm), 1=15.00 (mm), Rz= 8.0

Taper (Cone) y= 169.00...179.00 (mm)

dl=200.00 (mm), dr=240.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (zl nahrada) y= 179.00...389.00 (mm)
d=466.18 (mm), 1=210.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 389.00...406.00 (mm)
d=243.00 (mm), 1=17.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 406.00...414.00 (mm)

d=243.00 (mm), 1=8.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 414.00...426.00 (mm)

d=243.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 426.00...536.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 2.8

Relief groove left (Relief groove left)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Relief groove right (Relief groove right)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Cylinder (Cylinder) y= 536.00...556.00 (mm)
d=243.00 (mm), 1=20.00 (mm), Rz=32.0

Taper (Cone) y= 556.00...572.00 (mm)

dl=243.00 (mm), dr=150.00 (mm), 1=16.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 572.00...603.00 (mm)

d=150.00 (mm), 1=31.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 603.00...623.00 (mm)
d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 623.00...788.00 (mm)
d=150.00 (mm), 1=165.00 (mm), Rz=16.0

Inner contour

Forces
Cylindrical gear (zl i21l) y= 284.00 (mm)
Operating pitch diameter (mm) 484.1053

Helix angle (°) 25.0375 Double helical gearing, right-left
Working pressure angle at normal section (°) 20.2194

Position of contact point (%) 0.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driving (Output)

Torque (Nm) 15038.5586

Axial force (N) 0.0000

Shearing force X (N) -25256.2760

Shearing force Z (N) -62129.2921

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000
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Free bearing (leve radialni)
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y= 87.00 (mm)

Degrees of freedom
X: fixed, Y: free, 7Z: fixed
Rx: free, Ry: free, Rz: free

Fixed bearing adjusted on both sides

(prave radialni+axialni)

y= 481.00 (mm)

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

Own Input (vystup)

y= 788.00 (mm)

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

maximum deflection 5.98

Center of mass

Shaft 1 322.8
Deformation due to torsion
Shaft 1 [phi.t] -0.08

pm (Shaft 1,

mm

788.00

(mm) )

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'

Position (Y-coordinate) [v] 87.00
Bearing reaction force Fx] 12.628
Bearing reaction force Fyl 0.000
Bearing reaction force Fz] 32.520
Bearing reaction force Fr] 34.886

[
[
[
[
Displacement of bearing [ux] -0.000
[
[
[
[

Displacement of bearing uy] 0.000
Displacement of bearing uz] -0.000
Displacement of bearing ur] 0.000
Misalignment of bearing rx] -0.026
Misalignment of bearing [ry] 1.434
Misalignment of bearing [rz] 0.010
Misalignment of bearing [rr] 0.028

Shaft 'Shaft 1' Bearing 'prave radialnit+axialni'

Position (Y-coordinate) [v] 481.00
Bearing reaction force [Fx] 12.628
Bearing reaction force [Fy] 0.000
Bearing reaction force [Fz] 33.256
Bearing reaction force [Fr] 35.573
Displacement of bearing [ux] -0.000
Displacement of bearing [uy] 0.000
Displacement of bearing [uz] -0.000
Displacement of bearing [ur] 0.000
Misalignment of bearing [rx] 0.019
Misalignment of bearing [ry] 1.133
Misalignment of bearing [rz] -0.008
Misalignment of bearing [rr] 0.021
Shaft 'Shaft 1' Bearing 'vystup'

Position (Y-coordinate) [yl 788.00
Bearing reaction force [Fx] 0.000
Bearing reaction force [Fy] 0.000
Bearing reaction force [Fz] 0.000
Bearing reaction force [Fr] 0.000
Bearing reaction moment [Mx] 0.00
Bearing reaction moment [My] -15038.56
Bearing reaction moment [Mz] 0.00
Bearing reaction moment [Mr] 0.00
Displacement of bearing [ux] 0.002
Displacement of bearing [uy] 0.000
Displacement of bearing [uz] 0.005
Displacement of bearing [ur] 0.006
Misalignment of bearing [rx] 0.018
Misalignment of bearing [ry] 0.000
Misalignment of bearing [rz] -0.008
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kN  (68.78°)

mrad
mrad
mrad
mrad

(4.93")
(0.04")
(0.1")

mm
kN
kN
kN
kN (69.21°)
mm
mm
mm
mm
mrad
mrad
mrad
mrad

(0.07")
(3.89")

(0.07")

Nm (0°)

mm
mm
mm (66.51°)
mrad (0.06")
mrad (0")

mrad

(-0.09")

(-0.03")

(-0.03")
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Misalignment of bearing [rr] 0.019 mrad (0.07")

Figure:

Displacement (bending etc.) (Arbitrary plane 66.51247504 °)

0 -

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

Figure:

Equivalent stress
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Strength calculation as specified in
DIN 743:2000
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Summary
Label Shaft 1
Drawing
Material Cc45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)
Cross section Position (Y-Coord) (mm)
1 168.99 Smooth shaft
3 536.00 Shoulder with relief groove
2 426.00 Shoulder with relief groove
Results:
Cross section Kfb Kfsig K2d SD SS
1 1.00 0.93 0.80 16.79 21.94
3 3.30 0.88 0.80 3.17 4.71
2 3.30 0.88 0.80 2.88 4.68
Nominal safety: 1.20 1.20
Abbreviations:
Kfb: Notch factor bending
Kfsig: Surface factor
K2d: Size coefficient bending
SD: Safety endurance limit
SS: Safety against yield point
The requirements of the safety proof of the shaft are:
satisfied [x] not satisfied [ ]
Design engineer:........c.ouiuenn... Date:..ovuuen.. Signature:......
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Figure: Strength
Calculation details:
General statements
Label Shaft 1
Drawing
Length (mm) [1] 788.00
Speed (1/min) [n] 324.00
Material c45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Tension/Compression Bending Torsion Shearing
Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 700.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 490.00
[sigzdW] (bei dB) (N/mm?) 280.00
[sigbW] (bei dB) (N/mm?) 350.00
[tautW] (bei dB) (N/mm?) 210.00
Thickness of raw material (mm) [dWerkst] 470.00

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

[sigBeff] (N/mm?) 469.00
[sigSeff] (N/mm?) 328.30
[sigbF] (N/mm?) 393.96
[tautF] (N/mm?) 227.45
[sigzdW] (N/mm?) 187.60
[sigbW] (N/mm?) 234.50
[tautW] (N/mm?) 140.70

Endurance limit for single stage use

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

Cross section 'l' Smooth shaft
Comment
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Position (Y-Coordinate) (mm) [y] 168.99
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft
Mean roughness (um) [Rz] 8.000
Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)
Mean value 0.0 0.0 0.0 0.0
Amplitude 0.0 2844.8 0.0 34709.1
Maximum value 0.0 4836.2 0.0 59005.5
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 15393.8 269392 538783 15393.8
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 10.560 0.000 3.006
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) 0.000 17.952 0.000 5.111
Technological size influence [K1 (sigB) 1] 0.670
[K1(sigS)] 0.670
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [betal 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.926 0.926 0.958
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.079 1.322 1.287
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [s1gWK] 173.804 177.353 109.324
Influence coeff. mean stress sensitivity.
[PsisigK] 0.227 0.233 0.132
Permissible amplitude (N/mm?) [sigADK] 173.804 177.353 109.324
Margin of safety endurance limit [S] 16.795
Required safety [Smin] 1.200
Result (%) [S/Smin] 1399.6
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 328.300 393.960 227.453
Margin of safety yield stress [S] 21.945
Required safety [Smin] 1.200
Result (%) [S/Smin] 1828.7
Cross section '3' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 536.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder with relief groove
[D, d, D1, r, t] (mm) 243.00 139.20 140.00 1.20 0.40
Shape B
Mean roughness (upm) [Rz] 32.000
Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)
Mean value -0.0 0.0 7519.3 0.0
Amplitude 0.0 43.9 7519.3 420.0
Maximum value -0.0 74.6 25565.5 714.0
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 15218.4 264800 529600 15218.4
Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 14.198 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.166 14.198 0.037
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.282 48.273 0.063
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Technological size influence [K1 (sigB) 1] 0.670
[K1(sigS)] 0.670
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.224 1.224 1.158
Notch effect coefficient [beta] 3.924 3.298 2.287
Geometrical size influence [K2(d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.877 0.877 0.930

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.064 4.238 2.918
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 24.592
Equivalent mean stress (N/mm?) [taumV] 14.198
Fatigue limit of part (N/mm?) [sigWK] 46.164 55.327 48.222
Influence coeff. mean stress sensitivity.

[PsisigK] 0.052 0.063 0.054
Permissible amplitude (N/mm?) [sigADK] 0.015 3.034 45.743
Margin of safety endurance limit [S] 3.173
Required safety [Smin] 1.200
Result (%) [S/Smin] 264.4
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 377.545 453.054 227.453
Margin of safety yield stress [S] 4.712
Required safety [Smin] 1.200
Result (%) [S/Smin] 392.6
Cross section '2' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 426.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder with relief groove
[D, d, D1, r, t] (mm) 243.00 139.20 140.00 1.20 0.40
Shape B
Mean roughness (um) [Rz] 32.000

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

Mean value -0.0 0.0 7519.3 0.0
Amplitude 0.0 1867.5 7519.3 35054.1
Maximum value -0.0 3174.8 25565.5 59591.9
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 15218.4 264800 529600 15218.4

Stresses: (N/mm?2)

[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 14.198 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 7.053 14.198 3.071
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 11.989 48.273 5.221
Technological size influence [K1 (sigB) 1] 0.670

[K1(sigS)] 0.670

Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.224 1.224 1.158
Notch effect coefficient [beta] 3.924 3.298 2.287
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.877 0.877 0.930

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.0064 4,238 2.918
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 24.592
Equivalent mean stress (N/mm?) [taumV] 14.198
Fatigue limit of part (N/mm?) [sigWK] 46.164 55.327 48.222
Influence coeff. mean stress sensitivity.

[PsisigK] 0.052 0.063 0.054
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Permissible amplitude (N/mm?) [sigADK] 0.015 45.403 45,743
Margin of safety endurance limit [S] 2.881

Required safety [Smin] 1.200

Result (%) [S/Smin] 240.1

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 377.545 453.054 227.453
Margin of safety yield stress [S] 4.676

Required safety [Smin] 1.200

Result (%) [S/Smin] 389.6

Remarks:

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

The reference diameter for the notch number is not defined.

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

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

End report lines: 531
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Sense of rotation: clockwise

Material

Young's modulus (N/mm?)

Poisson's ratio nu

Specific weight (kg/m?)

Warmth elongation coefficient (100-6/K)
Temperature (°C)

Weight of shaft (kg)

Mass moment of inertia (kg*m?)

Momentum of mass GD2 (Nm?)

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

Shaft 1

0.000
798.000
3561.00

C45 (1)
206000.000

7830.000
11.500
20.000
66.039

0.119
4.656

0.000

1.100

Contact angle of roller bearings is considered

Reference temperature (°C)

20.000

-.7— ........... X I £ IE | T TETE T Ed=}

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...165.00 (mm)
d=100.00 (mm), 1=165.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 165.00...185.00 (mm)

d=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 185.00...216.00 (mm)
d=100.00 (mm), 1=31.00 (mm), Rz= 8.0

Taper (Cone) y= 216.00...225.00 (mm)
dl1=100.00 (mm), dr=150.00 (mm), 1=9.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 225.00...245.00 (mm)

d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 245.00...250.00 (mm)

d=110.00 (mm), 1=5.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 250.00...262.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 262.00...372.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 372.00...384.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 384.00...399.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 399.00...409.00 (mm)
d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z2 nahrada) y= 409.00...619.00 (mm)
d=133.83 (mm), 1=210.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 619.00...629.00 (mm)

d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 629.00...644.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 644.00...656.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 656.00...766.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 766.00...778.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Taper (Cone) y= 778.00...798.00 (mm)

dl=110.00 (mm), dr=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Inner contour

Forces
Cylindrical gear (z2 il2) y= 514.00 (mm)
Operating pitch diameter (mm) 145.8947

Helix angle (°) 25.0375 Double helical gearing, left-right
Working pressure angle at normal section(°®) 20.2194

Position of contact point (°) 0.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driven (Input)

Torque (Nm) 1368.2935

Axial force (N) 0.0000

Shearing force X (N) -7625.0471

Shearing force 7 (N) -18757.2696

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000

Bearing
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Free bearing (leve radialni) y= 317.00 (mm)
Degrees of freedom

X: fixed, Y: free, Z: fixed

Rx: free, Ry: free, Rz: free

Free bearing (prave radialni) y= 711.00 (mm)
Degrees of freedom

X: fixed, Y: free, Z: fixed

Rx: free, Ry: free, Rz: free

Own Input (vystup) y= 0.00 (mm)
Degrees of freedom

X: free, Y: free, Z: free

Rx: free, Ry: fixed, Rz: free

maximum deflection 20.54 pum (Shaft 1, 0.00 (mm))

Center of mass
Shaft 1 414.8 mm

Deformation due to torsion
Shaft 1 [phi.t] 0.04 °

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'

Position (Y-coordinate) [yl 317.00 mm
Bearing reaction force [Fx] 3.813 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] 9.856 kN
Bearing reaction force [Fr] 10.568 kN (68.85°)
Displacement of bearing [ux] -0.000 mm
Displacement of bearing [uyl] 0.000 mm
Displacement of bearing [uz] -0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] -0.0061 mrad (-0.21")
Misalignment of bearing [ry] 0.480 mrad (1.65")
Misalignment of bearing [rz] 0.025 mrad (0.09"'
Misalignment of bearing [rr] 0.066 mrad (0.23")
Shaft 'Shaft 1' Bearing 'prave radialni'
Position (Y-coordinate) [v] 711.00 mm
Bearing reaction force [Fx] 3.813 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] 9.549 kN
Bearing reaction force [Fr] 10.282 kKN (68.24°)
Displacement of bearing [ux] -0.000 mm
Displacement of bearing uy 0.000 mm
Displacement of bearing -0.000 mm
Displacement of bearing 0.000 mm

0.22")

Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

-0.025 mrad

[
[u
[u
Misalignment of bearing [r
[r
[r
[r 0.068 mrad

]

]

]

] 0.063 mrad  (

] 0.642 mrad (2.21")
] (

] (

Shaft 'Shaft 1' Bearing 'vystup'

Position (Y-coordinate) [v] 0.00 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] -1368.29 Nm

Bearing reaction moment [Mz] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (0°)
Displacement of bearing [ux] 0.008 mm
Displacement of bearing [uyl] 0.000 mm
Displacement of bearing [uz] 0.019 mm
Displacement of bearing [ur] 0.021 mm (66.84°)
Misalignment of bearing [rx] -0.059 mrad (-0.2")
Misalignment of bearing [ry] 0.000 mrad (0')
Misalignment of bearing [rz] 0.025 mrad (0.09"'
Misalignment of bearing [rr] 0.064 mrad (0.22")
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Figure: Displacement (bending etc.) (Arbitrary plane 66.84122152 °)

mnnnnnnnnnnnnn:

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

Figure: Equivalent stress
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End report lines: 220

5/5



KISSsoft - Release 03-2012F
KISSsoft academic license for Uni Pilsen

KISSsoFT

Ealewlation programs for machine design

Project
Name : prevodovka zkusebna

File
Name : hridel z22
Changed by : jirisuch on: 14.03.2014

at: 17:38:59

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Sense of rotation: clockwise

Material

Young's modulus (N/mm?)

Poisson's ratio nu

Specific weight (kg/m?)

Warmth elongation coefficient (100-6/K)
Temperature (°C)

Weight of shaft (kg)

Mass moment of inertia (kg*m?)

Momentum of mass GD2 (Nm?)

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

Shaft 1

0.000
798.000
1073.00

C45 (1)
206000.000

7830.000
11.500
20.000
66.039

0.119
4.656

0.000

1.100

Contact angle of roller bearings is considered

Reference temperature (°C)

20.000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...165.00 (mm)
d=100.00 (mm), 1=165.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 165.00...185.00 (mm)

d=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 185.00...216.00 (mm)
d=100.00 (mm), 1=31.00 (mm), Rz= 8.0

Taper (Cone) y= 216.00...225.00 (mm)
dl1=100.00 (mm), dr=150.00 (mm), 1=9.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 225.00...245.00 (mm)

d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 245.00...250.00 (mm)

d=110.00 (mm), 1=5.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 250.00...262.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 262.00...372.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 372.00...384.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 384.00...399.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 399.00...409.00 (mm)
d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z2 nahrada) y= 409.00...619.00 (mm)
d=133.83 (mm), 1=210.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 619.00...629.00 (mm)

d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 629.00...644.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 644.00...656.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 656.00...766.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 766.00...778.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Taper (Cone) y= 778.00...798.00 (mm)

dl=110.00 (mm), dr=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Inner contour

Forces
Cylindrical gear (z2 i21l) y= 514.00 (mm)
Operating pitch diameter (mm) 145.8947

Helix angle (°) 25.0375 Double helical gearing, left-right
Working pressure angle at normal section(°®) 20.2194

Position of contact point (°) 180.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driven (Input)

Torque (Nm) 4541.0000

Axial force (N) 0.0000

Shearing force X (N) 25305.4919

Shearing force 7 (N) 62250.3608

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000

Bearing
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y= 317.00 (mm)

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

Free bearing (prave radialni)

y= 711.00 (mm)

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

Own Input (vstup)

y= 0.00 (mm)

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

maximum deflection

Center of mass
Shaft 1

Deformation due to torsion
Shaft 1

[phi.t]

72.09

414.8

pm (Shaft 1,

mm

0.00 (mm))

Roller bearings, classical calculation

Shaft 'Shaft 1' Bearing 'leve radialni'

Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Shaft 'Shaft 1' Bearing 'prave radialni'

Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

BN X RN X

[yl
[Fx]

Shaft 'Shaft 1' Bearing 'vstup'

Position (Y-coordinate)
Bearing reaction force

Bearing reaction force

Bearing reaction force

Bearing reaction force

Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

3/11

BN X RN X

317.00
-12.653

-30.648
33.157
0.000
0.000
0.000
0.000
0.209
1.592
0.085
0.226

711.00
-12.653

-30.954
33.441
.000

.000
.000
.208
.131

|
OO NOOOOO

.224

0.00
0.000
0.000
0.000
0.000

-4541.00
0.00
0.00

-0.027
0.000
-0.067
0.072
0.212
0.000
-0.085
0.228

mm
kN
kN
kN
kN
mm
mm
mm
mm
mrad
mrad
mrad
mrad

mm
kN
kN
kN
kN
mm
mm
mm
mm
mrad
mrad
mrad
mrad

mrad
mrad
mrad
mrad

(contact angle considered)

(-112.43°)

(0.72")
(5.47")
(-0.29")
(0.78")

(-112.23°)

(-0.71")
(7.32")
(0.29")
(0.77")
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N

Figure: Displacement (bending etc.) (Arbitrary plane 68.17292967 °)

EInnnnnnnnm

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

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

Summary

Label Shaft 1
Drawing

Material Cc45 (1)

Material type Through hardened steel

Material treatment unalloyed, through hardened

Surface treatment No

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

Cross section Position (Y-Coord) (mm)
1 245.10 Smooth shaft
2 317.00 Smooth shaft
3 399.00 Own Input
4 629.00 Own Input
5 655.00 Smooth shaft
6 766.00 Smooth shaft
Results:
Cross section Kfb Kfsig K2d SD SS
1 1.00 0.92 0.82 11.41 8.50
2 1.00 0.92 0.82 11.40 8.50
3 1.00 0.92 0.82 6.73 6.96
4 1.00 0.92 0.82 9.40 12.16
5 1.00 0.92 0.82 13.77 17.80
6 1.00 0.92 0.82 10000.00 10000.00
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending
Kfsig: Surface factor

K2d: Size coefficient bending
SD: Safety endurance limit

SS: Safety against yield point

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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D=

Figure: Strength

Calculation details:

General statements

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

Material

Material type
Material treatment
Surface treatment

[1]
[n]

C45 (1)
Through hardened steel

unalloyed, through hardened

No

798.00
1073.00

Shaft 1

Tension/Compression Bending Torsion Shearing

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

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

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

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

Thickness of raw material (mm) [dWerkst]

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

1.700 1.
1.000 1.

l6.
700.
490.
280.
350.
210.
160.

700 1.700
000 1.000

Geometric size coefficient Kld calculated from raw material diameter

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

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

Endurance limit for single stage use

Calculation for load case 2

Cross section 'l'

Smooth shaft

Comment

6/11
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Position (Y-Coordinate) (mm) [y] 245.10
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value -0.0 0.0 2270.5 0.0
Amplitude 0.0 18.3 2270.5 166.3
Maximum value -0.0 31.2 7719.7 282.7
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 8.688 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.140 8.688 0.023
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.239 29.539 0.040
Technological size influence [K1 (sigB) 1] 0.740
[K1(sigS)] 0.740
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [betal 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.821 0.821
Influence coefficient surface roughness
[KF] 0.918 0.918 0.953
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.089 1.308 1.268
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 15.048
Equivalent mean stress (N/mm?) [taumV] 8.688
Fatigue limit of part (N/mm?) [s1gWK] 190.186 198.024 122.553
Influence coeff. mean stress sensitivity.
[PsisigK] 0.225 0.236 0.134
Permissible amplitude (N/mm?) [sigADK] 0.024 4.023 108.056
Margin of safety endurance limit [S] 11.409
Required safety [Smin] 1.200
Result (%) [S/Smin] 950.7

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 362.600 435.120 251.217
Margin of safety yield stress [S] 8.505

Required safety [Smin] 1.200

Result (%) [S/Smin] 708.7

Cross section '2' Smooth shaft

Comment

Position (Y-Coordinate) (mm) [y] 317.00
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value -0.0 0.0 2270.5 0.0
Amplitude 0.0 32.2 2270.5 213.8
Maximum value -0.0 54.7 7719.7 363.4
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 8.688 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.246 8.688 0.030
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.419 29.539 0.051
Technological size influence [K1 (sigB) 1] 0.740

[K1(sigS)] 0.740
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Notch effect coefficient

[dB] (mm) 0.0

Geometrical size influence
Geometrical size influence
Notch effect coefficient
Geometrical size influence
Influence coefficient surface

Influence coefficient surface

Total influence coefficient

KISSsoFT
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Tension/Compression Bending Torsion

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)

Margin of safety endurance limit

Required safety
Result (%)

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor

Increase coefficient

Yield stress of part (N/mm?)
Margin of safety yield stress
Required safety

Result (%)

Cross section '3' Own Input
Comment

Position (Y-Coordinate) (mm)
External diameter (mm)

Inner diameter (mm)

Notch effect Own Input

Mean roughness (um)

Stress: (N)
Mean value
Amplitude

Maximum value
Cross section,
[A, Wb, Wt, A]

(Nm)

Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm]
[sigzda, sigba, taua, taugal]

[sigzdmax, sigbmax, taumax, taugmax]

Technological size influence

Notch effect coefficient

[dB] (mm) 0.0

Geometrical size influence
Geometrical size influence
Notch effect coefficient
Geometrical size influence
Influence coefficient surface

Influence coefficient surface

Total influence coefficient

moment of resistance:

[beta (dB) ] 0.000 0.000 0.000
[K3(d)] 0.000 0.000 0.000
[K3(dB) ] 0.000 0.000 0.000
[beta] 1.000 1.000 1.000
[K2(d) ] 1.000 0.821 0.821
roughness
[KF] 0.918 0.918 0.953
strengthening
[KV] 1.000 1.000 1.000
[K] 1.089 1.308 1.268
[sigmV] 15.048
[taumV] 8.688
[sigWK] 190.186 198.024 122.553
[PsisigK] 0.225 0.236 0.134
[sigADK] 0.024 7.007 108.056
[S] 11.396
[Smin] 1.200
[S/Smin] 949.7
[K2F] 1.000 1.200 1.200
[gammaF] 1.000 1.000 1.000
[sigFK] 362.600 435.120 251.217
[S] 8.504
[Smin] 1.200
[S/Smin] 708.7
[y] 399.00
[da] 110.000
[di] 0.000
[Rz] 8.000

Tension/Compression Bending Torsion Shearing

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)

Margin of safety endurance limit

8/11

-0.0 0.0 2270.5 0.0
0.0 2767.5 2270.5 33409.7
-0.0 4704.8 7719.7 56796.5
(mm?)
9503.3 130671 261341 9503.3
(N/mm?) -0.000 0.000 8.688 0.000
(N/mm?) 0.000 21.180 8.688 4.687
(N/mm?) -0.000 36.005 29.539 7.969
[K1(sigB)] 0.740
[K1(sigS)] 0.740
Tension/Compression Bending Torsion
[beta (dB) ] 0.000 0.000 0.000
[K3(d)] 0.000 0.000 0.000
[K3(dB) ] 0.000 0.000 0.000
[beta] 1.000 1.000 1.000
[K2(d)] 1.000 0.821 0.821
roughness
[KF] 0.918 0.918 0.953
strengthening
[KV] 1.000 1.000 1.000
[K] 1.089 1.308 1.268
[sigmV] 15.048
[taumV] 8.688
[sigWK] 190.186 198.024 122.553
[PsisigK] 0.225 0.236 0.134
[sigADK] 0.024 169.556 108.056
[S] 6.732



Required safety [Smin]

Result (%) [S/Smin]
Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor [K2F] 1
Increase coefficient [gammaF] 1
Yield stress of part (N/mm?) [sigFK] 362
Margin of safety yield stress [S]

Required safety [Smin]

Result (%) [S/Smin]

Cross section '4' Own Input

Comment

Position (Y-Coordinate) (mm) [y]
External diameter (mm) [da]
Inner diameter (mm) [di]
Notch effect Own Input

Mean roughness (um) [Rz]

.000
.000
.600

1.200
561.0

1.200
1.000
435.120
6.955
1.200
579.6

KISSsoFT
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1.200
1.000

251.217

629.
110.
0.

8.

00
000
000

000

Tension/Compression Bending Torsion Shearing

0.0 0.0
0.0 33558.3
0.0 57049.1
261341 9503.3
0.000 0.000
0.000 4.708
0.000 8.004

Tension/Compression Bending Torsion

Stress: (N) (Nm)
Mean value -0.0 0.0
Amplitude 0.0 2751.6
Maximum value -0.0 4677.7
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 21.057
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 35.797
Technological size influence [K1 (sigB) 1] 0.740
[K1(sigS)] 0.740
Notch effect coefficient [beta (dB) ] 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000
Notch effect coefficient [beta] 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.821
Influence coefficient surface roughness
[KF] 0.918 0.918
Influence coefficient surface strengthening
[KV] 1.000 1.000
Total influence coefficient [K] 1.089 1.308
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [sigWK] 190.186 198.024
Influence coeff. mean stress sensitivity.
[PsisigK] 0.225 0.236
Permissible amplitude (N/mm?) [sigADK] 190.186 198.024
Margin of safety endurance limit [S] 9.404
Required safety [Smin] 1.200
Result (%) [S/Smin] 783.7
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200
Increase coefficient [gammaF] 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 362.600 435.120
Margin of safety yield stress [S] 12.155
Required safety [Smin] 1.200
Result (%) [S/Smin] 1012.9
Cross section '5' Smooth shaft
Comment
Position (Y-Coordinate) (mm) [y]
External diameter (mm) [da]
Inner diameter (mm) [di]
Notch effect Smooth shaft
Mean roughness (um) [Rz]
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122.

122.

251

655.
110.

0.000

0.000
0.000
1.000
0.821
.953

.000
.268

553

.134
553

.200

.217

00
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Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)

Mean value -0.0 0.0 0.0 0.0
Amplitude 0.0 1879.4 0.0 33539.7
Maximum value -0.0 3195.0 0.0 57017.5
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 14.383 0.000 4.706
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 24 .451 0.000 8.000
Technological size influence [K1(sigB)] 0.740
[K1(sigS)] 0.740
Tension/Compression Bending Torsion

Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [beta] 1.000 1.000 1.000
Geometrical size influence [K2(d)] 1.000 0.821 0.821
Influence coefficient surface roughness

[KF] 0.918 0.918 0.953

Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000

Total influence coefficient [K] 1.089 1.308 1.268
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [sigWK] 190.186 198.024 122.553
Influence coeff. mean stress sensitivity.

[PsisigK] 0.225 0.236 0.134
Permissible amplitude (N/mm?) [sigADK] 190.186 198.024 122.553
Margin of safety endurance limit [S] 13.768
Required safety [Smin] 1.200
Result (%) [S/Smin] 1147.3

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 362.600 435.120 251.217
Margin of safety yield stress [S] 17.796

Required safety [Smin] 1.200

Result (%) [S/Smin] 1483.0

Cross section '6' Smooth shaft

Comment

Position (Y-Coordinate) (mm) [yl 766.00
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value -0.0 0.0 0.0 0.0
Amplitude 0.0 0.3 0.0 27.1
Maximum value -0.0 0.6 0.0 46.1
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.003 0.000 0.004
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.004 0.000 0.0060
Technological size influence [K1(sigB)] 0.740

[K1(sigS)] 0.740

Tension/Compression Bending Torsion

Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
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Notch effect coefficient [beta] 1.
Geometrical size influence [K2(d) ] 1.
Influence coefficient surface roughness

[KF] 0.

Influence coefficient surface strengthening
[KV] 1.
Total influence coefficient [K] 1.

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?) [sigmV]

Equivalent mean stress (N/mm?) [taumV]

Fatigue limit of part (N/mm?) [sigWK] 190.

Influence coeff. mean stress sensitivity.
[PsisigK] 0

Permissible amplitude (N/mm?) [sigADK] 190.

Margin of safety endurance limit [S]

Required safety [Smin]

Result (%) [S/Smin]

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor [K2F] 1.

Increase coefficient [gammaF] 1.

Yield stress of part (N/mm?) [sigFK] 362.

Margin of safety yield stress [S]

Required safety [Smin]

Result (%) [S/Smin]

Remarks:

000 1.000
000 0.821
918 0.918
000 1.000
089 1.308
0.000
0.000
186 198.024
.225 0.236
186 198.024
10000.000
1.200
10000.0
000 1.200
000 1.000
600 435.120
10000.000
1.200
10000.0

[y

o

fary

[

122.

122.

251.

000
821

.953

000

.268

553

.134

553

.200
.000

217
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- The shearing force is not considered in the analysis according to DIN 743..

- Cross section with square groove:
The reference diameter for the notch number is

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

not defined.

The notching factor for the light fit case is no longer defined in DIN 743.

The values are imported from the FKM-Guideline.

End report

lines:

710
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 788.000
Speed (1/min) 1073.00
Sense of rotation: counter clockwise

Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (100-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 165.288
Mass moment of inertia (kg*m?) 0.898
Momentum of mass GD2 (Nm?) 35.218
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Reference temperature (°C) 20.000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Taper (Cone) y= 0.00...20.00 (mm)
dl1=130.00 (mm), dr=140.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 20.00...32.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 32.00...142.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 1.8

Cylinder (Cylinder) y= 142.00...154.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 154.00...169.00 (mm)

d=140.00 (mm), 1=15.00 (mm), Rz= 8.0

Taper (Cone) y= 169.00...179.00 (mm)

dl=200.00 (mm), dr=240.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z3 nahrada) y= 179.00...389.00 (mm)

d=240.00 (mm), 1=210.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 389.00...406.00 (mm)
d=243.00 (mm), 1=17.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 406.00...414.00 (mm)

d=243.00 (mm), 1=8.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 414.00...426.00 (mm)

d=243.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 426.00...536.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 2.8

Relief groove left (Relief groove left)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Relief groove right (Relief groove right)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Cylinder (Cylinder) y= 536.00...556.00 (mm)
d=243.00 (mm), 1=20.00 (mm), Rz=32.0

Taper (Cone) y= 556.00...572.00 (mm)

dl=243.00 (mm), dr=150.00 (mm), 1=16.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 572.00...603.00 (mm)

d=150.00 (mm), 1=31.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 603.00...623.00 (mm)
d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 623.00...788.00 (mm)
d=150.00 (mm), 1=165.00 (mm), Rz=16.0

Inner contour

Forces
Cylindrical gear (z3 i34) y= 284.00 (mm)
Operating pitch diameter (mm) 444.3158

Helix angle (°) 25.0375 Double helical gearing, right-left
Working pressure angle at normal section (°) 20.2194

Position of contact point (%) 180.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driving (Output)

Torque (Nm) 4541 .0000

Axial force (N) 0.0000

Shearing force X (N) 8309.2660

Shearing force Z (N) 20440.4170

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000
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Bearing

Free bearing (leve radialni) y= 87.00 (mm)
Degrees of freedom

X: fixed, Y: free, 7Z: fixed

Rx: free, Ry: free, Rz: free

Fixed bearing adjusted on both sides (prave radialni+axialni) y= 481.00 (mm)
Degrees of freedom

X: fixed, Y: fixed, Z: fixed

Rx: free, Ry: free, Rz: free

Own Input (vstup) y= 788.00 (mm)
Degrees of freedom

X: free, Y: free, Z: free

Rx: free, Ry: fixed, Rz: free

maximum deflection 3.86 pm  (Shaft 1, 788.00 (mm))

Center of mass
Shaft 1 371.1 mm

Deformation due to torsion
Shaft 1 [phi.t] -0.03 °

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'
Position (Y-coordinate) [v] 87.00 mm

Bearing reaction force Fx] -4.155 kN
Bearing reaction force Fyl 0.000 kN
Bearing reaction force Fz] -9.777 kN
Bearing reaction force Fr] 10.623 kN (-113.02°)

[
[
[
[
Displacement of bearing [ux] 0.000 mm
[
[
[
[

Displacement of bearing uy] 0.000 mm
Displacement of bearing uz] 0.000 mm
Displacement of bearing ur] 0.000 mm
Misalignment of bearing rx] 0.012 mrad (0.04")
Misalignment of bearing [ry] 0.450 mrad (1.55")
Misalignment of bearing [rz] -0.005 mrad (-0.02")
Misalignment of bearing [rr] 0.013 mrad (0.04")

Shaft 'Shaft 1' Bearing 'prave radialnit+axialni'
Position (Y-coordinate) [v] 481.00 mm

Bearing reaction force [Fx] -4.155 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -9.041 kN

Bearing reaction force [Fr] 9.950 kKN (-114.68°)
Displacement of bearing [ux] 0.000 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] 0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] -0.011 mrad (-0.04")
Misalignment of bearing [ry] 0.342 mrad (1.18")
Misalignment of bearing [rz] 0.004 mrad (0.01")
Misalignment of bearing [rr] 0.011 mrad (0.04")
Shaft 'Shaft 1' Bearing 'vstup'

Position (Y-coordinate) [yl 788.00 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] -4541.00 Nm

Bearing reaction moment [Mz] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (0°)
Displacement of bearing [ux] -0.001 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] -0.004 mm
Displacement of bearing [ur] 0.004 mm (-108.99°)
Misalignment of bearing [rx] -0.012 mrad (-0.04")
Misalignment of bearing [ry] 0.000 mrad (0')
Misalignment of bearing [rz] 0.004 mrad (0.01")
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Misalignment of bearing [rr] 0.013 mrad (0.04")

Figure: Displacement (bending etc.) (Arbitrary plane 71.01093494 °)

L

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2000
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Summary
Label Shaft 1
Drawing
Material Cc45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)
Cross section Position (Y-Coord) (mm)
1 168.99 Smooth shaft
3 536.00 Shoulder with relief groove
2 426.00 Shoulder with relief groove
Results:
Cross section Kfb Kfsig K2d SD SS
1 1.00 0.92 0.80 55.36 72.50
3 3.32 0.87 0.80 10.76 16.06
2 3.32 0.87 0.80 9.57 15.90
Nominal safety: 1.20 1.20
Abbreviations:
Kfb: Notch factor bending
Kfsig: Surface factor
K2d: Size coefficient bending
SD: Safety endurance limit
SS: Safety against yield point
The requirements of the safety proof of the shaft are:
satisfied [x] not satisfied [ ]
Design engineer:........c.ouiuenn... Date:..ovuuen.. Signature:......
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Figure: Strength
Calculation details:
General statements
Label Shaft 1
Drawing
Length (mm) [1] 788.00
Speed (1/min) [n] 1073.00
Material c45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Tension/Compression Bending Torsion Shearing

Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 700.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 490.00
[sigzdW] (bei dB) (N/mm?) 280.00
[sigbW] (bei dB) (N/mm?) 350.00
[tautW] (bei dB) (N/mm?) 210.00
Thickness of raw material (mm) [dWerkst] 250.00

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

[sigBeff] (N/mm?) 482.72
[sigSeff] (N/mm?) 337.91
[sigbF] (N/mm?) 405.49
[tautF] (N/mm?) 234.11
[sigzdW] (N/mm?) 193.09
[sigbW] (N/mm?) 241.36
[tautW] (N/mm?) 144.82

Endurance limit for single stage use

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

Cross section 'l' Smooth shaft
Comment
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Position (Y-Coordinate) (mm) [y] 168.99
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft
Mean roughness (um) [Rz] 8.000
Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)
Mean value 0.0 0.0 0.0 0.0
Amplitude 0.0 886.3 0.0 10797.4
Maximum value 0.0 1506.7 0.0 18355.6
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 15393.8 269392 538783 15393.8
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 3.290 0.000 0.935
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) 0.000 5.593 0.000 1.590
Technological size influence [K1 (sigB) 1] 0.690
[K1(sigS)] 0.690
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [betal 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.924 0.924 0.956
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.082 1.325 1.289
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [s1gWK] 178.410 182.143 112.387
Influence coeff. mean stress sensitivity.
[PsisigK] 0.227 0.233 0.132
Permissible amplitude (N/mm?) [sigADK] 178.410 182.143 112.387
Margin of safety endurance limit [S] 55.364
Required safety [Smin] 1.200
Result (%) [S/Smin] 4613.7
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 337.907 405.489 234.109
Margin of safety yield stress [S] 72.502
Required safety [Smin] 1.200
Result (%) [S/Smin] 6041.8
Cross section '3' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 536.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000

Notch effect

[D, 4, D1, r, t] (mm)
Shape B
Mean roughness (um)

Stress: (N)
Mean value
Amplitude

Maximum value
Cross section,
[A, Wb, Wt, A]

(Nm)

Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm]
[sigzda, sigba, taua, taugal]

[sigzdmax, sigbmax, taumax, taugmax]

7/9

moment of resistance:

Shoulder with relief groove

243.00 139.20 140.00 1.20 0.40
[Rz] 32.000
Tension/Compression Bending Torsion Shearing
-0.0 0.0 2270.5 0.0
0.0 43.9 2270.5 420.0
-0.0 74.6 7719.7 714.0
(mm?)
15218.4 264800 529600 15218.4
(N/mm?) -0.000 0.000 4.287 0.000
(N/mm?) 0.000 0.166 4.287 0.037
(N/mm?) -0.000 0.282 14.576 0.063
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Technological size influence [K1 (sigB) 1] 0.690
[K1 (sigS)] 0.690
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2(d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 7.426
Equivalent mean stress (N/mm?) [taumV] 4.287
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
Permissible amplitude (N/mm?) [sigADK] 0.052 10.185 46.858
Margin of safety endurance limit [S] 10.761
Required safety [Smin] 1.200
Result (%) [S/Smin] 896.7
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 16.060
Required safety [Smin] 1.200
Result (%) [S/Smin] 1338.3
Cross section '2' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 426.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder with relief groove
[D, d, D1, r, t] (mm) 243.00 139.20 140.00 1.20 0.40
Shape B
Mean roughness (um) [Rz] 32.000

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

Mean value -0.0 0.0 2270.5 0.0
Amplitude 0.0 635.3 2270.5 10456.8
Maximum value -0.0 1080.0 7719.7 17776.5
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 15218.4 264800 529600 15218.4

Stresses: (N/mm?2)

[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 4.287 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 2.399 4.287 0.916
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 4.078 14.576 1.557
Technological size influence [K1 (sigB) 1] 0.690

[K1(sigS)] 0.690

Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 7.426
Equivalent mean stress (N/mm?) [taumV] 4,287
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
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Permissible amplitude (N/mm?) [sigADK] 0.052 47.429 46.858
Margin of safety endurance limit [S] 9.565

Required safety [Smin] 1.200

Result (%) [S/Smin] 797.1

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 15.905

Required safety [Smin] 1.200

Result (%) [S/Smin] 1325.4

Remarks:

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

The reference diameter for the notch number is not defined.

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

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

End report lines: 531
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 788.000
Speed (1/min) 449.00
Sense of rotation: counter clockwise

Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (100-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 165.288
Mass moment of inertia (kg*m?) 0.898
Momentum of mass GD2 (Nm?) 35.218
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Reference temperature (°C) 20.000

Figure: Load applications

1/9



KISSsoFT

Ealewlation programs for machine design

SHAFT DEFINITION (Shaft 1)

Outer contour

Taper (Cone) y= 0.00...20.00 (mm)
dl1=130.00 (mm), dr=140.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 20.00...32.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 32.00...142.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 1.8

Cylinder (Cylinder) y= 142.00...154.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 154.00...169.00 (mm)

d=140.00 (mm), 1=15.00 (mm), Rz= 8.0

Taper (Cone) y= 169.00...179.00 (mm)

dl=200.00 (mm), dr=240.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z3 nahrada) y= 179.00...389.00 (mm)
d=240.00 (mm), 1=210.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 389.00...406.00 (mm)
d=243.00 (mm), 1=17.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 406.00...414.00 (mm)

d=243.00 (mm), 1=8.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 414.00...426.00 (mm)

d=243.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 426.00...536.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 2.8

Relief groove left (Relief groove left)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Relief groove right (Relief groove right)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Cylinder (Cylinder) y= 536.00...556.00 (mm)
d=243.00 (mm), 1=20.00 (mm), Rz=32.0

Taper (Cone) y= 556.00...572.00 (mm)
dl1=243.00 (mm), dr=150.00 (mm), 1=16.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 572.00...603.00 (mm)
d=150.00 (mm), 1=31.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 603.00...623.00 (mm)
d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 623.00...788.00 (mm)
d=150.00 (mm), 1=165.00 (mm), Rz=16.0

Inner contour

Forces
Cylindrical gear (z3 i43) y= 284.00 (mm)
Operating pitch diameter (mm) 444.3158

Helix angle (°) 25.0375 Double helical gearing, right-left
Working pressure angle at normal section (°) 20.2194

Position of contact point (%) 0.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driving (Output)

Torque (Nm) 10851.8775

Axial force (N) 0.0000

Shearing force X (N) -19857.1100

Shearing force 7 (N) -48847.5889

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000
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Free bearing (leve radialni)
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y= 87.00 (mm)

Degrees of freedom
X: fixed, Y: free, 7Z: fixed
Rx: free, Ry: free, Rz: free

Fixed bearing adjusted on both sides

(prave radialni+axialni)

y= 481.00 (mm)

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

Own Input (vystup)

y= 788.00 (mm)

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

maximum deflection 7.45

Center of mass

Shaft 1 371.1
Deformation due to torsion
Shaft 1 [phi.t] -0.06

pm (Shaft 1,

mm

788.00

(mm) )

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'

Position (Y-coordinate) [v] 87.00
Bearing reaction force Fx] 9.929
Bearing reaction force Fyl 0.000
Bearing reaction force Fz] 24.867
Bearing reaction force Fr] 26.776

[
[
[
[
Displacement of bearing [ux] -0.000
[
[
[
[

Displacement of bearing uy] 0.000
Displacement of bearing uz] -0.000
Displacement of bearing ur] 0.000
Misalignment of bearing rx] -0.029
Misalignment of bearing [ry] 1.076
Misalignment of bearing [rz] 0.012
Misalignment of bearing [rr] 0.031

Shaft 'Shaft 1' Bearing 'prave radialnit+axialni'

Position (Y-coordinate) [v] 481.00
Bearing reaction force [Fx] 9.929
Bearing reaction force [Fy] 0.000
Bearing reaction force [Fz] 25.603
Bearing reaction force [Fr] 27.461
Displacement of bearing [ux] -0.000
Displacement of bearing [uy] 0.000
Displacement of bearing [uz] -0.000
Displacement of bearing [ur] 0.000
Misalignment of bearing [rx] 0.023
Misalignment of bearing [ry] 0.817
Misalignment of bearing [rz] -0.010
Misalignment of bearing [rr] 0.025
Shaft 'Shaft 1' Bearing 'vystup'

Position (Y-coordinate) [yl 788.00
Bearing reaction force [Fx] 0.000
Bearing reaction force [Fy] 0.000
Bearing reaction force [Fz] 0.000
Bearing reaction force [Fr] 0.000
Bearing reaction moment [Mx] 0.00
Bearing reaction moment [My] -10851.88
Bearing reaction moment [Mz] 0.00
Bearing reaction moment [Mr] 0.00
Displacement of bearing [ux] 0.003
Displacement of bearing [uy] 0.000
Displacement of bearing [uz] 0.007
Displacement of bearing [ur] 0.007
Misalignment of bearing [rx] 0.022
Misalignment of bearing [ry] 0.000
Misalignment of bearing [rz] -0.010
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kN  (68.24°)

mrad
mrad
mrad
mrad

(-0.1")
(3.7")

(0.04")
(0.11")

mm
kN
kN
kN
kN (68.8°)
mm
mm
mm
mm
mrad
mrad
mrad
mrad

(0.08")
(2.81")

(0.09")

Nm (0°)

mm (66.26°)
mrad (0.08")
mrad (0")

mrad

(-0.03")

(-0.03")
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Misalignment of bearing [rr] 0.024 mrad (0.08")

Figure: Displacement (bending etc.) (Arbitrary plane 66.25583028 °)

- -

[

. :
4 1
[ E

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2000
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Summary
Label Shaft 1
Drawing
Material Cc45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)
Cross section Position (Y-Coord) (mm)
1 168.99 Smooth shaft
3 536.00 Shoulder with relief groove
2 426.00 Shoulder with relief groove
Results:
Cross section Kfb Kfsig K2d SD SS
1 1.00 0.92 0.80 22.51 29.48
3 3.32 0.87 0.80 4.50 6.72
2 3.32 0.87 0.80 4.05 6.66
Nominal safety: 1.20 1.20
Abbreviations:
Kfb: Notch factor bending
Kfsig: Surface factor
K2d: Size coefficient bending
SD: Safety endurance limit
SS: Safety against yield point
The requirements of the safety proof of the shaft are:
satisfied [x] not satisfied [ ]
Design engineer:........c.ouiuenn... Date:..ovuuen.. Signature:......
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Figure: Strength
Calculation details:
General statements
Label Shaft 1
Drawing
Length (mm) [1] 788.00
Speed (1/min) [n] 449.00
Material c45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Tension/Compression Bending Torsion Shearing
Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 700.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 490.00
[sigzdW] (bei dB) (N/mm?) 280.00
[sigbW] (bei dB) (N/mm?) 350.00
[tautW] (bei dB) (N/mm?) 210.00
Thickness of raw material (mm) [dWerkst] 250.00

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

[sigBeff] (N/mm?) 482.72
[sigSeff] (N/mm?) 337.91
[sigbF] (N/mm?) 405.49
[tautF] (N/mm?) 234.11
[sigzdW] (N/mm?) 193.09
[sigbW] (N/mm?) 241.36
[tautW] (N/mm?) 144.82

Endurance limit for single stage use

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

Cross section 'l' Smooth shaft
Comment
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Position (Y-Coordinate) (mm) [y] 168.99
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft
Mean roughness (um) [Rz] 8.000
Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)
Mean value 0.0 0.0 0.0 0.0
Amplitude 0.0 2180.0 0.0 26600.3
Maximum value 0.0 3705.9 0.0 45220.5
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 15393.8 269392 538783 15393.8
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 8.092 0.000 2.304
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) 0.000 13.757 0.000 3.917
Technological size influence [K1 (sigB) 1] 0.690
[K1(sigS)] 0.690
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [betal 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.924 0.924 0.956
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.082 1.325 1.289
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [s1gWK] 178.410 182.143 112.387
Influence coeff. mean stress sensitivity.
[PsisigK] 0.227 0.233 0.132
Permissible amplitude (N/mm?) [sigADK] 178.410 182.143 112.387
Margin of safety endurance limit [S] 22.508
Required safety [Smin] 1.200
Result (%) [S/Smin] 1875.7
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 337.907 405.489 234.109
Margin of safety yield stress [S] 29.476
Required safety [Smin] 1.200
Result (%) [S/Smin] 2456.3
Cross section '3' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 536.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder with relief groove
[D, d, D1, r, t] (mm) 243.00 139.20 140.00 1.20 0.40
Shape B
Mean roughness (upm) [Rz] 32.000
Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)
Mean value -0.0 0.0 5425.9 0.0
Amplitude 0.0 43.9 5425.9 420.0
Maximum value -0.0 74.6 18448.2 714.0
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 15218.4 264800 529600 15218.4
Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 10.245 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.166 10.245 0.037
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.282 34.834 0.063
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Technological size influence [K1 (sigB) 1] 0.690
[K1 (sigS)] 0.690
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2(d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 17.745
Equivalent mean stress (N/mm?) [taumV] 10.245
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
Permissible amplitude (N/mm?) [sigADK] 0.022 4.317 46.858
Margin of safety endurance limit [S] 4.505
Required safety [Smin] 1.200
Result (%) [S/Smin] 375.4
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 6.721
Required safety [Smin] 1.200
Result (%) [S/Smin] 560.1
Cross section '2' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 426.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder with relief groove
[D, d, D1, r, t] (mm) 243.00 139.20 140.00 1.20 0.40
Shape B
Mean roughness (um) [Rz] 32.000

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

Mean value -0.0 0.0 5425.9 0.0
Amplitude 0.0 1421.7 5425.9 26944.0
Maximum value -0.0 2416.9 18448.2 45804.8
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 15218.4 264800 529600 15218.4

Stresses: (N/mm?2)

[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 10.245 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 5.369 10.245 2.361
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 9.127 34.834 4.013
Technological size influence [K1 (sigB) 1] 0.690

[K1(sigS)] 0.690

Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 17.745
Equivalent mean stress (N/mm?) [taumV] 10.245
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
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Permissible amplitude (N/mm?) [sigADK] 0.022 46.915 46.858
Margin of safety endurance limit [S] 4.052

Required safety [Smin] 1.200

Result (%) [S/Smin] 337.7

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 6.663

Required safety [Smin] 1.200

Result (%) [S/Smin] 555.3

Remarks:

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

The reference diameter for the notch number is not defined.

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

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

End report lines: 531
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Sense of rotation: clockwise

Material

Young's modulus (N/mm?)

Poisson's ratio nu

Specific weight (kg/m?)

Warmth elongation coefficient (100-6/K)
Temperature (°C)

Weight of shaft (kg)

Mass moment of inertia (kg*m?)

Momentum of mass GD2 (Nm?)

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

Shaft 1

0.000
798.000
2568.00

C45 (1)
206000.000

7830.000
11.500
20.000
81.425

0.210
8.258

0.000

1.100

Contact angle of roller bearings is considered

Reference temperature (°C)

20.000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...165.00 (mm)
d=100.00 (mm), 1=165.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 165.00...185.00 (mm)

d=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 185.00...216.00 (mm)
d=100.00 (mm), 1=31.00 (mm), Rz= 8.0

Taper (Cone) y= 216.00...225.00 (mm)
dl1=100.00 (mm), dr=150.00 (mm), 1=9.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 225.00...245.00 (mm)

d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 245.00...250.00 (mm)

d=110.00 (mm), 1=5.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 250.00...262.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 262.00...372.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 372.00...384.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 384.00...399.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 399.00...409.00 (mm)
d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z4 nahrada) y= 409.00...619.00 (mm)
d=172.70 (mm), 1=210.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 619.00...629.00 (mm)

d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 629.00...644.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 644.00...656.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 656.00...766.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 766.00...778.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Taper (Cone) y= 778.00...798.00 (mm)

dl=110.00 (mm), dr=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Inner contour

Forces
Cylindrical gear (z4 i34) y= 514.00 (mm)
Operating pitch diameter (mm) 185.6842

Helix angle (°) 25.0375 Double helical gearing, left-right
Working pressure angle at normal section(°®) 20.2194

Position of contact point (°) 0.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driven (Input)

Torque (Nm) 1897.3882

Axial force (N) 0.0000

Shearing force X (N) -8307.7637

Shearing force 7 (N) -20436.7214

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000

Bearing
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Free bearing (leve radialni) y= 317.00 (mm)
Degrees of freedom

X: fixed, Y: free, Z: fixed

Rx: free, Ry: free, Rz: free

Free bearing (prave radialni) y= 711.00 (mm)
Degrees of freedom

X: fixed, Y: free, Z: fixed

Rx: free, Ry: free, Rz: free

Own Input (vystup) y= 0.00 (mm)
Degrees of freedom

X: free, Y: free, Z: free

Rx: free, Ry: fixed, Rz: free

maximum deflection 13.37 pum (Shaft 1, 0.00 (mm))

Center of mass
Shaft 1 433.5 mm

Deformation due to torsion
Shaft 1 [phi.t] 0.05 °

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'

Position (Y-coordinate) [yl 317.00 mm
Bearing reaction force [Fx] 4.154 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] 10.771 kN
Bearing reaction force [Fr] 11.544 kN (68.91°
Displacement of bearing [ux] -0.000 mm
Displacement of bearing [uyl] 0.000 mm
Displacement of bearing [uz] -0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] -0.041 mrad (-0.14")
Misalignment of bearing [ry] 0.665 mrad (2.29"'
Misalignment of bearing [rz] 0.017 mrad (0.06"'
Misalignment of bearing [rr] 0.044 mrad (0.15")
Shaft 'Shaft 1' Bearing 'prave radialni'
Position (Y-coordinate) [v] 711.00 mm
Bearing reaction force [Fx] 4.154 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] 10.465 kN
Bearing reaction force [Fr] 11.259 kN (68.35°)
Displacement of bearing [ux] -0.000 mm
Displacement of bearing uy 0.000 mm
Displacement of bearing -0.000 mm
Displacement of bearing 0.000 mm

0.14")

Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

-0.017 mrad

[
[u
[u
Misalignment of bearing [r
[r
[r
[r 0.045 mrad

]

]

]

] 0.042 mrad  (

] 0.839 mrad (2.88")
] (

] (

Shaft 'Shaft 1' Bearing 'vystup'

Position (Y-coordinate) [v] 0.00 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] -1897.39 Nm

Bearing reaction moment [Mz] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (0°)
Displacement of bearing [ux] 0.005 mm
Displacement of bearing [uyl] 0.000 mm
Displacement of bearing [uz] 0.012 mm
Displacement of bearing [ur] 0.013 mm (66.46°
Misalignment of bearing [rx] -0.038 mrad (-0.13")
Misalignment of bearing [ry] 0.000 mrad (0')
Misalignment of bearing [rz] 0.017 mrad (0.06"'
Misalignment of bearing [rr] 0.042 mrad (0.14")
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Figure: Displacement (bending etc.) (Arbitrary plane 66.46142499 °)

I
£
[

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

Figure: Equivalent stress
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End report lines: 220
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Sense of rotation: clockwise

Material

Young's modulus (N/mm?)

Poisson's ratio nu

Specific weight (kg/m?)

Warmth elongation coefficient (100-6/K)
Temperature (°C)

Weight of shaft (kg)

Mass moment of inertia (kg*m?)

Momentum of mass GD2 (Nm?)

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

Shaft 1

0.000
798.000
1073.00

C45 (1)
206000.000

7830.000
11.500
20.000
81.425

0.210
8.258

0.000

1.100

Contact angle of roller bearings is considered

Reference temperature (°C)

20.000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...165.00 (mm)
d=100.00 (mm), 1=165.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 165.00...185.00 (mm)

d=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 185.00...216.00 (mm)
d=100.00 (mm), 1=31.00 (mm), Rz= 8.0

Taper (Cone) y= 216.00...225.00 (mm)
dl1=100.00 (mm), dr=150.00 (mm), 1=9.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 225.00...245.00 (mm)

d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 245.00...250.00 (mm)

d=110.00 (mm), 1=5.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 250.00...262.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 262.00...372.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 372.00...384.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 384.00...399.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 399.00...409.00 (mm)
d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z4 nahrada) y= 409.00...619.00 (mm)
d=172.70 (mm), 1=210.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 619.00...629.00 (mm)

d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 629.00...644.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 644.00...656.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 656.00...766.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 766.00...778.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Taper (Cone) y= 778.00...798.00 (mm)

dl=110.00 (mm), dr=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Inner contour

Forces
Cylindrical gear (z4 i43) y= 514.00 (mm)
Operating pitch diameter (mm) 185.6842

Helix angle (°) 25.0375 Double helical gearing, left-right
Working pressure angle at normal section(°®) 20.2194

Position of contact point (°) 180.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driven (Input)

Torque (Nm) 4541.0000

Axial force (N) 0.0000

Shearing force X (N) 19882.8865

Shearing force 7 (N) 48910.9977

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000

Bearing
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Free bearing (leve radialni) y= 317.00 (mm)
Degrees of freedom
X: fixed, Y: free, Z: fixed
Rx: free, Ry: free, Rz: free
Free bearing (prave radialni) y= 711.00 (mm)
Degrees of freedom
X: fixed, Y: free, Z: fixed
Rx: free, Ry: free, Rz: free
Own Input (vstup) y= 0.00 (mm)
Degrees of freedom
X: free, Y: free, Z: free
Rx: free, Ry: fixed, Rz: free
maximum deflection 34.75 pm  (Shaft 1, 0.00 (mm))
Center of mass
Shaft 1 433.5 mm
Deformation due to torsion
Shaft 1 [phi.t] 0.12 °

Roller bearings,

Shaft 'Shaft 1' Bearing 'leve radialni'

Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Shaft 'Shaft 1' Bearing 'prave radialni'

Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

classical calculation

BN X RN X

[yl
[Fx]

Shaft 'Shaft 1' Bearing 'vstup'

Position (Y-coordinate)
Bearing reaction force

Bearing reaction force

Bearing reaction force

Bearing reaction force

Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

3/11

BN X RN X

31

71

7.00
.941

.903
.888
.000
.000
.000
.000
.100
.592
.040
.108

1.00
.941
.000
.209
171
.000

.000
.000
.099
.008

.107

mm
kN
kN
kN
kN
mm
mm
mm
mm
mrad
mrad
mrad
mrad

mm
kN
kN
kN
kN
mm
mm
mm
mm
mrad
mrad
mrad
mrad

mm
mrad
mrad
mrad
mrad

(contact angle considered)

(-112.58°)

(0.34")
(5.47")
(-0.14")
(0.37")

(-112.33°)

(-0.34")
(6.9")
(0.14")
(0.37")



KISSsoFT

Ealewlation programs for machine design

——

b

Figure: Displacement (bending etc.) (Arbitrary plane 68.42257063 °)

EInnnnnnnnm

5
[

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

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

Summary

Label Shaft 1
Drawing

Material Cc45 (1)

Material type Through hardened steel

Material treatment unalloyed, through hardened

Surface treatment No

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

Cross section Position (Y-Coord) (mm)
1 245.10 Smooth shaft
2 317.00 Smooth shaft
3 399.00 Own Input
4 629.00 Own Input
5 655.00 Smooth shaft
6 766.00 Smooth shaft
Results:
Cross section Kfb Kfsig K2d SD SS
1 1.00 0.92 0.82 11.21 8.35
2 1.00 0.92 0.82 11.20 8.35
3 1.00 0.92 0.82 7.57 7.31
4 1.00 0.92 0.82 11.81 15.24
5 1.00 0.92 0.82 17.28 22.31
6 1.00 0.92 0.82 10000.00 10000.00
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending
Kfsig: Surface factor

K2d: Size coefficient bending
SD: Safety endurance limit

SS: Safety against yield point

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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D=

Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing

Length (mm) [1] 798.00

Speed (1/min) [n] 1073.00

Material c45 (1)

Material type Through hardened steel

Material treatment unalloyed, through hardened

Surface treatment No

Tension/Compression Bending Torsion Shearing

Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 700.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 490.00
[sigzdW] (bei dB) (N/mm?) 280.00
[sigbW] (bei dB) (N/mm?) 350.00
[tautW] (bei dB) (N/mm?) 210.00
Thickness of raw material (mm) [dWerkst] 180.00

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

[sigBeff] (N/mm?) 508.69
[sigSeff] (N/mm?) 356.08
[sigbF] (N/mm?) 427.30
[tautF] (N/mm?) 246.70
[sigzdW] (N/mm?) 203.48
[sigbW] (N/mm?) 254.35
[tautW] (N/mm?) 152.61

Endurance limit for single stage use

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

Cross section 'l' Smooth shaft
Comment
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Position (Y-Coordinate) (mm) [y] 245.10
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value -0.0 0.0 2270.5 0.0
Amplitude 0.0 18.3 2270.5 166.3
Maximum value -0.0 31.2 7719.7 282.7
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 8.688 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.140 8.688 0.023
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.239 29.539 0.040
Technological size influence [K1 (sigB) 1] 0.727
[K1(sigS)] 0.727
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [betal 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.821 0.821
Influence coefficient surface roughness
[KF] 0.919 0.919 0.954
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.088 1.306 1.267
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 15.048
Equivalent mean stress (N/mm?) [taumV] 8.688
Fatigue limit of part (N/mm?) [sigWK] 187.086 194.741 120.445
Influence coeff. mean stress sensitivity.
[PsisigK] 0.225 0.237 0.134
Permissible amplitude (N/mm?) [sigADK] 0.024 3.950 106.186
Margin of safety endurance limit [S] 11.210
Required safety [Smin] 1.200
Result (%) [S/Smin] 934.2

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 356.083 427.300 246.702
Margin of safety yield stress [S] 8.352

Required safety [Smin] 1.200

Result (%) [S/Smin] 696.0

Cross section '2' Smooth shaft

Comment

Position (Y-Coordinate) (mm) [y] 317.00
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value -0.0 0.0 2270.5 0.0
Amplitude 0.0 32.2 2270.5 213.8
Maximum value -0.0 54.7 7719.7 363.4
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 8.688 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.246 8.688 0.030
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.419 29.539 0.051
Technological size influence [K1 (sigB) 1] 0.727

[K1(sigS)] 0.727
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Notch effect coefficient

[dB] (mm) 0.0

Geometrical size influence
Geometrical size influence
Notch effect coefficient
Geometrical size influence
Influence coefficient surface

Influence coefficient surface

Total influence coefficient
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Tension/Compression Bending Torsion

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)

Margin of safety endurance limit

Required safety
Result (%)

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor

Increase coefficient

Yield stress of part (N/mm?)
Margin of safety yield stress
Required safety

Result (%)

Cross section '3' Own Input
Comment

Position (Y-Coordinate) (mm)
External diameter (mm)

Inner diameter (mm)

Notch effect Own Input

Mean roughness (um)

Stress: (N) (Nm)

Mean value

Amplitude

Maximum value
Cross section,
[A, Wb, Wt, A]

Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm]
[sigzda, sigba, taua, taugal]

[sigzdmax, sigbmax, taumax, taugmax]

Technological size influence

Notch effect coefficient

[dB] (mm) 0.0

Geometrical size influence
Geometrical size influence
Notch effect coefficient
Geometrical size influence
Influence coefficient surface

Influence coefficient surface

Total influence coefficient

moment of resistance:

[beta (dB) ] 0.000 0.000 0.000
[K3(d)] 0.000 0.000 0.000
[K3(dB) ] 0.000 0.000 0.000
[beta] 1.000 1.000 1.000
[K2(d) ] 1.000 0.821 0.821
roughness
[KF] 0.919 0.919 0.954
strengthening
[KV] 1.000 1.000 1.000
[K] 1.088 1.306 1.267
[sigmV] 15.048
[taumV] 8.688
[sigWK] 187.086 194.741 120.445
[PsisigK] 0.225 0.237 0.134
[sigADK] 0.024 6.881 106.186
[S] 11.198
[Smin] 1.200
[S/Smin] 933.1
[K2F] 1.000 1.200 1.200
[gammaF] 1.000 1.000 1.000
[sigFK] 356.083 427.300 246.702
[S] 8.352
[Smin] 1.200
[S/Smin] 696.0
[y] 399.00
[da] 110.000
[di] 0.000
[Rz] 8.000

Tension/Compression Bending Torsion Shearing

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)

Margin of safety endurance limit

8/11

-0.0 0.0 2270.5 0.0
0.0 2171.4 2270.5 26140.2
-0.0 3691.4 7719.7 44438.3
(mm?)
9503.3 130671 261341 9503.3
(N/mm?) -0.000 0.000 8.688 0.000
(N/mm?) 0.000 16.618 8.688 3.668
(N/mm?) -0.000 28.250 29.539 6.235
[K1(sigB)] 0.727
[K1(sigS)] 0.727
Tension/Compression Bending Torsion
[beta (dB) ] 0.000 0.000 0.000
[K3(d)] 0.000 0.000 0.000
[K3(dB) ] 0.000 0.000 0.000
[beta] 1.000 1.000 1.000
[K2(d)] 1.000 0.821 0.821
roughness
[KF] 0.919 0.919 0.954
strengthening
[KV] 1.000 1.000 1.000
[K] 1.088 1.306 1.267
[sigmV] 15.048
[taumV] 8.688
[sigWK] 187.086 194.741 120.445
[PsisigK] 0.225 0.237 0.134
[sigADK] 0.024 160.365 106.186
[S] 7.574



Required safety
Result (%)

Present margin of safety

for proof against exceed of yield

Static notch sensitivity factor
Increase coefficient

Yield stress of part (N/mm?)
Margin of safety yield stress
Required safety

Result (%)

Cross section '4' Own Input
Comment

Position (Y-Coordinate) (mm)
External diameter (mm)

Inner diameter (mm)

Notch effect Own Input

Mean roughness (um)

[Smin]
[S/Smin]

point:
K2F] 1
gammakF] 1
356

Smin]

[y]
[da]
[di]

[Rz]

1.200
631.2

.000
.000
.083

1.200
1.000
427.300
7.311
1.200
609.3

KISSsoFT
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1.200
1.000

246.702

629.
110.
0.

8.

00
000
000

000

Tension/Compression Bending Torsion Shearing

0.0 0.0
0.0 26288.7
0.0 44690.8
261341 9503.3
0.000 0.000
0.000 3.688
0.000 6.270

Tension/Compression Bending Torsion

Stress: (N) (Nm)
Mean value -0.0 0.0
Amplitude 0.0 2155.5
Maximum value -0.0 3664.3
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 16.495
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 28.042
Technological size influence [K1 (sigB) 1] 0.727
[K1(sigS)] 0.727
Notch effect coefficient [beta (dB) ] 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence 3(d)] 0.000 0.000
Geometrical size influence 3(dB) ] 0.000 0.000
Notch effect coefficient etal 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.821
Influence coefficient surface roughness
[KF] 0.919 0.919
Influence coefficient surface strengthening
[KV] 1.000 1.000
Total influence coefficient [K] 1.088 1.306
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [sigWK] 187.086 194.741
Influence coeff. mean stress sensitivity.
[PsisigK] 0.225 0.237
Permissible amplitude (N/mm?) [sigADK] 187.086 194.741
Margin of safety endurance limit [S] 11.806
Required safety [Smin] 1.200
Result (%) [S/Smin] 983.8
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200
Increase coefficient [gammaF] 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 356.083 427.300
Margin of safety yield stress [S] 15.238
Required safety [Smin] 1.200
Result (%) [S/Smin] 1269.8
Cross section '5' Smooth shaft
Comment
Position (Y-Coordinate) (mm) [y]
External diameter (mm) [da]
Inner diameter (mm) [di]
Notch effect Smooth shaft
Mean roughness (um) [Rz]
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120.

246.

655.
110.

0.000
0.000
0.000
1.000
0.821
0.954

1.000
1.267

445

0.134
445

1.200

702

00
000

.000

.000
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Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)

Mean value -0.0 0.0 0.0 0.0
Amplitude 0.0 1472.3 0.0 26270.1
Maximum value -0.0 2502.9 0.0 44659.2
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 11.267 0.000 3.686
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 19.155 0.000 6.266
Technological size influence [K1(sigB)] 0.727
[K1(sigS)] 0.727
Tension/Compression Bending Torsion

Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [beta] 1.000 1.000 1.000
Geometrical size influence [K2(d)] 1.000 0.821 0.821
Influence coefficient surface roughness

[KF] 0.919 0.919 0.954

Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000

Total influence coefficient [K] 1.088 1.306 1.267
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [sigWK] 187.086 194.741 120.445
Influence coeff. mean stress sensitivity.

[PsisigK] 0.225 0.237 0.134
Permissible amplitude (N/mm?) [sigADK] 187.086 194.741 120.445
Margin of safety endurance limit [S] 17.284
Required safety [Smin] 1.200
Result (%) [S/Smin] 1440.3

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 356.083 427.300 246.702
Margin of safety yield stress [S] 22.308

Required safety [Smin] 1.200

Result (%) [S/Smin] 1859.0

Cross section '6' Smooth shaft

Comment

Position (Y-Coordinate) (mm) [yl 766.00
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value -0.0 0.0 0.0 0.0
Amplitude 0.0 0.3 0.0 27.1
Maximum value -0.0 0.6 0.0 46.1
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.003 0.000 0.004
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.004 0.000 0.0060
Technological size influence [K1(sigB)] 0.727

[K1(sigS)] 0.727

Tension/Compression Bending Torsion

Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
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Notch effect coefficient [beta] 1.
Geometrical size influence [K2(d) ] 1.
Influence coefficient surface roughness

[KF] 0.

Influence coefficient surface strengthening
[KV] 1.
Total influence coefficient [K] 1.

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?) [sigmV]

Equivalent mean stress (N/mm?) [taumV]

Fatigue limit of part (N/mm?) [sigWK] 187.

Influence coeff. mean stress sensitivity.
[PsisigK] 0

Permissible amplitude (N/mm?) [sigADK] 187.

Margin of safety endurance limit [S]

Required safety [Smin]

Result (%) [S/Smin]

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor [K2F] 1.

Increase coefficient [gammaF] 1.

Yield stress of part (N/mm?) [sigFK] 356.

Margin of safety yield stress [S]

Required safety [Smin]

Result (%) [S/Smin]

Remarks:

000 1.000
000 0.821
919 0.919
000 1.000
088 1.306
0.000
0.000
086 194.741
.225 0.237
086 194.741
10000.000
1.200
10000.0
000 1.200
000 1.000
083 427.300
10000.000
1.200
10000.0

120.

.000
.821

.954

.000
.267

445

.134
120.

445

.200
.000
246.

702
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- The shearing force is not considered in the analysis according to DIN 743..

- Cross section with square groove:
The reference diameter for the notch number is

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

not defined.

The notching factor for the light fit case is no longer defined in DIN 743.

The values are imported from the FKM-Guideline.

End report

lines:

710
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 788.000
Speed (1/min) 1073.00
Sense of rotation: counter clockwise

Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (100-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 165.288
Mass moment of inertia (kg*m?) 0.898
Momentum of mass GD2 (Nm?) 35.218
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Reference temperature (°C) 20.000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Taper (Cone) y= 0.00...20.00 (mm)
dl1=130.00 (mm), dr=140.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 20.00...32.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 32.00...142.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 1.8

Cylinder (Cylinder) y= 142.00...154.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 154.00...169.00 (mm)

d=140.00 (mm), 1=15.00 (mm), Rz= 8.0

Taper (Cone) y= 169.00...179.00 (mm)

dl=200.00 (mm), dr=240.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z5 nahrada) y= 179.00...389.00 (mm)

d=240.00 (mm), 1=210.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 389.00...406.00 (mm)
d=243.00 (mm), 1=17.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 406.00...414.00 (mm)

d=243.00 (mm), 1=8.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 414.00...426.00 (mm)

d=243.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 426.00...536.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 2.8

Relief groove left (Relief groove left)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Relief groove right (Relief groove right)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Cylinder (Cylinder) y= 536.00...556.00 (mm)
d=243.00 (mm), 1=20.00 (mm), Rz=32.0

Taper (Cone) y= 556.00...572.00 (mm)

dl=243.00 (mm), dr=150.00 (mm), 1=16.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 572.00...603.00 (mm)

d=150.00 (mm), 1=31.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 603.00...623.00 (mm)
d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 623.00...788.00 (mm)
d=150.00 (mm), 1=165.00 (mm), Rz=16.0

Inner contour

Forces
Cylindrical gear (z5 i56) y= 284.00 (mm)
Operating pitch diameter (mm) 397.8947

Helix angle (°) 25.0375 Double helical gearing, right-left
Working pressure angle at normal section (°) 20.2194

Position of contact point (%) 180.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driving (Output)

Torque (Nm) 4541 .0000

Axial force (N) 0.0000

Shearing force X (N) 9278.6804

Shearing force Z (N) 22825.1323

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000
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Bearing

Free bearing (leve radialni) y= 87.00 (mm)
Degrees of freedom

X: fixed, Y: free, 7Z: fixed

Rx: free, Ry: free, Rz: free

Fixed bearing adjusted on both sides (prave radialni+axialni) y= 481.00 (mm)
Degrees of freedom

X: fixed, Y: fixed, Z: fixed

Rx: free, Ry: free, Rz: free

Own Input (vstup) y= 788.00 (mm)
Degrees of freedom

X: free, Y: free, Z: free

Rx: free, Ry: fixed, Rz: free

maximum deflection 4.25 pm  (Shaft 1, 788.00 (mm))

Center of mass
Shaft 1 371.1 mm

Deformation due to torsion
Shaft 1 [phi.t] -0.03 °

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'
Position (Y-coordinate) [v] 87.00 mm

Bearing reaction force [Fx] -4.639 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] -10.969 kN
Bearing reaction force [Fr] 11.910 kN (-112.93°)
Displacement of bearing [ux] 0.000 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] 0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] 0.013 mrad (0.05")
Misalignment of bearing [ry] 0.450 mrad (1.55")
Misalignment of bearing [rz] -0.005 mrad (-0.02")
Misalignment of bearing [rr] 0.014 mrad (0.05")

Shaft 'Shaft 1' Bearing 'prave radialnit+axialni'
Position (Y-coordinate) [v] 481.00 mm

Bearing reaction force [Fx] -4.639 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -10.233 kN

Bearing reaction force [Fr] 11.236 kKN (-114.39°
Displacement of bearing [ux] 0.000 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] 0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] -0.012 mrad (-0.04")
Misalignment of bearing [ry] 0.342 mrad (1.18")
Misalignment of bearing [rz] 0.005 mrad (0.02")
Misalignment of bearing [rr] 0.013 mrad (0.04")
Shaft 'Shaft 1' Bearing 'vstup'

Position (Y-coordinate) [yl 788.00 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] -4541.00 Nm

Bearing reaction moment [Mz] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (0°)
Displacement of bearing [ux] -0.001 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] -0.004 mm
Displacement of bearing [ur] 0.004 mm (-109.28°)
Misalignment of bearing [rx] -0.013 mrad (-0.05")
Misalignment of bearing [ry] 0.000 mrad (0')
Misalignment of bearing [rz] 0.005 mrad (0.02")
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Misalignment of bearing [rr] 0.014 mrad (0.05")

[

. :
4 1
[ E

Figure: Displacement (bending etc.) (Arbitrary plane 70.72411585 °)

L

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2000
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Summary
Label Shaft 1
Drawing
Material Cc45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)
Cross section Position (Y-Coord) (mm)
1 168.99 Smooth shaft
3 536.00 Shoulder with relief groove
2 426.00 Shoulder with relief groove
Results:
Cross section Kfb Kfsig K2d SD SS
1 1.00 0.92 0.80 49.47 64.79
3 3.32 0.87 0.80 10.76 16.06
2 3.32 0.87 0.80 9.35 15.87
Nominal safety: 1.20 1.20
Abbreviations:
Kfb: Notch factor bending
Kfsig: Surface factor
K2d: Size coefficient bending
SD: Safety endurance limit
SS: Safety against yield point
The requirements of the safety proof of the shaft are:
satisfied [x] not satisfied [ ]
Design engineer:........c.ouiuenn... Date:..ovuuen.. Signature:......
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Figure: Strength
Calculation details:
General statements
Label Shaft 1
Drawing
Length (mm) [1] 788.00
Speed (1/min) [n] 1073.00
Material c45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Tension/Compression Bending Torsion Shearing
Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 700.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 490.00
[sigzdW] (bei dB) (N/mm?) 280.00
[sigbW] (bei dB) (N/mm?) 350.00
[tautW] (bei dB) (N/mm?) 210.00
Thickness of raw material (mm) [dWerkst] 250.00

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

[sigBeff] (N/mm?) 482.72
[sigSeff] (N/mm?) 337.91
[sigbF] (N/mm?) 405.49
[tautF] (N/mm?) 234.11
[sigzdW] (N/mm?) 193.09
[sigbW] (N/mm?) 241.36
[tautW] (N/mm?) 144.82

Endurance limit for single stage use

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

Cross section 'l' Smooth shaft
Comment

6/9



KISSsoFT

Ealewlation programs for machine design

Position (Y-Coordinate) (mm) [y] 168.99
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft
Mean roughness (um) [Rz] 8.000
Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)
Mean value 0.0 0.0 0.0 0.0
Amplitude 0.0 991.8 0.0 12084.5
Maximum value 0.0 1686.1 0.0 20543.6
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 15393.8 269392 538783 15393.8
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 3.682 0.000 1.047
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) 0.000 6.259 0.000 1.779
Technological size influence [K1 (sigB) 1] 0.690
[K1(sigS)] 0.690
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [betal 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.924 0.924 0.956
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.082 1.325 1.289
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [s1gWK] 178.410 182.143 112.387
Influence coeff. mean stress sensitivity.
[PsisigK] 0.227 0.233 0.132
Permissible amplitude (N/mm?) [sigADK] 178.410 182.143 112.387
Margin of safety endurance limit [S] 49.474
Required safety [Smin] 1.200
Result (%) [S/Smin] 4122.8
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 337.907 405.489 234.109
Margin of safety yield stress [S] 64.788
Required safety [Smin] 1.200
Result (%) [S/Smin] 5399.0
Cross section '3' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 536.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000

Notch effect

[D, 4, D1, r, t] (mm)
Shape B
Mean roughness (um)

Stress: (N)
Mean value
Amplitude

Maximum value
Cross section,
[A, Wb, Wt, A]

(Nm)

Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm]
[sigzda, sigba, taua, taugal]

[sigzdmax, sigbmax, taumax, taugmax]

7/9

moment of resistance:

Shoulder with relief groove

243.00 139.20 140.00 1.20 0.40
[Rz] 32.000
Tension/Compression Bending Torsion Shearing
-0.0 0.0 2270.5 0.0
0.0 43.9 2270.5 420.0
-0.0 74.6 7719.7 714.0
(mm?)
15218.4 264800 529600 15218.4
(N/mm?) -0.000 0.000 4.287 0.000
(N/mm?) 0.000 0.166 4.287 0.037
(N/mm?) -0.000 0.282 14.576 0.063
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Technological size influence [K1 (sigB) 1] 0.690
[K1 (sigS)] 0.690
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2(d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 7.426
Equivalent mean stress (N/mm?) [taumV] 4.287
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
Permissible amplitude (N/mm?) [sigADK] 0.052 10.185 46.858
Margin of safety endurance limit [S] 10.761
Required safety [Smin] 1.200
Result (%) [S/Smin] 896.7
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 16.060
Required safety [Smin] 1.200
Result (%) [S/Smin] 1338.3
Cross section '2' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 426.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder with relief groove
[D, d, D1, r, t] (mm) 243.00 139.20 140.00 1.20 0.40
Shape B
Mean roughness (um) [Rz] 32.000

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

Mean value -0.0 0.0 2270.5 0.0
Amplitude 0.0 706.0 2270.5 11743.6
Maximum value -0.0 1200.3 7719.7 19964.1
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 15218.4 264800 529600 15218.4

Stresses: (N/mm?2)

[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 4.287 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 2.666 4.287 1.029
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 4.533 14.576 1.749
Technological size influence [K1 (sigB) 1] 0.690

[K1(sigS)] 0.690

Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 7.426
Equivalent mean stress (N/mm?) [taumV] 4,287
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
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Permissible amplitude (N/mm?) [sigADK] 0.052 48.210 46.858
Margin of safety endurance limit [S] 9.354

Required safety [Smin] 1.200

Result (%) [S/Smin] 779.5

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 15.869

Required safety [Smin] 1.200

Result (%) [S/Smin] 1322.4

Remarks:

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

The reference diameter for the notch number is not defined.

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

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

End report lines: 531
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing
Initial position (mm) 0.000
Length (mm) 788.000
Speed (1/min) 626.00
Sense of rotation: counter clockwise
Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (100-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 165.288
Mass moment of inertia (kg*m?) 0.898
Momentum of mass GD2 (Nm?) 35.218
Position in space (°) 0.000
Consider deformations due to shearing
Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Reference temperature (°C) 20.000
F) Fa

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Taper (Cone) y= 0.00...20.00 (mm)
dl1=130.00 (mm), dr=140.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 20.00...32.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 32.00...142.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 1.8

Cylinder (Cylinder) y= 142.00...154.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 154.00...169.00 (mm)

d=140.00 (mm), 1=15.00 (mm), Rz= 8.0

Taper (Cone) y= 169.00...179.00 (mm)

dl=200.00 (mm), dr=240.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z5 nahrada) y= 179.00...389.00 (mm)

d=240.00 (mm), 1=210.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 389.00...406.00 (mm)
d=243.00 (mm), 1=17.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 406.00...414.00 (mm)

d=243.00 (mm), 1=8.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 414.00...426.00 (mm)

d=243.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 426.00...536.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 2.8

Relief groove left (Relief groove left)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Relief groove right (Relief groove right)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Cylinder (Cylinder) y= 536.00...556.00 (mm)
d=243.00 (mm), 1=20.00 (mm), Rz=32.0

Taper (Cone) y= 556.00...572.00 (mm)

dl=243.00 (mm), dr=150.00 (mm), 1=16.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 572.00...603.00 (mm)

d=150.00 (mm), 1=31.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 603.00...623.00 (mm)
d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 623.00...788.00 (mm)
d=150.00 (mm), 1=165.00 (mm), Rz=16.0

Inner contour

Forces
Cylindrical gear (z5 i65) y= 284.00 (mm)
Operating pitch diameter (mm) 397.8947

Helix angle (°) 25.0375 Double helical gearing, right-left
Working pressure angle at normal section (°) 20.2194

Position of contact point (%) 0.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driving (Output)

Torque (Nm) 7783.5351

Axial force (N) 0.0000

Shearing force X (N) -15904.1917

Shearing force 7 (N) -39123.5893

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000
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y= 87.00 (mm)

Degrees of freedom
X: fixed, Y: free, 7Z: fixed
Rx: free, Ry: free, Rz: free

Fixed bearing adjusted on both sides

(prave radialni+axialni)

y= 481.00 (mm)

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

Own Input (vystup)

y= 788.00 (mm)

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

maximum deflection 5.86

Center of mass

Shaft 1 371.1
Deformation due to torsion
Shaft 1 [phi.t] -0.04

pm (Shaft 1,

mm

788.00

(mm) )

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'

Position (Y-coordinate) [v] 87.00
Bearing reaction force Fx] 7.952
Bearing reaction force Fyl 0.000
Bearing reaction force Fz] 20.005
Bearing reaction force Fr] 21.528

[
[
[
[
Displacement of bearing [ux] -0.000
[
[
[
[

Displacement of bearing uy] 0.000
Displacement of bearing uz] -0.000
Displacement of bearing ur] 0.000
Misalignment of bearing rx] -0.023
Misalignment of bearing [ry] 0.772
Misalignment of bearing [rz] 0.009
Misalignment of bearing [rr] 0.025

Shaft 'Shaft 1' Bearing 'prave radialnit+axialni'

Position (Y-coordinate) [v] 481.00
Bearing reaction force [Fx] 7.952
Bearing reaction force [Fy] 0.000
Bearing reaction force [Fz] 20.741
Bearing reaction force [Fr] 22.213
Displacement of bearing [ux] -0.000
Displacement of bearing [uy] 0.000
Displacement of bearing [uz] -0.000
Displacement of bearing [ur] 0.000
Misalignment of bearing [rx] 0.019
Misalignment of bearing [ry] 0.586
Misalignment of bearing [rz] -0.008
Misalignment of bearing [rr] 0.020
Shaft 'Shaft 1' Bearing 'vystup'

Position (Y-coordinate) [yl 788.00
Bearing reaction force [Fx] 0.000
Bearing reaction force [Fy] 0.000
Bearing reaction force [Fz] 0.000
Bearing reaction force [Fr] 0.000
Bearing reaction moment [Mx] 0.00
Bearing reaction moment [My] -7783.54
Bearing reaction moment [Mz] 0.00
Bearing reaction moment [Mr] 0.00
Displacement of bearing [ux] 0.002
Displacement of bearing [uy] 0.000
Displacement of bearing [uz] 0.005
Displacement of bearing [ur] 0.006
Misalignment of bearing [rx] 0.017
Misalignment of bearing [ry] 0.000
Misalignment of bearing [rz] -0.008
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kN  (68.32°)

mrad
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mrad
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mm
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mm
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Misalignment of bearing [rr] 0.019 mrad (0.07")

(

Figure: Displacement (bending etc.) (Arbitrary plane 65.81738906 °)

s

N,

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2000
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Summary
Label Shaft 1
Drawing
Material Cc45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)
Cross section Position (Y-Coord) (mm)
1 168.99 Smooth shaft
3 536.00 Shoulder with relief groove
2 426.00 Shoulder with relief groove
Results:
Cross section Kfb Kfsig K2d SD SS
1 1.00 0.92 0.80 28.04 36.73
3 3.32 0.87 0.80 6.28 9.37
2 3.32 0.87 0.80 5.54 9.27
Nominal safety: 1.20 1.20
Abbreviations:
Kfb: Notch factor bending
Kfsig: Surface factor
K2d: Size coefficient bending
SD: Safety endurance limit
SS: Safety against yield point
The requirements of the safety proof of the shaft are:
satisfied [x] not satisfied [ ]
Design engineer:........c.ouiuenn... Date:..ovuuen.. Signature:......
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Figure: Strength
Calculation details:
General statements
Label Shaft 1
Drawing
Length (mm) [1] 788.00
Speed (1/min) [n] 626.00
Material c45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Tension/Compression Bending Torsion Shearing
Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 700.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 490.00
[sigzdW] (bei dB) (N/mm?) 280.00
[sigbW] (bei dB) (N/mm?) 350.00
[tautW] (bei dB) (N/mm?) 210.00
Thickness of raw material (mm) [dWerkst] 250.00

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

[sigBeff] (N/mm?) 482.72
[sigSeff] (N/mm?) 337.91
[sigbF] (N/mm?) 405.49
[tautF] (N/mm?) 234.11
[sigzdW] (N/mm?) 193.09
[sigbW] (N/mm?) 241.36
[tautW] (N/mm?) 144.82

Endurance limit for single stage use

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

Cross section 'l' Smooth shaft
Comment
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Position (Y-Coordinate) (mm) [y] 168.99
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

Tension/Compression Bending Torsion Shearing

Stress: (N) (Nm)
Mean value 0.0 0.0 0.0 0.0
Amplitude 0.0 1749.7 0.0 21352.0
Maximum value 0.0 2974 .4 0.0 36298.3
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 15393.8 269392 538783 15393.8
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 6.495 0.000 1.849
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) 0.000 11.041 0.000 3.144
Technological size influence [K1 (sigB) 1] 0.690
[K1(sigS)] 0.690
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [betal 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.924 0.924 0.956
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.082 1.325 1.289
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [s1gWK] 178.410 182.143 112.387
Influence coeff. mean stress sensitivity.
[PsisigK] 0.227 0.233 0.132
Permissible amplitude (N/mm?) [sigADK] 178.410 182.143 112.387
Margin of safety endurance limit [S] 28.044
Required safety [Smin] 1.200
Result (%) [S/Smin] 2337.0
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 337.907 405.489 234.109
Margin of safety yield stress [S] 36.725
Required safety [Smin] 1.200
Result (%) [S/Smin] 3060.4
Cross section '3' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 536.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000

Notch effect

[D, 4, D1, r, t] (mm)
Shape B
Mean roughness (um)

Stress: (N)
Mean value
Amplitude

Maximum value
Cross section,
[A, Wb, Wt, A]

(Nm)

Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm]
[sigzda, sigba, taua, taugal]

[sigzdmax, sigbmax, taumax, taugmax]

7/9

moment of resistance:

Shoulder with relief groove

243.00 139.20 140.00 1.20 0.40
[Rz] 32.000
Tension/Compression Bending Torsion Shearing
-0.0 0.0 3891.8 0.0
0.0 43.9 3891.8 420.0
-0.0 74.6 13232.0 714.0
(mm?)
15218.4 264800 529600 15218.4
(N/mm?) -0.000 0.000 7.349 0.000
(N/mm?) 0.000 0.166 7.349 0.037
(N/mm?) -0.000 0.282 24.985 0.063
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Technological size influence [K1 (sigB) 1] 0.690
[K1 (sigS)] 0.690
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2(d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 12.728
Equivalent mean stress (N/mm?) [taumV] 7.349
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
Permissible amplitude (N/mm?) [sigADK] 0.031 5.997 46.858
Margin of safety endurance limit [S] 6.280
Required safety [Smin] 1.200
Result (%) [S/Smin] 523.3
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 9.370
Required safety [Smin] 1.200
Result (%) [S/Smin] 780.8
Cross section '2' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 426.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder with relief groove
[D, d, D1, r, t] (mm) 243.00 139.20 140.00 1.20 0.40
Shape B
Mean roughness (um) [Rz] 32.000

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

Mean value -0.0 0.0 3891.8 0.0
Amplitude 0.0 1133.1 3891.8 21695.9
Maximum value -0.0 1926.2 13232.0 36883.0
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 15218.4 264800 529600 15218.4

Stresses: (N/mm?2)

[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 7.349 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 4.279 7.349 1.901
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 7.274 24.985 3.231
Technological size influence [K1 (sigB) 1] 0.690

[K1(sigS)] 0.690

Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 12.728
Equivalent mean stress (N/mm?) [taumV] 7.349
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
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Permissible amplitude (N/mm?) [sigADK] 0.031 47.730 46.858
Margin of safety endurance limit [S] 5.536

Required safety [Smin] 1.200

Result (%) [S/Smin] 461.3

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 9.271

Required safety [Smin] 1.200

Result (%) [S/Smin] 772 .6

Remarks:

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

The reference diameter for the notch number is not defined.

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

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

End report lines: 531
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 798.000
Speed (1/min) 1840.00
Sense of rotation: clockwise

Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (100-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 104.44¢6
Mass moment of inertia (kg*m?) 0.433
Momentum of mass GD2 (Nm?) 17.007
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Reference temperature (°C) 20.000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...165.00 (mm)
d=100.00 (mm), 1=165.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 165.00...185.00 (mm)

d=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 185.00...216.00 (mm)
d=100.00 (mm), 1=31.00 (mm), Rz= 8.0

Taper (Cone) y= 216.00...225.00 (mm)
dl1=100.00 (mm), dr=150.00 (mm), 1=9.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 225.00...245.00 (mm)

d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 245.00...250.00 (mm)

d=110.00 (mm), 1=5.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 250.00...262.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 262.00...372.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 372.00...384.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 384.00...399.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 399.00...409.00 (mm)
d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z6 nahrada) y= 409.00...619.00 (mm)
d=218.29 (mm), 1=210.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 619.00...629.00 (mm)

d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 629.00...644.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 644.00...656.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 656.00...766.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 766.00...778.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Taper (Cone) y= 778.00...798.00 (mm)

dl=110.00 (mm), dr=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Inner contour

Forces
Cylindrical gear (z6 i56) y= 514.00 (mm)
Operating pitch diameter (mm) 232.1053

Helix angle (°) 25.0375 Double helical gearing, left-right
Working pressure angle at normal section(°®) 20.2194

Position of contact point (°) 0.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driven (Input)

Torque (Nm) 2648.0940

Axial force (N) 0.0000

Shearing force X (N) -9275.7988

Shearing force 7 (N) -22818.0437

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000

Bearing
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Free bearing (leve radialni) y= 317.00 (mm)
Degrees of freedom

X: fixed, Y: free, Z: fixed

Rx: free, Ry: free, Rz: free

Free bearing (prave radialni) y= 711.00 (mm)
Degrees of freedom

X: fixed, Y: free, Z: fixed

Rx: free, Ry: free, Rz: free

Own Input (vystup) y= 0.00 (mm)
Degrees of freedom

X: free, Y: free, Z: free

Rx: free, Ry: fixed, Rz: free

maximum deflection 11.59 pum (Shaft 1, 0.00 (mm))

Center of mass
Shaft 1 451.3 mm

Deformation due to torsion
Shaft 1 [phi.t] 0.07 °

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'

Position (Y-coordinate) [yl 317.00 mm
Bearing reaction force [Fx] 4.638 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] 12.075 kN
Bearing reaction force [Fr] 12.935 kN (68.99°)
Displacement of bearing [ux] -0.000 mm
Displacement of bearing [uyl] 0.000 mm
Displacement of bearing [uz] -0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] -0.035 mrad (-0.12")
Misalignment of bearing [ry] 0.928 mrad (3.19"'
Misalignment of bearing [rz] 0.015 mrad (0.05")
Misalignment of bearing [rr] 0.038 mrad (0.13")
Shaft 'Shaft 1' Bearing 'prave radialni'
Position (Y-coordinate) [v] 711.00 mm
Bearing reaction force [Fx] 4.638 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] 11.768 kN
Bearing reaction force [Fr] 12.649 kN (68.49°
Displacement of bearing [ux] -0.000 mm
Displacement of bearing uy 0.000 mm
Displacement of bearing -0.000 mm
Displacement of bearing 0.000 mm

0.13")

Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

-0.015 mrad

[
[u
[u
Misalignment of bearing [r
[r
[r
[r 0.039 mrad

]

]

]

] 0.037 mrad  (

] 1.147 mrad (3.94")
] (

] (

Shaft 'Shaft 1' Bearing 'vystup'

Position (Y-coordinate) [v] 0.00 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] -2648.09 Nm

Bearing reaction moment [Mz] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (0°)
Displacement of bearing [ux] 0.005 mm
Displacement of bearing [uyl] 0.000 mm
Displacement of bearing [uz] 0.011 mm
Displacement of bearing [ur] 0.012 mm (66.42°)
Misalignment of bearing [rx] -0.033 mrad (-0.11"'
Misalignment of bearing [ry] 0.000 mrad (0')
Misalignment of bearing [rz] 0.015 mrad (0.05")
Misalignment of bearing [rr] 0.036 mrad (0.12")
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Figure: Displacement (bending etc.) (Arbitrary plane 66.42364171 °)

Ennnnnnnnnnnn:

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

Figure: Equivalent stress
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End report lines: 220
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 798.000
Speed (1/min) 1073.00
Sense of rotation: clockwise

Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (100-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 104.44¢6
Mass moment of inertia (kg*m?) 0.433
Momentum of mass GD2 (Nm?) 17.007
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Reference temperature (°C) 20.000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...165.00 (mm)
d=100.00 (mm), 1=165.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 165.00...185.00 (mm)

d=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 185.00...216.00 (mm)
d=100.00 (mm), 1=31.00 (mm), Rz= 8.0

Taper (Cone) y= 216.00...225.00 (mm)
dl1=100.00 (mm), dr=150.00 (mm), 1=9.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 225.00...245.00 (mm)

d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 245.00...250.00 (mm)

d=110.00 (mm), 1=5.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 250.00...262.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 262.00...372.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 372.00...384.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 384.00...399.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 399.00...409.00 (mm)
d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z6 nahrada) y= 409.00...619.00 (mm)
d=218.29 (mm), 1=210.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 619.00...629.00 (mm)

d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 629.00...644.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 644.00...656.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 656.00...766.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 766.00...778.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Taper (Cone) y= 778.00...798.00 (mm)

dl=110.00 (mm), dr=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Inner contour

Forces
Cylindrical gear (z6 i65) y= 514.00 (mm)
Operating pitch diameter (mm) 232.1053

Helix angle (°) 25.0375 Double helical gearing, left-right
Working pressure angle at normal section(°®) 20.2194

Position of contact point (°) 180.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driven (Input)

Torque (Nm) 4541.0000

Axial force (N) 0.0000

Shearing force X (N) 15906.3092

Shearing force 7 (N) 39128.7982

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000

Bearing
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Free bearing (leve radialni) y= 317.00 (mm)
Degrees of freedom

X: fixed, Y: free, Z: fixed

Rx: free, Ry: free, Rz: free

Free bearing (prave radialni) y= 711.00 (mm)
Degrees of freedom

X: fixed, Y: free, Z: fixed

Rx: free, Ry: free, Rz: free

Own Input (vstup) y= 0.00 (mm)
Degrees of freedom

X: free, Y: free, Z: free

Rx: free, Ry: fixed, Rz: free

maximum deflection 21.83 pum (Shaft 1, 0.00 (mm))

Center of mass
Shaft 1 451.3 mm

Deformation due to torsion
Shaft 1 [phi.t] 0.11 °

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'

Position (Y-coordinate) [yl 317.00 mm
Bearing reaction force [Fx] -7.953 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] -18.899 kN
Bearing reaction force [Fr] 20.504 kN (-112.82°)
Displacement of bearing [ux] 0.000 mm
Displacement of bearing [uyl] 0.000 mm
Displacement of bearing [uz] 0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] 0.062 mrad (0.21")
Misalignment of bearing [ry] 1.592 mrad (5.47")
Misalignment of bearing [rz] -0.025 mrad (-0.09'
Misalignment of bearing [rr] 0.067 mrad (0.23")

Shaft 'Shaft 1' Bearing 'prave radialni'

Position (Y-coordinate) [v] 711.00 mm

Bearing reaction force [Fx] -7.953 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -19.205 kN

Bearing reaction force [Fr] 20.787 kN (-112.5°)
Displacement of bearing [ux] 0.000 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] 0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] -0.061 mrad (-0.21")
Misalignment of bearing [ry] 1.967 mrad (6.76"'
Misalignment of bearing [rz] 0.025 mrad (0.09")
Misalignment of bearing [rr] 0.0606 mrad (0.23")
Shaft 'Shaft 1' Bearing 'vstup'

Position (Y-coordinate) [v] 0.00 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] -4541.00 Nm

Bearing reaction moment [Mz] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (0°)
Displacement of bearing [ux] -0.008 mm
Displacement of bearing [uyl] 0.000 mm
Displacement of bearing [uz] -0.020 mm
Displacement of bearing [ur] 0.022 mm (-111.35°)
Misalignment of bearing [rx] 0.065 mrad (0.22")
Misalignment of bearing [ry] 0.000 mrad (0')
Misalignment of bearing [rz] -0.025 mrad (-0.09'
Misalignment of bearing [rr] 0.069 mrad (0.24")
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Figure: Displacement (bending etc.) (Arbitrary plane 68.64945743 °)
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GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

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

Summary

Label Shaft 1
Drawing

Material Cc45 (1)

Material type Through hardened steel

Material treatment unalloyed, through hardened

Surface treatment No

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

Cross section Position (Y-Coord) (mm)
1 245.10 Smooth shaft
2 317.00 Smooth shaft
3 399.00 Own Input
4 629.00 Own Input
5 655.00 Smooth shaft
6 766.00 Smooth shaft
Results:
Cross section Kfb Kfsig K2d SD SS
1 1.00 0.92 0.82 10.87 8.09
2 1.00 0.92 0.82 10.86 8.09
3 1.00 0.92 0.82 8.16 7.41
4 1.00 0.92 0.82 14.42 18.57
5 1.00 0.92 0.82 21.11 27.18
6 1.00 0.92 0.82 10000.00 10000.00
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending
Kfsig: Surface factor

K2d: Size coefficient bending
SD: Safety endurance limit

SS: Safety against yield point

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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Figure: Strength

Calculation details:

General statements

Label

Drawing

Length (mm) [1]
Speed (1/min) [n]
Material c45 (1)

Material type Through hardened steel
Material treatment

Surface treatment No

unalloyed, through hardened

798.00
1073.00

KISSsoFT
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Shaft 1

Tension/Compression Bending Torsion Shearing

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

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

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

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

Thickness of raw material (mm) [dWerkst]

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

1.700 1.
1.000 1.

l6.
700.
490.
280.
350.
210.
220.

700
000

Geometric size coefficient Kld calculated from raw material diameter

492.
344.
413.
239.

197.
246.
147.

[sigBeff] (N/mm?)

[sigSeff] (N/mm?)

[sigbF] (N/mm?)

[tautF] (N/mm?)

[sigzdW] (N/mm?)

[sigbW] (N/mm?)

[tautW] (N/mm?)

Endurance limit for single stage use

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

Cross section 'l' Smooth shaft

Comment
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Position (Y-Coordinate) (mm) [y] 245.10
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value -0.0 0.0 2270.5 0.0
Amplitude 0.0 18.3 2270.5 166.3
Maximum value -0.0 31.2 7719.7 282.7
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 8.688 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.140 8.688 0.023
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.239 29.539 0.040
Technological size influence [K1 (sigB) 1] 0.704
[K1(sigS)] 0.704
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [betal 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.821 0.821
Influence coefficient surface roughness
[KF] 0.922 0.922 0.955
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.084 1.303 1.265
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 15.048
Equivalent mean stress (N/mm?) [taumV] 8.688
Fatigue limit of part (N/mm?) [s1gWK] 181.792 189.136 116.848
Influence coeff. mean stress sensitivity.
[PsisigK] 0.226 0.237 0.134
Permissible amplitude (N/mm?) [sigADK] 0.023 3.827 102.996
Margin of safety endurance limit [S] 10.871
Required safety [Smin] 1.200
Result (%) [S/Smin] 905.9

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 344.980 413.976 239.009
Margin of safety yield stress [S] 8.091

Required safety [Smin] 1.200

Result (%) [S/Smin] 674.3

Cross section '2' Smooth shaft

Comment

Position (Y-Coordinate) (mm) [y] 317.00
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value -0.0 0.0 2270.5 0.0
Amplitude 0.0 32.2 2270.5 213.8
Maximum value -0.0 54.7 7719.7 363.4
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 8.688 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.246 8.688 0.030
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.419 29.539 0.051
Technological size influence [K1 (sigB) 1] 0.704

[K1(sigS)] 0.704
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Notch effect coefficient

[dB] (mm) 0.0

Geometrical size influence
Geometrical size influence
Notch effect coefficient
Geometrical size influence
Influence coefficient surface

Influence coefficient surface

Total influence coefficient
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Tension/Compression Bending Torsion

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)

Margin of safety endurance limit

Required safety
Result (%)

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor

Increase coefficient

Yield stress of part (N/mm?)
Margin of safety yield stress
Required safety

Result (%)

Cross section '3' Own Input
Comment

Position (Y-Coordinate) (mm)
External diameter (mm)

Inner diameter (mm)

Notch effect Own Input

Mean roughness (um)

Stress: (N) (Nm)

Mean value

Amplitude

Maximum value
Cross section,
[A, Wb, Wt, A]

Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm]
[sigzda, sigba, taua, taugal]

[sigzdmax, sigbmax, taumax, taugmax]

Technological size influence

Notch effect coefficient

[dB] (mm) 0.0

Geometrical size influence
Geometrical size influence
Notch effect coefficient
Geometrical size influence
Influence coefficient surface

Influence coefficient surface

Total influence coefficient

moment of resistance:

[beta (dB) ] 0.000 0.000 0.000
[K3(d)] 0.000 0.000 0.000
[K3(dB) ] 0.000 0.000 0.000
[beta] 1.000 1.000 1.000
[K2(d) ] 1.000 0.821 0.821
roughness
[KF] 0.922 0.922 0.955
strengthening
[KV] 1.000 1.000 1.000
[K] 1.084 1.303 1.265
[sigmV] 15.048
[taumV] 8.688
[sigWK] 181.792 189.136 116.848
[PsisigK] 0.226 0.237 0.134
[sigADK] 0.023 6.666 102.996
[S] 10.859
[Smin] 1.200
[S/Smin] 904.9
[K2F] 1.000 1.200 1.200
[gammaF] 1.000 1.000 1.000
[sigFK] 344.980 413.976 239.009
[S] 8.091
[Smin] 1.200
[S/Smin] 674.3
[y] 399.00
[da] 110.000
[di] 0.000
[Rz] 8.000

Tension/Compression Bending Torsion Shearing

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)

Margin of safety endurance limit

8/11

-0.0 0.0 2270.5 0.0
0.0 1729.9 2270.5 20756.1
-0.0 2940.9 7719.7 35285.4
(mm?)
9503.3 130671 261341 9503.3
(N/mm?) -0.000 0.000 8.688 0.000
(N/mm?) 0.000 13.239 8.688 2.912
(N/mm?) -0.000 22.506 29.539 4.951
[K1(sigB)] 0.704
[K1(sigS)] 0.704
Tension/Compression Bending Torsion
[beta (dB) ] 0.000 0.000 0.000
[K3(d)] 0.000 0.000 0.000
[K3(dB) ] 0.000 0.000 0.000
[beta] 1.000 1.000 1.000
[K2(d)] 1.000 0.821 0.821
roughness
[KF] 0.922 0.922 0.955
strengthening
[KV] 1.000 1.000 1.000
[K] 1.084 1.303 1.265
[sigmV] 15.048
[taumV] 8.688
[sigWK] 181.792 189.136 116.848
[PsisigK] 0.226 0.237 0.134
[sigADK] 0.023 148.937 102.996
[S] 8.161



Required safety [Smin]

Result (%) [S/Smin]
Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor [K2F] 1
Increase coefficient [gammaF] 1
Yield stress of part (N/mm?) [sigFK] 344
Margin of safety yield stress [S]

Required safety [Smin]

Result (%) [S/Smin]

Cross section '4' Own Input

Comment

Position (Y-Coordinate) (mm) [y]
External diameter (mm) [da]
Inner diameter (mm) [di]
Notch effect Own Input

Mean roughness (um) [Rz]

KISSsoFT
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1.200
680.0
.000 1.200 1.200
.000 1.000 1.000
.980 413.976 239.009
7.406
1.200
617.2
629.00
110.000
0.000
8.000

Tension/Compression Bending Torsion Shearing

Stress: (N) (Nm)
Mean value -0.0 0.0 0.0 0.0
Amplitude 0.0 1714.0 0.0 20904.5
Maximum value -0.0 2913.7 0.0 35537.6
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 13.117 0.000 2.933
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 22.298 0.000 4.986
Technological size influence [K1 (sigB) 1] 0.704
[K1(sigS)] 0.704
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [beta] 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.821 0.821
Influence coefficient surface roughness
[KF] 0.922 0.922 0.955
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.084 1.303 1.265
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [sigWK] 181.792 189.136 116.848
Influence coeff. mean stress sensitivity.
[PsisigK] 0.226 0.237 0.134
Permissible amplitude (N/mm?) [sigADK] 181.792 189.136 116.848
Margin of safety endurance limit [S] 14.419
Required safety [Smin] 1.200
Result (%) [S/Smin] 1201.6
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 344,980 413.976 239.009
Margin of safety yield stress [S] 18.565
Required safety [Smin] 1.200
Result (%) [S/Smin] 1547.1
Cross section '5' Smooth shaft
Comment
Position (Y-Coordinate) (mm) [y] 655.00
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft
Mean roughness (um) [Rz] 8.000
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Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)

Mean value -0.0 0.0 0.0 0.0
Amplitude 0.0 1170.8 0.0 20885.9
Maximum value -0.0 1990.4 0.0 35506.1
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 8.960 0.000 2.930
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 15.232 0.000 4.982
Technological size influence [K1(sigB)] 0.704
[K1(sigS)] 0.704
Tension/Compression Bending Torsion

Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [beta] 1.000 1.000 1.000
Geometrical size influence [K2(d)] 1.000 0.821 0.821
Influence coefficient surface roughness

[KF] 0.922 0.922 0.955

Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000

Total influence coefficient [K] 1.084 1.303 1.265
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [sigWK] 181.792 189.136 116.848
Influence coeff. mean stress sensitivity.

[PsisigK] 0.226 0.237 0.134
Permissible amplitude (N/mm?) [sigADK] 181.792 189.136 116.848
Margin of safety endurance limit [S] 21.109
Required safety [Smin] 1.200
Result (%) [S/Smin] 1759.1

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 344.980 413.976 239.009
Margin of safety yield stress [S] 27.178

Required safety [Smin] 1.200

Result (%) [S/Smin] 2264.9

Cross section '6' Smooth shaft

Comment

Position (Y-Coordinate) (mm) [yl 766.00
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value -0.0 0.0 0.0 0.0
Amplitude 0.0 0.3 0.0 27.1
Maximum value -0.0 0.6 0.0 46.1
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.003 0.000 0.004
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.004 0.000 0.0060
Technological size influence [K1(sigB)] 0.704

[K1(sigS)] 0.704

Tension/Compression Bending Torsion

Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
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Notch effect coefficient [beta] 1.
Geometrical size influence [K2(d) ] 1.
Influence coefficient surface roughness
[KF] 0.
Influence coefficient surface strengthening
[KV] 1.
Total influence coefficient [K] 1.

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?) [sigmV]

Equivalent mean stress (N/mm?) [taumV]

Fatigue limit of part (N/mm?) [sigWK] 181.

Influence coeff. mean stress sensitivity.
[PsisigK] 0

Permissible amplitude (N/mm?) [sigADK] 181.

Margin of safety endurance limit [S]

Required safety [Smin]

Result (%) [S/Smin]

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor [K2F] 1.

Increase coefficient [gammaF] 1.

Yield stress of part (N/mm?) [sigFK] 344.

Margin of safety yield stress [S]

Required safety [Smin]

Result (%) [S/Smin]

Remarks:

000 1.000
000 0.821
922 0.922
000 1.000
084 1.303
0.000
0.000
792 189.136
.226 0.237
792 189.136
10000.000
1.200
10000.0
000 1.200
000 1.000
980 413.976
10000.000
1.200
10000.0

116.

.000
.821

.955

.000
.265

848

.134
116.

848

.200
.000
239.

009
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- The shearing force is not considered in the analysis according to DIN 743..

- Cross section with square groove:

The reference diameter for the notch number is not defined.

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

The notching factor for the light fit case is no longer defined in DIN 743.

The values are imported from the FKM-Guideline.

End report

lines:

710
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 788.000
Speed (1/min) 1073.00
Sense of rotation: counter clockwise

Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (100-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 165.288
Mass moment of inertia (kg*m?) 0.898
Momentum of mass GD2 (Nm?) 35.218
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Reference temperature (°C) 20.000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Taper (Cone) y= 0.00...20.00 (mm)
dl1=130.00 (mm), dr=140.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 20.00...32.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 32.00...142.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 1.8

Cylinder (Cylinder) y= 142.00...154.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 154.00...169.00 (mm)

d=140.00 (mm), 1=15.00 (mm), Rz= 8.0

Taper (Cone) y= 169.00...179.00 (mm)

dl=200.00 (mm), dr=240.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z7 nahrada) y= 179.00...389.00 (mm)
d=240.00 (mm), 1=210.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 389.00...406.00 (mm)
d=243.00 (mm), 1=17.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 406.00...414.00 (mm)

d=243.00 (mm), 1=8.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 414.00...426.00 (mm)

d=243.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 426.00...536.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 2.8

Relief groove left (Relief groove left)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Relief groove right (Relief groove right)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Cylinder (Cylinder) y= 536.00...556.00 (mm)
d=243.00 (mm), 1=20.00 (mm), Rz=32.0

Taper (Cone) y= 556.00...572.00 (mm)

dl=243.00 (mm), dr=150.00 (mm), 1=16.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 572.00...603.00 (mm)

d=150.00 (mm), 1=31.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 603.00...623.00 (mm)
d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 623.00...788.00 (mm)
d=150.00 (mm), 1=165.00 (mm), Rz=16.0

Inner contour

Forces
Cylindrical gear (z7 i78) y= 284.00 (mm)
Operating pitch diameter (mm) 350.7216

Helix angle (°) 24.5828 Double helical gearing, right-left
Working pressure angle at normal section (°) 17.3265

Position of contact point (%) 180.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driving (Output)

Torque (Nm) 4541 .0000

Axial force (N) 0.0000

Shearing force X (N) 8883.7986

Shearing force Z (N) 25895.1793

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000
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Bearing

Free bearing (leve radialni) y= 87.00 (mm)
Degrees of freedom

X: fixed, Y: free, 7Z: fixed

Rx: free, Ry: free, Rz: free

Fixed bearing adjusted on both sides (prave radialni+axialni) y= 481.00 (mm)
Degrees of freedom

X: fixed, Y: fixed, Z: fixed

Rx: free, Ry: free, Rz: free

Own Input (vstup) y= 788.00 (mm)
Degrees of freedom
X: free, Y: free, Z: free
Rx: free, Ry: fixed, Rz: free

maximum deflection 4.67 pm  (Shaft 1, 788.00 (mm))

Center of mass
Shaft 1 371.1 mm

Deformation due to torsion
Shaft 1 [phi.t] -0.03 °

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'
Position (Y-coordinate) [v] 87.00 mm

Bearing reaction force [Fx] -4.442 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] -12.504 kN
Bearing reaction force [Fr] 13.270 kN (-109.56°
Displacement of bearing [ux] 0.000 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] 0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] 0.015 mrad (0.05")
Misalignment of bearing [ry] 0.450 mrad (1.55")
Misalignment of bearing [rz] -0.005 mrad (-0.02")
Misalignment of bearing [rr] 0.016 mrad (0.05")

Shaft 'Shaft 1' Bearing 'prave radialnit+axialni'
Position (Y-coordinate) [v] 481.00 mm

Bearing reaction force [Fx] -4.442 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -11.768 kN

Bearing reaction force [Fr] 12.579 kKN (-110.68°)
Displacement of bearing [ux] 0.000 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] 0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] -0.013 mrad (-0.05")
Misalignment of bearing [ry] 0.342 mrad (1.18")
Misalignment of bearing [rz] 0.004 mrad (0.02")
Misalignment of bearing [rr] 0.014 mrad (0.05")
Shaft 'Shaft 1' Bearing 'vstup'

Position (Y-coordinate) [yl 788.00 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] -4541.00 Nm

Bearing reaction moment [Mz] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (0°)
Displacement of bearing [ux] -0.001 mm
Displacement of bearing [uy] 0.000 mm
Displacement of bearing [uz] -0.004 mm
Displacement of bearing [ur] 0.005 mm (-106.71°
Misalignment of bearing [rx] -0.015 mrad (-0.05")
Misalignment of bearing [ry] 0.000 mrad (0')
Misalignment of bearing [rz] 0.004 mrad (0.02")
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Misalignment of bearing [rr] 0.015 mrad (0.05")

A

[
—

=

]

Figure: Displacement (bending etc.) (Arbitrary plane 73.29485914 °)

s

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2000
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Summary
Label Shaft 1
Drawing
Material Cc45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)
Cross section Position (Y-Coord) (mm)
1 168.99 Smooth shaft
3 536.00 Shoulder with relief groove
2 426.00 Shoulder with relief groove
Results:
Cross section Kfb Kfsig K2d SD SS
1 1.00 0.92 0.80 44 .46 58.22
3 3.32 0.87 0.80 10.76 16.06
2 3.32 0.87 0.80 9.12 15.83
Nominal safety: 1.20 1.20
Abbreviations:
Kfb: Notch factor bending
Kfsig: Surface factor
K2d: Size coefficient bending
SD: Safety endurance limit
SS: Safety against yield point
The requirements of the safety proof of the shaft are:
satisfied [x] not satisfied [ ]
Design engineer:........c.ouiuenn... Date:..ovuuen.. Signature:......
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Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing

Length (mm) [1] 788.00

Speed (1/min) [n] 1073.00

Material c45 (1)

Material type Through hardened steel

Material treatment unalloyed, through hardened

Surface treatment No

Tension/Compression Bending Torsion Shearing

Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 700.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 490.00
[sigzdW] (bei dB) (N/mm?) 280.00
[sigbW] (bei dB) (N/mm?) 350.00
[tautW] (bei dB) (N/mm?) 210.00
Thickness of raw material (mm) [dWerkst] 250.00

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

[sigBeff] (N/mm?) 482.72
[sigSeff] (N/mm?) 337.91
[sigbF] (N/mm?) 405.49
[tautF] (N/mm?) 234.11
[sigzdW] (N/mm?) 193.09
[sigbW] (N/mm?) 241.36
[tautW] (N/mm?) 144.82

Endurance limit for single stage use

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

Cross section 'l' Smooth shaft
Comment
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Position (Y-Coordinate) (mm) [y] 168.99
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft
Mean roughness (um) [Rz] 8.000
Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)
Mean value 0.0 0.0 0.0 0.0
Amplitude 0.0 1103.6 0.0 13448.2
Maximum value 0.0 1876.2 0.0 22862.0
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 15393.8 269392 538783 15393.8
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 4.097 0.000 1.165
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) 0.000 6.964 0.000 1.980
Technological size influence [K1 (sigB) 1] 0.690
[K1(sigS)] 0.690
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [betal 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.924 0.924 0.956
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.082 1.325 1.289
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [s1gWK] 178.410 182.143 112.387
Influence coeff. mean stress sensitivity.
[PsisigK] 0.227 0.233 0.132
Permissible amplitude (N/mm?) [sigADK] 178.410 182.143 112.387
Margin of safety endurance limit [S] 44,460
Required safety [Smin] 1.200
Result (%) [S/Smin] 3705.0
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 337.907 405.489 234.109
Margin of safety yield stress [S] 58.222
Required safety [Smin] 1.200
Result (%) [S/Smin] 4851.9
Cross section '3' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 536.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000

Notch effect

[D, 4, D1, r, t] (mm)
Shape B
Mean roughness (um)

Stress: (N)
Mean value
Amplitude

Maximum value
Cross section,
[A, Wb, Wt, A]

(Nm)

Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm]
[sigzda, sigba, taua, taugal]

[sigzdmax, sigbmax, taumax, taugmax]

7/9

moment of resistance:

Shoulder with relief groove

243.00 139.20 140.00 1.20 0.40
[Rz] 32.000
Tension/Compression Bending Torsion Shearing
-0.0 0.0 2270.5 0.0
0.0 43.9 2270.5 420.0
-0.0 74.6 7719.7 714.0
(mm?)
15218.4 264800 529600 15218.4
(N/mm?) -0.000 0.000 4.287 0.000
(N/mm?) 0.000 0.166 4.287 0.037
(N/mm?) -0.000 0.282 14.576 0.063
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Technological size influence [K1 (sigB) 1] 0.690
[K1 (sigS)] 0.690
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2(d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 7.426
Equivalent mean stress (N/mm?) [taumV] 4.287
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
Permissible amplitude (N/mm?) [sigADK] 0.052 10.185 46.858
Margin of safety endurance limit [S] 10.761
Required safety [Smin] 1.200
Result (%) [S/Smin] 896.7
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 16.060
Required safety [Smin] 1.200
Result (%) [S/Smin] 1338.3
Cross section '2' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 426.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder with relief groove
[D, d, D1, r, t] (mm) 243.00 139.20 140.00 1.20 0.40
Shape B
Mean roughness (um) [Rz] 32.000

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

Mean value -0.0 0.0 2270.5 0.0
Amplitude 0.0 781.9 2270.5 13099.5
Maximum value -0.0 1329.2 7719.7 22269.1
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 15218.4 264800 529600 15218.4
Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 4.287 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 2.953 4.287 1.148
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 5.020 14.576 1.951
Technological size influence [K1 (sigB) 1] 0.690
[K1(sigS)] 0.690
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 7.426
Equivalent mean stress (N/mm?) [taumV] 4,287
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
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Permissible amplitude (N/mm?) [sigADK] 0.052 48.910 46.858
Margin of safety endurance limit [S] 9.123

Required safety [Smin] 1.200

Result (%) [S/Smin] 760.2

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 15.826

Required safety [Smin] 1.200

Result (%) [S/Smin] 1318.8

Remarks:

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

The reference diameter for the notch number is not defined.

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

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

End report lines: 531
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing
Initial position (mm) 0.000
Length (mm) 788.000
Speed (1/min) 855.00
Sense of rotation: counter clockwise
Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (100-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 165.288
Mass moment of inertia (kg*m?) 0.898
Momentum of mass GD2 (Nm?) 35.218
Position in space (°) 0.000
Consider deformations due to shearing
Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Reference temperature (°C) 20.000
h

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Taper (Cone) y= 0.00...20.00 (mm)
dl1=130.00 (mm), dr=140.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 20.00...32.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 32.00...142.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 1.8

Cylinder (Cylinder) y= 142.00...154.00 (mm)
d=140.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 154.00...169.00 (mm)

d=140.00 (mm), 1=15.00 (mm), Rz= 8.0

Taper (Cone) y= 169.00...179.00 (mm)

dl=200.00 (mm), dr=240.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z7 nahrada) y= 179.00...389.00 (mm)

d=240.00 (mm), 1=210.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 389.00...406.00 (mm)
d=243.00 (mm), 1=17.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 406.00...414.00 (mm)

d=243.00 (mm), 1=8.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 414.00...426.00 (mm)

d=243.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 426.00...536.00 (mm)
d=140.00 (mm), 1=110.00 (mm), Rz= 2.8

Relief groove left (Relief groove left)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Relief groove right (Relief groove right)
r=1.20 (mm), t=0.40 (mm), 1=4.00 (mm), Rz=32.0
Form F (DIN 509), Series 1, with the usual stressing

Cylinder (Cylinder) y= 536.00...556.00 (mm)
d=243.00 (mm), 1=20.00 (mm), Rz=32.0

Taper (Cone) y= 556.00...572.00 (mm)

dl=243.00 (mm), dr=150.00 (mm), 1=16.00 (mm), Rz=32.0

Cylinder (Cylinder) y= 572.00...603.00 (mm)

d=150.00 (mm), 1=31.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 603.00...623.00 (mm)
d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 623.00...788.00 (mm)
d=150.00 (mm), 1=165.00 (mm), Rz=16.0

Inner contour

Forces
Cylindrical gear (z7 i87) y= 284.00 (mm)
Operating pitch diameter (mm) 350.7216

Helix angle (°) 24.5828 Double helical gearing, right-left
Working pressure angle at normal section (°) 17.3265

Position of contact point (%) 0.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driving (Output)

Torque (Nm) 5698.8222

Axial force (N) 0.0000

Shearing force X (N) -11148.9074

Shearing force 7 (N) -32497.6929

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000
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Free bearing (leve radialni)
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y= 87.00 (mm)

Degrees of freedom
X: fixed, Y: free, 7Z: fixed
Rx: free, Ry: free, Rz: free

Fixed bearing adjusted on both sides

(prave radialni+axialni)

y= 481.00 (mm)

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

Own Input (vystup)

y= 788.00 (mm)

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

maximum deflection 4.66

Center of mass

Shaft 1 371.1
Deformation due to torsion
Shaft 1 [phi.t] -0.03

pm (Shaft 1,

mm

788.00

(mm) )

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'

Position (Y-coordinate) [v] 87.00
Bearing reaction force Fx] 5.574
Bearing reaction force Fyl 0.000
Bearing reaction force Fz] 16.692
Bearing reaction force Fr] 17.598

[
[
[
[
Displacement of bearing [ux] -0.000
[
[
[
[

Displacement of bearing uy] 0.000
Displacement of bearing uz] -0.000
Displacement of bearing ur] 0.000
Misalignment of bearing rx] -0.019
Misalignment of bearing [ry] 0.565
Misalignment of bearing [rz] 0.007
Misalignment of bearing [rr] 0.020

Shaft 'Shaft 1' Bearing 'prave radialnit+axialni'

Position (Y-coordinate) [v] 481.00
Bearing reaction force [Fx] 5.574
Bearing reaction force [Fy] 0.000
Bearing reaction force [Fz] 17.428
Bearing reaction force [Fr] 18.298
Displacement of bearing [ux] -0.000
Displacement of bearing [uy] 0.000
Displacement of bearing [uz] -0.000
Displacement of bearing [ur] 0.000
Misalignment of bearing [rx] 0.015
Misalignment of bearing [ry] 0.429
Misalignment of bearing [rz] -0.005
Misalignment of bearing [rr] 0.016
Shaft 'Shaft 1' Bearing 'vystup'

Position (Y-coordinate) [yl 788.00
Bearing reaction force [Fx] 0.000
Bearing reaction force [Fy] 0.000
Bearing reaction force [Fz] 0.000
Bearing reaction force [Fr] 0.000
Bearing reaction moment [Mx] 0.00
Bearing reaction moment [My] -5698.82
Bearing reaction moment [Mz] 0.00
Bearing reaction moment [Mr] 0.00
Displacement of bearing [ux] 0.002
Displacement of bearing [uy] 0.000
Displacement of bearing [uz] 0.004
Displacement of bearing [ur] 0.005
Misalignment of bearing [rx] 0.014
Misalignment of bearing [ry] 0.000
Misalignment of bearing [rz] -0.005
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kN  (71.53°)

mrad
mrad
mrad
mrad

(1.94")
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mm
kN
kN
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kN (72.26°)
mm
mm
mm
mm
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mrad
mrad
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(1.48")

(0.06")

Nm (0°)

mm (68.83°)
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mrad (0")
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Misalignment of bearing [rr] 0.015 mrad (0.05")

Figure: Displacement (bending etc.) (Arbitrary plane 68.8319976 °

L

[
=

=

[ =

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

Figure: Equivalent stress
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Strength calculation as specified in
DIN 743:2000
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Ealewlation programs for machine design

Summary
Label Shaft 1
Drawing
Material Cc45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No
Calculation of endurance limit and the static strength
Calculation for load case 2 (sig.av/sig.mv = const)
Cross section Position (Y-Coord) (mm)
1 168.99 Smooth shaft
3 536.00 Shoulder with relief groove
2 426.00 Shoulder with relief groove
Results:
Cross section Kfb Kfsig K2d SD SS
1 1.00 0.92 0.80 34.38 45.02
3 3.32 0.87 0.80 8.58 12.80
2 3.32 0.87 0.80 7.40 12.63
Nominal safety: 1.20 1.20
Abbreviations:
Kfb: Notch factor bending
Kfsig: Surface factor
K2d: Size coefficient bending
SD: Safety endurance limit
SS: Safety against yield point
The requirements of the safety proof of the shaft are:
satisfied [x] not satisfied [ ]
Design engineer:........c.ouiuenn... Date:..ovuuen.. Signature:......
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Figure: Strength

Calculation details:

General statements

Label Shaft 1
Drawing

Length (mm) [1] 788.00

Speed (1/min) [n] 855.00

Material c45 (1)

Material type Through hardened steel

Material treatment unalloyed, through hardened

Surface treatment No

Tension/Compression Bending Torsion Shearing

Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00
sigB according DIN 743 (at dB) (N/mm?) [sigB] 700.00
sigS according DIN 743 (at dB) (N/mm?) [sigS] 490.00
[sigzdW] (bei dB) (N/mm?) 280.00
[sigbW] (bei dB) (N/mm?) 350.00
[tautW] (bei dB) (N/mm?) 210.00
Thickness of raw material (mm) [dWerkst] 250.00

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

[sigBeff] (N/mm?) 482.72
[sigSeff] (N/mm?) 337.91
[sigbF] (N/mm?) 405.49
[tautF] (N/mm?) 234.11
[sigzdW] (N/mm?) 193.09
[sigbW] (N/mm?) 241.36
[tautW] (N/mm?) 144.82

Endurance limit for single stage use

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

Cross section 'l' Smooth shaft
Comment
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Position (Y-Coordinate) (mm) [y] 168.99
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft
Mean roughness (um) [Rz] 8.000
Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)
Mean value 0.0 0.0 0.0 0.0
Amplitude 0.0 1427.2 0.0 17419.0
Maximum value 0.0 2426.2 0.0 29612.3
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 15393.8 269392 538783 15393.8
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) 0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 5.2098 0.000 1.509
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) 0.000 9.006 0.000 2.565
Technological size influence [K1 (sigB) 1] 0.690
[K1(sigS)] 0.690
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [betal 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.924 0.924 0.956
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.082 1.325 1.289
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [s1gWK] 178.410 182.143 112.387
Influence coeff. mean stress sensitivity.
[PsisigK] 0.227 0.233 0.132
Permissible amplitude (N/mm?) [sigADK] 178.410 182.143 112.387
Margin of safety endurance limit [S] 34.381
Required safety [Smin] 1.200
Result (%) [S/Smin] 2865.1
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 337.907 405.489 234.109
Margin of safety yield stress [S] 45.023
Required safety [Smin] 1.200
Result (%) [S/Smin] 3752.0
Cross section '3' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 536.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000

Notch effect

[D, 4, D1, r, t] (mm)
Shape B
Mean roughness (um)

Stress: (N)
Mean value
Amplitude

Maximum value
Cross section,
[A, Wb, Wt, A]

(Nm)

Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm]
[sigzda, sigba, taua, taugal]

[sigzdmax, sigbmax, taumax, taugmax]

7/9

moment of resistance:

Shoulder with relief groove

243.00 139.20 140.00 1.20 0.40
[Rz] 32.000
Tension/Compression Bending Torsion Shearing
-0.0 0.0 2849.4 0.0
0.0 43.9 2849.4 420.0
-0.0 74.6 9688.0 714.0
(mm?)
15218.4 264800 529600 15218.4
(N/mm?) -0.000 0.000 5.380 0.000
(N/mm?) 0.000 0.166 5.380 0.037
(N/mm?) -0.000 0.282 18.293 0.063
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Technological size influence [K1 (sigB) 1] 0.690
[K1 (sigS)] 0.690
Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2(d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 9.319
Equivalent mean stress (N/mm?) [taumV] 5.380
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
Permissible amplitude (N/mm?) [sigADK] 0.042 8.152 46.858
Margin of safety endurance limit [S] 8.576
Required safety [Smin] 1.200
Result (%) [S/Smin] 714.6
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 12.797
Required safety [Smin] 1.200
Result (%) [S/Smin] 1066.4
Cross section '2' Shoulder with relief groove
Comment
Position (Y-Coordinate) (mm) [y] 426.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Shoulder with relief groove
[D, d, D1, r, t] (mm) 243.00 139.20 140.00 1.20 0.40
Shape B
Mean roughness (um) [Rz] 32.000

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

Mean value -0.0 0.0 2849.4 0.0
Amplitude 0.0 915.9 2849.4 17770.0
Maximum value -0.0 1557.0 9688.0 30209.1
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 15218.4 264800 529600 15218.4

Stresses: (N/mm?2)

[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 5.380 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 3.459 5.380 1.557
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 5.880 18.293 2.647
Technological size influence [K1 (sigB) 1] 0.690

[K1(sigS)] 0.690

Tension/Compression Bending Torsion
Stress concentration factor [alfa] 4.803 4.037 2.649
References stress slope [G'] 1.917 1.917 0.958
Notch sensitivity factor n [n] 1.217 1.217 1.154
Notch effect coefficient [beta] 3.9406 3.316 2.296
Geometrical size influence [K2 (d) ] 1.000 0.805 0.805
Influence coefficient surface roughness
[KF] 0.873 0.873 0.927

Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000

Total influence coefficient [K] 4.091 4.267 2.932
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 9.319
Equivalent mean stress (N/mm?) [taumV] 5.380
Fatigue limit of part (N/mm?) [sigWK] 47.195 56.565 49.384
Influence coeff. mean stress sensitivity.

[PsisigK] 0.051 0.062 0.054
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Permissible amplitude (N/mm?) [sigADK] 0.042 48.442 46.858
Margin of safety endurance limit [S] 7.396

Required safety [Smin] 1.200

Result (%) [S/Smin] 616.3

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.150 1.150 1.000
Yield stress of part (N/mm?) [sigFK] 388.593 466.312 234.109
Margin of safety yield stress [S] 12.634

Required safety [Smin] 1.200

Result (%) [S/Smin] 1052.9

Remarks:

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

The reference diameter for the notch number is not defined.

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

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

End report lines: 531
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 798.000
Speed (1/min) 1348.00
Sense of rotation: clockwise

Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (100-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 133.783
Mass moment of inertia (kg*m?) 0.866
Momentum of mass GD2 (Nm?) 33.989
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Reference temperature (°C) 20.000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...165.00 (mm)
d=100.00 (mm), 1=165.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 165.00...185.00 (mm)

d=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 185.00...216.00 (mm)
d=100.00 (mm), 1=31.00 (mm), Rz= 8.0

Taper (Cone) y= 216.00...225.00 (mm)
dl1=100.00 (mm), dr=150.00 (mm), 1=9.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 225.00...245.00 (mm)

d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 245.00...250.00 (mm)

d=110.00 (mm), 1=5.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 250.00...262.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 262.00...372.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 372.00...384.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 384.00...399.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 399.00...409.00 (mm)
d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z8 nahrada) y= 409.00...619.00 (mm)
d=265.27 (mm), 1=210.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 619.00...629.00 (mm)

d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 629.00...644.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 644.00...656.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 656.00...766.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 766.00...778.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Taper (Cone) y= 778.00...798.00 (mm)

dl=110.00 (mm), dr=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Inner contour

Forces
Cylindrical gear (z8 1i78) y= 514.00 (mm)
Operating pitch diameter (mm) 279.2784

Helix angle (°) 24.5828 Double helical gearing, left-right
Working pressure angle at normal section(®) 17.3265

Position of contact point (°) 0.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driven (Input)

Torque (Nm) 3614.6091

Axial force (N) 0.0000

Shearing force X (N) -8880.4268

Shearing force 7 (N) -25885.3509

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000

Bearing
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Free bearing (leve radialni) y= 317.00 (mm)
Degrees of freedom

X: fixed, Y: free, Z: fixed

Rx: free, Ry: free, Rz: free

Free bearing (prave radialni) y= 711.00 (mm)
Degrees of freedom

X: fixed, Y: free, Z: fixed

Rx: free, Ry: free, Rz: free

Own Input (vystup) y= 0.00 (mm)
Degrees of freedom

X: free, Y: free, Z: free

Rx: free, Ry: fixed, Rz: free

maximum deflection 11.68 pum (Shaft 1, 0.00 (mm))

Center of mass
Shaft 1 465.0 mm

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

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Bearing 'leve radialni'

Position (Y-coordinate) [yl 317.00 mm
Bearing reaction force [Fx] 4.440 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] 13.752 kN
Bearing reaction force [Fr] 14.451 kN (72.11°
Displacement of bearing [ux] -0.000 mm
Displacement of bearing [uyl] 0.000 mm
Displacement of bearing [uz] -0.000 mm
Displacement of bearing [ur] 0.000 mm
Misalignment of bearing [rx] -0.036 mrad (-0.13")
Misalignment of bearing [ry] 1.267 mrad (4.36"
Misalignment of bearing [rz] 0.013 mrad (0.04")
Misalignment of bearing [rr] 0.039 mrad (0.13")
Shaft 'Shaft 1' Bearing 'prave radialni'
Position (Y-coordinate) [v] 711.00 mm
Bearing reaction force [Fx] 4.440 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] 13.446 kN
Bearing reaction force [Fr] 14.160 kN (71.73°)
Displacement of bearing [ux] -0.000 mm
Displacement of bearing uy 0.000 mm
Displacement of bearing -0.000 mm
Displacement of bearing 0.000 mm

0.13")

[
[u
[u
Misalignment of bearing [r
Misalignment of bearing [r
[r
[r

]

]

]

] 0.038 mrad  (

] 1.554 mrad (5.34")
] (

] (

Misalignment of bearing -0.013 mrad -0.04")
Misalignment of bearing 0.040 mrad 0.14")
Shaft 'Shaft 1' Bearing 'vystup'

Position (Y-coordinate) [v] 0.00 mm

Bearing reaction force [Fx] 0.000 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] 0.000 kN

Bearing reaction force [Fr] 0.000 kN

Bearing reaction moment [Mx] 0.00 Nm

Bearing reaction moment [My] -3614.01 Nm

Bearing reaction moment [Mz] 0.00 Nm

Bearing reaction moment [Mr] 0.00 Nm (0°)
Displacement of bearing [ux] 0.004 mm
Displacement of bearing [uyl] 0.000 mm
Displacement of bearing [uz] 0.011 mm
Displacement of bearing [ur] 0.012 mm (70°)
Misalignment of bearing [rx] -0.034 mrad (-0.12")
Misalignment of bearing [ry] 0.000 mrad (0')
Misalignment of bearing [rz] 0.013 mrad (0.04")
Misalignment of bearing [rr] 0.036 mrad (0.13")
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Figure: Displacement (bending etc.) (Arbitrary plane 70.00153955 °)

EInnnnnnnnm

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

Figure: Equivalent stress
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End report lines: 220
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Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label Shaft 1
Drawing

Initial position (mm) 0.000
Length (mm) 798.000
Speed (1/min) 1073.00
Sense of rotation: clockwise

Material c45 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?) 7830.000
Warmth elongation coefficient (100-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 133.783
Mass moment of inertia (kg*m?) 0.866
Momentum of mass GD2 (Nm?) 33.989
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Reference temperature (°C) 20.000

Figure: Load applications
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SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...165.00 (mm)
d=100.00 (mm), 1=165.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 165.00...185.00 (mm)

d=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 185.00...216.00 (mm)
d=100.00 (mm), 1=31.00 (mm), Rz= 8.0

Taper (Cone) y= 216.00...225.00 (mm)
dl1=100.00 (mm), dr=150.00 (mm), 1=9.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 225.00...245.00 (mm)

d=150.00 (mm), 1=20.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 245.00...250.00 (mm)

d=110.00 (mm), 1=5.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 250.00...262.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 262.00...372.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 372.00...384.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 384.00...399.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 399.00...409.00 (mm)
d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (z8 nahrada) y= 409.00...619.00 (mm)
d=265.27 (mm), 1=210.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 619.00...629.00 (mm)

d=130.00 (mm), 1=10.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 629.00...644.00 (mm)

d=110.00 (mm), 1=15.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 644.00...656.00 (mm)
d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 656.00...766.00 (mm)
d=110.00 (mm), 1=110.00 (mm), Rz= 8.0

Cylinder (Cylinder) y= 766.00...778.00 (mm)

d=110.00 (mm), 1=12.00 (mm), Rz= 8.0

Taper (Cone) y= 778.00...798.00 (mm)

dl=110.00 (mm), dr=100.00 (mm), 1=20.00 (mm), Rz= 8.0

Inner contour

Forces
Cylindrical gear (z8 i87) y= 514.00 (mm)
Operating pitch diameter (mm) 279.2784

Helix angle (°) 24.5828 Double helical gearing, left-right
Working pressure angle at normal section(°®) 17.3265

Position of contact point (°) 180.0000

Length of load application (mm) 210.0000

Power (kW) 510.2463 driven (Input)

Torque (Nm) 4541.0000

Axial force (N) 0.0000

Shearing force X (N) 11156.3982

Shearing force 7 (N) 32519.5275

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) 0.0000

Bearing
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Free bearing (leve radialni) y= 317.00 (mm)
Degrees of freedom
X: fixed, Y: free, Z: fixed
Rx: free, Ry: free, Rz: free
Free bearing (prave radialni) y= 711.00 (mm)
Degrees of freedom
X: fixed, Y: free, Z: fixed
Rx: free, Ry: free, Rz: free
Own Input (vstup) y= 0.00 (mm)
Degrees of freedom
X: free, Y: free, Z: free
Rx: free, Ry: fixed, Rz: free
maximum deflection 16.10 pum (Shaft 1, 0.00 (mm))
Center of mass
Shaft 1 465.0 mm
Deformation due to torsion
Shaft 1 [phi.t] 0.11 °

Roller bearings,

Shaft 'Shaft 1' Bearing 'leve radialni'

Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Shaft 'Shaft 1' Bearing 'prave radialni'

Position (Y-coordinate)
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

classical calculation

BN X RN X

[yl
[Fx]

Shaft 'Shaft 1' Bearing 'vstup'

Position (Y-coordinate)
Bearing reaction force

Bearing reaction force

Bearing reaction force

Bearing reaction force

Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Bearing reaction moment
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
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BN X RN X

31

71

7.00
.578

.450
.426
.000
.000
.000
.000
.046
.592
.016
.049

1.00
.578
.000
.757
.715
.000

.000
.000
.045
.952

.048

mm
kN
kN
kN
kN
mm
mm
mm
mm
mrad
mrad
mrad
mrad

mm
kN
kN
kN
kN
mm
mm
mm
mm
mrad
mrad
mrad
mrad

mm
mm

mrad
mrad
mrad
mrad

(contact angle considered)

(-109.85°)

(0.16")
(5.47")
(-0.05")
(0.17")

(-109.49°)

(-0.16")
(6.71")
(0.05")
(0.16")
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)

>
B -

Figure: Displacement (bending etc.) (Arbitrary plane 71.83584776 °)

EInnnnnnnnm

GEH (von Mises): sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tausS)"2)"1/2

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

Summary

Label Shaft 1
Drawing

Material Cc45 (1)

Material type Through hardened steel

Material treatment unalloyed, through hardened

Surface treatment No

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

Cross section Position (Y-Coord) (mm)
1 245.10 Smooth shaft
2 317.00 Smooth shaft
3 399.00 Own Input
4 629.00 Own Input
5 655.00 Smooth shaft
6 766.00 Smooth shaft
Results:
Cross section Kfb Kfsig K2d SD SS
1 1.00 0.93 0.82 10.53 7.83
2 1.00 0.93 0.82 10.51 7.83
3 1.00 0.93 0.82 8.56 7.37
4 1.00 0.93 0.82 17.36 22.30
5 1.00 0.93 0.82 25.42 32.64
6 1.00 0.93 0.82 10000.00 10000.00
Nominal safety: 1.20 1.20
Abbreviations:

Kfb: Notch factor bending
Kfsig: Surface factor

K2d: Size coefficient bending
SD: Safety endurance limit

SS: Safety against yield point

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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Figure: Strength

Calculation details:

General statements

Label

Drawing

Length (mm) [1]
Speed (1/min) [n]
Material c45 (1)

Material type Through hardened steel
Material treatment

Surface treatment No

unalloyed, through hardened

798.00
1073.00

KISSsoFT
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Shaft 1

Tension/Compression Bending Torsion Shearing

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

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

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

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

Thickness of raw material (mm) [dWerkst]

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

1.700 1.
1.000 1.

l6.
700.
490.
280.
350.
210.
270.

700
000

Geometric size coefficient Kld calculated from raw material diameter

[sigBeff] (N/mm?)

[sigSeff] (N/mm?)

[sigbF] (N/mm?)

[tautF] (N/mm?)

[sigzdW] (N/mm?)

[sigbW] (N/mm?)

[tautW] (N/mm?)

Endurance limit for single stage use
Calculation for load case 2 (sig.av/sig.mv =

Cross section 'l' Smooth shaft

Comment

6/11
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238.
142.
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Position (Y-Coordinate) (mm) [y] 245.10
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value -0.0 0.0 2270.5 0.0
Amplitude 0.0 18.3 2270.5 166.3
Maximum value -0.0 31.2 7719.7 282.7
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 8.688 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.140 8.688 0.023
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.239 29.539 0.040
Technological size influence [K1 (sigB) 1] 0.681
[K1(sigS)] 0.681
Tension/Compression Bending Torsion
Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [betal 1.000 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.821 0.821
Influence coefficient surface roughness
[KF] 0.925 0.925 0.957
Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.081 1.299 1.263
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 15.048
Equivalent mean stress (N/mm?) [taumV] 8.688
Fatigue limit of part (N/mm?) [sigWK] 176.370 183.399 113.173
Influence coeff. mean stress sensitivity.
[PsisigK] 0.227 0.238 0.135
Permissible amplitude (N/mm?) [sigADK] 0.022 3.702 99.737
Margin of safety endurance limit [S] 10.525
Required safety [Smin] 1.200
Result (%) [S/Smin] 877.1

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 333.649 400.379 231.159
Margin of safety yield stress [S] 7.826

Required safety [Smin] 1.200

Result (%) [S/Smin] 652.1

Cross section '2' Smooth shaft

Comment

Position (Y-Coordinate) (mm) [y] 317.00
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value -0.0 0.0 2270.5 0.0
Amplitude 0.0 32.2 2270.5 213.8
Maximum value -0.0 54.7 7719.7 363.4
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 8.688 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.246 8.688 0.030
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.419 29.539 0.051
Technological size influence [K1 (sigB) 1] 0.681

[K1(sigS)] 0.681
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Notch effect coefficient

[dB] (mm) 0.0

Geometrical size influence
Geometrical size influence
Notch effect coefficient
Geometrical size influence
Influence coefficient surface

Influence coefficient surface

Total influence coefficient
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Tension/Compression Bending Torsion

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)

Margin of safety endurance limit

Required safety
Result (%)

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor

Increase coefficient

Yield stress of part (N/mm?)
Margin of safety yield stress
Required safety

Result (%)

Cross section '3' Own Input
Comment

Position (Y-Coordinate) (mm)
External diameter (mm)

Inner diameter (mm)

Notch effect Own Input

Mean roughness (um)

Stress: (N) (Nm)

Mean value

Amplitude

Maximum value
Cross section,
[A, Wb, Wt, A]

Stresses: (N/mm?2)
[sigzdm, sigbm, taum, taugm]
[sigzda, sigba, taua, taugal]

[sigzdmax, sigbmax, taumax, taugmax]

Technological size influence

Notch effect coefficient

[dB] (mm) 0.0

Geometrical size influence
Geometrical size influence
Notch effect coefficient
Geometrical size influence
Influence coefficient surface

Influence coefficient surface

Total influence coefficient

moment of resistance:

[beta (dB) ] 0.000 0.000 0.000
[K3(d)] 0.000 0.000 0.000
[K3(dB) ] 0.000 0.000 0.000
[beta] 1.000 1.000 1.000
[K2(d) ] 1.000 0.821 0.821
roughness
[KF] 0.925 0.925 0.957
strengthening
[KV] 1.000 1.000 1.000
[K] 1.081 1.299 1.263
[sigmV] 15.048
[taumV] 8.688
[sigWK] 176.370 183.399 113.173
[PsisigK] 0.227 0.238 0.135
[sigADK] 0.022 6.447 99.737
[S] 10.514
[Smin] 1.200
[S/Smin] 876.1
[K2F] 1.000 1.200 1.200
[gammaF] 1.000 1.000 1.000
[sigFK] 333.649 400.379 231.159
[S] 7.825
[Smin] 1.200
[S/Smin] 652.1
[y] 399.00
[da] 110.000
[di] 0.000
[Rz] 8.000

Tension/Compression Bending Torsion Shearing

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?)
Equivalent mean stress (N/mm?)
Fatigue limit of part (N/mm?)

Influence coeff. mean stress sensitivity.

Permissible amplitude (N/mm?)

Margin of safety endurance limit

8/11

-0.0 0.0 2270.5 0.0
0.0 1396.5 2270.5 16683.6
-0.0 2374.1 7719.7 28362.2
(mm?)
9503.3 130671 261341 9503.3
(N/mm?) -0.000 0.000 8.688 0.000
(N/mm?) 0.000 10.687 8.688 2.341
(N/mm?) -0.000 18.169 29.539 3.979
[K1(sigB)] 0.681
[K1(sigS)] 0.681
Tension/Compression Bending Torsion
[beta (dB) ] 0.000 0.000 0.000
[K3(d)] 0.000 0.000 0.000
[K3(dB) ] 0.000 0.000 0.000
[beta] 1.000 1.000 1.000
[K2(d)] 1.000 0.821 0.821
roughness
[KF] 0.925 0.925 0.957
strengthening
[KV] 1.000 1.000 1.000
[K] 1.081 1.299 1.263
[sigmV] 15.048
[taumV] 8.688
[sigWK] 176.370 183.399 113.173
[PsisigK] 0.227 0.238 0.135
[sigADK] 0.022 137.336 99.737
[S] 8.561



Required safety
Result (%)

Present margin of safety

for proof against exceed of yield

Static notch sensitivity factor
Increase coefficient

Yield stress of part (N/mm?)
Margin of safety yield stress
Required safety

Result (%)

Cross section '4' Own Input
Comment

Position (Y-Coordinate) (mm)
External diameter (mm)

Inner diameter (mm)

Notch effect Own Input

Mean roughness (um)

[Smin]
[S/Smin]

point:
K2F] 1
gammakF] 1
333

Smin]

[y]
[da]
[di]

[Rz]

1.200
713.4

.000
.000
.649

1.200
1.000
400.379
7.374
1.200
614.5
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1.200
1.000

231.159

629.
110.
0.

8.

00
000
000

000

Tension/Compression Bending Torsion Shearing

0.0 0.0
0.0 16835.0
0.0 28619.5
261341 9503.3
0.000 0.000
0.000 2.362
0.000 4.015

Tension/Compression Bending Torsion

Stress: (N) (Nm)
Mean value -0.0 0.0
Amplitude 0.0 1380.3
Maximum value -0.0 2346.4
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 10.563
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 17.957
Technological size influence [K1 (sigB) 1] 0.681
[K1(sigS)] 0.681
Notch effect coefficient [beta (dB) ] 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence 3(d)] 0.000 0.000
Geometrical size influence 3(dB) ] 0.000 0.000
Notch effect coefficient etal 1.000 1.000
Geometrical size influence [K2 (d) ] 1.000 0.821
Influence coefficient surface roughness
[KF] 0.925 0.925
Influence coefficient surface strengthening
[KV] 1.000 1.000
Total influence coefficient [K] 1.081 1.299
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [sigWK] 176.370 183.399
Influence coeff. mean stress sensitivity.
[PsisigK] 0.227 0.238
Permissible amplitude (N/mm?) [sigADK] 176.370 183.399
Margin of safety endurance limit [S] 17.363
Required safety [Smin] 1.200
Result (%) [S/Smin] 1446.9
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200
Increase coefficient [gammaF] 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 333.649 400.379
Margin of safety yield stress [S] 22.297
Required safety [Smin] 1.200
Result (%) [S/Smin] 1858.1
Cross section '5' Smooth shaft
Comment
Position (Y-Coordinate) (mm) [y]
External diameter (mm) [da]
Inner diameter (mm) [di]
Notch effect Smooth shaft
Mean roughness (um) [Rz]
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113.

113.

231.

655.
110.

0.000
0.000
0.000
1.000
0.821
0.957

1.000
1.263

173

0.135
173

1.200

159

00
000

.000

.000
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Tension/Compression Bending Torsion Shearing
Stress: (N) (Nm)

Mean value -0.0 0.0 0.0 0.0
Amplitude 0.0 942.9 0.0 1681l6.1
Maximum value -0.0 1602.9 0.0 28587.3
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 7.216 0.000 2.359
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 12.267 0.000 4.011
Technological size influence [K1(sigB)] 0.681
[K1(sigS)] 0.681
Tension/Compression Bending Torsion

Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
Notch effect coefficient [beta] 1.000 1.000 1.000
Geometrical size influence [K2(d)] 1.000 0.821 0.821
Influence coefficient surface roughness

[KF] 0.925 0.925 0.957

Influence coefficient surface strengthening
[KV] 1.000 1.000 1.000

Total influence coefficient [K] 1.081 1.299 1.263
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 0.000
Equivalent mean stress (N/mm?) [taumV] 0.000
Fatigue limit of part (N/mm?) [sigWK] 176.370 183.399 113.173
Influence coeff. mean stress sensitivity.

[PsisigK] 0.227 0.238 0.135
Permissible amplitude (N/mm?) [sigADK] 176.370 183.399 113.173
Margin of safety endurance limit [S] 25.416
Required safety [Smin] 1.200
Result (%) [S/Smin] 2118.0

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

Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 333.649 400.379 231.159
Margin of safety yield stress [S] 32.638

Required safety [Smin] 1.200

Result (%) [S/Smin] 2719.9

Cross section '6' Smooth shaft

Comment

Position (Y-Coordinate) (mm) [yl 766.00
External diameter (mm) [da] 110.000
Inner diameter (mm) [di] 0.000
Notch effect Smooth shaft

Mean roughness (um) [Rz] 8.000

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

Mean value -0.0 0.0 0.0 0.0
Amplitude 0.0 0.3 0.0 27.1
Maximum value -0.0 0.6 0.0 46.1
Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A] 9503.3 130671 261341 9503.3
Stresses: (N/mm?)
[sigzdm, sigbm, taum, taugm] (N/mm?) -0.000 0.000 0.000 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.000 0.003 0.000 0.004
[sigzdmax, sigbmax, taumax, taugmax] (N/mm?) -0.000 0.004 0.000 0.0060
Technological size influence [K1(sigB)] 0.681

[K1(sigS)] 0.681

Tension/Compression Bending Torsion

Notch effect coefficient [beta (dB) ] 0.000 0.000 0.000
[dB] (mm) = 0.0
Geometrical size influence [K3(d) ] 0.000 0.000 0.000
Geometrical size influence [K3 (dB) ] 0.000 0.000 0.000
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Notch effect coefficient [beta] 1.
Geometrical size influence [K2(d) ] 1.
Influence coefficient surface roughness

[KF] 0.

Influence coefficient surface strengthening
[KV] 1.
Total influence coefficient [K] 1.

Present margin of safety for endurance limit:

Equivalent mean stress (N/mm?) [sigmV]

Equivalent mean stress (N/mm?) [taumV]

Fatigue limit of part (N/mm?) [sigWK] 176.

Influence coeff. mean stress sensitivity.
[PsisigK] 0

Permissible amplitude (N/mm?) [sigADK] 176.

Margin of safety endurance limit [S]

Required safety [Smin]

Result (%) [S/Smin]

Present margin of safety

for proof against exceed of yield point:

Static notch sensitivity factor [K2F] 1.

Increase coefficient [gammaF] 1.

Yield stress of part (N/mm?) [sigFK] 333.

Margin of safety yield stress [S]

Required safety [Smin]

Result (%) [S/Smin]

Remarks:

000 1.000
000 0.821
925 0.925
000 1.000
081 1.299
0.000
0.000
370 183.399
.227 0.238
370 183.399
10000.000
1.200
10000.0
000 1.200
000 1.000
649 400.379
10000.000
1.200
10000.0

113.

.000
.821

.957

.000
.263

173

.135
113.

173

.200
.000
231.

159

KISSsoFT

Ealewlation programs for machine design

- The shearing force is not considered in the analysis according to DIN 743..

- Cross section with square groove:
The reference diameter for the notch number is

Therefore the shaft diameter is taken as reference diameter..

- Cross section with interference fit:

not defined.

The notching factor for the light fit case is no longer defined in DIN 743.

The values are imported from the FKM-Guideline.

End report

lines:

710

11/11
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MOTOR - GEAR

TROJFAZOVE ASYNCHRONNI ELEKTROMOTORY
VELIKOST 355- 500

THREE-PHASE INDUCTION MOTORS

SIZE 355 - 500

TECHNICKA DATA
TECHNICAL DATA

400/690V, 50Hz - motory velikosti (for motors frame size) 355, 400
690V, 50 Hz - motory velikosti (for motors frame size) 450, 500

Sy R . S5 s 82| 53 %5
38 | 8& | 33 | 8¢ e 55 |§85| 289/ 2:%5| £= | ge®
Pol. Typ o5 % S S w 95 |x §| gm SE| T 23
ltem | Motor type 5 £= c? @)= = @
Pn Ny In cosg n Wy | TiTw | To/T J m | Ld:i(A)
Kw rpm A - % - - - kgm? kg | dB(A)
SEE 355 ML2A 250 | 2982 | 415/240 | 0,91 | 96,4/96,3/955 | 7.0 1,8 2,8 27 | 1530 | 83
SEE 355 ML2B 280 | 2981 | 461/266 | 0,91 | 96,4/96,4/956 | 6.8 1,7 2.8 33 | 1680 | 83
| sEE3s5ML2B 315 | 2982 | 517/299 | 0,91 | 96,6/96,6/95,9 | 7,3 1,9 3,0 33 | 1680 | 83
:a Sh 355 H2Ds 355 | 2985 | 584/337 | 0,91 | 96,5/96,3/95,5 | 7,4 1,7 27 | 49 | 2140 | 83
;é; Sh 355 H2Es 400 | 2985 | 656/379 | 0,91 | 96,7/96,6/95,5 | 7,5 1,6 2,8 53 | 2200 | 83
g Sh 400 H2Cs 450 | 2983 | 741/428 | 0,91 | 96,5/96,3/95,5 | 6,6 1,3 2,6 6,5 | 2700 | 84
“ ["sh400 H2Ds 500 | 2985 | 821/474 | 0,91 | 96,6/96,5/958 | 7,2 1,4 2,8 73 | 2800 | 84
Sh 400 H2Es 560 | 2989 | 927/535 | 0,90 | 96,9/96,7/959 | 8,0 17 3,0 86 | 3000 | 84
Sh 400 H2Es 600 | 2984 | 973/562 | 0,92 | 96,9/96,8/96,0 | 8,0 1,6 2,9 86 | 3000 | 84
SEE 355 ML4A 250 | 1489 | 424/245 | 0,89 | 96,3/96,4/958 | 7.3 2,0 2,4 49 | 1610 | 78
SEE 355 ML4AB | 285 | 1487 | 477/275 | 0,90 | 96,3/96,4/96,0 | 7.4 2,0 2,3 56 | 1710 | 78
SEE 355 ML4B 315 | 1489 | 523/302 | 0,90 | 96,6/96,7/96,4 | 7.6 2,2 2,5 62 | 1810 | 78
SEE 355 ML4BB | 330 | 1488 | 555/321 | 0,89 | 96,5/96,6/962 | 7.5 2,0 2,4 62 | 1810 | 78
Sh 355 H4Ds 355 | 1488 | 604/349 | 0,88 | 96,5/96,7/96,3 | 6,5 1,6 2,2 82 | 2190 | 84
Sh 355 H4Es 400 | 1489 | 678/392 | 0,88 | 96,7/96,8/96,4 | 7.0 1,8 2,3 91 | 2320 | 84
Sh 400 H4Cs 450 | 1490 | 762/440 | 0,88 | 96,9/96,9/96,3 | 7.6 1,6 26 | 123 | 2920 | 82
j'g'; Sh 400 H4Ds 500 | 1491 | 856/495 | 0,86 | 97,0/97,0/96,5 | 7,5 1,6 25 | 136 | 3100 | 82
g Sh 400 H4Es 560 | 1491 | 959/554 | 0,87 | 97,0/97,096,6 | 7.6 17 26 | 150 | 3220 | 82
% Sh 400 H4Fs 630 | 1491 [1076/621| 0,87 | 97,1/97,1/96,7 | 8.4 1,9 28 | 165 | 3370 | 83
~1 | sh 450 HaBs 710 | 1492 696 | 0,88 | 97,1/97,1/96,6 | 7.0 1,0 25 | 271 | 4000 | 84
Sh 450 H4Cs 800 | 1493 774 | 0,89 | 97,1/97,1/96,8 | 6.8 1,0 26 | 30,8 | 4240 | 84
Sh 450 H4Ds 900 | 1493 881 0,88 | 97,2/97,2/96,8 | 7.3 1,0 25 | 344 | 4460 | 84
Sh 450 H4Es 1000 | 1493 966 | 0,89 | 97,3/97,3/96,8 | 7.3 1,0 25 | 380 | 4700 | 84
Sh 500 H4Cs 1120 | 1494 | 1095 | 0,88 | 97,4/97,4/96,9 | 65 0.8 24 | 584 | 6100 | 84
Sh 500 H4Ds 1250 | 1494 1220 | 0,88 | 97,5/97,5/96,9 | 6,5 0.8 24 | 652 | 6600 | 84
Sh 500 H4Es 1400 | 1494 1367 | 0,88 | 97,5/97,5/96,9 | 6.6 0.8 24 | 722 | 6900 | 84
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MOTOR - GEAR

ROZMERY
DIMENSIONS
Ach
Patkové elektromotory -
tvar IM1001 (B3) & )
S /L &
Foot-mounted motors T 2
type of construction ] 1
IM1001 (B3)
l-’i / \ ?
Iy
T
I
=
L] | :
N [Hi [ lgs [
i
B8A1 BAZ AA K
I3 c 8 A
81 AB
B8
L
T-;yppe 2p A B B1 C D E F GA | H HA K AA | AB | BA1 [ BA2 | BB | HD L
SEE 355 2 610 | 560 | 630 | 254 | 80 | 170 | 22 | 85 | 355 | 50 [ 28 | 150 | 720 | 250 | 300 | 890 | 935 | 1580
SEE 355 4+8 610 | 560 | 630 | 254 | 100 | 210 | 28 | 106 | 355 | 50 | 28 | 150 | 720 | 250 | 300 | 890 | 935 | 1620
Sh 355...8 2 610 | 900 - 200 | 70 | 140 [ 20 | 745 )| 355 | 45 [ 28 | 160 | 730 | 265 | 265 | 1045 | 995 | 1800
Sh 355..5 4+8 610 | 900 | - 200 [ 100 [ 210 | 28 | 106 | 355 | 45 | 28 | 160 | 730 | 265 | 265 | 1045 | 995 [ 1870
A-A
AD
] NAR
b
GA /
+++
|4 S
-l
by
] ] .
| : i m |
BA BA AA K
£ c B A
88 AB
L
.I:I;,pr; 2p A B C D E F | GA| H HA K AA | AB| AD [BA| BB |HD | L
Sh 400...s 2 686 | 1000 | 224 | 80 | 170 | 22 | 85 | 400 | 50 | 35 | 175 | 840 | 520 | 265 | 1160 | 1255 | 1980
Sh 400... 4+8 686 | 1000 | 224 | 110 | 210 | 28 | 116 | 400 | 50 | 35 | 175 | 840 | 520 | 265 | 1160 | 1255 | 1960
Sh 450...5 2 750 (1120 450 | 80 | 170 | 22 | 85 | 450 | 60 | 35 | 205 | 940 | 560 | 340 | 1320 | 1356 | 2410
Sh450...5 4+10 750 (1120 254 | 110 | 210 | 28 | 116 | 450 | 60 | 35 | 205 | 940 | 560 | 340 | 1320 | 1356 | 2090
Sh500...5 4+10 850 (1250 | 280 | 120 | 210 | 32 | 127 | 500 | 70 | 42 | 223 [ 1050 | 560 | 300 | 1450 | 1470 | 2430
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Popis produktu

Pozice Objednaci ¢islo Popis

10 300_SER

Jm. Vykon ménice pii dodani

Jm. Proud ménice pfi dodyni

Jm. vykon/110% moment. pretiZitelnost
Jm. proud/110% proud. pretiZitelnost
Typova fada

Varianta

Jmenovity vykon

Pocet fazi

Jmenovité napajeni

Enclosure

RFI filtr

Brzdny stfida¢, Safe Stop

Ovladaci panel

Ptidavné lakovani

Skrin F1 (montdz na podiahu)

e e B ,/"//' P, r

1497
58,9

:
2 1400 X
| {551)
=] s |
L= X
L
=
-
P‘.
=|

FC-302P630T5E21H2XGCXXXSXXXXAXBXCXXXXDX

550 kW

990 A

710 kW

1260 A

VLT® AutomationDrive
FC-302 AutomationDrive Rozsif.
630 KW

Trojfazovy

380 - 500 VAC

IP21/ Type 1

RFI filtr t¥idy A2

Bez brzdného stfidace
Graficky ovladaci panel

S ptidavnym lakov. plos. spoju

mm (palce]
507 e
(23.9)
IP 21/NEMA 1
ul L e
: 2100 m*hod.
: , {1236 CFM)
I
8 - A
& ! IP 54/NEMA 12
8 : 1575 m¥hod.
i (927 CFM)
1
[}
[}
I
I
: 'd
I
! I
I
1
1
|
1
2956 m#/hod. |
(1740 CFM) :
A1 ! o [——
I
|
N S—
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Priloha 6: vykresova dokumentace

(obsahuje vyrobni vykres pomalobézného hiidele a sestavu celé pomocné pievodovky)
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®108

3x45°

Modul m 6
Potet zubd 22
/Ra 3,2 Ra 1,6 Ra 0,8 Ra 0,2 SN L
Normalny zakladni profil - CSN 01 4607
P Uhel sklonu boéni kFivky zubu B 25°
6 Smysl stoupani boéni kFivky zubl - levy/pravy
E Jednotkové posunuti X 0,2654
Stupen presnosti podle - CSN 01 4682
@ dvoubokého odvalu .
108 za otacku Fi -
Kunh:olované dvoubokého odvalu ..
102 C mezn! za roztet f -
Uchylky S
sklonu zubu Fo -
vzdalenosti os F. _
¢islo vykresu - -
st | T
vzdalenost os a 315
Modul mt 6,62
814 ~ > Potet zubd hiebenu, segmentu z -
ZDE ODEBIREJTE MATERIAL Pramér zakladni kruznice ds 135,154
Plil DYNAMICKEM VYVAZENI Prdmér roztecné kruznice d 145,646
. , Primér patni kruZnice dr 133,83
G3 X 0,3 ODBROUSENIM Uhel sklonu boéni kFivky zubl 8 _
Ra 1’6 . G3 X 0 3 na zakladnim valci
03 x 0.3 BROUSENO ' . e o t ] -
Ra 0,2 1 LESTENO Ra 0.8 - LESTENO
' Ra 0,2 — /Ra 0,2
Y M@ o - !
= F
| IEm
& |w© | ~~ N
o[t |m NN
S8 SIS <3
@ << = 2 ° i S 2 =
® = s s s s
5 ™
S g — 3x45°
100 \/ E
120 20 154 2x45° 70 2x45° 185
E
’ PR P ’ le"so 2X45°
ROVNOBOKE DRAZKOVANI 10 210 10
10 x 102g7 x 108a11 x 16f9 ,
J CEMENTOVANO h 0,8-1 [mm] A KALENO HRC 58-62
I
PROMITANI  [MERITKO| pReSNOST ISO 2768 - mKk | HMOTNOST % <
6'@' 1:3 TOLEROVANI ISO 8015 15 Kg 2 %
MATERIAL ROZMER - POLOTOVAR .
42 CrMo 4 MQ 42 CrMo 4 VYKOVEK
) KRESLIL 2T & DATUM 23 § 2014 CISLO VYKRESU SESTAVY
FAKULTA STROJNI TECH.REFERENT Be. JRI SUCH DATUM DP-SESTAVA
ZAPADOCESKE CISLO SEZNAMU POLOZEK
UNIVERSITY SCHVALIL DATUM
V PLZNI
NAZEV TYP EZOKUMEN:I'U .
v, ISO 16016 | vYROBNI VYKRES
H R I D E I_ 2 CisLo VYKBESU
Kareora Konstruovani Stroso DP-HRIDEL 2
LISTULIST 1/ 1
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1010

655
&
\;\-
/,J H_\
A ims L,
-
an S — ™
- 2 U— u'll
N ' "
= E SMER ROTACE 3
| T < l ] [ T
6x 924
50 410 305 50
315 H? 335

i

ROVNOBOKE DRAZKOVANI
10 x 102g7 x 108al1 x 16f9

174

i\

1018

670

310

70

380

430

ROVNOBOKE DRAZKOVANI
10 x 130g7 x 140a11 x 16f9

[ =

{

114

100

504

Ly

29

‘ 26
; | hd
E' SMER ROTACE ?]
lii=: || | in; |
’
31 | TEPLOMER SIKMY 2 L
30 | TEPLOMER PRIMY 2 A
29 | MANOMETR 1 1
28 | KOLIK 12x85 IS0 2339 0,1 2
27 | MATICE M30 ISO 24032 0,25 AN
26 | MATICE M20 IS0 24032 0,2 12
25 | SROUB M8x16 ISO 4014-8,8 0,1 16
24 | SROUB M20x100 IS0 4014-10,9 0,3 6
23 | TF 110x110 WAUKESHA BEARINGS 16 2
22 | LOZISKO RADIALNI 26 1
21 | LOZISKO RADIALNE-AXIALNI 215 1
20 | SVORNIK M30x435 17 248 2,k 6
19 | VIKO 2 1373 6,6 1
18 | VIKO 1 11373 13 1
17 | OLEJOVOD 11 343 19 1
16 | KOLO 8 42 CrMo 4| 85 1
15 | HRIDEL 8 CL5 (1) | 65 1
14 | KOLO 7 42 CrMo 4| 140 1
13 | HRIDEL 7 45 (1 | 19 1
12 | KOLO 6 42 CrMo 4| 53 1
11 | HRIDEL 6 (45 (1) | 65 1
10 | KOLO 5 42 CrMo 4| 187 1
9 | HRIDEL 5 45 (1 | 19 1
8 | HRIDEL & 42 CrMo 4| 89 1
? | KOLO 3 42 CrMo 4| 215 1
6 | HRIDEL 3 C45 (1) | 142 1
5 | HRIDEL 2 DP-HRIDEL 2 L2 CrMo 4| 75 1
L | KOLO 1 42 CrMo 4| 239 1
3 | HRIDEL 1 (45 (1) | 166 1
2 | SPODNI DiL SKRINE 11 373 361 1
1 | VRCHNT DiL SKRINE 11 373 323 1
o ooy | warera [esT
=@ | 15 | 1310 Kg [me
3I\'ID|\L/ZE'\FIQIS|TY SCHVALIL DATUM
NAZEV ISO 16016 | SESTAVA -
Kaos Ko S | OES TAVA G E A
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