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1 Uvod

Cilem této diplomové prace je navrhnout ptfevodovku dle zadanych parametrti a
pozadavki, vyplyvajicich z prostiedi, zvyklosti, pfipadn¢ zkuSenosti. Je urCena pro lodni
prumysl. Ma slouzit k pohonu lodniho navijdku lana, navijaku na kotvu nebo na buben k
pokladani kabelli do oceanu. Musi byt tedy hlavné uzplisobena pro trvalé umisténi na lodi v
oceanu.

1.1 Zadavajici firma

Zadavajici firmou je Wikov gear, vyznamna firma zabyvajici se vyrobou riiznych
druhi mechanickych pfevodovek. Firma ma tradici ve strojirenstvi vice nez 125 let a ve
vyrobé ozubenych kol a prevodovek vice nez 80 let. Soucasny sortiment tvoii napiiklad
rychlobézné nebo primyslové pievodovky, pifevodovky pro energetiku, pro tézbu a
zpracovani surovin, nebo pro kolejova vozidla.

{A}WIKOU

1.2 Upresnéni zadani

Ukolem préce je dle zadavatelské firmy konstrukce pievodovky pro lodni navijak lana,
navijak na kotvu nebo na buben k poklddani kabelti do oceanu. Nyni je jiz zkonstruovan typ
‘'medium” a pozadovan je typ ‘big’, zadanych rozméri viz Tab. 1-1, s tim, Ze tyto rozméry
jsou orienta¢ni a neni nutno je dodrZet.

AD | A1 A2 | A3 B C H1 H2 | K1 K2 | D1 L1 D2 L2
Small | 310 | 260 | 340 | 600 | 730 [2130 | 590 | 1130 | 550 | 510 | 100 | 160 |200x5x38| 180
Medium | 340 | 300 | 465 | 750 | 780 | 2615 | 720 | 1380 | 580 | 570 | 100 | 160 |260x5x50| 200
Big 350 | 330 | 540 | 830 | 870 [ 2900 | 810 [ 1540 | 620 | 650 | 100 160 |280x5x54 | 220
Tab. 1-1 Zakladni rozméry pi‘evodovky (varianta Big), jejich znazornéni je na Obr. 1-1 Znazornéni zakladnich
rozméru prevodovky dle Tab. 1-1

Schematické znazornéni typu pfevodovky a n€kterych jejich rozmért je na Obr. 1-1.
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Obr. 1-1 Znazornéni zikladnich rozméru prevodovky dle Tab. 1-1

Konstrukce musi byt provedena podle technologickych moznosti a musi spliiovat
normy EN a CSN. Konstrukce pievodii musi spliiovat limity ISO/AGMA norem a zatéZovaci
podminky musi byt podle DNV norem. Samotna pfevodovka musi podléhat 3.2 piejimce
DNV. To znamena, ze i veSkery material, pouzity na fidici prvky vcetné skiin¢ pfevodovky a
také testovani prevodovky musi podléhat normadm DNV. V opaéném piipad¢ by pfevodovka
nebyla zdkaznikem ptijata. DNV znamend Det Norske Veritas a je to spole¢nost zabyvajici se
poradenstvim, certifikaci, testovanim a fizenim rizik. V podstaté se jednd o vybudovani
davéry mezi dodavatelem a kone¢nym zdkaznikem. Historie spole¢nosti sahd az do roku 1864.

Obecné maximalni dovoleny vykon Py pfevodovky, ktery mize byt pfendSen méné
nez 24 hodin ¢innosti zatizeni, s 5ti pohyby denné a 20ti lety zivotnosti. Dle DNV norem je
pozadovana celkova doba provozu prevodové skiiné 2400 hodin. Plati, ze 20% doby
zivotnosti je pfevodovka zatizena 100% maximalniho zatiZeni, a 80% doby Zivotnosti je
pfevodovka zatiZzena 70% maximalniho zatizeni.
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Vlevo se nachazi htidel pro pfipojeni pohonu elektromotorem (s brzdou). Na pravé
stran¢ obrazku je znazornéna vystupni hiidel, kterou je mozno vyuzivat jak z jedné, tak 1 obou
stran soucasn¢ k piipojeni navijeciho zatizeni. Je ale nutné zajistit pomoci fidiciho systému
hnaciho zafizeni, aby maximalni kroutici moment nebyl nikdy na obou koncich hiidele
zaroven.

Varianta znazornéna na Obr. 1-1 ma moZnost pfipojeni bezpecnostni hydrodynamické
brzdy napt. pro ptipad ndhlého rychlého odvijeni lana. PoZzadavkem pro tuto diplomovou
praci je ale ptrevodovka bez této hydrodynamické brzdy.

A jelikoz je pfevodovka urCena pro pouziti na lodi, je vhodné pouzit odleh¢enou
konstrukci. Hmotnost ptevodovky je pfedpokladana ptiblizn€ 9 tun. Materidly museji zaroven
spliiovat normy pro praci v extrémnich podminkach, tzn. v tomto piipadé je nutné zajistit
materidl vhodny pro préaci az pii -40°C. Konstrukce ptevodovky bude svafovana, pouzité
ozubeni cementovangé, piipadné kalené. DalSim pozadavkem je, Ze skiin pievodovky musi byt
symetrickd, aby bylo mozné ji pouzit jak pro pravy, tak po levy typ pfevodovky.

Type of box Name / Max Input load Static | Max dynamic Max speed
torque out [Nm] load [Nm@rpm] | [kW@rpm]
[kKNm]

Small 275 8 750 6900@800 580@2200

Medium 550 10 000 7520@800 630@2200

Big 850 12 750 9550@800 800@2200

Tab. 1-2 Tabulka poZadovanych parametru (varianta Big)

Zatézovaci podminky maji byt fizeny dle kritérii v Tab. 1-2.
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2 Prevodovky

Ptevodovky obecné jsou mechanismy, které slouzi pro vytvoieni kinematické vazby
mezi hnacim (vstupnim) a hnanym (vystupnim) ¢lenem. Zakladni schéma ptevodovky je na
Obr. 2-1. Kinematick¢ schéma znazornéni jednotlivych moznych ptevodi se zménou
krouticich momentt a otacek je na Obr. 2-2.

Pfevodovka
Motor Vystupni ¢len

-

Obr. 2-1 Zikladni schéma prevodovky

Pl’ ny

Zn\

_ )

Obr. 2-2 Kinematické schéma prevodu [10]
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Vétsinou se jedna o prevod rotacniho pohybu na rotacni, s jinou vstupni a vystupni
uhlovou rychlosti a krouticim momentem. Pfevodovky jsou vyuzivany nejvice u motorovych
vozidel, ale i u riznych strojt.

Pohony
Pro pohon pfevodovek je obecné mozné vyuzivat tyto hnaci elementy:

- Elektromotor
- Hydromotor
- Spalovaci motor
- Turbomotor
- Rucni pohon kliky
V ptipad¢ vyuziti prevodovky pro primyslové ucely se v ptevazné vet§iné pouzivaji
elektromotory.
Casti
- ptevody
- htidele
- loziska
- mazani
- ski¥ii prevodovky
- vicka
- koliky - zajiSténi ptesné polohy ¢asti skiin€ prevodovky vii€i sobé pi1 montazi
- Srouby, spojovaci material - zajiS§tuji pevné spojeni ¢asti prevodové skiiné

2.1 Prevodové mechanismy s vyuzitim tvarovych elementi

2.1.1 Ozubené pievody

Ozubené pievody jsou pievody, které se sklddaji minimalné ze dvou ozubenych kol.
Jedna se o nejcastéji pouzivany typ prevodl, vyuzivanych ve strojirenstvi, a to hlavné pro
Svoji pfesnost a tnosnost.

Ptevodovy pomér i

, w1 ny
lo= —= —
' W, Ny

Obecné oznaceni: 1 ... hnaci hiidel
2 ... hnany htidel

n;  [min™].....vstupni otagky

n,  [min™].....vystupni otacky

®; [min].....vstupni thlova rychlost
@, [min].....vystupni Ghlova rychlost
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Obecné platné vztahy mezi vykonem, krouticim momentem a tthlovou rychlosti

P=M-w

w=2'm'n
P1=M1'(1)1
P2=M2'(1)2

®; [min].....vstupni thlova rychlost
@, [min].....vystupni Ghlova rychlost

M; [Nm]....... vstupni kroutici moment
M, [Nm]....... vystupni kroutici moment
Pl Ml " (1)1 Ml ; 1
P, M; w, M, n
M,=M;-i'n

Kola s ptimymi zuby (osy rovnobézné) viz Obr. 2-3

Kola s Sikmymi zuby (osy rovnobézné¢) viz Obr. 2-4

Kola s dvojité Sikmymi zuby (osy rovnobézné) viz Obr. 2-5

Zabér kola s vnéjSim piimym ozubenim s hfebenem - tzn. s kolem nekone¢ného
poloméru (osy rovnobézné) viz Obr. 2-6

Zabér kola s vnitinim ozubenim s kolem s vn&j$im ozubenim (osy rovnob&zné) viz
Obr. 2-7

KuzZelova kola s pfimymi zuby (osy riaznobézné) viz Obr. 2-8

KuzZelova kola se Sikmymi zuby (osy riiznobézn¢) viz Obr. 2-9

KuzZelova kola se zakiivenymi zuby (osy rtiznobézné) viz Obr. 2-10

Kola se Sroubovymi zuby (osy mimobézné) viz Obr. 2-11

Snekové soukoli (0sy mimobé&zné) viz Obr. 2-12

Planetovy pfevod viz Obr. 2-13

Planetovy pievod je tvofen centrdlnim kolem, satelity, unaSecem satelitii a korunovym
kolem. Centralni kolo, korunové kolo a unaSe¢ satelitii maji spoleCnou osu. Satelity
jsou uloZeny na unaseci a jsou v zabéru s centralnim i korunovym kolem.
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Obr. 2-6 Hieben a pastorek [5] Obr. 2-7 Kolo s vnitinim ozubenim Obr. 2-8 KuZelova kola s pifimymi
s pastorkem [5] zuby [5]

.

TN

Obr. 2-9 KuZelova kola se Sikmymi Obr. 2-10 KuzZelova kola se Obr. 2-11 Kola se Sroubovymi zuby [5]
zuby [5] zakiivenymi zuby [5]

20



Zapadoceska univerzita v Plzni. Fakulta strojni Diplomova prace, akad.rok 2012/13
Katedra konstruovani stroju Bc. Zuzana Baslova

Obr. 2-12 Snekové soukoli [3] Obr. 2-13 Planetovy pievod [7]

Rozdéleni ozubeni - dle profili boki zubu:

o Evolventni - nejcastéjsi typ
e Cykloidni

e Hypoidni

e Kruhovy oblouk

Obecna geometrie zubu evolventniho ozubeni:

Hlavova kruznice: ....... d,=d+2 - hy

Rozte¢na kruznice:...... d=m-z

Patni kruznice ............. dp=d—2 - hyf

Vyska hlavy zubu........ hy, =05 -(d,—d)=h}-m
Vy3ka paty zubu ......... hy =05 -(d—df) =hf-m
Vyska zubu................. h=hg,+hs =05 -(d, — df)
Tloustka zubu s a Sitka mezery e, rozteCp ... s +e =p

Uhel zabéru , patni kruznice
spojnice stredd L
(oeqtmla) . roztecna kruznice
aktivol profil @ hlavova kruznice
v ) v !
'cara zaberu ol
vyska hlavy
%
ARVE QRN
hlava zubu _ £ 3
toustka zubu T — S

v
o

profil zubu 3 ) z

2ub S vyska zubu

rozte¢ &S| mezera
vyska paty / N
pata zubu |
. S 3

Obr. 2-14 Profil ozubeni [7]
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Obr. 2-15 Profil ozubeni [2]

Obr. 2-16 profil ozubeni [12]

Materidly pro vyrobu celnich ozubenych kol:

e ocel
- uhlikova ocel tt. 12
- Slechténé oceli napt. 13 240.7, 15 241.7
Zuby mohou byt dale tepelné zpracované pro zlepSeni jejich vlastnosti,
konkrétné pro dosazeni houzevnatého jadra zubu s vysokou pevnosti a tvrdych bokl
zubti. Pouziva se povrchové kaleni, cementovani, nitridovani.
e Seda litina - pro malo zatizena kola
e nezelezné slitiny - médi (bronz) nebo hliniku (dural)
e plasty

Obecné plati, ze spolu nesmi zabirat kola se stejnou pevnosti, jinak hrozi jejich zadteni.

Pastorky

Pastorek je malé ozubené kolo s malym poctem zubii. Mize byt konstrukéné feSen
jako samostatné malé ozubené kolo, nebo miize s hiideli tvofit jeden kus. Plati, Ze pocet zubii
spoluzabirajiciho kola nesmi byt celym nédsobkem poctu zubl pastorku, aby dochazelo
k rovnomérnému opotiebovani zubi.
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2.1.2 Retézové pievody

e Tfetézové prevody slouzi k pienosu zatizeni pomoci tvarovych prvkia bez skluzu
e pievod tvofeny dvéma fetézovymi koly (hnacim a hnanym) a fetézem viz Obr. 2-17
e pro zvétSeni uhlu opasani je mozno ptidat pridavné fetézové kolo, viz Obr. 2-18

~ A / h
k. ' ) " FEY ‘ \\ \
| Jom y T ' 1
. FyatalY y I ’ |
- - i —e £ | - B - B 1
i | a | \ \
~— / Y /
a : N ‘
- | ) ~ o g
- - i
Obr. 2-17 Retézovy pievod [5] Obr. 2-18 lvletézovy prevod s pridavnym kolem [5]
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Obr. 2-19 Retézy pouzdrové rychlobézné [4]

2.1.3 Prevody s vyuZitim tiFeni

2.1.4 S piimou vazbou

Obvodova sila je zde prendSena tfenim mezi vzajemné pritlaCovanymi koly nebo
kotouci. Jsou mozna rizna jejich usporadani dle Obr. 2-20, Obr. 2-21. Jsou charakteristické
tim, Ze nemaji presny pievodovy pomér, tzn. je umoznéno jejich proklouznuti.

Vlastnosti:

- tlhumeni razi

- tichy chod

- loziska jsou vice namahana vlivem pfitlaénych sil

Pro lepsi vlastnosti je také mozné pouzit kola tvarovana s drazkami, jak je ukdzano na
Obr. 2-22.
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Obr. 2-20 Treci pi‘evody s piimou vazbou [4] Obr. 2-21 Treci pi‘evody s piimou vazbou [4]
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Obr. 2-22 Tvarovana ti‘eci kola [4]

Pouzivané materidly:

e Kola -ocelkalena
- ocel zihana
- Seda litina
- bronz

e ObloZeni - bez obloZeni
- pryz
- lisovana tkanina
- kiize
- dievo
- plasty
- korek
- xylolit
- fibr

2.1.5 S neprimou vazbou - Femenové prevody

Hlavnimi ¢astmi femenového pievodu jsou dvé femenice a tazny ¢len (femen). Tento
pfevod ma velmi tichy chod, ma moznost proklouznuti, dale tlumi kmitani a ma nizké naklady
na provoz. Je ale nutné piredepnuti, prevod ma nizkou tuhost, dale je nutné pocitat s tim, Ze se
femeny vytahnou a pievod neni ptili§ odolny vii¢i vysokym teplotam, neCistotdm a prachu.
Schéma femenového prevodu je na Obr. 2-23. Horni ¢ast femenu by méla byt ochabld a
spodni Cast napjatd. Je mozné pouzit provedeni s prekiizenym femenem, viz Obr. 2-24.
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Obr. 2-23 Schéma pievodu [2]
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Obr. 2-24 Pieki'izené opasani [2]

Remeny mohou byt réiznych profild dle pozadovanych vlastnosti. Dale mohou byt
pouzity také ozubené femeny, jejichz vlastnosti jsou kombinaci vyhod fetézovych prevodl a

prevodi femenovych.

Obr. 2-25 Kruhovy primér [3]

Obr. 2-27 Ozubeny femen [3]
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2.2 Loziska

2.2.1 Valiva loziska

Loziska slouzi k rota¢nimu ulozeni hiideli a k prenosu sil od nich do skfiné
prevodovky.

Vlastnosti :

Vysoka tuhost, vysoka presnost — pfedepnuti, vymezeni viile
Mal¢ oteplovani

Vysoké otacky

Pfesna vyroba

Mensi tlumeni

Citlivost na razy

Rozd¢leni podle tvaru valivych téles:

Kulickova - viz Obr. 2-29
Radialni kulickové loZisko (utésnéné)
1. Vnitini krouzek
2. Klec
3. Tésnéni (vétsina kulickovych lozisek je nema)
4. Kulicky
5. Vnéjsi krouzek

- Valeckova - viz Obr. 2-30

- Soudeckova - viz Obr. 2-31

- Kuzelikova - viz Obr. 2-32

- Jehlickova - viz Obr. 2-33

Obr. 2-29 Kuli¢kové lozisko [7] Obr. 2-30 Valec¢kové loZisko [7]

Obr. 2-32 Kuzelikové lozisko [7] Obr. 2-33 Jehli¢kové lozisko [9]

26



Zapadoceska univerzita v Plzni. Fakulta strojni Diplomova prace, akad.rok 2012/13
Katedra konstruovani stroju Bc. Zuzana Baslova

2.2.2 Kluzna loziska

e Hydrostaticka, aerostaticka

tlak v mazaci olejové vrstvé se vytvoii pomoci externiho zdroje tlaku (nejcastéji
zubovym cerpadlem), tato loziska jsou tedy pIn¢€ zatizitelna 1 pti nulovych otackéach
Vyznacuji se velkou tuhosti uloZeni (to zavisi na reduktoru tlaku)

JelikoZ nedochézi k Zaddnému kontaktu hiidele a pouzdra, nedochazi k opotiebeni

Vlastnosti:

Vysoka tuhost, klidny chod a maly soucinitel tieni
Nékladny provoz

At AP

iia

/ & _LPA ) belastet

Obr. 2-34 Hydrostatlcke lozisko [6]

e Hydrodynamicka

Vlastnosti:

Levné, jsou méné citlivé na vyrobni nepiesnost
Siln¢€ se otepluji, ¢imz se méni viile
Nevhodné pro velky rozsah otacek
Konstrukéni tpravy pro zamezeni pohybu vietene:
Ovalna panev
Segmentové lozisko
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Oleintritt

Druckverlauf
Obr. 2-35 Hydrodynamické loZisko [6] Obr. 2-36 Hydrodynamické loZisko s ovalnou panvi [2]

2.3 Mazani

Pro provoz ptevodovky je nutné mazani z divodu zajisténi pienosu sily v tiecim uzlu,
minimalizovani ztraty mechanické energie, minimalizace opotiebeni, k odvodu tepla, ochrany
proti korozi. Mazivo také chrani proti vnikani necistot, nebo tlumi kmity. Mazani je mozné
provadét nasledujicimi zplisoby:

- plastickym mazivem

Tento zpiisob se pouziva do rychlosti do 20 ms™ napf. u frézovacich hlav.

- brodénim (neboli rozsttikovaci mazani)

Mazani brodénim spociva v tom, Ze ozubena kola jsou ¢astecné ponofena do mazaci
kapaliny, ktera se pfi jejich rotaci dostdva do jednotlivych zdbért. Viz Obr. 2-37 Mazani
rozstfikovacim zptisobem. Nesmi byt ale ponofena piili§ velka Cast kol, v opaéném piipadé
dochazi k nartstu ztratového vykonu. Jde o nejcastéjsi zplisob mazéani a zaroveii 1 chlazeni.

Pouziva se pro rychlosti do 20 ms™.

- obéhovym mazinim

Pti obéhovém mazani je olej vhanén Cerpadlem do trysek, ze kterych je vsttikovan do
zabéru. Dale je ze spodni Casti pres filtr odvadén zpét do nddrze. Je mozno vybavit obvod
chladni¢kou a pouzivat mazaci médium zérovenn jako chlazeni. Tento zplisob mazani je

Vs

vhodny pro vyssi obvodove rychlosti. Je ukazan na Obr. 2-38, Obr. 2-40.
- olejovou mlhou

Do trysek je vhanéna smés oleje se vzduchem, tato smés je dale vstfikovana do zabéru
jako olejova mlha. Tenhle zplisob je vhodny pro velmi vysoké rychlosti.
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N

Obr. 2-37 Mazani rozstfikovacim zptisobem [3] Obr. 2-38 Mazani obéhovym zpiisobem [3]

P

Filter

Option 1

Quick-connect ‘

Obr. 2-39 Zpiisob mazani brodénim [13]

/ Lk

BEKAW/ND, ., 1.t

SPRAY LUBRICATION
Obr. 2-40 Vstrikovani oleje do zabéru [14]
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2.4 Hridelové zubové spojky

Jedna se o spojky s posuvnym spoluzabirajicim ozubenim.

Spojka miize byt fizena:
- Mechanicky
- Elektromagneticky
- Hydraulicky
- Pneumaticky

Vypinani a zapindni miZe probihat jak za klidu, tak 1 za chodu, pokud nejsou velké
rozdily obvodovych rychlosti spojovanych a rozpojovanych ¢asti. Pro snazsi fazeni za chodu
slouzi nab&hové hrany zubtl. Pro vyrovnani rychlosti je mozno pouzit i synchroniza¢ni spojku
s ptidavnou tteci spojkou.

2.4.1 Vysuvné valcové zubové spojky

Provedeni téchto spojek je na zakladé posuvného spoluzabirajiciho vnéj$iho a
vnitiniho ozubeni na vélcovych plochdch. Obvykle se u tohoto druhu spojek pouzivaji
evolventni zuby s jiZ zminénymi stiechovitymi ndbehy na Celech zubt pro snazsi fazeni.

zasunuti do zabéru

SN
N
N

-l . e —

< o

AN

Obr. 2-41 Vysuvna valcova zubova spojka [1]
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~rwv A4

2.5 Skrin prevodovky
e Rozd¢leni dle technologie vyroby

- odlitek
- svarenec

Zde obecné plati, Ze technologie vyroby byva zvolena podle predpokladaného
mnozstvi kust k vyrobé. Pro kusovou vyrobu je z divodu ndkladi na vyrobu vhodné volit
svafence, naopak pro velkosériovou vyrobu odlitky.

Skiin prevodovky musi mit takovou konstrukei, aby umoziiovala montédz, demontaz a
piipadné opravy ¢asti uvniti pfevodovky. Byva délend délici rovinou, méa zhotoveny montazni
otvory pro spojovaci prvky, a musi umoziiovat manipulaci s pfevodovkou zhotovenymi
manipulaénimi oky, pfipadné otvory pro nasroubovani samostatnych manipulaénich ok. Dale
prevodovka musi umoziovat kontrolu stavu maziva, to byva feSeno vhodn¢ umisténym
olejoznakem, ptipadné mérkou oleje.

Volba samotné pievodovky pro urcitou aplikaci obvykle probihd dle nasledujicich
pozadovanych parametri:

- vstupni vykon (ptikon), resp. kroutici moment
- otacky, resp. posuvova rychlost na vystupu

- celkovy prevod

- rozmérové (v¢€. ptipeviovacich rozméra na zdklad a poloh vstupnich a vystupnich ¢lenit)
- provozni

- celkova Gcinnost

- Zivotnost

- pfipeviovaci rozméry na zaklad

- poloha vstupniho a vystupniho ¢lenu

- provozni teplota

- pocet zapnuti (rozb&htl) za hodinu

Déle pfevodovky obsahuji ostatni potiebné komponenty ke svému provozu, jako jsou
pojistné krouzky, tésnéni, aby nedochéazelo k tniku maziva, vi¢ka, ustavovaci a spojovaci
prvky.
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3 Lodé, pokladajici kabely, lodni navijaky

Tato kapitola obsahuje ukéazky aplikaci lodnich navijakd, piipadné piimo lodi,
pokladajicich kabely na dno oceanu. Jedna se pifedevsim o optické kabely, potrubi. V dnesni
dob¢ dochazi vlivem zvySujici se potieby a dllezitosti téchto podvodnich kabell k rozsifovani
zafizeni k jejich pokladani na motské dno. Jelikoz ale v tuzemsku nemaji tyto aplikace
uplatnéni, bylo zde cerpadno vyhradné¢ ze zahrani¢nich pramenti. Vzhledem k rozsahu
obrazovych materialii je vétSina z nich obsazena v ptilohach.

Lodé¢, pokladajici kabely, v anglictiné oznaCovany jako"cable laying ships", "cable
layers", nebo "cable ships" jsou lod¢€, vytvofené specialné pro pokladdani tras kabell pod
vodou. V dob¢, kdy v pribéhu roku nemohou byt tyto prace provadény, jsou tyto lodé
pouzivany jako vyzkumné lod¢ ke sledovani riznych déji na motich a ocednech. Tyto lodé
jsou vybaveny moderni technikou, ktera umoziuje velmi pfesnou praci. Je umoznéno
dynamické polohovani a dynamické sledovani. Tato technika tak umoziuje ur€it ptresnou
polohu lodi v oceanu.

Kwvili povaze samotné prace jsou trupy téchto lodi oproti jinym mohutné. VétSina z
nich ma nosnost vétsi nez 11 000 tun a je schopna pokladat ne jen jednu, ale tieba 3 az 4 trasy
kabelii najednou. Obsahuji mnohé nastroje pro zjiStovani piipadnych poSkozeni kabeld,
zatizeni k jejich opravé, kterd vyuZzivaji pneumaticky nebo hydraulicky princip. Lod€, uréené
pro pokladani kabeli do velkych hloubek, jsou vét§ich rozmérti a naopak.

Podvodni kabely maji oproti kabelim na pevniné tu vyhodu, Ze v podstaté nemaji vétsi

piekazky a mohou tak byt celistvé po vetsi délce, nelze je tak snadno poskodit napf.
ptirodnimi katastrofami a riiznymi klimatickymi podminkami.

I tak ale k urcitym jejich poSkozenim dochdzi, nejcastéji vlivem rybolovu, nebo se
jedna o fezna poskozeni od kotev lodi.

Dalsi souvisejici obrazky jsou zatazeny v Ptiloze 1.

Obr. 3-1 Lod’ k pokladani kabelu [15]
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4 Dalsi vyznamni vyrobci prevodovek

Kromé firmy Wikov gear se na vyrobu pievodovek specializuji 1 nékteré dalsi firmy, a
to véetné prevodovek vetSich rozméri.

4.1 ZF Engineering

ZF Engineering se zabyva piedevsim feSenim pievodovek pro automobilovy primysl.
Jako ptiklad feSeni pfevodovky je zde uveden typ BW 106, ktery je urCen pro lod’aisky
prumysl.

Obr. 4-1 Re¥eni prevodovky ZF typ BW 106 [34]
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Obr. 4-2 Schéma reSeni pievodovky ZF typ BW 106 [34]
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4.2 Vitkovice MKYV s.r.o.

Bc. Zuzana Baslova

Jako samostatna firma se od roku 2006 zabyva vyrobou pfevodovek a ozubenych kol

pro naro¢né aplikace. Jejimu vzniku predchazela zkusenost ze Skodovych zavodi v Holdingu
VITKOVICE Heavy Machinery. Je to vyznamna firma, provadé¢jici prevazné zakazkovou
vyrobu dle pozadovanych parametrd.

Zde je prikladem ttistupiiova prevodovka C3H-xxx.

L1
3
£ a
ES
L1
1 i 1
J
F E
F1

F2

A

Al

Obr. 4-3 Znazornéni rozméri pirevodovky C3H-xxx [21]
Konce hiideli
Velikost . .. [Hmot-|Olejova
y s7né Hlavni rozméry [ mm Chladi¢ .

a Rychlobézné Pomalu- ‘ y [mm] ‘ nost | napli

j<=71 | i>71 | bezmé
[mm] |DI|L1|D1|L1|D2|L2| A |Al |E|F|F1|F2|7|H|H2|Gl|G2|M|N|O|P|R|G3|D3|[ke]| [1]
352 25160 | 20 | 50| 70 |140] 600 | 665 | 50 (210 - 500 (120|180| 430 | 140 150|210(260|18| 30 | 70 - - 170 10
395 30 | 80 | 25 | 60 | 80 170 670 | 740 | 50 {240| - | 570 |140|200| 470 |155|165|230|280(18| 35|80} - - 220 16
440 35 | 80 [ 30 | 80 | 90 |170] 750 | 830 | 65 (250 - | 620 |150)|225| 520 |170|180|250|310(23| 40 |85]) - - 320 20
497 45 |110| 35 | 80 | 100 (210 840 | 930 | 70 |290| - | 700 [170(250| 570 | 185(195(270(|330(|23| 45|90 | - - | 430 25
555 50 |110( 40 (110|110 (210 930 |1030| 75 {310 - | 780 |180|280 | 620 |205|215|310|380(27| 50 |100)310 (300 560 35
620 55 |110| 45 (110|120|210|1040|1150| 80 |350| - | 880 [200|315| 690 | 230|240 |340|410(27| 55 [110}350 (350 770 50
700 60 [140| 50 [110|140 25011601285 85 [400| 650 | 990 |220|355| 780 |260|270|380|460(33| 60 |125)380 [400| 1060 75
785 70 [140| 55 (110|160 |300)1280|1415| 85 |450| 730 |1110(250|400| 860 |280(290|410({490|33| 65 |135]420(500] 1370 100
880 75 [140| 60 [140|170|300)1420|1570( 90 |510| 830 |1240(280| 45 | 960 300|310 |460(540|33| 70 |145]440 (590] 1940 140
990 85 |170| 70 [140| 190 [350]1600|1770|100|570| 930 | 1400 (320|500 | 1060|340 350 |510|610|39| 80 {160 480|590 | 2600 200
1105 95 [170| 80 |170(220|350]1800(1990|120({640|1040 (1560|350 |560 (1180|380 390 (560|660(39| 90 |170§520|650| 3680 270
1240 105({210| 90 [170(250|410]1980(2190|125{710|1160(1730(390|630(1320(410(420(640|770(45|100|180§550|650| 4960 370
1395 115(210| 95 |170| 3004702260 [2500(135|800|1310{1990|450|710|1480 (450|460 [690(820(45(110|190§590|650| 6980 480
1565 1251250110 | 210 | 340 | 550]2550(2820|160|900| 1480|2230 (500|800 | 1660|480 | 490 [770|920|45[120 (210} - - | 9600 700

Tab. 4-1 Rozméry prevodovek C3H-xxx [21]
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5 Softwary pro reSeni prevodovek

5.1 Autodesk Inventor

Autodesk Inventor od verze 2011 obsahuje mimo jiného modul pro navrh soukoli. Po
zadani pozadovanych parametrii je mozné jednoduse v tomto modulu vytvotit hiidele s
ozubenymi koly, dopocitat ostatni parametry, zadat na piislusnd mista zatézné sily a dale
provést analyzu k ziskani vysledného napéti a deformaci. Vysledky se zobrazuji také graficky.
Mimo to jsou vystupem i1 modely téchto pievodd, k nim je didle mozno pomoci knihovny
komponentl vlozit napt. ptisluSna loziska, ptipadné vlastni modely ostatnich ¢ésti sestavy.
Tento zptisob je vhodny pro jednoduché a orientacni vypocty.

5.2 Prev

Program Prev slouzi k vypoctu reakci a deformaci v loZiscich po zadani ptislusnych
zatéznych sil. Byl hojné pouzivan hlavné v minulosti k pfesnym vypoctim. Pro nynéjsi
pouziti je jiz, ptes presnost jeho vypoctl, jeho prostiedi zastaralé a jeho obsluha v porovnani s
ostatnimi moznostmi slozitd bez moznosti napt. jednoduse opravit chybné zadané jednotlivé
hodnoty.

5.3 MitCalc

Program MitCalc obsahuje sadu technickych strojirenskych vypocti, napiiklad
vypocty lozisek nebo ozubenych kol. Pracuje v prostfedi Excelu, jeho ovladdani je pomérné
jednoduché, uzivatele provede vypoctem krok po kroku. Je zde také mozZnost vykresleni
vysledného feSeni.

5.4 Kisssoft

Program Kisssoft je vypoctovy a navrhovy program s Sirokym polem vyuziti. Praveé
tento program je vyuzivan k feSeni pfevodovek ve firmé Wikov. Je stale udrZzovan v souladu s
platnymi normami (DIN, ISO, AGMA). Je ur€en napi. pro dimenzovani riznych strojnich
soucasti, ur€eni jejich Unosnosti. Program je uZivatelsky pfijemny s relativné intuitivhim
ovladanim. Nadstavbou je program Kisssys, ktery je schopen fesit dany problém komplexné,
jeho ovladani je ale pomérné slozité. Pro dany technicky problém je schopen nabidnout vice
variant feSeni, z nichZ je moZno vybrat nejlepsi. Re$ené komponenty je témito softwary
mozné rovnou generovat a ulozit ve formatu step, takze je mozné je dale pouzit v sestavach
spolu s namodelovanymi komponenty.
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6 Navrh organové struktury TS

6.1 Specifikace pozadavku na TS

Bc. Zuzana Baslova

6.1.1 PoZadavky na vnéjsi vlastnosti TS vztaZené k transformacnim procesim vSech

etap Zivotniho cyklu TS

Pozadavky na vnéjsi/reflektivni vlastnosti a chovani TS

vztaZené k transformaé¢nim procestm vSech etap Zivotnosti | PoZadovana hodnota V(;i_ l;a
cyklu TS
Pozadavky na hlavni provozni funkce
Technicky systém:
e  Umoznit pohon navijaku poZzadovanych parametr
- Pocet stupnia 3 3
- Pocet taditelnych pievodi 2 4
- Maximalni vystupni kroutici moment 850 kNm 3
- lgilzéclirieﬁm zatizeni pfi nominalnich vstupnich 9550 Nm/800 min”" 3
- Mezni vstupni statické zatiZzeni 12750 Nm 5
- Z{[}:Iélgl(zzcifevodovky pi1t maximalnich vstupnich 200 kKW/220 min” 4
- 20% celkové zZivotnosti pi1 100% zatizent: 9550 Nm/1920 h 4
- 80% celkové Zivotnosti pii 70% zatizeni: 6685 Nm/480 h 2
- Rozméry (typ Big) viz Obr. 1-1, Tab. 1-1 3
- Skiin leva X prava strana symetricka 5
- Pfevodovy pomér HS1 19,81 3
- Pfevodovy pomér LS2 65 3
- Primér konce vystupni hiidele max. 100 mm 4
- Zakonceni vstupni hiidele dle DIN5480 W300x5x58 mm 4
- Hmotnost pfevodovky max. 9t 2
Pozadavky na ostatni provozni funkce
e Prostiedi:
- Souhrnna charakteristika mokré, slana voda 5
o Cetnost pouziti:
- Souhrnné charakteristika vysoka 3
e Zivotnost:
- Souhrnné charakteristika 2400 h 4
e Rozvod oleje:
- Souhrnné charakteristika bez pouziti Cerpadla 4
o Udrzba, kontrola, dopInéni a vyména oleje:
- Souhrnnd charakteristika jednoducha 4
e Naklady na praci, provoz:
- Souhrnné charakteristika nizké 3
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Bc. Zuzana Baslova

PoZadavky na piredvyrobni procesy a vyrobu
e Vhodnost pro konstruovani, Tg. a Org. pfipr.
Vyroby:
- Souhrnné charakteristika vysoka 2
- Tloustka pouzitych plechii max. 150 mm
e Narocnost na vyrobu a montaz:
- Souhrnné charakteristika nizka 4
e Typ vyroby:
- Souhrnnd charakteristika kusova 4
PoZadavky k vlastnostem pro distribuci a montaz
e Naroc¢nost na skladovaci prostor
- Souhrnnd charakteristika nizka 1
e Montaz
- Souhrnna charakteristika jednoducha 2
e Manipulace
- Souhrnnd charakteristika mechanizovana 3
PoZadavky na vlastnosti k renovaci
e Stupen unifikace
- Souhrnnd charakteristika maximalni 2
e Pouzité¢ komponenty
- Souhrnnd charakteristika normalizované 2
Pozadavky k vlastnostem pro likvidaci
e Demontovatelnost
- Souhrnné charakteristika jednoducha 3
e Recyklovatelnost
- Souhrnné charakteristika vysoké 4
e Likvidace
- Souhrnnd charakteristika ekologicka 4

Tab. 6-1 Pozadavky na vnéjsi vlastnosti TS vztaZené k transform. procesim vSech etap Ziv. cyklu TS
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6.1.2 Pozadavky na vnéjsi vlastnosti TS vztaZené k operatorim transformacnich
procest vSech etap Zivotniho cyklu TS

Pozadavky na vnéjsi/reflektivni vlastnosti a chovani TS .
vztaZené k operatorim transformacnich procesu vsech PoZadovana hodnota Voa_l;a
etap Zivotnosti cyklu TS
PoZadavky na vécny manaZersky systém predvyrobnich, vyrobnich a servisnich procesu
e Konkurenceschopnost k ostatnim produktiim na trhu
- Souhrnné charakteristika vysoka 3
e Mozné budouci inovace
- Souhrnnd charakteristika vysoka 1
PoZadavky k ¢lovéku a ostatnim Zivym bytostem
e Bezpecnost ve vSech Zivotnich etapach, ergonomie:
- Zajisténi proti nezddoucimu pohybu vysokeé 5
- Ptistupnost vysoka
- Bezpecnost pifi manipulaci vysoka 5
PoZadavky k aktivnimu materialovému a energetickému okoli
e Ekologicka nezavadnost
- Ekologické nezavadnost pouz. materialt (v¢. o
maziv) maximalni 4
- Zabréanéni uniku maziv maximalni 4
PoZadavky k aktivnimu informaé¢nimu okoli
e Patentova a licen¢ni prava
- Souhrnné charakteristika dodrZzeny 3
e Ostatni normy
- EN, CSN, ISO/AGMA, zaté>. podm. dle DNV dodrzeny 2
PoZadavky k technickym prostiredkiim (ostatnim TS)
e Naroc¢nost na technické prostfedky v Zivotnich
etapach
- Souhrnné charakteristika nizka 2

Tab. 6-2 Pozadavky na vnéjsi vlastnosti TS vztaZené k operatorim transform. procesi vSech etap ziv. cyklu TS
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6.1.3 Pozadavky na vnitini/reaktivni vlastnosti TS

Pozadavky na vnitini/reaktivni vlastnosti a chovani TS Pozadovana hodnota Vaha

Pozadavky na obecné konstrukéni vlastnosti a chovani TS

e Odolnost TS proti poSkozeni

- odolnost vii¢i korozi vysoka 4
- odolnost vii¢i slanému prostiredi vysoka 4
- odolnost vi¢i razim vysoka 3
- odolnost vii¢i ztizenym povétrnostnim podminkam | vysoka 3
- odolnost vii¢i nizkym teplotdm -40°C 5

Tab. 6-3 Pozadavky na vnitini/reaktivni vlastnosti TS

6.1.4 Pozadavky na strukturni/deskriptivni vlastnosti TS

Pozadavky na strukturni/deskriptivni vlastnosti TS Pozadovana hodnota Vaha

Pozadavky na konstrukéni vlastnosti

e Funkéni princip

- Pohon elektromotor 3
- Razeni faditelné pfi cca 10 ot/s
- Ovladani brzdy hydraulicky 3

Tab. 6-4 PoZadavky na strukturni/deskriptivni vlastnosti TS
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6.2 Pozadované cile

Bc. Zuzana Baslova

pocet stupnti 3
pocet faditelnych pirevodia 2

zpusob fazeni

za chodu, pficca 10 ot/min

maximalni vystupni kroutici moment

850 kNm

maximalni zatizeni pfi nominalnich vstupnich otackach 9550 Nm/800 min”
mezni vstupni statické zatizeni 12750 Nm
vykon pievodovky pfi maximdlnich vstupnich otackach 800 kW/220 min™
zivotnost - celkova 2400 h

- 20% celkové zivotnosti pi1 100% zatizent: 9550 Nm/1920 h

- 80% celkové Zivotnosti pii 70% zatizeni: 6685 Nm/480 h

rozméry (typ Big) viz Obr. 1-1, Tab. 1-1
skiin prava X leva strana symetricka
ptevodovy pomér HS1 19,81

pirevodovy pomér LS2 65

prumér konce vystupni hiidele 100 mm

zakonceni vstupni hiidele dle DIN5480

W300x5x58 mm

hmotnost pfevodovky max. 9t
odolnost vici slané vodé ano
odolnost vici teplotdm - 40°C

tloustka pouzitych plechi

max. 150 mm

rozvod maziva

bez pouziti Cerpadla

Tab. 6-5 Tabulka poZadovanych cilit
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6.3 Morfologicka matice

Bc. Zuzana Baslova

PoZadované funkce

Funk¢éni principy

Pievod Piimé &elni zuby Sikmé Gelni Snekovy pievod
UMOZNIT ozubeni yp
Zachyceni axialnich a radialnich sil | goydegkgva loziska | Radialné axialni Viletkov
ZAJISTIT kuliekova loziska v
Té&snost lozisek Gufera 4 v-kfouzky Labyrintova
ZAJISTIT ' densn
1
Razeni Netaditelna Rad!telné -2 Raditelna - 3
ZAJISTIT prevody prevody
Ul\I/}aOZZenNIIT PosuvnafSpojka Posuvtlli ;)azubené
Kontrolu stavu oleje ; “
L Olejoznak Cidla Zasouvaci mérka

UMOZNIT

Spojeni pfevodovky a navijaku

Dréazkovana hifdel

Drazka a pero

Rozpérné krouzky

ZAJISTIT
Technologie vyroby skiing¢ Svafenec Odlitek
ZAJISTIT
Pocet dila skiiné <
1 2J 3

ZAJISTIT

Tésnost v délici roviné

Anaerobfii tmel

Pryzové tésnéni

Kovové té€snéni

ZAJISTIT
Spojeni dila skiiné Sroub + matice Sroqb +7Zavit ve
ZAJISTIT skiintprevodovky

Pienos krouticiho momentu

z ozubenych kol na htidele Nalisgvz’mi Spojeni pomoci per
ZAJISTIT ozubenych kel
Prvky pro manipulaci Tve}rQVy prve k o P Nasroubovana
ZAJISTIT odlity se skfini Vywvttang diry oka
Korozivzdornost a odolnost vici Korozivzderfiy Pozinkévani N ’
slanému prostiedi nafer J erezovy

ZAJISTIT

material skiiné
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Odolnost teplotam do -40°C
ZAJISTIT

Pouziti materiala
(KCU/KCV) a
oleji do/nizkych
teplot

Nizkou hmotnost
ZAJISTIT

Odlehc¢ena ocelova
konstrukee skiin€ 1
kol

Odlehcena ocelova
konstrukee skfing i
kol, odvrtané

Pouziti slitin o
nizké hustoté

hiidele

Spojeni pfevodovky a pohonu
ZAJISTIT

Drazkovana hiidel ]
Prazka™a pero

Odstranéni kovovych ¢astecek
uvnitf skiiné

Magneticka tyc
ZAJISTIT

Tab. 6-6 Morfologick4d matice s navrZzenymi organy ke stanovenym funkcim TS

6.4 Varianty reSeni

6.4.1 Varianta A

Ve varianté¢ A je prenos kroutictho momentu feSen pomoci Celnich kol se Sikmym
ozubenim. K zachyceni radidlnich 1 axialnich sil slouzi soudeckova loziska, vzdy pro
uchyceni konct dané hiidele dvé stejna loZiska. Tésnost loZisek proti vytékdni maziva do
okoli nebo naopak proti vnikdni vody do vnittku pfevodovky je u hfideli, pfesahujicich
z ptevodovky, zajiSténa gufery, ochranu proti prachu zajist'uji v-krouzky. V piipadé€, Zze by se
jednalo o prevodovku ur¢enou vyhradné pro provoz na ropné plosing, tzn. nehrozilo by zadné
naklapéni pfevodovky, je mozno zde pouzit labyrintové tésnéni.

Jedna se o pievodovku se dvéma faditelnymi stupni. Razeni je feSeno pomoci
posuvné spojky, ovladané hydraulickym valcem. Hladinu oleje 1ze kontrolovat na olejoznaku.
Spojeni vystupni hiidele s navijadkem je feSeno pomoci drazkovani a spojeni vstupni hiidele
s pohonem pfevodovky pomoci drazky a pera, jak bylo pozadavkem.

% 7w

Skiin prevodovky je sloZena ze dvou kusi, horni a spodni ¢asti. U obou téchto ¢asti se
jedna o svafence. Tésnéni mezi nimi je zajiSténo anaerobnim tmelem, ktery je mezi né
aplikovan. Spojeni dili skiin€ je zajiSténo jak pomoci Sroubii pfimo do spodniho dilu
pirevodovky v misté tfment pro loZiska, tak 1 Srouby s maticemi v ostatnich mistech. Spojeni
ozubenych kol s hiidelemi bude feSeno nalisovanim. Pro manipulaci s pfevodovkou budou

rowr

slouzit diry ve spodni i horni ¢4sti skiiné.

Korozivzdornost a odolnost slané vod¢ bude zajisténa korozivzdornym natérem.
Pouzitelnost ve velmi nizkych teplotich aZz v -40°C bude zajiSténa pouzitim materiald
vhodnych pro tyto teploty. Nizka hmotnost v ramci moznosti bude dosazena odleh¢enim
skiin€¢ a velkych ozubenych kol pfevodovky. Odstranéni ptipadnych kovovych cCastecek
vzniklych postupnym opotiebovanim ozubenych kol je feSeno umisténim magnetické tyce ve
spodnim dile skiin€ pfevodovky.
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Obr. 6-1 Kinematické schéma prevodovky — varianta A

6.4.2 Varianta B

Ve varianté¢ B je pfenos krouticiho momentu feSen pomoci Eelnich kol se Sikmym
ozubenim. K uchyceni htideli slouzi radidlné axialni kulickova loziska, vzdy pro kazdou
htidel dve¢ stejnd. Tésnost lozisek proti vytékani maziva do okoli nebo naopak proti vnikani
vody do wvnittku pfevodovky je u htideli, ptfesahujicich z ptfevodovky, zajiSténa gufery,
ochranu proti prachu zajist'uji v-krouzky.

Jedna se o pievodovku se dvéma faditelnymi stupni. Razeni je feSeno pomoci
posuvnych faditelnych ozubenych kol. Hladina oleje je kontrolovdna pomoci ¢idel. Spojeni
vystupni hiidele snavijdkem je feSeno pomoci drazkovani a spojeni vstupni hiidele
s pohonem pfevodovky pomoci drazky a pera, jak bylo pozadavkem.

A%

Skiin prevodovky je sloZena ze dvou kusi, horni a spodni ¢asti. Tésnéni mezi nimi je
zajisténo anaerobnim tmelem, ktery je mezi né aplikovan. Spojeni dila skiin€ je zajiSténo
pomoci Sroubll pfimo do spodniho dilu pievodovky. Spojeni ozubenych kol s hiidelemi bude
feSeno pomoci spojeni pery. Pro manipulaci s pfevodovkou budou slouzit diry ve spodni i
horni ¢asti skiing.

Korozivzdornost a odolnost slané vodé bude zajiSténa pozinkovanim. Pouzitelnost ve
velmi nizkych teplotdch az v -40°C bude zajiSténa pouzitim materidlit vhodnych pro tyto
teploty. Nizka hmotnost vrdmci moznosti bude dosazena odlehéenim skiin€, velkych
ozubenych kol pfevodovky a odvrtanim hiidelt. Odstranéni ptipadnych kovovych castecek
vzniklych postupnym opotiebovanim ozubenych kol je feSeno umisténim magnetické tyce ve
spodnim dile skiin€ pfevodovky.
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Obr. 6-2 Kinematické schéma pievodovky — varianta B

6.5 Hodnoceni variant TS

Vybréna byla varianta A, protoze se jevi vhodnéjsi pro dané naro¢né podminky urceni
pirevodovky. Skiin bude navrzena jako svafenec, protoze potom je mozné dosdhnout nizsi
hmotnosti, coZ je vhodné vzhledem k moZnému urceni pfevodovky na lod. K uchyceni
htidelt byla zvolena soudeckova loziska kvili jejich dostatecné velké tinosnosti vzhledem
k velkym pfendsenym sildm. Také vybrany zptisob pomoci posuvné spojky je zde vhodné&;jsi,
jelikoz neni tak rozméroveé naro¢ny jako by byla varianta s posuvnymi koly.

Dale je ve vybrané varianté A zahrnuty zpiisob kontroly hladiny oleje pomoci
olejoznaku, coz je klasicky zpiisob bez vétsi energetické naro¢nosti a vhodny do danych
extrémnich podminek. Taktéz pro spojeni hiideli s ozubenymi koly je diky své spolehlivosti
vhodnéj$i zpisob nalisovani nez spojeni pomoci per a drazek. Také nalakovani povrchu
komponentli, které budou umistény vné ptevodovky je pro tento piipad vhodn&j$i nez
pozinkovani jejich povrchu, opét kvili extrémnim podminkdm, pro které je ptrevodovka
urcena, predevsim k predpokladané velké vlhkosti a slané vode.
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7 Konstrukéni navrh

7.1 Hruba stavebni struktura

Kinematické schéma pievodovky:

Bc. Zuzana Baslova
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7.2 Konstrukéni reSeni

7.2.1 ReSeni ozubenych kol a h¥ideli

Ozubené | Zatézny | Doba Vykon Vykon Otacky Kroutici moment
kolo ¢. stav zivotnosti | P [%] P [kW] n [1/min] Mk [Nm]
[70]
Zatazeni 1. ptfevodového stupné 1;
. 1 20 100 800 800,0 9549,3
2 80 70 560 800,0 6 684,5
5 1 20 100 800 784,6 9736,5
2 80 70 560 784,6 6 815,6
1 20 100 800 784.,6 9736,5
3 2 80 70 560 484.,6 6 815,6
1 20 100 800 177,2 43 111,9
6 2 80 70 560 177,2 30178,3
1 20 100 800 177,2 43 111,9
/ 2 80 70 560 177,2 30178.3
1 20 100 800 39,9 191 464,6
8 2 80 70 560 39,9 134 025,2
Zatazeni 2. ptevodového stupné 1,
1 20 100 800 800,0 9549,3
3 2 80 70 560 800,0 6 684,5
1 20 100 800 250,7 30 466,8
4 2 80 70 560 250,7 21 326,8
1 20 100 800 250,7 30 466,8
> 2 80 70 560 250,7 21 326,8
1 20 100 800 56,6 134 938,3
6 2 80 70 560 56,6 94 456,8
; 1 20 100 800 56,6 134 938,3
2 80 70 560 56,6 94 456,8
1 20 100 800 12,7 599 664,3
8 2 80 70 560 12,7 419 765,0

Tab. 7-1 Parametry na ozubenych kolech pii zai‘azeni 1. nebo 2. prevodového stupné

V Tab. 7-1 jsou shrnuty hodnoty parametrii na vSech hiidelich. Jak jiz bylo zminéno
v kapitole 1.2, plati, Ze 20% doby zivotnosti je pievodovka zatizena 100% maximalniho
zatizeni (zatézny stav 1), a 80% doby Zivotnosti je pfevodovka zatizena 70% maximalniho
zatizeni (zatézny stav 2).

Je nutno upozornit, Ze dle zvyklosti v zadavatelské firmé zde nejsou zahrnuty
uc¢innosti. Jednak by byly ztraty u vykoni takto vysokych hodnot pii daném typu ozubenych
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kol zanedbateln¢, a jednak je zde jiz dané zéatézné spektrum, viz Tab. 1-2, nebo dale
v diplomové préci viz Tab. 7-7.

Vsechna ozubend kola jsou vyrobena z materialu 18 CrNiMo 7-6, a jsou cementovana
a kalena, jak je vidét 1 spolu s dal§imi parametry v Tab. 7-2, Tab. 7-3. Koeficient bezpe€nosti
v dotyku mé dovolenou minimalni hodnotu 1,2. Koeficient bezpe€nosti v ohybu minimalné
1,4. Z Tab. 7-3 je tedy patrné, ze ozubena kola dle vypoctu vyhovéla. Vystupni hiidel a spojka
1 s jejimi dvéma protikusy jsou vyrobeny z materialu 42CrMo4 a jsou Slechtény.

Oomen ot Poiet | Nl e T
B 1 51 6 18CrNiMo7-6 cementovano, kaleno | 11
2 52 6 18CrNiMo7-6 cementovano, kaleno | 11
1A 3 21 7 18CrNiMo7-6 cementovano, kaleno | 12
4 67 7 18CrNiMo7-6 cementovano, kaleno | 12
5 5 21 10 18CrNiMo7-6 cementovano, kaleno | 13
6 93 10 18CrNiMo7-6 cementovano, kaleno | 13
3 7 18 16 18CrNiMo7-6 cementovano, kaleno | 12
8 80 16 18CrNiMo7-6 cementovano, kaleno | 12
Tab. 7-2 Parametry jednotlivych ozubenych kol
“ “ . & o , Koeficien Koeficien
Ommatent | ¢, | Orostent | Sikaombeni | peppetnoniy | bespecnostiv
dotyku ohybu
B 1 311,727 80 1,85 2,53
2 317,840 80 1,86 2,53
(A 3 150,284 130 1,36 2,25
4 479,478 130 1,46 2,16
5 215,524 170 1,47 1,93
2 6 954,463 170 1,60 2,11
7 294,434 250 1,25 1,46
3 8 1308,596 250 1,42 1,85

Tab. 7-3 Parametry jednotlivych ozubenych kol

Ozubena kola jsou zde spojena s hiidelemi nalisovadnim. A to diky spolehlivosti tohoto
spojeni bez nutnosti dalSiho jeho mechanického zajiSténi. Je nutné zkontrolovat unosnost
tohoto spojeni vzhledem k pouzitym krouticim momentiim na kolech. Pastorky (ozubena kola
oznacena zde v tabulkach jako ¢islo 3, 5 a 7) jsou vyfrézovany piimo na hiideli.

Htidele jsou z pIného materidlu. Byla zde zvazovana moznost odvrtanych htideli pro
snizeni celkové hmotnosti pfevodovky, tato moznost by ale byla neimérné finanéné naro¢na
z divodu potteby specialnich nastroji pro tento ucel. Byla by vhodna pouze v ptipad¢, kdy by
bylo nutné napt. z diavodu tnosnosti dané¢ lod€, pro kterou by byla pfevodovka urcena,

cvvr

konzultovany a schvéleny konstruktérem.
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Déle jsou vSechna ozubena kola a hiidele opatfeny normalizovanymi dirami se zavity
pro zavésna oka k manipulaci.

Ozubené Teplotav nahso;/am Teplotav nahso;/am Ulozeni
Kolo & - 1. moznost [°C] - 2. moznost [°C]

' hridel kolo hridel kolo htidel kolo
1 20 228 -150 102 u6 H6
6 20 223 -150 97 u6 H6
8 20 218 -150 93 u6 H6

Tab. 7-4 Teploty a tolerance pro nalisovani jednotlivych ozubenych kol na hridele

.- 2 8.2 . %

i g, 18 327 0120 0 e ot
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4
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g [T} an
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[ =<
0553 230 ’%53;
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Obr. 7-2 Znazornéni zadani pevnostniho vypocétu 3. pastorkové hiidele v programu Kisssoft

Na Obr. 7-2 je vidét zptisob zadani pevnostniho vypoctu 3. pastorkové hiidele.
Stejnym zpiisobem byly zaddny 1 vypocty ostatnich hiideli. Do feSi¢e byly vzdy zadany
otdcky a vykon na dané¢ htideli, a dale parametry ozubeni ozubenych kol. Vysledky
maximalnich prihybti a maximalnich napéti na hiidelich jsou shrnuty v Tab. 7-5, jde o ptipad
zatazeni 2. pfevodového poméru, kdy jsou v zabéru ozubend kola ¢. 3 a 4, a kdy ptisobi vétsi
zatizeni, viz Tab. 7-1. Plati, Ze maximalni priahyb na htideli je vzdy pod ozubenym kolem.
Nebyly pozadovany zadné konkrétni mezni hodnoty prithybt hiideli, ale po konzultaci byly
ze zkuSenosti konstruktéra zadavatelské firmy tyto hodnoty vyhodnoceny jako vyhovujici.
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Hridel ¢. Maximalni prihyb [mm] Material

1 0,283 18CrNiMo7-6 cementovano, kaleno

2 0,155 18CrNiMo7-6 cementovano, kaleno

3 0,192 18CrNiMo7-6 cementovano, kaleno

4 0,175 42CrMo4

Tab. 7-5 Shrnuti maximalnich prihybi a maximalnich napéti hiideli

7.2.2 Loziska

Na zaklad¢ vypoctl z programu Kisssoft - viz ptiloha €. 1 byla pro uchyceni hiideli
ve tfmenech skiin€ pfevodovky vybrana tato soudeckova loZiska:

Oznaceni loziska Zivotnost [h]

SKF *23224CC/W33 5 600,269

SKF *23224CC/W33 82 700,512

SKF *23234CC/W33 4 964,838

Loziska SKF *23234CC/W33 252 246,052

k ulozeni htidelt SKF *23248CC/W33 13 471,033
SKF *23248CC/W33 74 784,127

SKF *23060CC/W33 289 136,305

SKF *23060CC/W33 6511,274

SKF *61934 MA 5091,225

_ LoZiska k uloZeni SKF *61934 MA 3 438,655
radﬁzllng:g_oﬁgzﬁwh SKF *61938 MA 3 519,839
SKF *61938 MA 2 502,886

Tab. 7-6 Tabulka vypoctenych Zivotnosti jednotlivych loZisek prevodovky

Z Tab. 7-6 je patrné, ze vSechna pouzita loziska z hlediska zivotnosti vyhovuji
pozadované dob¢ béhu 2 400 hodin. Zpravy z vypoctl lozisek v programu Kisssoft se nachazi
v Priloze €. 4.

K uloZeni 3. htidele bylo nakonec pouzito loZisko 2 x SKF *22248CC/W33 o Siice
120 mm, po konzultaci s vypocltafem ze zadavatelské firmy diplomové prace, jimz bylo
potvrzeno, ze toto lozisko uvedené =zatézi také jest¢ vyhovi, namisto loziska SKF
*23248CC/W33 o sifce 150 mm. A to praveé z divodu téchto uvedenych rozméru. Jelikoz, jak
Jiz bylo vySe uvedeno, svafované dily prevodovky nemohou byt vyrobeny z plechi o tloustce
presahujici 150 mm. V opa¢ném piipadé¢ by bylo nutné zajistit certifikat pro svarovani
silnéjSich plecht, coZ by bylo mimo jiné finanéné narocné.

LozZiska pro uchyceni hiidelt jsou axidln€ zajiSténa pomoci vicek, jejichz Srouby jsou
opatfeny specialnim priimyslovym lepidlem Loctite jako ochrana proti jejich povolovani.

Déle jsou tfmeny loZisek z horni strany vybaveny u kazdého loZiska dirou se zavitem
M12 pro mozné umisténi teplotniho ¢idla. Tyto diry jsou shora uzavieny Srouby s krytkami.
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Obr. 7-3 Soudeckové loZisko SKF *23248CC/W33 Obr. 7-4 Pouziti loziska SKF *23248CC/W33

7.2.3 ReSeni spojky

Hridelova spojka je feSena evolventnim drazkovanim stiedénym na hlavu a patu
s jejimi dvéma protikusy. Ty jsou ptipevnény k ozubenym koliim pomoci Sroubid z diivodu
nutnosti jejich snadné vymeénitelnosti kvili jejich rychlejSimu opotiebeni. Spojka bude totiz
dle pozadavku fazena i za chodu, a to p¥i cca 10 ot.min™, pfi ¢emz bude samoziejmé dochazet
k vétsimu opotiebeni danych komponenti, nez pti pfipadném fazeni za klidu. Pro snadnéjsi
fazeni byly také vytvofeny nabézné hrany na zubech spojky i jejich protikus.

Pohon spojky je feSen pomoci hydraulického valce se zdvihem 70 mm. Ten je umistén
na viku pfevodovky na odnimatelném plechu pfipevnéném pomoci Sroubti. A to z diivodu
moznosti jednoduché vymény jednak samotného hydraulického zafizeni, a jednak hlavné
vymény dalSich elementd pro prenos pohybu od hydraulického vélce na spojku. Déle je také
diky symetri¢nosti umisténi fazeni vzhledem k odnimatelnému plechu mozné pii vyméné
vnittnich komponentti podle podélné osy symetrie tento plech sfazenim také otocit.
Konstrukéni navrh fazeni je zobrazen na Obr.7-5, 6, 7, 8.

Na odnimatelném plechovém viku jsou ptivarena oka pro upevnéni vodicich ty¢i. Ty
jsou jimi z jedné strany protazeny a ze strany druh¢ zajistény pojistnymi krouzky. Po téchto
vodicich ty¢ich se pohybuji tzv. bronzové kameny (na zminénych obrazcich oznaceny Zlutou
barvou). Jak je nejlépe vidét na Obr. 7-6, Obr. 7-7, bronzové kameny jsou proti nezadoucim
pohybliim zajistény vsunutim jejich ¢asti do otvoru stejného tvaru v mezikusu fazeni. Jsou
navrzeny z materidlu 44 3223.21. Tento material je vyhodné pouzit kvili jeho otéruvzdornosti.
Pfimo jimi je totiz pti fazeni pohybovano spojkou, a jelikoz zde nemohou byt prilis velké vile,
je velmi pravdépodobny jejich dotyk se spojkou za béhu pievodovky.

V mistech, kde zminénymi bronzovymi kameny prochazi vodici ty¢, jsou opatfeny
kluznymi pouzdry, ktera jsou zajisténa proti samovolnému pohybu pomoci tvarovych
elementt se Srouby.
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Obr. 7-6 Konstrukéni navrh Fazeni

Obr. 7-7 Konstrukéni navrh Fazeni Obr. 7-8 Konstrukéni navrh Fazeni

7.2.4 Dalsi elementy

Pro konstrukei skiiné pfevodovky byly pouzity pievazné plechy tloustky 25 mm, pro
ttmeny lozisek potom plechy o tloustce 150 mm. Byla tak dodrzena jiz vySe zminéna
podminka pouziti plechti pravé do tloustky 150 mm.

Sktin prevodovky je vyrobena z materidlu 11 523, ktery je dle Evropské normy
oznaden S355J2. Cast oznadeni J2 znamena, Ze je zajisténa jeho vhodnost pro teploty az
-20°C. Jelikoz samotna pifevodovka ma byt urcena pro tepoty az -40°C, bylo pouziti tohoto
materialu konzultovano a schvaleno ze zkuSenosti konstruktéra zadavatelské firmy.
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Dale jsou ve viku pievodovky nahlizeci otvory pro piipad zadvady uvniti pievodovky,
jsou zakrytovany plechy, pfipevnénymi k viku pfevodovky pomoci Sroubti. Uté€snény jsou
pomoci specialniho priamyslového lepidla Lotite. Déle je ve viku pfevodovky umistén
odvzdusnovaci ventil pro ptipad vytvoreni podtlaku uvnitf skiin¢ prevodovky.

Horni i dolni ¢ast ptrevodovky je také vpiedu a vzadu opattena dirami slouzicimi pro
manipulaci. Dale je spodni dil pfevodovky opatien olejoznakem pro kontrolu hladiny oleje a
otvorem s vypoustécim ventilem. Dale jsou nad otvory svyvedenymi konci 4. hiidele
umistény a piipevnény pomoci Sroubli plechové stiiSky k omezeni negativnich vlivi
povétrnostnich podminek a okolniho prostiedi. Pfevodovka je také opatiena magnetickou tyci
pro zachycovani kovovych castecek vzniklych opotfebenim ozubenych kol. Otvor pro
magnetickou ty¢ je ve spodnim dile ski'in¢ prevodovky.

Dale 1. a 4. hridel jsou opatfeny gufery pro utésnéni pievodovky jak proti uniku
maziva, tak proti vniknuti napf. vody do vnitiku pievodovky a také v-krouzky, které jsou
ochranou proti prachu. V ptipadé umisténi této prevodovky vyhradné napt. na ropnou plosinu
je mozno misto gufer pouzit labyrintova té€snéni, protoze vtom piipadé nehrozi naklanéni
pfevodovky a tim padem ani pfipadny Unik oleje z pievodovky. V pfipadé umisténi
prevodovky na lod’ ale nelze naklanéni pfevodovky vyloucit, je tedy nutné jeji t€snost zajistit
pravé pomoci gufer.

Stop

VBXX® Interface

U0 5
D Groove - 1 | |

Rotor

Rotor Drive Ring
Lube Return

Expulsion Port

Stator Gasket

Obr. 7-9 Labyrintové tésnéni [22] Obr. 7-10 Tésnéni FeSené guferem a v-krouzkem

Tésnéni délici roviny je feSeno opét pomoci piipravku Loctite, dale v misté osazeni
spojeni Srouby M36 s maticemi a pérovymi podlozkami. Tfmeny loZisek jsou spojovany
pomoci zavitovych ty¢i M48 a M36 s maticemi, viz vykres sestavy. Tyto zavitové ty¢e M48 a
M36 jsou zavrtany ptimo do spodniho dilu skiin¢ pievodovky a opatieny specialnimi Nord-
Lock podlozkami, viz Obr. 7-11, Obr. 7-12. VSechny tyto Srouby v délici roviné jsou stejné
jako 1 vSechny ostatni vnéjSi plochy a prvky pievodovky opatfeny silnou vrstvou
vodéodolného laku a dale plastovymi krytkami.

Plati, Ze bylo vychazeno z internich ptredpist zadavatelské firmy, podle nichz vSechny
pouzité Srouby M10 a niz§i maji byt nerezové, od M12 a vySe jsou zarové zinkované, kdy i
tyto jsou dale jesté lakovany vodéodolnym lakem.
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Obr. 7-11 Nord-Lock podlozka [20] Obr. 7-12 Nord-Lock podlozka [20]

7.2.5 ReSeni teploty

U této prevodovky, jak bylo zjisténo ze zkuSenosti zadavatele diplomové préace,
potazmo z provozu ostatnich prevodovek, pracujicich ve srovnatelnych podminkach, neni
potieba zadného chlazeni. Ale naopak je nutné ji opatfit topnymi télesy pro ohiev maziva. Pro
umisténi topného télesa jsou ve spodnim dilu skiiné zhotoveny ¢étyii otvory. Je tedy mozno
pouzit jedno topné téleso, a zbylé otvory opatfit krytkami. Umisténi topného télesa (oznaceno
fialovou barvou) je ukazano na Obr. 7-13. V piipadé potieby je mozné pridat topnych téles
vice.

Obr. 7-13 Umisténi topného télesa

Obr. 7-15 Plechy k brodéni ozubenych kol ¢. 1 a 4 O7br. 7-16 Plechy k brodéni ozubenych kol ¢. 1 a 4
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7.2.6 Problematika mazani

Jako mazivo je zde pouzity olej Loadway 150. Jednad se o minerdlni ptevodovy olej
vhodny pro vSechny typy ptevodovek, ktery je pro své vlastnosti vhodny i pro takto extrémni
podminky, pfi pouZiti s jiz vySe zminénymi topnymi télesy pro jeho ohtev.

Samotny systém mazani funguje na principu brodéni ozubenych kol, s tim, Ze brodéni
mensich ozubenych kol, kterd svym obvodem nedosahuji hladiny oleje, je feSeno pomoci
jednoduché konstrukce plechovych oblouki, svarenych s boky spodni Casti skiiné pod
loziskovymi timeny. Ty jsou ukdzany na Obr. 7-15, Obr. 7-16, oznaceny svétle zelenou
barvou. Plechovy oblouk pod 1. pastorkovou htideli je proveden jesté¢ symetricky na druhé
stran¢ prevodovky pro piipad potieby symetrického presunuti vSech vnitinich ¢asti
prevodovky podle podélné roviny. Oblouk pod 2. pastorkovou hiideli je pribézny po celé
Sifce prevodovky a svafeny po obou bocich k spodni ¢asti skiin€é, u né¢ho nebyla mozna
symetricka varianta kvili okolnim ¢astem prevodovky, tudiz by v ptipadé potieby musel byt
odstranén a pfivaien opa¢n¢. Do téchto plechii se dostava olej, stiikajici od vétsich kol v
chodu, ktera dosahuji hladiny oleje. Tento zplisob mazani byl zvolen hlavné vzhledem
k pozadavku na zptisob mazani bez pouziti ¢erpadla.

7.2.7 ReSeni pFipevnéni prevodovky k podkladu

Jelikoz se jedna o ptrevodovku urcenou k pripevnéni na palubu lodi, pfedpoklada se
zde mozné naklopeni, kterému musi systém upevnéni vyhovovat. Skfifi pirevodovky je
ptipravena k pfipevnéni k podkladu pomoci 8mi dér v dolnim osazeni spodni ¢asti skiiné pro
Srouby M52, déle jsou tam 4 diry se zavitem pro vyrovnavaci Srouby M36 slouzici k ustaveni
prevodovky do pozadované polohy v horizontalni roving.

Celkovy navrh pifevodovky je zobrazen na Obr. 7-17.

Obr. 7-17 Celkovy konstrukéni navrh prevodovky
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7.3 Shrnuti parametri

Bc. Zuzana Baslova

Parametr Hodnota Jednotky
Maximalni vystupni kroutici moment (Max torque out) 850 000 | Nm
Vstupni statické zatizeni (Input load static) 12 750 | Nm
Maximalni dynamické zatizeni (Max dynamic load) 9550 | Nm
pii otackach 800 | min™
Maximalni vykon (Max speed) 800 | kW
pii otackach 2200 | min™
Pocet faditelnych stupnii 2 |-
Celkovy ptevodovy pomér pii zafazeni
y . Ny 18,132 | -
1. ptrevodového stupné
Celkovy prevodovy pomér pii zafazeni
y . Ny 62,787 | -
2. ptevodového stupné
Priimér zakonceni 1. hiidele 100 | mm
Zakonceni 4. Hridele, s drazkovanim DIN 5480 W300 x 5 x 58 | mm
Celkova hmotnost prevodovky 9142,0 | kg

Tab. 7-7 Shrnuti parametru

Plati nésledujici rozlozeni vykonu po dobu zivotnosti:

20%0 ZIVOTNOSEL cevneeeneeeeee et e et eeeeeeeens
BO0Y0 ZIVOTNOSTL e eeeeeeeeee e eeeeeenns

Vysvétleni nékterych parametri:

100% zatiZeni....... (9 550 Nm)
70% zatiZeni......... (6 685 Nm)

Max torque out - maximalni kroutici moment na vystupni hiideli pti 100% zatiZeni
Input load static — maximalni vstupni pretizeni, dano motorem
Max dynamic load - maximalni zatizeni pfevodovky pii nominalnich vstupnich otackach

800 min™' na vstupnim h¥ideli, jedna se o 100% zatiZeni

Max speed - vykon pifevodovky 800kW pii maximalnich vstupnich otackach 2200 ot/min,
jedna se o pripad spousténi kotvy, toto maximum je zajiSténo brzdami
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7.4 Vyrobni postup pro Pastorkovou hiidel 2

V Tab. 7-8 je vypsan vyrobni postup pro 2. htidel, jeji vyrobni vykres se dale nachazi
v Ptiloze 8 a je oznacen ¢islem DP KKS-13-03.

Vyrobni postup
Cislo | Nazev souasti: PASTORKOVA HRIDEL 2 | Cislo vykresu: DP KKS-13-03
operace | Material: 18CrNiMo 7-6 Pocet kusii: 1
Polotovar: vykovek Hmotnost: 168,6 kg
1 Kontrola, oznacit misto pro navrtani stiedicich dalka
2 Navrtani stfedicich dalka
3 Soustruzit - hrubovat s pfidavkem na plochu 2 mm
(- kuzelovou plochu vélcové po maximalnim praméru)
4 (Ultrazvukova zkouska)
5 Frézovani ozubeni nahrubo
6 Zarovnani ¢ela s pfidavkem 1 mm
7 SoustruZeni sttedicich dilkd nacisto
8 SoustruZeni s ptidavkem (napft. 0,3 mm)
9 Frézovani zubt s ptidavkem (napt. 0,2 mm)
10 Tepelna uprava - povrchové kaleni
11 BrousSeni nacisto
12 Brouseni ozubeni nacisto
13 Soustruzeni zapichi, radiusii a srazeni hran
14 Kapilarni zkouska - rozpoznani povrchovych defektii materialu
15 BrousSeni
16 Cementovani
17 Kaleni
18 BrousSeni
19 Kontrola

Tab. 7-8 Vyrobni postup 2. hridele
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8 Vypocty pomoci metody MKP

8.1 Pevnostni vypocet skiiné prevodovky

Pro pevnostni vypocet skiin¢ prevodovky byly pouzity zjednodusené modely jeji
spodni i horni ¢asti. Pro tento ucel byly zanedbany napi. kandlky pro rozvod maziva
k loziskiim a dals$i drobné elementy. Dale vzhledem k hodnotdm a umisténi maxim napéti
z ptredbéznych vypocti bylo potfeba vytvorit v mistech budoucich svari zkoseni. Tim bylo
dosazeno priblizeni se skutecnému stavu a realnéjSimu rozlozeni napéti.

Témto dvéma dilim byl zadan material, zde u ¢asti skiiné prevodovky se jedna o
material 11 523 (dle Evropské normy S355 J2), a byly zasitovany tetraedrickou siti o
maximalnim rozméru stény elementu 25 mm. Tyto dva dily byly béhem ptipravy pro vypocet
vzajemné pevné spojeny pomoci piikazu Glue, dale byly dvé spodni plochy dolniho dilu
skiin€¢ pevné uchyceny vazbou Fixed se zamezenim vSech posuvi i rotaci. Tyto okrajové
podminky jsou zobrazeny na Obr. 8-1. Ve timenech pro loziska byly vytvofeny odd€lené
plochy o rozmérech zvolenych lozisek, které byly pomoci rigidovych rizic spojeny se
sttedovym bodem. K témto stfedovym bodim byly nasledné vztazeny vSechny sily, plsobici
na skiin od lozisek, viz vypocCty z programu Kisssoft v Ptiloze €. 4.

Y

Obr. 8-1 Zadani ulohy pevnostniho vypoctu ski'iné

Vysledné redukované napéti dle hypotézy von Mises je ukazano na Obr. 8-2. Na
daném obrazku je vidét zaroven i maximalni hodnota 183,948 MPa. Umisténi maxima v
daném miste je ziejmé zptisobeno malou délkou ploch Zebra, tudiz nebylo mozné, aby se zde
napéti tak rozlozilo, jako v misté nad 4. htideli. Vzhledem k umisténi tohoto maxima v misté
budouciho svaru je pravdépodobné, Ze i ptes vytvorené zkoseni by byla realna hodnota napéti
v tomto misté nizsi. Vysledna deformace je ukazana na Obr. 8-3, maximum v misté 4. htidele
je zptisobeno nejvétsimi silami od lozisek v tomto misté, viz Ptiloha €. 4.

V Tab. 8-1 jsou ukdzany maximalni vypoctené hodnoty redukovaného napéti dle
hypotézy von Mises a deformace. Tyto vysledné hodnoty byly po konzultaci ze zkusenosti
konstruktéra ze zadavatelské firmy vyhodnoceny jako vyhovujici. Dalsi obrazky ukazujici
vysledky pevnostniho vypoctu skiing véetné detailti jsou umistény v Ptiloze €. 6.
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skrin_prevodovky_tuhostni_analyza_sim2 : Solution 1 Result

Subcase - Static Loads 1, Static Step 1
Stress - Element-Nodal, Unaveraged, Von-Mises
Min : 0.01, Max : 183.95, Units = N/mm*2(MPa)
Deformation : Displacement - Nodal Magnitude

YT P

Y
z

Obr. 8-2 Vysledné redukované napéti dle hypotézy von Mises [MPa]

skrin_prevodovky_tuhostni_analyza_sim2 : Solution 1 Result
Subcase - Static Loads 1, Static Step 1

Displacement - Nodal, Magnitude

Min : 0.000, Max : 0.388, Units = mm
Deformation : Displacement - Nodal Magnitude

Obr. 8-3 Vysledna deformace se zobrazenym maximem [mm]

veli¢ina

Napéti [MPa]

Deformace [mm]

material

hodnota

183,948

0,388

S355 )2

Tab. 8-1 Tabulka vyslednych hodnot pevnostni analyzy skiiné pi‘evodovky
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8.2 Modalni analyza prevodovky

Pro modalni analyzu ptevodovky byly pouzity opét zjednodusené modely jeji spodni i
horni ¢asti, v tomto piipade i s hiidelemi. Opét byl témto diliim zadan pfislusny material a
byly zasitovany tetraedrickou siti o maximalnim rozméru stény elementu 25 mm.

Dva dily skiin¢ ptevodovky opét byly vzajemné pevné spojeny pomoci piikazu Glue.
Dale byl spodni dil skiin€¢ uchycen pies diry pro Srouby k upevnéni k podkladu vazbou Fixed.
Tyto okrajové podminky jsou zobrazeny na Obr. 8-4. Ve timenech pro loziska byly opét
vytvoteny oddélené plochy o rozmérech zvolenych lozZisek, spojené rigidovymi rizicemi se
sttedovym bodem. Stejné rigidové riizice byly vytvoreny také na htidelich v mistech umisténi
danych lozisek. Sttedovy bod rigidové ruzice na hiideli byl vzdy spojen se sttedovym bodem
prislusné rigidové rizice skiiné ptevodovky.

Dale byly na htidelich vytvotfeny dalsi rigidové rizice v mistech umisténi ozubenych
kol. Do stfedovych bodi téchto rizic byly vztazeny hmotnosti piislusnych ozubenych kol.

wewe

rozsahem 1 — 200 Hz.

Obr. 8-4 Zadani okrajovych podminek

: & Post Processing Navigator

% Name Description

—— @ prevodovka_sim1

Yo |2 <G solution 1 NX NASTRAN
#- Mode 1, 1.472e+002 Hz

"‘}:7 @ Mode 2, 1.656e+002 Hz

== [2] mported Results
r:d E Viewports
o @ Templates

Obr. 8-5 Vysledné vlastni frekvence
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prevodovka_sim1 : Solution 1 Result

Subcase - Eigenvalue Method 1, Mode 1, 1.472e+002 Hz
Displacement - Nodal, Magnitude

Min : 0.0000, Max : 0.0265, Units = mm

Deformation : Displacement - Nodal Magnitude

Obr. 8-6 Tvar kmitu pii 1. vlastni frekvenci

Bc. Zuzana Baslova

0.0270
0.0247 I
0.0225 =
0.0203 ——
0.0180
0.0158 =
0.0135
0.0113
0.0090 =
0.0068
0.0045
0.0023
0.0000

Units = mm

Vlastni frekvence

v Hz v ot/min
1. hodnota 1,472¢ 8832
2. hodnota 1,656¢ 9936
Tab. 8-2 Tabulka vyslednych hodnot modalni analyzy prevodovky
Hiidel Standardni otacky Maximalni otacky
1 800 2200
P¥ipad zafazeného 2 784,6 21569
1. stupné 3 177,1 487
4 39,9 109,6
1 800 2200
P¥ipad zafazeného 2 250,7 689,7
2. stupné 3 56,6 155,7
4 12,7 35

Tab. 8-3 Otacky hrideli pii zarazeni 1. a 2. stupné pro srovnani s budicimi frekvencemi

Z vyse uvedenych tabulek Tab. 8-2, Tab. 8-3 je patrné, ze se v zadném ptipad¢ otacky

r~r

zadné z htideli pfevodovky nepftiblizi danym budicim frekvencim pievodovky, ani v piipadé
dosazeni maximalnich vstupnich ota¢ek. Tudiz zde nehrozi moznost nebezpecného

rozkmitani prevodovky.

Dalsi obrazky vysledkti modalni analyzy ptevodovky jsou obsazeny v Pfiloze €. 7.
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8.3 Technicko - ekonomické hodnoceni

Pfevodovka se sklada jak zdilh vyrdbénych, tak i1 z dili nakupovanych. Mezi
vyrabéné dily patii dvoudilna skiin pfevodovky, 4. hiidel, tfi pastorkové hiidele, Ctyti
ozubena kola, spojka a jeji protikusy. Dale jsou to elementy umoznujici fazeni, jako bronzové
kameny, komponent spojujici bronzové kameny se Steftem hydraulického valce. Vyrabénymi
elementy budou také vodici tyCe, vicka lozisek, vika nahliZzecich otvort, piilozka 2.
pastorkové hiidele, ptipadné potom mensi soucastky jako jsou razné krouzky.

Mezi dily nakupované patii loZiska k uloZeni zmiflovanych hiideli a dvou faditelnych
ozubenych kol na druhé htideli. Patfi sem 1 samotny hydraulicky valec pro umoZnéni fazeni.
Déle je tam obsazen vypoustéci ventil, odvzdusiovaci ventil, tésnéni a veSkery spojovaci
material.

Z vyse nastinénych vyrabénych a kupovanych dili prevodovky je ziejmé, ze nejvetsi
roli zde budou hrat naklady na vyrobu. Byla snaha tyto ndklady minimalizovat, ovSem ne na
ukor vyslednych vlastnosti. Napftiklad, jak jiz bylo zminéno, byla konstrukce uzptsobena tak,
aby nebylo nutné svatfovani plechi o tloustce vétsi nez 150 mm. Jelikoz vyrobce ma certifikat
praveé pro svafovani plechit do 150 mm, bylo by nutné pii pouziti tlustSich plecht ziskat novy
certifikat pro svafovani vétsi tloustky plechu, coz by bylo mimo jiné finan¢né narocné. Déle
zde byla moZnost pouzit ke konstrukci hiidele odlehéené, vnitin€ odvrtané. Tato moznost by
sice piinesla urcité snizeni celkové hmotnosti, ale ndklady na jejich vyrobu by byly pfili§
vysoké kviili nutnosti pouziti specidlnich nastroja, tudiz byla tato moznost zamitnuta.

Bohuzel nebylo mozné od zadavatelské firmy této diplomové prace zjistit ani piiblizné
naklady na vyrobu jednotlivych dilti pfevodovky. Je znamo pouze to, ze naklady na piedchozi,
tzn. stiedni variantu (viz Tab. 1-1) €inily ptiblizné¢ 70 000 Euro. Jelikoz nedoSlo k vyraznym
zménam z hlediska vyrobnich technologii jednotlivych dili prevodovky, lze vychézet z
porovnani rozmérii této sttedni a nové velké varianty feSeni a odhadnout, Ze se ndklady na
tuto novou variantu mohou pohybovat kolem 80 000 — 90 000 Euro.
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9 Zavér
V uvodu této diplomové prace se nachéazi kratké predstaveni zadavatelské firmy

Wikov gear spolu s rozborem zadani a poZadavkll na konstrukéni feSeni pfevodovky pro
pohon lodniho navijaku.

Nasledujici Cast je teoretickd, zabyva se predstavenim pievodovek obecné, a popisem
jejich komponenti. Jedna se o prevodové mechanismy, predev§im o ozubené pievody, dale
loziska, nebo druhy mazani. Jsou zde jejich rizna rozdé€leni, vhodnost pouziti a ndzorné
obrazky. Nasleduje kratké predstaveni prostiedi, pro které je ur€ena pozadovana prevodovka.
Jedna se o extrémni podminky na mofti na lodich nebo ropnych ploSinach, a to pfi teplotach az
-40°C.

Dalsi c¢asti diplomové prace je jiz vlastni ndvrh ptfevodovky pro pohon lodniho
navijaku. Zakladem tohoto navrhu je navrh orgénové struktury technického systému. V ném
jsou v tabulkach podrobné vypsany jednotlivé funkce technického systému vcetné jejich
pozadované hodnoty. Tyto funkce jsou zde setfidény podle toho, zda jsou vztazeny
k samotnym transforma¢nim procesiim, ostatnim provoznim funkcim, k operdtorim, apod.
shrnuty. Byla vytvofena morfologicka tabulka s danymi pozadavky a moznostmi, jak docilit
jejich splnéni. Z nich byly vytvofeny dvé mozné varianty s kinematickymi schématy, z nichz
jedna byla vybrana jako vhodnéj$i vzhledem podminkédm urceni a k pozadovanym hodnotam.

Déle nésleduje postupné konstrukéni teSeni pievodovky, kdy jsou napted feSeny
ozubena kola jejich rozméry a parametry, nasledné hiidele a vhodna loziska. K rozmértiim
ozubenych kol, maximalnim prihybim htideli, nalisovani ozubenych kol a k volbé lozisek a
jejich zivotnosti jsou v ptilohach €. 2-5 obsazeny zpravy z vypoctl v programu Kisssoft. Déle
je zde popis fesSeni spojky, kdy se jedna o piesuvnou spojku a jeji dva protikusy s evolventnim
ozubenim sttedénym na hlavu a patu. Spojka je pifesouvdna za b&hu pifi cca 10ot/min pomoci
hydraulického tadiciho vélce pies tzv. bronzové kameny.

Je také popsan zpusob utésnéni pfevodovky. Vstupni a vystupni hiidel jsou utésnény
pomoci gufer a v — krouzktl. Dé€lici rovina a vSechna vicka ptrevodovky nebo napfi. olejoznak
jsou utésnény pomoci ptipravku Loctite. Jim jsou opatieny také Srouby vicek lozisek takeé
jako pojistka proti povoleni. Zavitové ty¢e s maticemi v délici rovin€ ve tfrmenech lozisek jsou
opatfeny specialnimi nord-lock podlozkami. Tyto zavitové tyCe 1 ostatni Srouby vné
pirevodovky jsou opatfeny plastovymi krytkami.

Kvili podminkdm, do kterych je pfevodovka urcena nebylo feSeno chlazeni, naopak
zde bylo nutno pouZit topné téleso k ohfevu maziva na cca 5°C. Ve spodni skiini ptevodovky
jsou celkem ctyfi otvory pro mozné ptidani topnych téles. Déle kvili pozadavku na mazéani
bez pouziti ¢erpadla byly navrzeny na spodnim dilu skiin¢ brodici plechy pro mensi kola,
nedosahujici hladiny maziva, a také kanalky ve viku skfin€ pro umoznéni mazani loZisek.
Jako mazivo je pouzit pfevodovy olej Loadway 150.

Jednim z poZzadavki byla také symetrie skiiné pfevodovky, aby bylo mozno vnitini
dily ptevodovky symetricky vyménit dle podélné stfedové roviny symetrie. Tato podminka
byla spInéna, 1 hydraulicky fadici valec je s plechem ptipevnénym k viku ptevodovky mozno
symetricky vyménit. PouZzité materialy na skiin, ozubena kola 1 hfidele byly konzultovéany, a
ze zkuSenosti konstruktéra zadavatelské firmy vyhovi danym podminkdm. Vné&j$i plochy
pievodovky jsou lakovany silnou vrstvou vodéodolného laku.

VSechna kritéria, jak pozadovana 1 stanovena, byla dodrzena. Také vzhledem
k provedenym vypoctim lze fici, Ze konstrukéni feSeni pozadavkiim vyhovuje.
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PRILOHA ¢&. 1

Lodni navijaky, lodé pokladajici kabely
a ropné ploSiny



Lodé pokladajici kabely:

Obriazek 1 Lod’ k pokladani kabelt [29]

Obriazek 2 Lod’ k pokladani kabelt [27]



bt

Obrazek 3Lod’ k pokladani kabelt [27]

Ropna ploSina

Obriazek 5 Ropna plosina [28]

Obriazek 4 Lod’ k pokladani kabelt [15]
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Obriazek 6 Lodni navijak [29]
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Obriazek 7 Lodni navijak [30]
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PRILOHA ¢&.2

VysledKky vypocta k volbé rozméri ozubenych kol
a spojky i jejich protikusti v programu Kisssoft
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KISSsoft - Release 03-2012E
Wikov Gear, Plzen, #1384, ext

File

Name : Stupen 1A
Changed by : pelikanz on: 17.01.2013 at: 14:07:59

CALCULATION OF A HELICAL GEAR PAIR

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

Strength calculation with load spectrum
Required service life (h): 2400.00

Load spectrum

Nominal Power [P] 800.0000 kW
Application factor [KA] 1.00
Load spectrum : Belastungskollektiv DNV

Number of element in the Load spectrum: 2
Reference gear: 2

i [%] [ kW] [1/min] [Nm] KHb Kgam YM1 YM2
1 20.00000 800.0000 250.7463 30466.8034 1.1198 1.0000 1.0000 1.0000
2 80.00000 560.0000 250.7463 21326.7624 1.1704 1.0000 1.0000 1.0000

Woehler line (S-N curve) at the fatigue stress according: according to standard

Notice:

Calculation-method according to:

- ISO 6336, part 6

During the calculation al the load-coefficients (IS06336: KV, KHb, KFb; AGMA2001: Knu, Km, ..)
for each load spectrum element are calculated separately.

Safety root: 2.25 2.16
Safety flank: 1.36 1.46
Safety scuffing (Integral) 2.39
Safety scuffing (Flash) 1.94

(Safety against scuffing/micropitting/EHT is indicated for the weakest element of the load spectrum.)

ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method DIN 3990:1987 Method B

——————— GEAR 1 -------- GEAR 2 --
Power (kW) [P] 800.000
Speed (1/min) [n] 800.0 250.7
Torque (Nm) [T] 9549.3 30466.8
Application factor [KA] 1.00
Required service life [H] 2400.00
1. TOOTH GEOMETRY AND MATERIAL

(Geometry calculation according ISO 21771)

——————— GEAR 1 --—-————-- GEAR 2 --
Center distance (mm) [a] 315.000
Centre distance tolerance ISO 286:2010 Measure js7
Normal module (mm) [mn] 7.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta] 12.0000
Number of teeth [z] 21 67
Facewidth (mm) [b] 130.00 130.00
Hand of gear left right
Accuracy grade [Q-DIN3961] 6 6
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Material
Gear 1: 18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Gear 2: 18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Surface hardness HRC 61 HRC 61
Tool or reference profile of gear 1
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
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
——————— GEAR 1 -------- GEAR 2 --
Gear ratio [u] 3.190
Transverse module (mm) [mt] 7.156
Base helix angle (°) [betab] 11.267
Profile shift coefficient [x] 0.3037 -0.2867
Reference diameter (mm) [d] 150.284 479.478
Base diameter (mm) [db] 140.849 449,376
Tip diameter (mm) [da] 168.536 489.464
(mm) [da.e/1i] 168.536 / 168.526 489.464 / 489.454
Root diameter (mm) [df] 137.036 457.964
Manufactured root diameter with xE (mm) [df.e/1i] 136.775 / 136.638 457.607 / 457.442
Active root diameter (mm) [dNf] 143.284 467.182
(mm) [dNf.e/i] 143.316 / 143.257 467.228 / 467.142
Root form diameter (mm) [dFf] 142.410 463.153
(mm) [dFf.e/i] 142.301 / 142.246 462.906 / 462.793
6. MEASUREMENTS FOR TOOTH THICKNESS
——————— GEAR 1 --—-———-- GEAR 2 --
Tooth thickness deviation DIN 3967:1978 DIN 3967:1978
Tooth thickness allowance (normal section) (mm)
[As.e/1] -0.095 / -0.145 -0.130 / -0.190
Number of teeth spanned [k] 3.000 8.000
Base tangent length (no backlash) (mm) [Wk] 55.310 160.610
Actual base tangent length ('span') (mm) [Wk.e/i] 55.220 / 55.173 160.488 / 160.432
Eff. Diameter of ball/pin (mm) [DMeff] 14.000 12.000
Diametral measurement over two balls without clearance (mm)
[MdK] 175.959 492.202
Actual dimension over balls (mm) [MdK.e/1] 175.777 / 175.680 491.848 / 491.685
Chordal tooth thickness (no backlash) (mm)
['sn] 12.530 9.534
Actual chordal tooth thickness (mm) ["sn.e/1i] 12.435 / 12.385 9.404 / 9.344
Reference chordal height from da.m (mm) [ha] 9.374 5.0306
Normal backlash (mm) [jn] 0.333 / 0.194
7. GEAR ACCURACY
According DIN 3961:
Accuracy grade [Q-DIN3961] 6 6
Concentricity deviation (pm) [Fr] 28.00 32.00
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Name : Stupen 1B
Changed by : pelikanz on: 17.01.2013 at: 14:05:43

CALCULATION OF A HELICAL GEAR PAIR

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

Strength calculation with load spectrum
Required service life (h): 2400.00

Load spectrum

Nominal Power [P] 800.0000 kW
Application factor [KA] 1.00
Load spectrum : Belastungskollektiv DNV

Number of element in the Load spectrum: 2
Reference gear: 1

i [%] [ kW] [1/min] [Nm] KHb Kgam YM1 YM2
1 20.00000 800.0000 800.0000 9549.2966 1.0554 1.0000 1.0000 1.0000
2 80.00000 560.0000 800.0000 6684.5076 1.0781 1.0000 1.0000 1.0000

Woehler line (S-N curve) at the fatigue stress according: according to standard

Notice:

Calculation-method according to:

- ISO 6336, part 6

During the calculation al the load-coefficients (IS06336: KV, KHb, KFb; AGMA2001: Knu, Km, ..)
for each load spectrum element are calculated separately.

Safety root: 2.53 2.53
Safety flank: 1.85 1.86
Safety scuffing (Integral) 3.28
Safety scuffing (Flash) 5.51

(Safety against scuffing/micropitting/EHT is indicated for the weakest element of the load spectrum.)

ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method DIN 3990:1987 Method B

——————— GEAR 1 -------- GEAR 2 --
Power (kW) [P] 800.000
Speed (1/min) [n] 800.0 784.6
Torque (Nm) [T] 9549.3 9736.5
Application factor [KA] 1.00
Required service life [H] 2400.00
1. TOOTH GEOMETRY AND MATERIAL

(Geometry calculation according ISO 21771)

——————— GEAR 1 --—-————-- GEAR 2 --
Center distance (mm) [a] 315.000
Centre distance tolerance ISO 286:2010 Measure js7
Normal module (mm) [mn] 6.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta] 11.0000
Number of teeth [z] 51 52
Facewidth (mm) [b] 80.00 80.00
Hand of gear left right
Accuracy grade [Q-DIN3961] 6 6
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Material
Gear 1: 18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Gear 2: 18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Surface hardness HRC 61 HRC 61
Tool or reference profile of gear 1
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
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
——————— GEAR 1 -------- GEAR 2 --
Gear ratio [u] 1.020
Transverse module (mm) [mt] 6.112
Base helix angle (°) [betab] 10.329
Profile shift coefficient [x] 0.0219 0.0143
Reference diameter (mm) [d] 311.727 317.840
Base diameter (mm) [db] 292.283 298.014
Tip diameter (mm) [da] 323.988 330.009
(mm) [da.e/1i] 323.988 / 323.978 330.009 / 329.999
Root diameter (mm) [df] 296.990 303.011
Manufactured root diameter with xE (mm) [df.e/1i] 296.633 / 296.468 302.654 / 302.489
Active root diameter (mm) [dNf] 302.605 308.651
(mm) [dNf.e/i] 302.649 / 302.566 308.696 / 308.612
Root form diameter (mm) [dFf] 300.939 306.949
(mm) [dFf.e/i] 300.696 / 300.585 306.705 / 306.593
6. MEASUREMENTS FOR TOOTH THICKNESS
——————— GEAR 1 -------- GEAR 2 --
Tooth thickness deviation DIN 3967:1978 DIN 3967:1978
Tooth thickness allowance (normal section) (mm)
[As.e/1] -0.130 / -0.190 -0.130 / -0.190
Number of teeth spanned [k] 7.000 7.000
Base tangent length (no backlash) (mm) [Wk] 119.742 119.799
Actual base tangent length ('span') (mm) [Wk.e/i] 119.619 / 119.563 119.677 / 119.621
Eff. Diameter of ball/pin (mm) [DMeff] 10.500 10.500
Diametral measurement over two balls without clearance (mm)
[MdK] 326.888 333.073
Actual dimension over balls (mm) [MdK.e/i] 326.564 / 326.414 332.747 / 332.596
Chordal tooth thickness (no backlash) (mm)
['sn] 9.519 9.486
Actual chordal tooth thickness (mm) ['sn.e/i] 9.389 / 9.329 9.356 / 9.296
Reference chordal height from da.m (mm) [ha] 6.198 6.151
Normal backlash (mm) [jn] 0.375 / 0.227
7. GEAR ACCURACY
According DIN 3961:
Accuracy grade [Q-DIN3961] 6 6
Concentricity deviation (um) [Fr] 28.00 28.00
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CALCULATION OF A HELICAL GEAR PAIR

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

Strength calculation with load spectrum
Required service life (h): 2400.00

Load spectrum

Nominal Power [P] 800.0000 kW
Application factor [KA] 1.00
Load spectrum : Belastungskollektiv DNV

Number of element in the Load spectrum: 2
Reference gear: 1

i [%] [ kW] [1/min] [Nm] KHb Kgam YM1 YM2
1 20.00000 800.0000 250.7463 30466.7996 1.1305 1.0000 1.0000 1.0000
2 80.00000 560.0000 250.7463 21326.7597 1.1862 1.0000 1.0000 1.0000

Woehler line (S-N curve) at the fatigue stress according: according to standard

Notice:

Calculation-method according to:

- ISO 6336, part 6

During the calculation al the load-coefficients (IS06336: KV, KHb, KFb; AGMA2001: Knu, Km, ..)
for each load spectrum element are calculated separately.

Safety root: 1.93 2.11
Safety flank: 1.47 1.60
Safety scuffing (Integral) 2.74
Safety scuffing (Flash) 2.43

(Safety against scuffing/micropitting/EHT is indicated for the weakest element of the load spectrum.)

ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method DIN 3990:1987 Method B

——————— GEAR 1 -------- GEAR 2 --
Power (kW) [P] 800.000
Speed (1/min) [n] 250.7 56.6
Torque (Nm) [T] 30466.8 134924.4
Application factor [KA] 1.00
Required service life [H] 2400.00
1. TOOTH GEOMETRY AND MATERIAL

(Geometry calculation according ISO 21771)

——————— GEAR 1 --—-————-- GEAR 2 --
Center distance (mm) [a] 585.000
Centre distance tolerance ISO 286:2010 Measure js7
Normal module (mm) [mn] 10.0000
Pressure angle at normal section (°) [alfn] 25.0000
Helix angle at reference circle (°) [beta] 13.0000
Number of teeth [z] 21 93
Facewidth (mm) [b] 170.00 170.00
Hand of gear right left
Accuracy grade [Q-DIN3961] 6 6
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Material
Gear 1: 18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Gear 2: 18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Surface hardness HRC 61 HRC 61
Tool or reference profile of gear 1
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
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
——————— GEAR 1 -------- GEAR 2 --
Gear ratio [u] 4,429
Transverse module (mm) [mt] 10.263
Base helix angle (°) [betab] 11.764
Profile shift coefficient [x] 0.2344 -0.2338
Reference diameter (mm) [d] 215.524 954 .463
Base diameter (mm) [db] 194.408 860.949
Tip diameter (mm) [da] 240.213 969.787
(mm) [da.e/1i] 240.213 / 240.203 969.787 / 969.777
Root diameter (mm) [df] 195.213 924.787
Manufactured root diameter with xE (mm) [df.e/1i] 195.009 / 194.902 924.412 / 924.241
Active root diameter (mm) [dNf] 203.081 934.735
(mm) [dNf.e/i] 203.135 / 203.035 934.805 / 934.672
Root form diameter (mm) [dFf] 201.418 929.362
(mm) [dFf.e/i] 201.295 / 201.230 929.035 / 928.885
6. MEASUREMENTS FOR TOOTH THICKNESS
——————— GEAR 1 -------- GEAR 2 --
Tooth thickness deviation DIN 3967:1978 DIN 3967:1978
Tooth thickness allowance (normal section) (mm)
[As.e/1] -0.095 / -0.145 -0.175 / -0.255
Number of teeth spanned [k] 4.000 14.000
Base tangent length (no backlash) (mm) [Wk] 107.766 409.555
Actual base tangent length ('span') (mm) [Wk.e/i] 107.680 / 107.635 409.396 / 409.323
Eff. Diameter of ball/pin (mm) [DMeff] 20.000 18.000
Diametral measurement over two balls without clearance (mm)
[MdK] 250.964 976.517
Actual dimension over balls (mm) [MdK.e/i] 250.803 / 250.717 976.148 / 975.979
Chordal tooth thickness (no backlash) (mm)
['sn] 17.876 13.527
Actual chordal tooth thickness (mm) ['sn.e/i] 17.781 / 17.731 13.352 / 13.272
Reference chordal height from da.m (mm) [ha] 12.694 7.705
Normal backlash (mm) [9n] 0.392 / 0.215
7. GEAR ACCURACY
According DIN 3961:
Accuracy grade [Q-DIN3961] 6 6
Concentricity deviation (um) [Fr] 28.00 35.00
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Changed by : pelikanz on: 17.01.2013 at: 13:59:48

CALCULATION OF A HELICAL GEAR PAIR

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

Strength calculation with load spectrum
Required service life (h): 2400.00

Load spectrum

Nominal Power [P] 800.0000 kW
Application factor [KA] 1.00
Load spectrum : Belastungskollektiv DNV

Number of element in the Load spectrum: 2
Reference gear: 2

i [%] [ kW] [1/min] [Nm] KHb Kgam YM1 YM2
1 20.00000 800.0000 12.7395 599664.3334 1.0749 1.0000 1.0000 1.0000
2 80.00000 560.0000 12.7395 419765.0334 1.1070 1.0000 1.0000 1.0000

Woehler line (S-N curve) at the fatigue stress according: according to standard

Notice:

Calculation-method according to:

- ISO 6336, part 6

During the calculation al the load-coefficients (IS06336: KV, KHb, KFb; AGMA2001: Knu, Km, ..)
for each load spectrum element are calculated separately.

Safety root: 1.46 1.85
Safety flank: 1.25 1.42
Safety scuffing (Integral) 2.14
Safety scuffing (Flash) 1.27

(Safety against scuffing/micropitting/EHT is indicated for the weakest element of the load spectrum.)

ONLY AS INFORMATION: CALCULATION WITH REFERENCE POWER

Calculation method DIN 3990:1987 Method B

——————— GEAR 1 -------- GEAR 2 --
Power (kW) [P] 800.000
Speed (1/min) [n] 56.6 12.7
Torque (Nm) [T] 134924.5 599664.3
Application factor [KA] 1.00
Required service life [H] 2400.00
1. TOOTH GEOMETRY AND MATERIAL

(Geometry calculation according ISO 21771)

——————— GEAR 1 --—-————-- GEAR 2 --
Center distance (mm) [a] 800.000
Centre distance tolerance ISO 286:2010 Measure js7
Normal module (mm) [mn] 16.0000
Pressure angle at normal section (°) [alfn] 25.0000
Helix angle at reference circle (°) [beta] 12.0000
Number of teeth [z] 18 80
Facewidth (mm) [b] 250.00 250.00
Hand of gear left right
Accuracy grade [Q-DIN3961] 6 6
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Material
Gear 1: 18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Gear 2: 18CrNiMo7-6, Case-carburized steel, case-hardened
ISO 6336-5 Figure 9/10 (MQ), core strength >=30HRC
Surface hardness HRC 61 HRC 61
Tool or reference profile of gear 1
Reference profile 1.25 / 0.25 / 1.0 ISO 53.2:1997 Profil C
Dedendum coefficient [hfP*] 1.250
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
——————— GEAR 1 -------- GEAR 2 --
Gear ratio [u] 4.444
Transverse module (mm) [mt] 16.357
Base helix angle (°) [betab] 10.861
Profile shift coefficient [x] 0.2551 -0.3494
Reference diameter (mm) [d] 294.434 1308.596
Base diameter (mm) [db] 265.778 1181.234
Tip diameter (mm) [da] 334.585 1329.404
(mm) [da.e/1i] 334.585 / 334.575 1329.404 / 1329.394
Root diameter (mm) [df] 262.597 1257.416
Manufactured root diameter with xE (mm) [df.e/1i] 262.318 / 262.190 1256.901 / 1256.687
Active root diameter (mm) [dNf] 275.578 1274.850
(mm) [dNf.e/i] 275.633 / 275.529 1274.927 / 1274.780
Root form diameter (mm) [dFf] 273.247 1265.808
(mm) [dFf.e/i] 273.098 / 273.029 1265.379 / 1265.200

6. MEASUREMENTS FOR TOOTH THICKNESS

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

—————- GEAR 1 ---
DIN 3967:1978

[As.e/1] -0.130 / -0.190
Number of teeth spanned [k] 3.000
Base tangent length (no backlash) (mm) [Wk] 125.658
Actual base tangent length ('span') (mm) [Wk.e/i] 125.541 / 125.486
Eff. Diameter of ball/pin (mm) [DMeff] 35.000
Diametral measurement over two balls without clearance (mm)

[MdK] 360.641
Actual dimension over balls (mm) [MdK.e/i] 360.433 / 360.337
Chordal tooth thickness (no backlash) (mm)

['sn] 28.897
Actual chordal tooth thickness (mm) ['sn.e/i] 28.767 / 28.707
Reference chordal height from da.m (mm) [ha] 20.753
Normal backlash (mm) [9n] 0.513 / 0.
7. GEAR ACCURACY
According DIN 3961:
Accuracy grade [Q-DIN3961] 6
Concentricity deviation (um) [Fr] 36.00

————— GEAR

2 ——

DIN 3967:1978

-0.240

12.
556.

/ -0.340

000
141

555.923 / 555.833

28.

1337.
.257 / 1337.042

1337

19.

19.679

10.

301

000
770
919

/ 19.579
474

43.00
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KISSsoft - Release 03-2012E
Wikov Gear, Plzen, #1384, ext

File

Name : Spojka hridel
Changed by : pelikanz on: 17.01.2013 at: 14:42:4¢6

SPLINED JOINTS DIN 5480:2005

Shaft W - 183.30%3.00*20*60*8-
Hub N - 183.30%3.00*20*60*9-

Drawing or article number:

Shaft: 0.000.0
Hub: 0.000.0

1. TOOTH GEOMETRY AND MATERIAL

Normal module (mm) [mn] 3.0000
Nominal diameter DIN (mm) [dB] 183.30
Pressure angle at normal section (°) [alfn] 20.000

Number of teeth [z] 60 -60
Helix angle at reference circle (°) [beta] 0.0000

Facewidth (mm) [b] 50.00 50.00
Hand of gear Spur gear

Material

Shaft: 34 CrNiMo 6 (1), Through hardened steel, alloyed, through hardened
ISO 6336-5 Figure 5/6 (MQ)

Hub: 34 CrNiMo 6 (1), Through hardened steel, alloyed, through hardened
ISO 6336-5 Figure 5/6 (MQ)

——————— SHAFT --------- HUB --------
Surface hardness HBW 240 HBW 240

Tool or reference profile of gear 1

Reference profile (Own input)

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

.000
.167
.000
.160
.000
.000
.000
.000

ol oloNeNeNeN il

not topping
Tool or reference profile of gear 2

Reference profile (Own input)

Addendum coefficient [haP*] 0.800
Dedendum coefficient [hfP*] 1.000
Tip radius factor [rhoaP*] 0.000
Root radius factor [rhofP*] 0.160
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*] 1.167 1.000
Tooth root radius Refer. profile (module)

[rofP~*] 0.160 0.160
Addendum Reference profile (module) [haP*] 1.000 0.800
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
Transverse module (mm) [mt] 3.000
Pressure angle at pitch circle (°) [alft] 20.000
Base helix angle (°) [betab] 0.000
Sum of profile shift coefficients [Summexi] 0.0000
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——————— SHAFT -----—-—--- HUB -—-——————-—
Profile shift coefficient [x] 0.0000 0.0000
Profile shift (x*m) (mm) [x*m] 0.0000 0.0000
Reference diameter (mm) [d] 180.000 -180.000
Base diameter (mm) [db] 169.145 -169.145
Tip diameter (mm) [da] 186.000 -175.200
Effective tip diameter (mm) [da.e/1i] 186.000 / 186.000 -175.200 / -175.200
Tip diameter allowances (mm) [Ada.e/i] 0.000 / 0.000 0.000 / 0.000
Root diameter (mm) [df] 173.000 -186.000
Effective root diameter (mm) [df.e/1] 172.807 / 172.615 -186.495 / -186.687
Root diameter allowances (mm) [Adf.e/i] -0.192 / -0.385 -0.495 / -0.687

Root diameter allowances Adf.e/i and df.e/i only as indication.
In accordance to DINS5 480 other allowances are valid according to the manufacturing process..

Generating Profile shift coefficient [xE.e/1] -0.0321 / -0.0641 -0.0824 / -0.1145
Root form diameter (mm) [dFf.e/i] 174.373 / 174.238 -185.784 / -185.989
(dFf2 calculated with virtual pinion type cutter (circa): z= 39 x=0.000 rhoaP0*=0.1)
Tooth height (mm) [H] 6.500 5.400
Theoretical tip clearance (mm) [c] -0.000 1.100
Effective tip clearance (mm) [c.e/i] 0.343 / 0.247 1.292 / 1.196
Normal tooth thickness at tip cyl. (mm) [san] 2.357 3.077
(mm) [san.e/1i] 2.285 / 2.212 2.902 / 2.833
Normal spacewidth at root cylinder (mm) [efn] 2.506 2.357
(mm) [efn.e/1i] 2.530 / 2.555 2.322 / 2.307
Pitch on reference circle (mm) [pt] 9.425
Base pitch (mm) [pbt] 8.856
Transverse pitch on contact-path (mm) [pet] 8.856
2. MEASUREMENTS FOR TOOTH THICKNESS
——————— SHAFT --—-—-—-—-—--- HUB -—-——————-—
Accuracy grade 8 9
Tooth thickness deviation Own Input Own Input
Number of teeth spanned [k] 7.000 -8.000
Base tangent length (no backlash) (mm) [Wk] 60.088 -68.944
Diameter of contact point (mm) [dMWk .m] 179.485 -182.688
Theoretical diameter of ball/pin (mm) [dm] 3.895 3.923
Eff. Diameter of ball/pin (mm) [DMeff] 4.000 4.000
Theor. dimension over two balls (mm) [MRe/Mri-ball] 182.712 -177.221
Diametral measurement over rolls without clearance (mm)
[MRe/Mri-pin] 182.712 -177.221
Data for Actual Dimensions (
DIN 5480:2005)
Tooth thickness / Spacewidth (mm)
[Smax/Smin, Emax/Emin] 4.642 / 4.572 4.962 / 4.892
Tooth thickness tolerance, normal section (mm)
[Tol.Smax/min] -0.070 / -0.140
Tooth space tolerance, normal section (mm)
[Tol.Emax/min] 0.250 / 0.180
Base tangent length (mm) [Wk.Smax/Smin] 60.022 / 59.956 -69.179 / -69.113
Diametral two ball measure (mm) [MRe/Mri-ball] 182.508 / 182.301 177.868 / 177.689
Diametral measurement over rolls (mm) [MRe/Mri-pin] 182.508 / 182.301 177.868 / 177.689

Data for Effective Dimensions (
DIN 5480:2005)
Tooth thickness / Spacewidth (mm) [Svmax/min, Evmax/min] 4.684 / 4.642 4.892 / 4.712
Tooth thickness tolerance, normal section (mm)
[Tol.Svmax/min] -0.028 / -0.070
Tooth space tolerance, normal section (mm)

[Tol.Evmax/min] 0.180 / 0.000
Base tangent length (mm) [Wk.Svmax/min] (60.061 / 60.022) (-69.113 / -68.944)
Diametral two ball measure (mm) [MRe/Mri-ball] (182.631 / 182.508) (-177.689 / -177.221)
Diametral measurement over rolls (mm) [MRe/Mri-pin] (182.631 / 182.508) (-177.689 / -177.221)
Circumferential backlash (transverse section):
-Theoretical (without form errors) (mm) [jt.th] 0.390 / 0.250
-Effective (with form errors) (mm) [Jt.eff] 0.250 / 0.028
Normal backlash theoretical (mm) [jn.th] 0.366 / 0.235
Normal backlash (mm) [jn.eff] 0.235 / 0.026

Notice: When controlling splines with individual measurements (base tangent length/pin diameter) respect
the values in 'Actual dimensions'.

3. GEAR ACCURACY

According to
DIN 5480:2005:
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Accuracy grade [Q-DIN5480] 8 9
Total profile deviation (um) [Fa] 21.00 28.00
Total helix deviation (um) [Fb] 11.00 14.00
Single pitch deviation (pm) [fp] 17.00 24.00
Total cumulative pitch deviation (um) [Fp] 40.00 56.00
Concentricity deviation (um) [Fr] 60.00 60.00

5. ADDITIONAL DATA
Moment of inertia (System referenced to wheel 1):
calculation without consideration of the exact tooth shape
single gears ((da+df)/2...di) (kg*m?) [TraeghMom] 0.03977 0.10898
System ((da+df)/2...di) (kg*m?) [TraeghMom] 0.14875

Remark regarding mounting with clamping using small helix angle on shaft
(Clamping at the earliest at
0.33*b, spatestens bei 0.66*Db)
Helix angle difference (°) [beta.min/max] 0.0486...0.8681

9. DETERMINATION OF TOOTHFORM
Data not available.

End report lines: 187
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KISSsoft - Release 03-2012E
Wikov Gear, Plzen, #1384, ext

File

Name : Spojka kolo
Changed by : pelikanz on: 17.01.2013 at: 14:44:03

SPLINED JOINTS DIN 5480:2005

Shaft W - 284.40%4.00*%20*70*8-
Hub N - 284.40%4.00*%20*70*9-

Drawing or article number:

Shaft: 0.000.0
Hub: 0.000.0

1. TOOTH GEOMETRY AND MATERIAL

Normal module (mm) [mn] 4.0000
Nominal diameter DIN (mm) [dB] 284.40
Pressure angle at normal section (°) [alfn] 20.000

Number of teeth [z] 70 =70
Helix angle at reference circle (°) [beta] 0.0000

Facewidth (mm) [b] 20.00 20.00
Hand of gear Spur gear

Material

Shaft: 34 CrNiMo 6 (1), Through hardened steel, alloyed, through hardened
ISO 6336-5 Figure 5/6 (MQ)

Hub: 34 CrNiMo 6 (1), Through hardened steel, alloyed, through hardened
ISO 6336-5 Figure 5/6 (MQ)

——————— SHAFT --------- HUB --------
Surface hardness HBW 240 HBW 240

Tool or reference profile of gear 1

Reference profile (Own input)

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

.000
.167
.000
.160
.000
.000
.000
.000

ol oloNeNeNeN il

not topping
Tool or reference profile of gear 2

Reference profile (Own input)

Addendum coefficient [haP*] 0.800
Dedendum coefficient [hfP*] 1.000
Tip radius factor [rhoaP*] 0.000
Root radius factor [rhofP*] 0.160
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*] 1.167 1.000
Tooth root radius Refer. profile (module)

[rofP~*] 0.160 0.160
Addendum Reference profile (module) [haP*] 1.000 0.800
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
Transverse module (mm) [mt] 4.000
Pressure angle at pitch circle (°) [alft] 20.000
Base helix angle (°) [betab] 0.000
Sum of profile shift coefficients [Summexi] 0.0000
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——————— SHAFT -----—-—--- HUB -—-——————-—
Profile shift coefficient [x] 0.0000 0.0000
Profile shift (x*m) (mm) [x*m] 0.0000 0.0000
Reference diameter (mm) [d] 280.000 -280.000
Base diameter (mm) [db] 263.114 -263.114
Tip diameter (mm) [da] 288.000 -273.600
Effective tip diameter (mm) [da.e/1i] 288.000 / 288.000 -273.600 / -273.600
Tip diameter allowances (mm) [Ada.e/i] 0.000 / 0.000 0.000 / 0.000
Root diameter (mm) [df] 270.666 -288.000
Effective root diameter (mm) [df.e/1] 270.447 / 270.227 -288.714 / -288.934
Root diameter allowances (mm) [Adf.e/i] -0.220 / -0.440 -0.714 / -0.934

Root diameter allowances Adf.e/i and df.e/i only as indication.
In accordance to DINS5 480 other allowances are valid according to the manufacturing process..

Generating Profile shift coefficient [xE.e/1] -0.0275 / -0.0549 -0.0893 / -0.1168
Root form diameter (mm) [dFf.e/1i] 272.343 / 272.177 -287.258 / -287.501
(dFf2 calculated with virtual pinion type cutter (circa): z= 23 x=0.000 rhoaP0*=0.1)
Tooth height (mm) [H] 8.667 7.200
Theoretical tip clearance (mm) [c] -0.000 1.467
Effective tip clearance (mm) [c.e/i] 0.467 / 0.357 1.687 / 1.577
Normal tooth thickness at tip cyl. (mm) [san] 3.173 4.078
(mm) [san.e/1i] 3.090 / 3.008 3.824 / 3.746
Normal spacewidth at root cylinder (mm) [efn] 3.265 3.173
(mm) [efn.e/1i] 3.287 / 3.310 3.128 / 3.113
Pitch on reference circle (mm) [pt] 12.566
Base pitch (mm) [pbt] 11.809
Transverse pitch on contact-path (mm) [pet] 11.809
2. MEASUREMENTS FOR TOOTH THICKNESS
——————— SHAFT --—-—-—-—-—--- HUB -—-——————-—
Accuracy grade 8 9
Tooth thickness deviation Own Input Own Input
Number of teeth spanned [k] 8.000 -9.000
Base tangent length (no backlash) (mm) [Wk] 92.485 -104.294
Diameter of contact point (mm) [dMWk .m] 278.878 -283.075
Theoretical diameter of ball/pin (mm) [dm] 5.170 5.314
Eff. Diameter of ball/pin (mm) [DMeff] 5.250 5.500
Theor. dimension over two balls (mm) [MRe/Mri-ball] 283.284 -275.664
Diametral measurement over rolls without clearance (mm)
[MRe/Mri-pin] 283.284 -275.664
Data for Actual Dimensions (
DIN 5480:2005)
Tooth thickness / Spacewidth (mm)
[Smax/Smin, Emax/Emin] 6.203 / 6.123 6.623 / 6.543
Tooth thickness tolerance, normal section (mm)
[Tol.Smax/min] -0.080 / -0.160
Tooth space tolerance, normal section (mm)
[Tol.Emax/min] 0.340 / 0.260
Base tangent length (mm) [Wk.Smax/Smin] 92.410 / 92.335 -104.614 / -104.538
Diametral two ball measure (mm) [MRe/Mri-ball] 283.050 / 282.815 276.560 / 276.351
Diametral measurement over rolls (mm) [MRe/Mri-pin] 283.050 / 282.815 276.560 / 276.351

Data for Effective Dimensions (
DIN 5480:2005)
Tooth thickness / Spacewidth (mm) [Svmax/min, Evmax/min] 6.251 / 6.203 6.543 / 6.283
Tooth thickness tolerance, normal section (mm)
[Tol.Svmax/min] -0.032 / -0.080
Tooth space tolerance, normal section (mm)

[Tol.Evmax/min] 0.260 / 0.000
Base tangent length (mm) [Wk.Svmax/min] (92.455 / 92.410) (-104.538 / -104.294)
Diametral two ball measure (mm) [MRe/Mri-ball] (283.190 / 283.050) (-276.351 / -275.664)
Diametral measurement over rolls (mm) [MRe/Mri-pin] (283.190 / 283.050) (-276.351 / -275.664)
Circumferential backlash (transverse section):
-Theoretical (without form errors) (mm) [jt.th] 0.500 / 0.340
-Effective (with form errors) (mm) [Jt.eff] 0.340 / 0.032
Normal backlash theoretical (mm) [jn.th] 0.470 / 0.319
Normal backlash (mm) [jn.eff] 0.319 / 0.030

Notice: When controlling splines with individual measurements (base tangent length/pin diameter) respect
the values in 'Actual dimensions'.

3. GEAR ACCURACY

According to
DIN 5480:2005:
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Accuracy grade [Q-DIN5480] 8 9
Total profile deviation (um) [Fa] 23.00 31.00
Total helix deviation (um) [Fb] 12.00 15.00
Single pitch deviation (pm) [fp] 19.00 27.00
Total cumulative pitch deviation (um) [Fp] 45.00 63.00
Concentricity deviation (um) [Fr] 60.00 60.00

5. ADDITIONAL DATA
Moment of inertia (System referenced to wheel 1):
calculation without consideration of the exact tooth shape
single gears ((da+df)/2...di) (kg*m?) [TraeghMom] 0.09338 0.13456
System ((da+df)/2...di) (kg*m?) [TraeghMom] 0.22794

Remark regarding mounting with clamping using small helix angle on shaft
(Clamping at the earliest at
0.33*b, spatestens bei 0.66*Db)
Helix angle difference (°) [beta.min/max] 0.1389...2.9490

9. DETERMINATION OF TOOTHFORM

Calculation of Gear 1
Tooth form, Shaft, Step 1: automatic (final treatment)
haP*= 1.019, hfP*= 1.167, rofP*= 0.160

Calculation of Gear 2
Tooth form, Hub, Step 1: automatic (final treatment)
mn= 4.000 mm, alfn=20.000°, da= -273.600 mm, df= -288.824 mm, xE=-0.045, rf= 0.640 mm

End report lines: 196
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KISSsoft - Release 03-2012
KISSsoft academic license for Uni Pilsen

File

Name : hridellA
Changed by : Zuzana on: 17.05.2013 at: 21:22:07

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

1-> The thermally admissible service speed of bearing 'Shaft 'Shaft 1', Roller bearing 'Roller bearing''
could be critical.

You can check this by calculating the thermally permissible operating speed in the 'Roller bearings
[WO50] " module.

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) 981.000
Speed (1/min) 800.00
Sense of rotation: clockwise

Material 18CrNiMo7-6
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) 101.040
Mass moment of inertia (kg*m?) 0.228
Momentum of mass GD2 (Nm?) 8.948
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Housing material 18CrNiMo7-6
Warmth elongation coefficient (10"-6/K) 11.500
Temperature of housing (°C) 20.000
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Figure: Load applications

SHAFT DEFINITION (Shaft 1)

Outer contour

Cylinder (Cylinder) y= 0.00...76.00

(mm)

d=120.00 (mm), 1=76.00 (mm), Rz= 8.0

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

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

Cylinder (Cylinder) y= 76.00...166.00

(mm)

d=140.00 (mm), 1=90.00 (mm), Rz= 8.0

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

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

Cylinder (Cylinder) y= 166.00..

.320.00

(mm)

d=160.00 (mm), 1=154.00 (mm), Rz= 8.0

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

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

Cylinder (Cylinder) y= 320.00..

.450.00

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

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

Cylinder (Cylinder) y= 450.00..

.646.00

d=130.00 (mm), 1=196.00 (mm), Rz= 8.0

Chamfer right (Chamfer right)
1=1.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) y= 646.00..

.821.00
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d=120.00 (mm), 1=175.00 (mm), Rz= 8.0

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

Chamfer right (Chamfer right)
1=1.00 (mm), alpha=45.00 (°)
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Cylinder (Cylinder) y= 821.00...981.00 (mm)
d=100.00 (mm), 1=160.00 (mm), Rz= 8.0
Key way (Key way) y= 835.00...981.00 (mm)
1=146.00 (mm), Rz= 8.0
Interference fit (Interference fit) y= 835.00...981.00 (mm)

1=146.00 (mm), Typ= O

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

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

Inner contour

Forces

Coupling (Coupling / Motor)

y= 908.00 (mm)

Eff. Diameter (mm) 100.0000

Radial force coefficient (-) 0.0000

Direction of radial force (°) 0.0000

Axial force coefficient (=) 0.0000

Length of load application (mm) 146.0000

Power (kW) 800.0000 driven (Input)
Torque (Nm) 9549.2966

Mass (kg) 0.0000
Cylindrical gear (Cylindrical gear) y= 126.00 (mm)
Operating pitch diameter (mm) 311.7270

Helix angle (%) 11.0000 left

Working pressure angle at normal section(°) 20.0000

Position of contact point (°) 0.0000

Length of load application (mm) 80.0000

Torque (Nm) -0.0000
Cylindrical gear (Cylindrical gear) y= 385.00 (mm)
Operating pitch diameter (mm) 150.2840

Helix angle (°) 11.2670 left

Working pressure angle at normal section(°) 20.0000

Position of contact point (°) 0.0000

Length of load application (mm) 130.0000

Power (kW) 800.0000 driving (Output)
Torque (Nm) -9549.2966

Axial force (N) -25317.6493

Shearing force X (N) -47163.5201

Shearing force Z (N) 127083.3433

Bending moment X (Nm) 0.0000

Bending moment Z (Nm) -1902.4188

Bearing

Spherical roller bearings SKF *23224CC/W33 (Roller bearing)

y= 38.00 (mm)

Set fixed bearing left

d = 120.000 (mm), D = 215.000 (mm), B = 76.000 (mm), r = 2.100 (mm)

C = 695.000 (kN), CO = 930.000 (kN), Cu = 93.000 (kN)

Bearing clearance DIN 620:1988 CO (97.50 um)

Spherical roller bearings SKF *23224CC/W33 (Roller bearing) y= 684.00 (mm)
Set fixed bearing right

d = 120.000 (mm), D = 215.000 (mm), B = 76.000 (mm), r = 2.100 (mm)

C = 695.000 (kN), CO = 930.000 (kN), Cu = 93.000 (kN)

Bearing clearance DIN 620:1988 CO (97.50 pm)
maximum deflection 282.68 pm (Shaft 1, 385.00 (mm))

Center of mass
Shaft 1 436.0 mm
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Deformation due to torsion

Shaft 1 [phi.t] 0.18 °
Probability of failure [n] 10.00 %
Axial clearance [uA] 10.00 um

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Roller bearing 'Roller bearing'

Position (Y-coordinate) [v] 38.00 mm
Equivalent load [P] 115.95 kN
Equivalent load [PO] 109.05 kN

Service life [Lnh] 8149.88 h

static safety factor [S0] 8.53

Bearing reaction force [Fx] 24.774 kN

Bearing reaction force [Fy] 25.318 kN

Bearing reaction force [Fz] -58.440 kN

Bearing reaction force [Fr] 63.474 kKN (-67.03°)
Torque of friction [Mloss] 16.115 Nm

Shaft 'Shaft 1' Roller bearing 'Roller bearing'

Position (Y-coordinate) [v] 684.00 mm
Equivalent load [P] 71.26 kN
Equivalent load [PO] 71.26 kN

Service life [Lnh] 41292.42 h

static safety factor [S0] 13.05

Bearing reaction force [Fx] 22.389 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -67.652 kN

Bearing reaction force [Fr] 71.261 kN (-71.69°)
Torque of friction [Mloss] 10.756 Nm
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KISSsoft - Release 03-2012
KISSsoft academic license for Uni Pilsen

File
Name : hridel2A
Changed by : Zuzana on: 17.05.2013 at: 21:29:22

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) 870.000
Speed (1/min) 250.70
Sense of rotation: clockwise

Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?3) 7830.000
Warmth elongation coefficient (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 172.817
Mass moment of inertia (kg*m?) 0.706
Momentum of mass GD2 (Nm?) 27.720
Position in space (°) 0.000
Consider deformations due to shearing

Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Housing material 18CrNiMo7-6
Warmth elongation coefficient (107-6/K) 11.500
Temperature of housing (°C) 20.000

Figure: Load applications

SHAFT DEFINITION (Shaft 1)
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Cylinder (Cylinder) y= 0.00...338.00 (mm)
d=170.00 (mm), 1=338.00 (mm), Rz= 8.0
Radius right (Radius right)
r=2.00 (mm), Rz= 8.0
Chamfer left (Chamfer left)
1=2.00 (mm), alpha=45.00 (°)
Taper (Cone) y= 338.00...357.00 (mm)
dl=170.00 (mm), dr=190.00 (mm), 1=19.00 (mm), Rz= 8.0
Cylinder (Cylinder) y= 357.00...747.00 (mm)
d=190.00 (mm), 1=390.00 (mm), Rz= 8.0
Cylinder (Cylinder) y= 747.00...760.00 (mm)
d=188.00 (mm), 1=13.00 (mm), Rz= 8.0
Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)
Cylinder (Cylinder) y= 760.00...870.00 (mm)
d=170.00 (mm), 1=110.00 (mm), Rz= 8.0
Inner contour
Forces
Cylindrical gear (Cylindrical gear) y= 160.00 (mm)
Operating pitch diameter (mm) 311.7270
Helix angle (%) 11.0000 right
Working pressure angle at normal section(°) 20.0000
Position of contact point (°) 0.0000
Length of load application (mm) 80.0000
Torque (Nm) -0.0000
Cylindrical gear (Cylindrical gear) y= 394.00 (mm)
Operating pitch diameter (mm) 479.4780
Helix angle (%) 11.2670 right
Working pressure angle at normal section(°®) 20.0000
Position of contact point (°) 0.0000
Length of load application (mm) 130.0000
Power (kW) 800.0000 driven (Input)
Torque (Nm) 30472.4263
Axial force (N) -25322.2967
Shearing force X (N) -47172.1777
Shearing force Z (N) -127106.6713
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) -6070.7421
Cylindrical gear (Cylindrical gear) y= 622.00 (mm)
Operating pitch diameter (mm) 294.4340
Helix angle (°) 12.0000 left
Working pressure angle at normal section (°) 20.0000
Position of contact point (%) 0.0000
Length of load application (mm) 250.0000
Power (kW) 800.0000 driving (Output)
Torque (Nm) -30472.4263
Axial force (N) -43997.0530
Shearing force X (N) =-77021.2470
Shearing force Z (N) 206989.8604
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) -6477.1142
Bearing
Spherical roller bearings SKF *23234CC/W33 (Roller bearing) y= 55.00 (mm)
Set fixed bearing left
d = 170.000 (mm), D = 310.000 (mm), B = 110.000 (mm), r = 4.000 (mm)
C = 1400.000 (kN), CO = 1930.000 (kN), Cu = 173.000 (kN)
Bearing clearance DIN 620:1988 CO (150.00 pm)
Spherical roller bearings SKF *23234CC/W33 (Roller bearing) y= 815.00 (mm)

Set fixed bearing right
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4.000 (mm)

(150.00 um)

(Shaft 1, 408.00 (mm))

maximum deflection 155.38 um
Center of mass

Shaft 1 449.1 mm
Deformation due to torsion

Shaft 1 [phi.t] -0.04 °
Probability of failure [n] 10.00 %
Axial clearance [uA] 10.00 um

Roller bearings, classical calculation

Shaft 'Shaft 1' Roller bearing 'Roller bearing'

Position (Y-coordinate)
Equivalent load
Equivalent load
Service life

static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Torque of friction

Shaft 'Shaft 1' Roller bearing 'Roller bearing'

Position (Y-coordinate)
Equivalent load
Equivalent load
Service life

static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Torque of friction
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File
Name : hridel3
Changed by : Zuzana on: 17.05.2013 at: 21:31:53
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) 810.000
Speed (1/min) 56.60
Sense of rotation: clockwise
Material 18CrNiMo7-6
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?3) 7830.000
Warmth elongation coefficient (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 342.552
Mass moment of inertia (kg*m?) 2.992
Momentum of mass GD2 (Nm?) 117.405
Position in space (°) 0.000
Consider deformations due to shearing
Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Housing material S355J2G3 (St52.3 N)
Warmth elongation coefficient (107-6/K) 11.500
Temperature of housing (°C) 20.000

Figure: Load applications

SHAFT DEFINITION (Shaft 1)
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Outer contour
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Cylinder (Cylinder) y= 0.00...120.00 (mm)
d=240.00 (mm), 1=120.00 (mm), Rz= 8.0
Radius right (Radius right)
r=2.00 (mm), Rz= 8.0
Chamfer left (Chamfer left)
1=2.00 (mm), alpha=45.00 (°)
Chamfer left (Chamfer left)
1=2.00 (mm), alpha=45.00 (°)
Cylinder (Cylinder) y= 120.00...303.00 (mm)
d=260.00 (mm), 1=183.00 (mm), Rz= 8.0
Radius right (Radius right)
r=2.00 (mm), Rz= 8.0
Chamfer left (Chamfer left)
1=2.00 (mm), alpha=45.00 (°)
Cylinder (Cylinder) y= 303.00...630.00 (mm)
d=280.00 (mm), 1=327.00 (mm), Rz= 8.0
Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)
Chamfer left (Chamfer left)
1=2.00 (mm), alpha=45.00 (°)
Cylinder (Cylinder) y= 630.00...690.00 (mm)
d=254.00 (mm), 1=60.00 (mm), Rz= 8.0
Radius left (Radius left)
r=2.00 (mm), Rz= 8.0
Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)
Cylinder (Cylinder) y= 690.00...810.00 (mm)
d=240.00 (mm), 1=120.00 (mm), Rz= 8.0
Chamfer right (Chamfer right)
1=1.00 (mm), alpha=45.00 (°)
Chamfer right (Chamfer right)
1=2.00 (mm), alpha=45.00 (°)
Inner contour
Forces
Cylindrical gear (Cylindrical gear) y= 218.00 (mm)
Operating pitch diameter (mm) 954.4630
Helix angle (%) 11.2670 right
Working pressure angle at normal section(°) 20.0000
Position of contact point (°) 0.0000
Length of load application (mm) 170.0000
Power (kW) 800.0000 driven (Input)
Torque (Nm) 134972.3899
Axial force (N) -56344.3773
Shearing force X (N) -104962.3187
Shearing force Z (N) -282823.7237
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) -26889.3117
Cylindrical gear (Cylindrical gear) y= 505.00 (mm)
Operating pitch diameter (mm) 294.4340
Helix angle (°) 10.8610 right
Working pressure angle at normal section(°) 20.0000
Position of contact point (%) 0.0000
Length of load application (mm) 250.0000
Power (kW) 800.0000 driving (Output)
Torque (Nm) -134972.3899
Axial force (N) 175905.7601
Shearing force X (N) -339783.8967
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Shearing force Z (N) 916826.1132
Bending moment X (Nm) -0.0000
Bending moment Z (Nm) 25896.3183
Bearing
Spherical roller bearings SKF *22248CC/W33 (Roller bearing) y= 60.00 (mm)

Set fixed bearing left

d = 240.000 (mm), D = 440.000 (mm), B = 120.000 (mm), r = 4.000 (mm)

C = 2000.000 (kN), CO = 3000.000 (kN), Cu = 245.000 (kN)

Bearing clearance DIN 620:1988 CO (195.00 pm)

Spherical roller bearings SKF *22248CC/W33 (Roller bearing) y= 750.00 (mm)
Set fixed bearing right
d = 240.000 (mm), D = 440.000 (mm), B = 120.000 (mm), r = 4.000 (mm)
) ’

C = 2000.000 (kN), CO = 3000.000 (kN Cu = 245.000 (kN)
Bearing clearance DIN 620:1988 CO (195.00 pm)
maximum deflection 192.17 pm (Shaft 1, 473.75 (mm))
Center of mass
Shaft 1 408.1 mm
Deformation due to torsion
Shaft 1 [phi.t] -0.05 °
Probability of failure [n] 10.00 %
Axial clearance [uA] 10.00 um

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Roller bearing 'Roller bearing'

Position (Y-coordinate) [v] 60.00 mm
Equivalent load [P] 228.94 kN
Equivalent load [PO] 228.94 kN

Service life [Lnh] 404349.14 h

static safety factor [SO] 13.10

Bearing reaction force [Fx] 203.014 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -105.813 kN

Bearing reaction force [Fr] 228.935 kN (-27.53°)
Torque of friction [Mloss] 15.437 Nm

Shaft 'Shaft 1' Roller bearing 'Roller bearing'

Position (Y-coordinate) [v] 750.00 mm
Equivalent load [P] 876.73 kN
Equivalent load [PO] 876.73 kN

Service life [Lnh] 4601.70 h

static safety factor [SO] 3.42

Bearing reaction force [Fx] 241.732 kN

Bearing reaction force [Fy] -119.561 kN

Bearing reaction force [Fz] -524.829 kN

Bearing reaction force [Fr] 577.823 kN  (-65.27°)
Torque of friction [Mloss] 45.286 Nm
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File
Name hridel4d
Changed by Zuzana on: 17.05.2013 at: 21:33:40
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) 1360.000
Speed (1/min) 12.70
Sense of rotation: clockwise
Material 42 CrMo 4 (1)
Young's modulus (N/mm?) 206000.000
Poisson's ratio nu 0.300
Specific weight (kg/m?3) 7830.000
Warmth elongation coefficient (107-6/K) 11.500
Temperature (°C) 20.000
Weight of shaft (kg) 818.027
Mass moment of inertia (kg*m?) 10.208
Momentum of mass GD2 (Nm?) 400.565
Position in space (°) 0.000
Consider deformations due to shearing
Shear correction coefficient 1.100
Contact angle of roller bearings is considered
Housing material S355J2G3 (St52.3 N)
Warmth elongation coefficient (100-6/K) 11.500
Temperature of housing (°C) 20.000
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Figure: Load applications

SHAFT DEFINITION (Shaft 1)
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Outer contour

Cylinder (Cylinder) y= 0.00...20.00 (mm)
d=220.00 (mm), 1=20.00 (mm), Rz= 8.0

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

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

Cylinder (Cylinder) y= 20.00...395.00 (mm)
d=300.00 (mm), 1=375.00 (mm), Rz= 8.0

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

Chamfer left (Chamfer left)
1=1.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) y= 395.00...705.00 (mm)
d=332.00 (mm), 1=310.00 (mm), Rz= 8.0

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

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

Cylinder (Cylinder) y= 705.00...735.00 (mm)
d=368.00 (mm), 1=30.00 (mm), Rz= 8.0

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

Chamfer left (Chamfer left)
1=1.00 (mm), alpha=45.00 (°)

Chamfer right (Chamfer right)
1=1.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) y= 735.00...965.00 (mm)
d=332.00 (mm), 1=230.00 (mm), Rz= 8.0

Chamfer right (Chamfer right)
1=1.00 (mm), alpha=45.00 (°)

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

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

Cylinder (Cylinder) y= 965.00...1340.00 (mm)
d=300.00 (mm), 1=375.00 (mm), Rz= 8.0

Interference fit (Interference fit) y
1=200.00 (mm), Typ= O

1140.00...1340.00 (mm)
Radius left (Radius left)
r=2.00 (mm), Rz= 8.0

Chamfer right (Chamfer right)
1=1.00 (mm), alpha=45.00 (°)

Cylinder (Cylinder) y= 1340.00...1360.00 (mm)
d=220.00 (mm), 1=20.00 (mm), Rz= 8.0

Inner contour

Forces

Coupling (Coupling / Motor) y= 1240.00 (mm)

Eff. Diameter (mm) 300.0000

Radial force coefficient (-) 0.0000

Direction of radial force (°) 0.0000

Axial force coefficient (=) 0.0000

Length of load application (mm) 200.0000
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Power (kw) 800.0000 driving (Output)
Torque (Nm) -601530.4936
Mass (kg) 0.0000
Cylindrical gear (Cylindrical gear) y= 580.00 (mm)
Operating pitch diameter (mm) 1308.5960
Helix angle (°) 10.8610 right
Working pressure angle at normal section(®) 25.0000
Position of contact point (%) 0.0000
Length of load application (mm) 250.0000
Power (kW) 800.0000 driven (Input)
Torque (Nm) 601530.4936
Axial force (N) -176390.4798
Shearing force X (N) -436520.4087
Shearing force 7 (N) -919352.4871
Bending moment X (Nm) 0.0000
Bending moment Z (Nm) -115411.9382
Bearing
Spherical roller bearings SKF *23060CC/W33 (Roller bearing) y= 336.00 (mm)
Set fixed bearing left
d = 300.000 (mm), D = 460.000 (mm), B = 118.000 (mm), r = 4.000 (mm)
C = 2120.000 (kN), CO = 3450.000 (kN), Cu = 265.000 (kN)
Bearing clearance DIN 620:1988 CO (235.00 um)
Spherical roller bearings SKF *23060CC/W33 (Roller bearing) y= 1023.00 (mm)
Set fixed bearing right
d = 300.000 (mm), D = 460.000 (mm), B = 118.000 (mm), r = 4.000 (mm)
C = 2120.000 (kN), CO = 3450.000 (kN), Cu = 265.000 (kN)
Bearing clearance DIN 620:1988 CO (235.00 um)
maximum deflection 174.59 pm (Shaft 1, 642 .50 (mm))
Center of mass
Shaft 1 680.2 mm
Deformation due to torsion
Shaft 1 [phi.t] -0.29 °
Probability of failure [n] 10.00 %
Axial clearance [uA] 10.00 um

Roller bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Roller bearing 'Roller bearing'

Position (Y-coordinate) [v] 336.00 mm
Equivalent load [P] 1276.71 kN
Equivalent load [PO] 1241.05 kN
Service life [Lnh] 7115.24 h
static safety factor [S0] 2.78
Bearing reaction force [Fx] 449,477 kN
Bearing reaction force [Fy] 176.390 kN
Bearing reaction force [Fz] 596.832 kN
Bearing reaction force [Fr] 747.153 kN  (53.02°)
Torque of friction [Mloss] 20.560 Nm
Shaft 'Shaft 1' Roller bearing 'Roller bearing'

Position (Y-coordinate) [v] 1023.00 mm
Equivalent load [P] 330.80 kN
Equivalent load [PO] 330.80 kN
Service life [Lnh] 641634.41 h
static safety factor [S0] 10.43
Bearing reaction force [Fx] -12.956 kN
Bearing reaction force [Fy] 0.000 kN
Bearing reaction force [Fz] 330.544 kN
Bearing reaction force [Fr] 330.798 kN  (92.24°)
Torque of friction [Mloss] 8.035 Nm
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sigV = ((sigB+sigZ,D)"2 + 3* (tauT+tauS)"2)"1/2
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Ealewlation programs for machine design

KISSsoft - Release 03-2012E
Wikov Gear, Plzen, #1384, ext

File

Name : Hridel 1
Changed by : pelikanz on: 17.01.2013 at: 14:29:58

Roller bearing calculation according to ISO 281:2007

Shaft 'Welle 1' Roller bearing 'Widlzlager'
Spherical roller bearings (SKF *23224CC/W33)

Bearing clearance DIN 620:1988 CO (97.50 um)
Inner diameter [dl] 120.000 mm

Outer diameter [D] 215.000 mm
Width [B] 76.000 mm

Dynamic load rating [C] 695.000 kN

Static load rating [CO] 930.000 kN

Fatigue load limit [Cu] 93.000 kN

Life modification factor for reliabilitylal] 1.000

Equivalent load [P] 129.763 kN
Equivalent load [PO] 125.379 kN
Effective speed [n] 800.000 1/min
Service life [Lnh] 5600.269 h

static safety factor [S0] 7.418

Bearing reaction force [Fx] 29.524 kN

Bearing reaction force [Fy] 27.012 kN

Bearing reaction force [Fz] -70.851 kN

Bearing reaction force [Fr] 76.756 kKN (-67.38°
Torque of friction [Mloss] 16.035 Nm

Power loss [Ploss] 1343.337 w
Displacement of bearing [ux] -17.393 um
Displacement of bearing [uy] -10.000 um
Displacement of bearing [uz] 45.560 um
Displacement of bearing [ur] 48.767 um (110.9°%)
Misalignment of bearing [rx] 0.948 mrad (3.26")
Misalignment of bearing [ry] -1.586 mrad (-5.45")
Misalignment of bearing [rz] 0.357 mrad (1.23")
Misalignment of bearing [rr] 1.013 mrad (3.48"
Shaft 'Welle 1' Roller bearing 'Widlzlager'

Spherical roller bearings (SKF *23224CC/W33)

Bearing clearance DIN 620:1988 CO (97.50 um)
Inner diameter [d] 120.000 mm

Outer diameter [D] 215.000 mm
Width [B] 76.000 mm

Dynamic load rating [C] 695.000 kN

Static load rating [CO] 930.000 kN

Fatigue load limit [Cu] 93.000 kN

Life modification factor for reliabilitylal] 1.000

Equivalent load [P] 57.858 kN
Equivalent load [PO] 57.858 kN
Effective speed [n] 800.000 1/min
Service life [Lnh] 82700.512 h

static safety factor [SO] 16.074

Bearing reaction force [Fx] 17.892 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -55.021 kN

Bearing reaction force [Fr] 57.858 kKN  (-=71.99°)
Torque of friction [Mloss] 8.129 Nm

Power loss [Ploss] 681.045 W
Displacement of bearing [ux] -13.724 um
Displacement of bearing [uy -12.845 um
Displacement of bearing [uz 46.791 um
Displacement of bearing [ur 48.763 pm  (106.35°)

1
1
]
Misalignment of bearing [rx] -0.730 mrad (-2.51")
1
1
1

Misalignment of bearing [ry -2.743 mrad (=9.43")
Misalignment of bearing [rz -0.267 mrad (-0.92")
Misalignment of bearing [rr 0.777 mrad (2.67")
End report lines: 76
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File

Hridel 2
pelikanz on:

Name

Changed by 17.01.2013 at: 14:26:39

Roller bearing calculation according to ISO 281:2007

Shaft 'Welle 1' Roller bearing 'Widlzlager'
Spherical roller bearings (SKF *23234CC/W33)

Bearing clearance DIN 620:1988 CO (150.00 pm)

Inner diameter [dl] 170.000 mm

Outer diameter [D] 310.000 mm

Width [B] 110.000 mm

Dynamic load rating [C] 1400.000 kN

Static load rating [CO] 1930.000 kN

Fatigue load limit [Cu] 173.000 kN

Life modification factor for reliabilitylal] 1.000

Equivalent load [P] 383.832 kN
Equivalent load [PO] 380.006 kN

Effective speed [n] 250.746 1/min
Service life [Lnh] 4964.838 h

static safety factor [S0] 5.079

Bearing reaction force [Fx] 97.907 kN

Bearing reaction force [Fy] 38.259 kN

Bearing reaction force [Fz] 295.333 kN

Bearing reaction force [Fr] 311.139 kN (71.66°)
Torque of friction [Mloss] 46.592 Nm

Power loss [Ploss] 1223.417 w
Displacement of bearing [ux] -22.567 um
Displacement of bearing [uy] -10.000 um
Displacement of bearing [uz] -71.533 um
Displacement of bearing [ur] 75.008 um (-107.51°)
Misalignment of bearing [rx] -0.594 mrad (-2.04")
Misalignment of bearing [ry] 0.000 mrad (0')
Misalignment of bearing [rz] 0.012 mrad (0.04")
Misalignment of bearing [rr] 0.594 mrad (2.04")

Shaft 'Welle 1' Roller bearing 'Widlzlager'
Spherical roller bearings (SKF *23234CC/W33)

Bearing clearance
Inner diameter [
Outer diameter [
Width [
[
[

DIN 620:1988 CO (150.00 pm)
d] 170.000 mm
D] 310.000 mm
B] 110.000 mm
C]

Dynamic load rating 1400.000 kN

Static load rating Cc0] 1930.000 kN

Fatigue load limit [Cu] 173.000 kN

Life modification factor for reliabilitylal] 1.000

Equivalent load [P] 118.131 kN

Equivalent load [PO] 118.131 kN

Effective speed [n] 250.746 1/min

Service life [Lnh] 252246.052 h

static safety factor [SO] 16.338

Bearing reaction force [Fx] -10.013 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] 117.706 kN

Bearing reaction force [Fr] 118.131 kKN  (94.86°)
Torque of friction [Mloss] 15.724 Nm

Power loss [Ploss] 412.894 W
Displacement of bearing [ux] 7.128 um
Displacement of bearing [uy] -10.573 um
Displacement of bearing [uz] -74.664 um
Displacement of bearing [ur] 75.003 pm  (-84.55°)
Misalignment of bearing [rx] 0.602 mrad (2.07")
Misalignment of bearing [ry] -0.213 mrad (=0.73")
Misalignment of bearing [rz] -0.024 mrad (-0.08")
Misalignment of bearing [rr] 0.602 mrad (2.07")
End report lines: 76
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KISSsoft - Release 03-2012E
Wikov Gear, Plzen, #1384, ext

File

Hridel 3
pelikanz on:

Name

Changed by 17.01.2013 at: 14:23:58

Roller bearing calculation according to ISO 281:2007

Shaft 'Welle 1' Roller bearing 'Widlzlager'
Spherical roller bearings (SKF *23248CC/W33)

Bearing clearance DIN 620:1988 CO (195.00 pm)

Inner diameter [dl] 240.000 mm

Outer diameter [D] 440.000 mm

Width [B] 160.000 mm

Dynamic load rating [C] 2900.000 kN

Static load rating [CO] 4300.000 kN

Fatigue load limit [Cu] 345.000 kN

Life modification factor for reliabilitylal] 1.000

Equivalent load [P] 920.961 kN
Equivalent load [PO] 908.007 kN
Effective speed [n] 56.620 1/min
Service life [Lnh] 13471.033 h

static safety factor [S0] 4.736

Bearing reaction force [Fx] 179.205 kN

Bearing reaction force [Fy] 129.536 kN

Bearing reaction force [Fz] -650.613 kN

Bearing reaction force [Fr] 674.842 kKN (-74.6°)
Torque of friction [Mloss] 54.478 Nm

Power loss [Ploss] 323.014 w
Displacement of bearing [ux] -24.556 um
Displacement of bearing [uy] -10.000 um
Displacement of bearing [uz] 94.362 um
Displacement of bearing [ur] 97.505 um (104.59°
Misalignment of bearing [rx] 0.529 mrad (1.82")
Misalignment of bearing [ry] -0.000 mrad (0')
Misalignment of bearing [rz] 0.111 mrad (0.38"
Misalignment of bearing [rr] 0.540 mrad (1.86"

Shaft 'Welle 1' Roller bearing 'Widlzlager'
Spherical roller bearings (SKF *23248CC/W33)

Bearing clearance
Inner diameter [
Outer diameter [
Width [
[
[

DIN 620:1988 CO (195.00 pm)
d] 240.000 mm
D] 440.000 mm
B] 160.000 mm
C]

Dynamic load rating 2900.000 kN

Static load rating Cc0] 4300.000 kN

Fatigue load limit [Cu] 345.000 kN

Life modification factor for reliabilitylal] 1.000

Equivalent load [P] 550.704 kN
Equivalent load [PO] 550.704 kN

Effective speed [n] 56.620 1/min
Service life [Lnh] 74784.127 h

static safety factor [SO] 7.808

Bearing reaction force [Fx] 118.744 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -537.750 kN

Bearing reaction force [Fr] 550.704 kKN (-77.55°)
Torque of friction [Mloss] 38.690 Nm

Power loss [Ploss] 229.404 W
Displacement of bearing [ux] -19.700 um
Displacement of bearing [uy] -13.647 um
Displacement of bearing [uz] 95.493 um
Displacement of bearing [ur] 97.504 pm (101.66°
Misalignment of bearing [rx] -0.660 mrad (-2.27")
Misalignment of bearing [ry] -0.366 mrad (-1.26"
Misalignment of bearing [rz] -0.171 mrad (-0.59'
Misalignment of bearing [rr] 0.682 mrad (2.34")
End report lines: 76
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File

Hridel 4
pelikanz on:

Name

Changed by 17.01.2013 at: 14:21:37

Roller bearing calculation according to ISO 281:2007

Shaft 'Welle 1' Roller bearing 'Widlzlager'
Spherical roller bearings (SKF *23060CC/W33)

Bearing clearance DIN 620:1988 CO (235.00 pm)

Inner diameter [dl] 300.000 mm

Outer diameter [D] 460.000 mm

Width [B] 118.000 mm

Dynamic load rating [C] 2120.000 kN

Static load rating [CO] 3450.000 kN

Fatigue load limit [Cu] 265.000 kN

Life modification factor for reliabilitylal] 1.000

Equivalent load [P] 419.772 kN
Equivalent load [PO] 419.772 kN

Effective speed [n] 12.740 1/min
Service life [Lnh] 289136.305 h

static safety factor [S0] 8.219

Bearing reaction force [Fx] -51.886 kN

Bearing reaction force [Fy] 0.000 kN

Bearing reaction force [Fz] -416.554 kN

Bearing reaction force [Fr] 419.772 kKN  (=97.1°)
Torque of friction [Mloss] 7.389 Nm

Power loss [Ploss] 9.858 w
Displacement of bearing [ux] 15.653 um
Displacement of bearing [uy] 11.430 um
Displacement of bearing [uz] 116.454 um
Displacement of bearing [ur] 117.502 um (82.34°)
Misalignment of bearing [rx] -0.034 mrad (-0.12")
Misalignment of bearing [ry] -3.102 mrad (-10.67")
Misalignment of bearing [rz] 0.221 mrad (0.76"
Misalignment of bearing [rr] 0.224 mrad (0.77")

Shaft 'Welle 1' Roller bearing 'Widlzlager'
Spherical roller bearings (SKF *23060CC/W33)

Bearing clearance
Inner diameter [
Outer diameter [
Width [
[
[

DIN 620:1988 CO (235.00 pm)
d] 300.000 mm
D] 460.000 mm
B] 118.000 mm
C]

Dynamic load rating 2120.000 kN

Static load rating Cc0] 3450.000 kN

Fatigue load limit [Cu] 265.000 kN

Life modification factor for reliabilitylal] 1.000

Equivalent load [P] 1309.921 kN

Equivalent load [PO] 1221.230 kN

Effective speed [n] 12.740 1/min

Service life [Lnh] 6511.274 h

static safety factor [SO] 2.825

Bearing reaction force [Fx] 485.146 kN

Bearing reaction force [Fy] -194.809 kN

Bearing reaction force [Fz] -470.418 kN

Bearing reaction force [Fr] 675.766 kN  (-44.12°)
Torque of friction [Mloss] 15.953 Nm

Power loss [Ploss] 21.283 W
Displacement of bearing [ux] -82.840 um
Displacement of bearing [uy] 10.000 um
Displacement of bearing [uz] 83.333 um
Displacement of bearing [ur] 117.502 pm (134.83°)
Misalignment of bearing [rx] -0.099 mrad (-0.34")
Misalignment of bearing [ry] -4.187 mrad (-14.39"
Misalignment of bearing [rz] 0.198 mrad (0.68")
Misalignment of bearing [rr] 0.221 mrad (0.76"'
End report lines: 76
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File
Name : lozisko SKF_61934 MA
Changed by : Zuzana on: 17.05.2013 at: 21:36:34

ROLLER BEARING ANALYSIS

Calculation method: ISO 281:2007 und Herstellerangaben
- With constant a23-factor (1.0)

General data:

Speed (1/min) 784.600
Axial force (N) 5492.560
Required service life (h) 2400.000

Roller bearing No. 1:

Bearing type SKF 61934 MA

Type Deep groove ball bearing (single row)
Bearing clearance: normal

Only radial load

Radial force (N) [Fr] 15068.450
Axial force (N) [Fa] 0.000
Inner diameter (mm) [d] 170.000
External diameter (mm) [D] 230.000
Width (mm) [B] 28.000
Dynamic load number (kN) [C] 93.600
Static load number (kN) [CO] 106.000
Speed limit (o0il) (1/min) [n.max] 4800

Dynamic equivalent load (N) [P] 15068.450
Static equivalent load (N) [PO] 15068.450
Torque of friction (Nmm) [M] 1743.892
Service life (h) [Lh] 5091.225
Static safety factor [S0] 7.035

Roller bearing No. 2:

Bearing type SKF 61934 MA

Type Deep groove ball bearing (single row)
Bearing clearance: normal

Radial and axial load

Radial force (N) [Fr] 15068.450
Axial force (N) [Fa] 5492.560
Inner diameter (mm) [d] 170.000
External diameter (mm) [D] 230.000
Width (mm) [B] 28.000
Dynamic load number (kN) [C] 93.600
Static load number (kN) [CO] 106.000
Speed limit (o0il) (1/min) [n.max] 4800
Dynamic equivalent load (N) [P] 17174.330
Static equivalent load (N) [PO] 15068.450
Torque of friction (Nmm) [M] 3540.065
Service life (h) [Lh] 3438.655
Static safety factor [S0] 7.035
End report lines: 70
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File
Name : lozisko SKF 61938 MA
Changed by : Zuzana on: 17.05.2013 at: 21:37:58

ROLLER BEARING ANALYSIS

Calculation method: ISO 281:2007 und Herstellerangaben
- With constant a23-factor (1.0)

General data:

Speed (1/min) 250.700
Axial force (N) 12414.520
Required service life (h) 2400.000

Roller bearing No. 1:

Bearing type SKF 61938 MA

Type Deep groove ball bearing (single row)
Bearing clearance: normal

Only radial load

Radial force (N) [Fr] 31158.490
Axial force (N) [Fa] 0.000
Inner diameter (mm) [d] 190.000
External diameter (mm) [D] 260.000
Width (mm) [B] 33.000
Dynamic load number (kN) [C] 117.000
Static load number (kN) [CO] 134.000
Speed limit (o0il) (1/min) [n.max] 4300

Dynamic equivalent load (N) [P] 31158.490
Static equivalent load (N) [PO] 31158.490
Torque of friction (Nmm) [M] 2973.292
Service life (h) [Lh] 3519.839
Static safety factor [S0] 4.301

Roller bearing No. 2:

Bearing type SKF 61938 MA

Type Deep groove ball bearing (single row)
Bearing clearance: normal

Radial and axial load

Radial force (N) [Fr] 31158.490
Axial force (N) [Fa] 12414.520
Inner diameter (mm) [d] 190.000
External diameter (mm) [D] 260.000
Width (mm) [B] 33.000
Dynamic load number (kN) [C] 117.000
Static load number (kN) [CO] 134.000
Speed limit (o0il) (1/min) [n.max] 4300
Dynamic equivalent load (N) [P] 34908.965
Static equivalent load (N) [PO] 31158.490
Torque of friction (Nmm) [M] 5835.527
Service life (h) [Lh] 2502.886
Static safety factor [SO] 4.301
End report lines: 70
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KISSsoft academic license for Uni Pilsen

File

Name

Changed by Zuzana

nalisovani_lhridelB
on:

14.04.2013 at: 19:44:32

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

1-> For the raw diameter (
the database has no values

150 mm) of the material

for tensile stress and yield point !

Guessed values are assumed.
For the input of material data:
Call the KISSsoft database tool

in the menu Extras

Cylindrical interference fit [MOlal]

Calculation method: According DIN 7190:2001

(elastic range)

(18CrNiMo7-6)

with additions (Centrifugal force, Micro sliding, Assembly, etc.)
for shrunken or pressed fits
Diameter shaft (mm) [DiA]/[DiI]140.00/ 0.00
Diameter hub (mm) [DaA]/[DaIl296.99/140.00
Length of Interference fit (mm) [1] 80.00
Diameter of joint (mm) [DF] 140.00
Tolerance Shaft u6
Upper allowance Shaft (um) [AoI] 195.0
Lower allowance Shaft (upm) [Aul] 170.0
Tolerance measure Shaft (um) TI] 25.0
Tolerance hub H6
Upper allowance Hub (um) [A0A] 25.0
Lower allowance Hub (pm) [AuA] 0.0
Tolerance measure Hub (um) [TA] 25.0
Largest oversize (um) [Po] 195.0
Smallest oversize (upm) [Pu] 145.0
Nominal torque (Nm) [T] 9549.30
Application factor [KA] 1.00
Service torque (Nm) [Tb] 9549.30
Axial force (N) [FA] 0.00
Bending moment (Nm) [Mb] 0.00
Radial force (N) [Fr] 0.00
Circumferential force (N) [Fu] 136418.57
Speed (1/min) [n] 800.00
Oversize (um) [P] 170.0 ( 145.0.. 195.0)
Embedding (um) [s] 7.68
Working oversize at 20°C(68°F) (um) [Pw] 162.32 ( 137.3.. 187.3)
Working oversize at working temp.. (pm) [PwTh] 162.32 ( 137.3.. 187.3)
Service temperature shaft (°C) [ThB] 0
Service temperature hub (°C) [ThB] 0
Pressure stress by
- Oversize (after mounting) (N/mm?) [pM] 92.88 ( 78.58..107.19)
- Oversize (working) (N/mm?) [p] 92.50 ( 78.19..106.80)
- Bending moment (N/mm?) [pb] 0.00
- Radial force (N/mm?) [pr] 0.00
Coefficient of friction, axial [mya] 0.100
Coefficient of friction, circumferential [myu] 0.100
Safety against sliding [Sr] 2.39 ( 2.02.. 2.75)
Required safety against sliding [SSr] 1.20
Equivalent stress according to von Mises
Shaft
Material 18CrNiMo7-6
Young's modulus (N/mm?) [EI] 206000.00
Poisson's ratio (-) [nyI] 0.30
Density (kg/m?3) [rho] 7830.00
Warmth elongation coefficient (10"-6/K) [alphal 11.50
Tensile strength (N/mm?) [Rm] 600.00 (d= 0- Omm)
Yield point (N/mm?) [Rp] 425.00 (d= 0- Omm)
Surface class of roughness N6 Rz=4.8 (Grinding)
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Surface roughness (um) [Rz]
External diameter (mm) [DiA]
Diameter increase (um) [deltaD]
Diameter increase (0/00) [deltaD]
Equivalent stress outsideg (N/mm?) [sigVa]
- Radial stress (N/mm?) [sigRa]
- Tangential stress (N/mm?) [sigTa]
- With outside load (N/mm?) [sigVaMF]
Inner diameter (mm) [DiI]
Equivalent stress insideg (N/mm?) [sigVi]
- Radial stress (N/mm?) [sigRi]
- Tangential stress (N/mm?) [sigTi]
Safety against fracture [SiRm]
Required safety against fracture [SSi.Rm]
Safety against yield point [Si.Rp]
Required safety against yield point [SSi.Rp]

Hub
Material 18CrNiMo7-6
Young's modulus (N/mm?) [EA]
Poisson's ratio (-) [nyA]
Density (kg/m?) [rho]
Warmth elongation coefficient (10%-6/K) [alpha]
Tensile strength (N/mm?) [Rm]
Yield point (N/mm?) [Rp]
Surface class of roughness N6 Rz=4.8
Surface roughness (pm) [Rz]
External diameter (mm) [DaA]
Diameter increase (um) [deltaD]
Diameter increase (0/00) [deltaD]
Equivalent stress outsideg (N/mm?) [sigVa]

- Radial stress (N/mm?) [sigRa]

- Tangential stress (N/mm?) [sigTa]
Inner diameter (mm) [Dal]
Diameter increase (um) [deltaD]
Diameter increase (0/00) [deltaD]
Equivalent stress insideg (N/mm?) [sigVi]

- Radial stress (N/mm?) [sigRi]

- Tangential stress (N/mm?) [sigTi]

- With outside load (N/mm?) [sigViMF]
Safety against fracture [Si.Rm]
Required safety against fracture [SSi.Rm]
Safety against yield point [Si.Re]
Required safety against yield point [SSi.Re]

Mere elastic stress,

Service / Mounting / Remounting

Transverse-interference-fit:

4.
1.

3.
1.

no verification of elastic plastic

206000.00
0.30
7830.00
11.
900.
640.

50
00
00

07
00

interference fit according to DIN 7190.

Mounting clearance (mm) [PsTh] 0.140
Temperature difference for mounting:
Shaft temperature: (°C) Hub temperature: [ThA] (°C)
20 228
-150 102
(calculated using coefficient of thermal expansion)
shaft according to DIN 7190 (10"-6/K) [alpha]l 8.50
Longitudinal pressure fit:
Assembly temperature shaft (°C) [ThM] 20.00
Assembly temperature hub (°C) [ThM] 20.00
Coefficient. of friction (Longitudinal)
[mye=mya*1.3] 0.13
Press on (force) (kN) [Fpress] 424.87
Coefficient. of friction (Longitudinal)
[myll=mya*1l.6] 0.16
Press out (force) (kN) [Fpress] 522.91

Notice:
Micro sliding can occur in Interference fit!
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(-69.36..-82.98)
( -0.50.. -0.59)
(78.17..106.78)
(-78.19..-106.80)
(-78.14..-106.75)
(78.17..106.78)
(78.08..106.69)
(-78.08..-106.69)
(-78.08..-106.69)
( 7.68 5.62)
( 5.44.. 3.98)

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

(Grinding)
4.
296.
44,
0.
53.
-0.
53.
140.
86.
0.
208.
-92.
146.
208.

(32.84.. 56.41)
( 0.11.. 0.19)
(45.11.. 61.46)
(-0.00.. 0.00)
(

45.11.. 61.46)
( 67.96..104.34)
( 0.49.. 0.75)
(176.51..240.75)
(-78.19..-106.80)
(123.91..168.87)
(176.51..240.75)
( 5.10 3.74)
( 3.63.. 2.66)

(359.43..490.30)

(442.38..603.45)
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=> Risk of contact corrosion.

Coefficient. of friction [my] 0.16
Max. torque to avoid Micro sliding (Nm) [Tlimit] 9931.83 (8395.73..11467.93)
Notice concerning the display: Number-1 (Number-2.. Number-3):

Number-1: Value calculated with the mean allowance
Number-2: Value of the smallest possible allowance
Number-3: Value of the largest possible allowance

Notice: All strains and stresses are calculated for the purely elastic case.

End report lines: 164
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File

Name

Changed by Zuzana

nalisovani_2hridelA
on:

14.04.2013 at: 21:55:24

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

1-> For the raw diameter (
the database has no values

270 mm) of the material

for tensile stress and yield point !

Guessed values are assumed.
For the input of material data:
Call the KISSsoft database tool

in the menu Extras

Cylindrical interference fit [MOlal]

Calculation method: According DIN 7190:2001

(elastic range)

(18CrNiMo7-6)

with additions (Centrifugal force, Micro sliding, Assembly, etc.)
for shrunken or pressed fits
Diameter shaft (mm) [DiA]/[DiI]260.00/ 0.00
Diameter hub (mm) [DaA]/[DaIl457.96/260.00
Length of Interference fit (mm) [1] 66.00
Diameter of joint (mm) [DF] 260.00
Tolerance Shaft u6
Upper allowance Shaft (pm) [AoTI] 347.0
Lower allowance Shaft (upm) [Aul] 315.0
Tolerance measure Shaft (um) TI] 32.0
Tolerance hub H6
Upper allowance Hub (um) [A0A] 32.0
Lower allowance Hub (pm) [AuA] 0.0
Tolerance measure Hub (um) [TA] 32.0
Largest oversize (um) [Po] 347.0
Smallest oversize (upm) [Pu] 283.0
Nominal torque (Nm) [T] 30466.80
Application factor [KA] 1.00
Service torque (Nm) [Tb] 30466.80
Axial force (N) [FA] 0.00
Bending moment (Nm) [Mb] 0.00
Radial force (N) [Fr] 0.00
Circumferential force (N) [Fu] 234360.00
Speed (1/min) [n] 250.70
Oversize (um) [P] 315.0 ( 283.0.. 347.0)
Embedding (um) [s] 7.68
Working oversize at 20°C(68°F) (um) [Pw] 307.32 ( 275.3.. 339.3)
Working oversize at working temp.. (pm) [PwTh] 307.32 ( 275.3.. 339.3)
Service temperature shaft (°C) [ThB] 0
Service temperature hub (°C) [ThB] 0
Pressure stress by
- Oversize (after mounting) (N/mm?) [pM] 82.51 ( 73.91.. 91.10)
- Oversize (working) (N/mm?) [p] 82.43 ( 73.84.. 91.02)
- Bending moment (N/mm?) [pb] 0.00
- Radial force (N/mm?) [pr] 0.00
Coefficient of friction, axial [mya] 0.100
Coefficient of friction, circumferential [myu] 0.100
Safety against sliding [Sr] 1.90 ( 1.70.. 2.09)
Required safety against sliding [SSr] 1.20
Equivalent stress according to von Mises
Shaft
Material 18CrNiMo7-6
Young's modulus (N/mm?) [EI] 206000.00
Poisson's ratio (-) [nyI] 0.30
Density (kg/m?3) [rho] 7830.00
Warmth elongation coefficient (10"-6/K) [alphal 11.50
Tensile strength (N/mm?) [Rm] 600.00 (d= 0- Omm)
Yield point (N/mm?) [Rp] 425.00 (d= 0- Omm)
Surface class of roughness N6 Rz=4.8 (Grinding)
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(-125.01..-140.19)
(-0.48.. -0.54)
(73.83.. 91.01)
(-73.84..-91.02)
(=73.82..-91.00)
(73.83.. 91.01)
(73.80.. 90.98)
(-73.80..-90.98)
(-73.80..-90.98)
( 8.13.. 6.59)
( 5.76.. 4.67)
(d= 40- 100mm)
(d= 40- 100mm)
(96.62..132.95)
( 0.21. 0.29)
(70.36.. 86.70)
( 0.00. 0.00)
(70.36.. 86.70)
(150.31..199.13)
( 0.58.. 0.77)
(192.19..236.85)
(-73.84..-91.02)
(144.32..177.84)
(192.19..236.85)
( 4.68.. 3.80)
( 3.33.. 2.70)

Surface roughness (um) [Rz] 4.80
External diameter (mm) [DiA] 260.00
Diameter increase (um) [deltaD] -132.60
Diameter increase (0/00) [deltaD] -0.51
Equivalent stress outsides (N/mm?) [sigVa] 82.42
- Radial stress (N/mm?) [sigRa] -82.43
- Tangential stress (N/mm?) [sigTa] -82.41
- With outside load (N/mm?) [sigVaMF] 82.42
Inner diameter (mm) [DiI] 0.00
Equivalent stress insideg (N/mm?) [sigVi] 82.39
- Radial stress (N/mm?) [sigRi] -82.39
- Tangential stress (N/mm?) [sigTi] -82.39
Safety against fracture [SiRm] 7.28
Required safety against fracture [SSi.Rm] 1.50
Safety against yield point [Si.Rp] 5.16
Required safety against yield point [SSi.Rp] 1.00
Hub
Material 18CrNiMo7-6
Young's modulus (N/mm?) [EA] 206000.00
Poisson's ratio (-) [nyA] 0.30
Density (kg/m?3) [rho] 7830.00
Warmth elongation coefficient (10%-6/K) [alpha] 11.50
Tensile strength (N/mm?) [Rm] 900.00
Yield point (N/mm?) [Rp] 640.00
Surface class of roughness N6 Rz=4.8 (Grinding)
Surface roughness (pm) [Rz] 4.80
External diameter (mm) [DaA] 457.96
Diameter increase (um) [deltaD] 114.78
Diameter increase (0/00) [deltaD] 0.25
Equivalent stress outsideg (N/mm?) [sigVa] 78.53
- Radial stress (N/mm?) [sigRa] 0.00
- Tangential stress (N/mm?) [sigTa] 78.53
Inner diameter (mm) [DaIl] 260.00
Diameter increase (um) [deltaD] 174.72
Diameter increase (0/00) [deltaD] 0.67
Equivalent stress insideg (N/mm?) [sigVi] 214.52
- Radial stress (N/mm?) [sigRi] -82.43
- Tangential stress (N/mm?) [sigTi] 161.08
- With outside load (N/mm?) [sigViMF] 214.52
Safety against fracture [Si.Rm] 4.20
Required safety against fracture [SSi.Rm] 1.50
Safety against yield point [Si.Re] 2.98
Required safety against yield point [SSi.Re] 1.00

Mere elastic stress,

Service / Mounting / Remounting

Transverse-interference-fit:

no verification of elastic plastic

interference fit according to DIN 7190.

Mounting clearance (mm) [PsTh] 0.260
Temperature difference for mounting:
Shaft temperature: (°C) Hub temperature: [ThA] (°C)
20 223
-150 97
(calculated using coefficient of thermal expansion)
shaft according to DIN 7190 (10"-6/K) [alpha]l 8.50
Longitudinal pressure fit:
Assembly temperature shaft (°C) [ThM] 20.00
Assembly temperature hub (°C) [ThM] 20.00
Coefficient. of friction (Longitudinal)
[mye=mya*1.3] 0.13
Press on (force) (kN) [Fpress] 578.22 (518.01..638.43)
Coefficient. of friction (Longitudinal)
[myll=mya*1l.6] 0.16
Press out (force) (kN) [Fpress] 711.65 (637.55..785.75)
Coefficient. of friction [my] 0.16
Max. torque to avoid Micro sliding (Nm) [Tlimit] 49845.58 (44650.38..55040.78)
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Notice concerning the display: Number-1 (Number-2.. Number-3):
Number-1: Value calculated with the mean allowance
Number-2: Value of the smallest possible allowance
Number-3: Value of the largest possible allowance

Notice: All strains and stresses are calculated for the purely elastic case.

End report lines: 161
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KISSsoft - Release 03-2012
KISSsoft academic license for Uni Pilsen

File

Name : nalisovani_3hridel
Changed by : Zuzana on: 14.04.2013 at: 19:37:28

Important hint: At least one warning has occurred during the calculation:
1-> For the raw diameter ( 270 mm) of the material (18CrNiMo7-6)
the database has no values

for tensile stress and yield point !

Guessed values are assumed.

For the input of material data:

Call the KISSsoft database tool in the menu Extras

2-> For the raw diameter ( 340 mm) of the material (18CrNiMo7-6)
the database has no values

for tensile stress and yield point !

Guessed values are assumed.

For the input of material data:

Call the KISSsoft database tool in the menu Extras

Cylindrical interference fit [MOlal]

Calculation method: According DIN 7190:2001 (elastic range)
with additions (Centrifugal force, Micro sliding, Assembly, etc.)
for shrunken or pressed fits

Diameter shaft (mm) [DiA]/[DiI]260.00/ 0.00
Diameter hub (mm) [DaA]/[DaI]l%924.79/260.00
Length of Interference fit (mm) [1] 170.00
Diameter of joint (mm) [DF] 260.00
Tolerance Shaft u6
Upper allowance Shaft (um) [A0TI] 347.0
Lower allowance Shaft (upm) [Aul] 315.0
Tolerance measure Shaft (um) [TI] 32.0
Tolerance hub H6
Upper allowance Hub (um) [AoA] 32.0
Lower allowance Hub (um) [AuA] 0.0
Tolerance measure Hub (um) [TA] 32.0
Largest oversize (um) [Po] 347.0
Smallest oversize (upm) [Pu] 283.0
Nominal torque (Nm) [T] 134924.40
Application factor [KA] 1.00
Service torque (Nm) [Tb] 134924.40
Axial force (N) [FA] 0.00
Bending moment (Nm) [Mb] 0.00
Radial force (N) [Fr] 0.00
Circumferential force (N) [Fu] 1037880.00
Speed (1/min) [n] 56.60
Oversize (um) [P] 315.0 ( 283.0.. 347.0)
Embedding (um) [s] 7.68
Working oversize at 20°C(68°F) (um) [Pw] 307.32 ( 275.3.. 339.3)
Working oversize at working temp.. (pm) [PwTh] 307.32 ( 275.3.. 339.3)
Service temperature shaft (°C) [ThB] 0
Service temperature hub (°C) [ThB] 0
Pressure stress by
- Oversize (after mounting) (N/mm?) [pM] 112.12 (100.45..123.80)
- Oversize (working) (N/mm?) [pl 112.10 (100.43..123.78)
- Bending moment (N/mm?2) [pb] 0.00
- Radial force (N/mm?) [pr] 0.00
Coefficient of friction, axial [mya] 0.100
Coefficient of friction, circumferential [myu] 0.100
Safety against sliding [Sr] 1.50 ( 1.34.. 1.606)
Required safety against sliding [SSr] 1.20
Equivalent stress according to von Mises
Shaft
Material 18CrNiMo7-6
Young's modulus (N/mm?) [EI] 206000.00
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Poisson's ratio (-) [nyI] 0.30

Density (kg/m?3) [rho] 7830.00

Warmth elongation coefficient (10n-6/K) [alphal 11.50

Tensile strength (N/mm?) [Rm] 600.00 (d= 0- Omm)
Yield point (N/mm?) [Rp] 425.00 (d= 0- Omm)
Surface class of roughness N6 Rz=4.8 (Grinding)

Surface roughness (um) [Rz] 4.80

External diameter (mm) [DiA] 260.00

Diameter increase (um) [deltaD] -158.84 (-148.52..-169.15)
Diameter increase (o/00) [deltaD] -0.61 ( -0.57.. -0.65)
Equivalent stress outsideg (N/mm?) [sigVa] 112.10 (100.43..123.77)

- Radial stress (N/mm?) [sigRa] -112.10 (-100.43..-123.78)

- Tangential stress (N/mm?) [sigTal -112.10 (-100.42..-123.77)

- With outside load (N/mm?) [sigvaMF] 112.10 (100.43..123.77)
Inner diameter (mm) [DiI] 0.00
Equivalent stress insideg (N/mm?) [sigVi] 112.10 (100.42..123.77)

- Radial stress (N/mm?) [sigRi] -112.10 (-100.42..-123.77)

- Tangential stress (N/mm?) [sigTi] -112.10 (-100.42..-123.77)
Safety against fracture [SiRm] 5.35 ( 5.97.. 4.85)
Required safety against fracture [SSi.Rm] 1.50
Safety against yield point [Si.Rp] 3.79 ( 4.23.. 3.43)
Required safety against yield point [SSi.Rp] 1.00
Hub
Material 18CrNiMo7-6
Young's modulus (N/mm?) [EA] 206000.00
Poisson's ratio (-) [nyA] 0.30
Density (kg/m?) [rho] 7830.00
Warmth elongation coefficient (107-6/K) [alpha] 11.50
Tensile strength (N/mm?) [Rm] 600.00 (d= 0- Omm)
Yield point (N/mm?) [Rp] 425.00 (d= 0- Omm)
Surface class of roughness N6 Rz=4.8 (Grinding)

Surface roughness (um) [Rz] 4.80
External diameter (mm) [DaA] 924.79
Diameter increase (um) [deltaD] 26.65 ( 17.65.. 35.64)
Diameter increase (0/00) [deltaD] 0.03 ( 0.02.. 0.04)
Equivalent stress outsideg (N/mm?) [sigVa] 19.26 ( 17.25.. 21.26)

- Radial stress (N/mm?) [sigRa] -0.00 ( -0.00.. -0.00)

- Tangential stress (N/mm?) [sigTa] 19.26 ( 17.25.. 21.26)
Inner diameter (mm) [DaIl] 260.00
Diameter increase (um) [deltaD] 148.48 (126.80..170.17)
Diameter increase (0/00) [deltaD] 0.57 ( 0.49.. 0.65)
Equivalent stress insideg (N/mm?) [sigVi] 211.09 (189.11..233.07)

- Radial stress (N/mm?) [sigR1i] -112.10 (-100.43..-123.78)

- Tangential stress (N/mm?) [sigTi] 131.39 (117.71..145.07)

- With outside load (N/mm?) [sigViMF] 211.09 (189.11..233.07)
Safety against fracture [Si.Rm] 2.84 ( 3.17.. 2.57)
Required safety against fracture [SSi.Rm] 1.50
Safety against yield point [Si.Re] 2.01 ( 2.25.. 1.82)
Required safety against yield point [SSi.Re] 1.00

Mere elastic stress, no verification of elastic plastic interference fit according to DIN 7190.

Service / Mounting / Remounting

Transverse-interference-fit:

Mounting clearance (mm) [PsTh] 0.260
Temperature difference for mounting:
Shaft temperature: (°C) Hub temperature: [ThA] (°C)
20 223
-150 97
(calculated using coefficient of thermal expansion)
shaft according to DIN 7190 (10"-6/K) [alphal 8.50
Longitudinal pressure fit:
Assembly temperature shaft (°C) [ThM] 20.00
Assembly temperature hub (°C) [ThM] 20.00
Coefficient. of friction (Longitudinal)
[mye=mya*1l.3] 0.13
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Press on (force) (kN) [Fpress]

Coefficient. of friction (Longitudinal)
[myll=mya*1.6]

Press out (force) (kN) [Fpress]

Notice:
Micro sliding can occur in Interference fit!
=> Risk of contact corrosion.

KISSsoFT
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2024.00 (1813.25..2234.75)

0.16
2491.07 (2231.69..2750.46)

Coefficient. of friction [my] 0.16
Max. torque to avoid Micro sliding (Nm) [Tlimit] 83930.93 (75189.80..92672.07)
Notice concerning the display: Number-1 (Number-2.. Number-3):

Number-1: Value calculated with the mean allowance
Number-2: Value of the smallest possible allowance

Number-3: Value of the largest possible allowance

Notice: All strains and stresses are calculated for the purely elastic case.

End report

lines: 164
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Name : nalisovani_4hridel
Changed by : Zuzana on: 14.04.2013 at: 20:13:39

Important hint: At least one warning has occurred during the calculation:
1-> For the raw diameter ( 370 mm) of the material (18CrNiMo7-6)
the database has no values

for tensile stress and yield point !

Guessed values are assumed.

For the input of material data:

Call the KISSsoft database tool in the menu Extras

2-> For the raw diameter ( 450 mm) of the material (18CrNiMo7-6)
the database has no values

for tensile stress and yield point !

Guessed values are assumed.

For the input of material data:

Call the KISSsoft database tool in the menu Extras

Cylindrical interference fit [MOlal]

Calculation method: According DIN 7190:2001 (elastic range)
with additions (Centrifugal force, Micro sliding, Assembly, etc.)
for shrunken or pressed fits

Diameter shaft (mm) [DiA]/[DiI]368.00/ 0.00
Diameter hub (mm) [DaA]/[DaIll257.42/368.00
Length of Interference fit (mm) [1] 350.00
Diameter of joint (mm) [DF] 368.00
Tolerance Shaft u6
Upper allowance Shaft (um) [A0TI] 471.0
Lower allowance Shaft (upm) [Aul] 435.0
Tolerance measure Shaft (um) [TI] 36.0
Tolerance hub H6
Upper allowance Hub (um) [AoA] 36.0
Lower allowance Hub (um) [AuA] 0.0
Tolerance measure Hub (um) [TA] 36.0
Largest oversize (um) [Po] 471.0
Smallest oversize (upm) [Pu] 399.0
Nominal torque (Nm) [T] 599664.30
Application factor [KA] 1.00
Service torque (Nm) [Tb] 599664.30
Axial force (N) [FA] 0.00
Bending moment (Nm) [Mb] 0.00
Radial force (N) [Fr] 0.00
Circumferential force (N) [Fu] 3259045.11
Speed (1/min) [n] 12.70
Oversize (um) [P] 435.0 ( 399.0.. 471.0)
Embedding (um) [s] 7.68
Working oversize at 20°C(68°F) (um) [Pw] 427.32 ( 391.3.. 463.3)
Working oversize at working temp.. (pm) [PwTh] 427.32 ( 391.3.. 463.3)
Service temperature shaft (°C) [ThB] 0
Service temperature hub (°C) [ThB] 0
Pressure stress by
- Oversize (after mounting) (N/mm?) [pM] 109.36 (100.15..118.57)
- Oversize (working) (N/mm?) [pl 109.36 (100.14..118.57)
- Bending moment (N/mm?2) [pb] 0.00
- Radial force (N/mm?) [pr] 0.00
Coefficient of friction, axial [mya] 0.100
Coefficient of friction, circumferential [myu] 0.100
Safety against sliding [Sr] 1.36 ( 1.24.. 1.47)
Required safety against sliding [SSr] 1.20
Equivalent stress according to von Mises
Shaft
Material 18CrNiMo7-6
Young's modulus (N/mm?) [EI] 206000.00
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Poisson's ratio (-) [nyI] 0.30

Density (kg/m?3) [rho] 7830.00

Warmth elongation coefficient (10n-6/K) [alphal 11.50

Tensile strength (N/mm?) [Rm] 600.00 (d= 0- Omm)
Yield point (N/mm?) [Rp] 425.00 (d= 0- Omm)
Surface class of roughness N6 Rz=4.8 (Grinding)

Surface roughness (um) [Rz] 4.80

External diameter (mm) [DiA] 368.00

Diameter increase (um) [deltaD] -221.39 (-209.87..-232.91)
Diameter increase (o/00) [deltaD] -0.60 ( -0.57.. -0.63)
Equivalent stress outsideg (N/mm?) [sigVa] 109.36 (100.14..118.57)

- Radial stress (N/mm?) [sigRa] -109.36 (-100.14..-118.57)

- Tangential stress (N/mm?) [sigTal -109.36 (-100.14..-118.57)

- With outside load (N/mm?) [sigvaMF] 109.36 (100.14..118.57)
Inner diameter (mm) [DiI] 0.00
Equivalent stress insideg (N/mm?) [sigVi] 109.36 (100.14..118.57)

- Radial stress (N/mm?) [sigRi] -109.36 (-100.14..-118.57)

- Tangential stress (N/mm?) [sigTi] -109.36 (-100.14..-118.57)
Safety against fracture [SiRm] 5.49 ( 5.99.. 5.00)
Required safety against fracture [SSi.Rm] 1.50
Safety against yield point [Si.Rp] 3.89 ( 4.24.. 3.58)
Required safety against yield point [SSi.Rp] 1.00
Hub
Material 18CrNiMo7-6
Young's modulus (N/mm?) [EA] 206000.00
Poisson's ratio (-) [nyA] 0.30
Density (kg/m?) [rho] 7830.00
Warmth elongation coefficient (107-6/K) [alpha] 11.50
Tensile strength (N/mm?) [Rm] 600.00 (d= 0- Omm)
Yield point (N/mm?) [Rp] 425.00 (d= 0- Omm)
Surface class of roughness N6 Rz=4.8 (Grinding)

Surface roughness (um) [Rz] 4.80
External diameter (mm) [DaA] 1257.42
Diameter increase (um) [deltaD] 40.43 ( 29.89.. 50.96)
Diameter increase (0/00) [deltaD] 0.03 ( 0.02.. 0.04)
Equivalent stress outsideg (N/mm?) [sigVa] 20.49 ( 18.76.. 22.22)

- Radial stress (N/mm?) [sigRa] -0.00 ( -0.00.. -0.00)

- Tangential stress (N/mm?) [sigTa] 20.49 ( 18.76.. 22.22)
Inner diameter (mm) [DaIl] 368.00
Diameter increase (um) [deltaD] 205.93 (181.45..230.41)
Diameter increase (0/00) [deltaD] 0.56 ( 0.49.. 0.63)
Equivalent stress insideg (N/mm?) [sigVi] 207.41 (189.94..224.89)

- Radial stress (N/mm?) [sigRi] -109.36 (-100.14..-118.57)

- Tangential stress (N/mm?) [sigTi] 129.85 (118.91..140.79)

- With outside load (N/mm?) [sigViMF] 207.41 (189.94..224.89)
Safety against fracture [Si.Rm] 2.89 ( 3.16.. 2.67)
Required safety against fracture [SSi.Rm] 1.50
Safety against yield point [Si.Re] 2.05 ( 2.24.. 1.89)
Required safety against yield point [SSi.Re] 1.00

Mere elastic stress, no verification of elastic plastic interference fit according to DIN 7190.

Service / Mounting / Remounting

Transverse-interference-fit:

Mounting clearance (mm) [PsTh] 0.368
Temperature difference for mounting:
Shaft temperature: (°C) Hub temperature: [ThA] (°C)
20 218
-150 93
(calculated using coefficient of thermal expansion)
shaft according to DIN 7190 (10"-6/K) [alphal 8.50
Longitudinal pressure fit:
Assembly temperature shaft (°C) [ThM] 20.00
Assembly temperature hub (°C) [ThM] 20.00
Coefficient. of friction (Longitudinal)
[mye=mya*1l.3] 0.13
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Press on (force) (kN) [Fpress] 5752.59 (5267.95..6237.22)
Coefficient. of friction (Longitudinal)

[myll=mya*1.6] 0.16
Press out (force) (kN) [Fpress] 7080.11 (6483.64..7676.58)
Notice:

Micro sliding can occur in Interference fit!
=> Risk of contact corrosion.

Coefficient. of friction [my] 0.16
Max. torque to avoid Micro sliding (Nm) [Tlimit] 231525.45 (212019.99..251030.92)
Notice concerning the display: Number-1 (Number-2.. Number-3):

Number-1: Value calculated with the mean allowance
Number-2: Value of the smallest possible allowance
Number-3: Value of the largest possible allowance

Notice: All strains and stresses are calculated for the purely elastic case.

End report lines: 164
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Vysledky pevnostniho vypoctu skiiné prevodovky v programu NX



skrin_prevodovky_tuhostni_analyza_sim2 : Solution 1 Result
Subcase - Static Loads 1, Static Step 1

Displacement - Nodal, Magnitude

Min : 0.000, Max : 0.388, Units = mm

Deformation : Displacement - Nodal Magnitude

0.400
0.367
0333 °
0.300
0.267 —
0233
0.200
0.167
0.133 F
0.100
0.067
0.033
P 0.000
= v
1 Units = mm
z
Obrazek 9 Celkova deformace[mm]
skrin_prevodovky_tuhostni_analyza_sim2 : Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude
Min : 0.000, Max : 0.388, Units = mm
Deformation : Displacement - Nodal Magnitude
0.400
0.367
0333 °
0.300
0.267 —
0233

0.200

0.167

0133
0.100
0.067
0.033
0.000
Y"—l\(
z
Obrazek 10 Celkova deformace [mm]

Units = mm



za_sim2 : Solution 1 Result

:0.388, Units = mm
: Displacement - Nodal Magnitude

Obriazek 11 Celkova deformace — maximum na tfmenu pro loZisko nad 4. hi'ideli [mm]

skrin_prevodovky_tuhostni_analyza_sim2 : Solution 1 Result
Subcase - Static Loads 1, Static Step 1

Stress - Element-Nodal, Unaveraged, Von-Mises

Min : 0.01, Max : 183.95, Units = N/mm*2(MPa)
Deformation : Displacement - Nodal Magnitude

183.95

168.62

16329 =

137.96

122.63

107.30 =

91.97

76.65

61.32 =

45.99

30.66

15.33

0.00

\.4-—1\(

Units = N/mm*2(MPa)

Obriazek 12 Vysledné redukované napéti dle hypotézy von Mises [MPa]



skrin_prevodovky_tuhostni_analyza_sim2 : Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Stress - Element-Nodal, Unaveraged, Von-Mises
Min : 0.01, Max : 183.95, Units = N/mm*2(MPa)
Deformation : Displacement - Nodal Magnitude

183.95
168.62 l
153.29
137.96
122.63
107.30
91.97 I
76.65
61.32
45.99
30.66
15.33
0.00

Units = N/mm*2(MPa)

Obriazek 13 Vysledné redukované napéti dle hypotézy von Mises [MPa]

Obriazek 14 Vysledné redukované napéti dle hypotézy von Mises —-maximum nad 3. pastorkovou hrideli [MPa]



PRILOHA ¢&. 7

Vysledky modalni analyzy prevodovky v programu NX



prevodovka_sim1 : Solution 1 Result
Subcase - Eigenvalue Method 1, Mode 1, 1.472e+002 Hz
Displacement - Nodal, Magnitude
Min : 0.0000, Max : 0.0265, Units = mm
Deformation : Displacement - Nodal Magnitude

Obriazek 15 Tvar kmitu p¥i 1. vlastni frekvenci

prevodovka_sim1 : Solution 1 Result
Subcase - Eigenvalue Method 1, Mode 2, 1.656e+002 Hz
Displacement - Nodal, Magnitude
Min : 0.0000, Max : 0.0309, Units = mm
Deformation : Displacement - Nodal Magnitude

Obriazek 16 Tvar kmitu p¥i 2. budici frekvenci

0.0270
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