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1. Uvod

Na soustruzich a na obrabécich strojich obecné se setkame s mnoha posuvy. Napiiklad
u soustruhu madme posuv nastroje, ktery slouzi k nastaveni délky fezu, pfisuv nastroje, kte-
rym urcujeme hloubku odiezavané vrstvy a také posuv koniku, ktery slouzi k upnuti obrobku
do soustruhu. Dalsi ptiklad mizeme uvést u vertikalniho frézovaciho centra, kde mame po-
suvy ve smérech x, y a z.

Cilem bakalaiské prace je seznamit Ctenafe s pouzivanymi posuvovymi mechanismy
na obrabécich strojich. Tyto mechanismy se vyznacuji riznymi vlastnostmi, jako jsou napfi-
klad vyvozeni potiebné rychlosti nebo sily, piesnost polohy atd.

Prvni Cast bakalaiské prace se bude zabyvat v dnesni dobé pouZzivanymi posuvovymi
mechanismy na obrabécich strojich jako jsou pohybové Srouby, pastorek s hfebenem, Snek se
Snekovym hiebenem a linearni motor. Bude obsahovat vyhody a nevyhody daného typu me-
chanismu, poznatky pro navrh a kontrolu a v neposledni fadé porovnani s ostatnimi mecha-
nismy.

Druhé cast bakalaiské prace bude vénovana konstruk¢nimu ndvrhu posuvového me-
chanismu koniku soustruhu.

10
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2. Posuvové mechanismy
V nasledujici kapitole je citovano ze zdroje [1].

Jako posuvové mechanismy obrabécich strojii se uplatituji mechanismy, které preme-
nuji rotacni pohyb elektromotoru na posuvny pohyb dilu ulozeného ve vedeni stroje. Tyto
mechanismy jsou:

e Pohybovy Sroub s pohybovou matici

e Pastorek a ozubeny hieben

e Snek a $nekovy hieben

Stale se vyvijejici stav techniky umoziuje také pro nekteré aplikace vyuzit piimych po-
suvll v podobé¢ linedrnich elektromotort.
2.1. Pozadavky na posuvové mechanismy

Na posuvové mechanismy jsou kladeny piedevsim tyto pozadavky:

Zivotnost a spolehlivost mechanismu
Ptesnost polohovani

Vyvinuti dostatecné posuvové sily
Vyvinuti dostatecné posuvové rychlosti

3. Pohybovy Sroub- pohybova matice
3.1. Charakteristika

V nasledujici podkapitole je citovano ze zdroje [2].

Mechanismus pohybovy Sroub- pohybové matice slouzi k pteméné¢ to¢ivého momentu
na posuvovou silu, respektive k preméné sily na tocivy moment. Jedna se o jednoduchy me-
chanismus tvofeny dvojici Sroub-matice se spole¢nou osou.

Zavity délime podle tvaru stykovych ploch mezi zavity Sroubu a matice na:

e zavity s ploSnym dotykem, kde mezi zavity Sroubu a matice dochazi ke vzniku smy-
kového treni.

e 7zavity, kde je mezi zavitem Sroubu a matice vloZeno valivé téleso (kulicka). Jsou to
zavity s bodovym dotykem a valivym tfenim.

Tento pfevod je mozné pouzit na obrabécich strojich ve ¢tyfech zédkladnich variantach:

Sroub se otaci, matice se posouva

Obriazek 1- varianta 1 [2]

11
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Sroub se posouva, matice se otaci

Obriazek 2- varianta 2 [2]

Sroub se otac¢i a posouvd, matice se nepohybuje

R TN e e T L
.///;/ ///’,//./-’/»///// .

e /

Obrazek 3- varianta 3 [2]

Sroub se nepohybuje, matice se otaci a posouva

Obrazek 4- varianta 4 [2]

12
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3.2. Pohybovy Sroub s ploSnym dotykem zavitu

U pohybovych Sroubil s ploSnym dotykem se pouziva dvou zakladnich typa zavitu.
Zavit lichobéznikovy rovnoramenny (tzv. trapézovy) a zavit lichob&éznikovy nerovnoramenny
(tzv. pilovy). Zavit trapézovy se pouziva pii pusobeni zatizeni v obou smérech pohybu. Zavit

pilovy, pokud puisobi zatizeni pouze v jednom sméru. [2]

P
A il
NEA
\ ‘ S
B o X 30
HRIDEL SRIDEL

Obrazek 5- trapézovy zavit ( vlevo) , pilovy zavit ( vpravo) [4]

matice

J ’
/ ; / ‘
e ' / / i

Obrazek 6 - charakteristické rozméry zavitu [2]

Charakteristické rozméry zavitu Sroubu:

-velky primér zavitu............. 0d,0D,
-stiedni pramér zavitu ................ Ad,
-maly prumeér zavitu ............ Adz OD
-rozte (stoupani) ..................o..ee. PH
-stykova vySka ... H;
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3.2.1. T¥idy presnosti zaviti s ploSnym dotykem a jejich pouziti

Kritériem pfesnosti je stoupani zavitu Sroubu. Srouby se zavitem s plosnym dotykem
se vyrabi ve tfech tfidach pfesnosti. Jemna tfida piesnosti Se pouziva pro brusky na zavity a
vyrobni stroje Se souvislym fizenim. Stfedni tfida se pouziva na délici zafizeni a na obrabéci
stroje ve standardnim provedeni a hruba tfida se pouziva na stroje bez zvlastnich pozadavkl
na presnost.[2]
Tabulka 1-Dovolena uchylka stoupani pro délku zavitové ¢asti 300 mm [4]

Jemna 0,024 mm
Stiedni 0,052 mm
hruba 0,081 mm

3.2.2. Materialy pohybovych Sroubii a matic se zavitem s ploSnym dotykem

Zatizeni se ptenasi pti soucasném pohybu. Vyznacuje se vysokym tlakem na boky za-
vitu. Material hiidele a matice je nutné volit tak, aby byla zaru¢ena dostatecna pevnost, avsak
kombinace téchto materiali musi vykazovat dobré tieci vlastnosti. [2]

Nejcast€j$im materialem pro vyrobu Sroubu je ocel. Firma KS Kufim vyrabi srouby z
oceli 14 260 a CF53. K vyrobé matic se pouzivaji cinové bronzy CuSn8 a CuSn12 a nebo
litina 42 2425. [5]

3.2.3. Aplikace

Pohybové Srouby s plosnym dotykem zavitu se pouzivaji pro méné diilezité posuvy.
Hlavni nevyhodou je nizka G¢innost a malé trvanlivost Sroubll. Typickym piikladem uziti je
vysuv Celisti soustruhu v licni desce. [1]

3.3. Kuli¢kovy Sroub- pohybovy Sroub s bodovym dotykem zavitu

U kulickového Sroubu se mezi bok zavitu Sroubu a matice vkladaji kulicky. Vznika
tak, na rozdil od Sroubu s ploSnym dotykem zavitu, bodovy styk mezi Sroubem a matici. Ku-
lickovy Sroub ma proto vyss$i U€innost, protoze soucinitel valivého tieni je fadoveé mensi nez
soucinitel kluzného tieni. [2]

Ve vyrobé¢ kuli¢kovych Sroubti a matic se pouzivaji dva typy profilu zavitu. Nejcastéji
se pouziva goticky profil (vyuzivan firmou KS Kutim), anebo profil kruhovy. Kruhovy profil
Ize jednoduseji vyrobit, ma vSak niz$i Gc¢innost. Je zejména pouzivan zahrani¢nimi vyrobci u
nekalenych Sroubti s maticemi. [7]

Obrazek 7- soustava kuli¢kového Sroubu a matice [8]
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Kulickové matice se vyrabé¢ji bud’ ve valcovém nebo v hranolovém tvaru, s pfirubou
nebo bez, predepnuté nebo neptedepnuté. [2] Matice kuliCkovych Sroubll Zajistuje vymezeni
vuli, pfenos axialni sily a plynuly pievod kulicek. [8]

matice APVR, APQR
P

-—*F . P

7,

distanéni krouzek matice APR

-Ppee M

~G~8

matice A

G O Ox

matice Al

.

FORCRG

o [

N

Lo

N\

¢«

JL

P/2+AP P/2+AP

P/2-AP
predepnuti viozenym predepnuti diferenci predepnuti diferenci
distancnim krouzkem ve stoupdni zavitu mezi jednotlivymi chody zavitu

Obrazek 8- typy predepnuti matic dle KS Ku¥im [6]
Charakteristické parametry kuli¢kovych Sroubi:

Jmenovity praimér @do [mm] — je to praimér valce, ktery obsahuje stiedy kuli¢ek, dotykajicich
se v teoretickych bodech v zavitové drazce na htideli Sroubu a v zavitové drazce télesa kulic-
kové matice.

Stoupani p[mm]- draha Sroubu pro jednu otacku matice.
Pocet nosnych zavitl i[-]- poCet nosnych stoupani zavitové drazky v kulickové matici.

Zakladni staticka unosnost C, [N]- statické zatizeni odpovidajici celkové trvalé deformaci
0,0001 priméru kulicky.

Zakladni dynamicka unosnost C, [N]- stalé neménné zatizeni, které mize prevod prenaset pii
zakladni trvanlivosti jednoho milionu otacek. [2]

3.3.1. Typy prevodi kuli¢ek a mazani kulickovych Sroubii

Matice kulickovych Sroubtl jsou vyrabény se tiemi typy pievodl kulicek- interni, ex-
terni a specialni. Interni ptevod kuli¢ek se pouziva u standardnich maticovych jednotek, kde
se prevod kulicek realizuje v tzv. pfevadécim liZku nebo v pfevadécim peru ( viz. obr. a)).
Externim pievodem kuli¢ek jsou vybaveny nestandardni typy matic, kde se prevod kuli¢ek
realizuje v tzv. pievadéci piilozce ( viz. obr. b)). Specialnim typem pievodu kuli¢ek jsou vy-
baveny rychlobézné kulickové Srouby. Pievod kulicek je zajistén pomoci axialniho otvoru(
viz. obr. c)).[6]

a) b) c)

Obrazek 9 - prevody kuli¢ek v maticové jednotce [6]
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Kuli¢kové srouby se mazou bud’ olejem, nebo tukem. Mnozstvi a typ maziva je uda-
van vyrobcem kulickového Sroubu. Pfi mazani olejem se pouzivaji mineralni oleje
s minimalni viskozitou 50 mm?/s pii teploté¢ 40°C. Pro mazani tukem jsou doporuceny tuky
dle stupn¢ 2 DIN 51825. Pro vysoka zatizeni 1ze pouzit i plasticka maziva.[5]

3.3.2. Vyroba zavitu a materialy pouzivané na kulickové Srouby a matice
V nasledujicim oddilu je citovano ze zdroje [8].

Zavit kulickového Sroubu lze vyrobit tfemi zakladnimi technologiemi: vélcovanim,
rotaénim okruzovanim a brousenim. Pfi valcovani se tvaii povrch Sroubu tvarovymi nastroji.
Tim se ziskéd polotovar, ktery se dale povrchové kali a lesti. Vysledna presnost je ovlivnéna
podminkami vélcovani a kvalitou hutniho materidlu. Valcovanim se daji vyrobit kuli¢kové
Srouby ttidy piesnosti IT7 az ITS.

Dalsi technologii vyroby kuli¢kovych Sroubti je rotacni okruzovani. Jedné se o obra-
béni zakalen¢ho povrchu Sroubu. Vyslednd kvalita je ovlivnéna sefizenim stroje a kvalitou
nastroje. Touto technologii se vyrabéji kulickové Srouby o presnosti ITS.

Nejptesnéjsi technologii vyroby kuli€¢kovych Sroubt je brouseni. Brousi se obrobeny
zakaleny povrch Sroubu s cilem ziskat piesny profil zavitu. Touto technologii Ize vyrobit ku-
lickové Srouby a ptesnosti IT3 a IT1. Profily zavit se vyznacuji vysokou geometrickou pies-
nosti a zaroven vysokou zivotnosti. Vzhledem k dosahovanym piesnostem a pouzité techno-

24

Materialy

Pro vyrobu kuli¢kovych Sroubil se nejéast&ji pouziva ocel. Cesky vyrobce KS Kufim
pouziva k vyrob¢ Sroubt ocel jakosti 42CrMo4 ( dle CSN 15 142) a na matice ocel 14 109
popiipad¢ 14 209. Matice a zavitova ¢ast hiidele se kali na tvrdost 60 = 2 HRC.

3.3.3. Presnost

Kulickové Srouby a matice se vyrabéji v péti stupnich pfesnosti. 1. Stupeni pro méftici
stroje a pristroje, dokoncovaci stroje napt. pro brouseni zavitd. 2. Stupen se pouziva pro pies-
né programem fizené obrabéci stroje. 3. Stupen pro produkéni programem fizené obrabéci a
tvareci stroje. 4. Stupen pro fidici, manipulaéni a transportni zatizeni a 5. stupenn pro stroje

bez pozadavku na piesnost. [2]
Tabulka 2- dovolena iichylka stoupani zavitu pro délku zavitové ¢asti 300 mm [2]

Brousené zavity Vilcované zavity
1. stupenn IT1 0,006 mm 4. stupen ITS 0,023 mm
2. stupen IT3 0,010 mm 5. stupen IT7 0,052 mm
3. stupen ITS 0,023 mm

16
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Kritériem pfesnosti je piesnost stoupani. V nasledujicim odstavci jsou uvedeny hodnoty,
které se u stoupani vyhodnocuji.

Pevennnns jmenovita hodnota stoupani

Pn....... skutecna hodnota stoupani

Pa...-... sttedni hodnota stoupani

n........ pocet zavitl na mefené délce

Ap=pn—p...... uchylka stoupani( rozdil skute¢ného a jmenovitého stoupani)

pi=p*n ......... soucCtové jmenovité stoupani ( soucet jmenovitych stoupani na mérené

zavitove Casti s n zavity)

Pni= Pn * N........ souctové skutecné stoupani( soucet skuteCnych stoupani na métené
zavitoveé Casti s n zavity)

AR=pa— ....... uchylka stfedni hodnoty stoupani

AER; =Pn-Paceeveeinnennnn kolisani skutecného stoupani

AE300 = Pni — Piveeevrnnnn souctova uchylka skute¢ného souctového stoupani, méfeno na
délce 300 mm [2]

20ERy
| | AR
o o
e ot
: . y / // /“'/ L i 2
/ A" | 300
; 3 ; A o
p | Ap '-/ ai
Pe AER: AEaco
pe
).;p: g
Sp,w L

Obrazek 10 -Stoupani zavitu a jeho tichylky(vlevo), Znazornéni jednotlivych uchylek stoupani ve vztahu k celkové
délce zavitu L( vpravo) [2]
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3.3.4. UloZeni kuli¢kovych Sroubi

Tuhost

Diilezitym parametrem pievodu kulickovy sroub- kulickova matice je jeho staticka tu-

host. Pfevod o vyssi tuhosti umoznuje vyssi piesnost najeti mechanismu na pozadovanou sou-
fadnici. Tuhost Sroubu je ovlivnéna nejenom jeho konstrukci, ale také jeho axidlnim uloze-
nim. Pfi oboustranném axialnim uloZzeni je vysledna statické tuhost Ctyfikrat vyssi nez u Srou-
bu, ktery je axialn¢ ulozen pouze jednostranné. Pfi oboustranném axidlnim ulozeni je vSak
nutno zvazit fakt, ze pfi otdceni Sroubu vznika teplo, které¢ mize zpusobit tepelné dilatace, a
proto mohou vznikat ptidavné sily. [7]

Na nasledujicim obrazku je vidét pribeh poddajnosti u jednostranné axialné ulozeného

Sroubu a u oboustranné axialné ulozeného sroubu, kde:

Cu- poddajnost uloZeni loziska [m*N™]
CL- poddajnost loziska [m*N™]

Cs- poddajnost Sroubu [m*N™]

Cuwm- poddajnost ulozeni matice ve stole [m*N™]

Cw- poddajnost matice [m*N™]

Y Y
‘/ Cs Cs
Cy+C, Cy+C,
CyntCn Cun*Cn
A \
L L
s X "
axialné jednostranné ulozZeny Sroub axialné oboustranné uloZeny Sroub

Obrazek 11- poddajnostni model jednotlivych typi uloZeni [10]

Typy uloZeni

Kromé radidlniho uloZeni je velmi diilezité axialni ulozeni Sroubu. Zplsob axialniho

ulozeni ma rozhodujici vliv na pfesnost celého prevodu. V praxi se realizuji ¢tyfi konstrukéni
varianty:

Sroub, kromé radialniho ulozeni, je ulozen na jedné stran¢ oboustrannym axialnim lo-
ziskem. viz. obrazek a)

Sroub, kromé radialniho uloZeni, je ulozen na kazdé stran¢ jednim axialnim loziskem.
viz. obrazek b)

18
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e Sroub, kromé radialniho uloZeni, je uloZen na kazdé strand jednim oboustrannym axi-
alnim loziskem. viz. obrazek c)

e Sroub, kromé radidlniho uloZeni, je uloZen na jedné strané oboustrannym axialnim lo-
ziskem a na druh¢ stran¢ jednostrannym axialnim loziskem. viz. obrazek d)

a) b)
X X i X ]]: X4l
= e 1 [ -
= i kX Y
Lg L8
c) d)
i < X XX [
= = ===, [ [
| < D L
Lg LS

Obrazek 12 - typy uloZeni kul. Sroubi [6]

3.4. Navrh a kontrola

3.4.1. U¢innost
V nasledujicim oddilu je citovano ze zdroje [2].

Ptevod transformuje to¢ivy moment na axidlni silu. Pro transformaci zatiZeni ze Srou-
bu na matici je nutné znat ucinnost prevodu. Ucinnost prevodu pohybovy Sroub- pohybova
matice je analogii k u¢innosti spojovacich Sroubt.

Utinnost §roubt s plosnym dotykem:
e Hnacim ¢lenem je Sroub
_ tan(a)
= tan(a + @)
e Hnacim ¢lenem je matice
_ tan(a — )
tan(a)
Kde:
a [°]- uhel stoupani, tan(o) =pp/(n*dz), pu[mm]- stoupani zavitu
d; [mm]- stfedni pramér Sroubu

f [-]- soucinitel tfeni, tan (p)="f
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Ucinnost kulickovych Sroubti je udavéana vyrobcem:

e nepfedepnutd matice —n = 0,9 + 0,95
e ptedepnuta matice —n = 0,7

100% -
0,005

80% -

60% -

Uginnosti $roubt 1

40% -

20% -

0%

0,3

/

0° 3° 6°

9° 12° 15° 18°

Uhel stoupani sroubu @

Obrazek 13 - Zavislost G¢innosti Sroubu na thlu stoupani [10]

Po zjisténi ucinnosti mizeme zjistit vztah mezi to¢ivym momentem a axialni silou:

3.4.2. Navrh rozméri a pevnostni kontrola

V nasledujicim oddilu je citovano ze zdroje [2].

Pohybovy Sroub- pohybova matice s ploSnym dotykem zavitu

e Napéti od tahu( tlaku)

Fax

=—[MP

Ot S; [MPa]

Kde Sj [mm?] je priifez jadra
e Napéti od krutu

M
T = W; [MPa]

Kde Wy [mm®] je modul odporu prifezu v krutu
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e Redukované napéti

— [~+2 2
Oredukované = V Ot +4*Tk < Odovolené

Odovotene = (0,15 + 0,25) * R,,, kde R, je mez pevnosti materialu Sroubu

e Tlak v zavitu

p, = For Fox <p
z — - = Fdov
0,75 * S, 0,75*7T*d2*H1*;9ﬂ
H

Kde
S, [mm?]- plocha zavitu
Im [Mm]- délka zavitu
H; [mm]- nosna vyska zavitu
Kuli¢kovy Sroub- matice
Kulickové Srouby a matice se dimenzuji podobnym zptisobem jako valiva loziska.

Jejich funkénimi parametry jsou staticka a dynamicka tnosnost.

e Trvanlivost

16666
Ly =

*(——0 [hod]

Kde
C[N]- dynamicka tnosnost matice

e Trvanlivost pro zatézovaci spektrum
Tabulka 3 - zatéZzovaci spektrum [2]

zatézovaci stav zatizeni otacky Doba b¢hu
1 Fax1 Ny Lns
2 Fax ny Lnz
i Faxi ni Lpi
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n3
T Ny Ng Ns
Ml ..M e
Nm
| —
i (o} d2 ds Q4 Qs q (%]
N 100 % |
\
| Fia
gl TP
i Fi2
Fm1
Fig Fre
—_—
| Fa  Fa [ Fa o 0| q [%]
Fa l@ Fm2
Fas %
Obrazek 14 - ZatéZové spektrum kuli¢kového Sroubu a matice s procentuialnim soucinitelem dle katalogu KS Kufim
[10]

e FEkvivalentni zatizeni

3| XL (Fax® #my % L)

E, = : [N]
¢ 21(n * L)
e Ekvivalentni otacky
DX 7
ne =—g—[min""]
21 Lni
e SkuteCna zivotnost
16666 (C)3 hod
= * | —

h n, 3 [hod]

Kontrola pohybovych Sroubii na vzpér

U dlouhych pohybovych Sroubti je nutné kontrolovat Sroub na vzpér, tj. zjistit tzv. kri-
tickou silu Fyit, kterou mizeme Sroub dané délky zatizit.

Ee g
L2

Frrie = k =

Kde

E [MPa] .... modul pruznosti materialu Sroubu

I [mm4] .... kvadraticky moment prifezu Sroubu
Lc [mm] ...d¢élka Sroubu naméhana na vzpér

K[-]......... konstanta zavisla na zptisobu axialniho ulozeni Sroubu
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Pti kontrole pohybového Sroubu na vzpér je nutné zohlednit zptsob axialniho uloZeni. To je
obsazeno v koeficientu k.

k = (71/2)2 ...... pro Sroub, ktery je axidln€ ulozen jednostranné pfedepnutym oboustrannym
axialnim loziskem

k=n*....... pro Sroub, ktery je axidln¢ uloZen na kazdém konci jednostrannym axialnim lo-
ziskem

k = (37t/2)2 .... pro Sroub, ktery je axidln¢ uloZen na obou koncich oboustrannym axialnim
loziskem

Stanoveni maximalnich dovolenych otacek

Stejné jako u vypoctu kritické sily u kontroly na vzpér, i u vypoctu maximalnich dovo-
lenych otacek, musime zohlednit zptisob axialniho ulozeni.
1+107*d |
Mirie = fo ¥ ———— [min~"]
8

Kde
d [mm] .... jmenovity primér Sroubu
L [mm] ... vzdéalenost axialnich lozisek, respektive pievislého konce Sroubu

fo[ -1 .... soucinitel zavisly na zptisobu axialniho uloZeni Sroubu

fo = 3,5 ..... pro Sroub, ktery je axialné ulozen na jedné strané oboustrannym axialnim lozis-
kem

fo=10 ..... pro Sroub, ktery je uloZen na obou stranach jednostrannym axialnim loziskem

fn =22 ..... pro Sroub, ktery je ulozen na obou stranach oboustrannym axialnim loziskem

Doporucené maximalni otacky jsou:

Nmax = 0,8* Nyt

3.4.3. Provoz a udrzba

U kuli¢kového Sroubu s kulickovou matici je dulezité zajistit optimalni provozni pod-
minky. Pfedné je tfeba zajistit spravné mazani. Stykové plochy musi mit slabou, ale stalou
vrstvu maziva. Nutné je také dodrzet provozni teplotu. Pro spravné fungovani tohoto prevodu
je potieba, aby teplota nekolisala vice nez £5°C. [4]

3.4.4. Aplikace

Kulickovy Sroub mé Sirokou $kalu pouziti. Mlze byt pouZzit napiiklad pro posuv
supportu soustruhu, nebo jako posuv stolu vodorovné vyvrtavacky. Vyhodou jsou jeho pies-
nost, zivotnost, tichy a plynuly chod. Nevyhodou je, ze dlouhé Srouby jsou namahany na
vzper, takze jsou omezeny délkou Sroubu. Kulickoveé Srouby se vyrabi do délky tii metra.

4. Pastorek a hreben
4.1. Zakladni poznatky

Ptevod pastorek- ozubeny hieben je hojné pouzivanym mechanismem pro prevod to-
¢ivého momentu na posuvovou silu. Vyhodou jsou niz$i vyrobni naklady nez u kuli¢kovych
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Sroubl a dale také teoreticky neomezend délka ozubeného hiebenu. Ten se vyrabi ve tiime-
trovych segmentech, které se skladaji dohromady. Tento pievod ma stejnou ucinnost jako
ozubeni, tedy 0,98. M4 nizsi pfesnost polohovani, proto se musi piredepinat pro pouziti na
pohybovych osach stroje. Ke zvyseni piesnosti se pouziva predepinani pomoci dvou pastorkd,
které jsou proti sobé bud’ elektricky, nebo mechanicky pfedepnuty. Pastorek a hieben jsou
vhodné také jako podpora pro dlouhé kulickové Srouby.[1]

Obrazek 15 - pastorek a hieben [11]

4.2. Stavebni struktura

Pastorek se nejcastéji vyrabi jako soucast hiidele. VéEtsi pastorky se vyrabégji jako sa-
mostatné soucasti. Nasazuji se na hiidel bud’ pomoci pera, drazkovani nebo nalisovani. Pfi
velkych rozmérech pastorku se pro isporu materialu pastorek vyrabi jako svafenec. Mohou se
vyrabét s piimym i Sikmym ozubenim. Sikmé ozubeni se vyznaCuje lepsimi zab&rovymi
podminkami, ale klade vy$$i ndroky na axidlni uloZeni pastorku. Pastorky se mohou bud’ vy-
rabét, nebo nakupovat u specializovanych vyrobct, kteti nabizeji kompletni feSeni hiebeno-
vych pohontl. [2]

4.2.1 Materialy

Pastorky a ozubené hiebeny lze vyrabét z konstrukénich oceli ( napi. 11 600), dale z
uhlikovych oceli tfidy 12 ( napt. 12 050.6), nebo z uslechtilé oceli tiid 13, 14, 15, 16 ( napf.
14 220, 16 220).

Ozubeni se tepeln¢ upravuje pro zvysSeni pevnosti nasledujicimi metodami: povrchové
kaleni, cementovani a kaleni, nitridovani, iontova nitridace, nitrocementovani, karbonitrido-
vani.[2]

4.2.2 Kvalita povrchu
prov=(35+50)m*s* Ra=0,4+0,8
prov=(8+30) m*s* Ra=1,6+32
prov=(3+5)m*s* Ra=6,3+12,5[2]
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4.3 Navrh a kontrola

5 Navrhovy vypocet se provadi podle Bachova vzorce, kontrolni vypocet dle Merrita (
CSN 01 4686, platny do r. 1990 ) nebo novym zplsobem, platnym od r. 1990 ( CSN 4686)

[2]

5. Snek a $nekovy hieben
5.1. Zakladni poznatky

Vyhoda ptevodu $nek- Snekovy hieben spociva v tom, ze ma nejvyssi tuhost a inos-
nost z vySe uvedenych pfevodut. Je velmi drahy na vyrobu, takze se pouziva, pouze pokud je
to nezbytné nutné. Nevyhodou je omezeny pramér hnaciho kola, protoze osa hiebenu je rov-
kem zubii a velkym oteplenim. Proto musi byt skiinn vybavena zebrovanim. Mazéni je zajiste-
no brodénim $neku v olejové 1azni. Ke zvySeni ucinnosti je mozné pouzit hydrostaticky Snek
a hieben. To ma ovSem nevyhodu v potiebé hydraulického vedeni a je potfeba zachytavat

- M\
— Aé2§$g -

NN /
e
ZR7A7R7A7 Ry A7 A7A)
:\\ /4 7

.

Obrazek 16 - Snek a $nekovy hieben [1]

5.2. Stavebni struktura

Snek je vyrabén jako soudast hiidele. Spole¢né se Snekovym hiebenem vytvafi
,,Ctvrtmatici’’. Zavit Sneku mize byt jedno nebo vicechody, miiZze mit levé nebo pravé stou-
pani. [2]

5.2.1. Materialy

vvvvvv

nosti vyrabi z oceli. Vyrabi se vétSinou z legované oceli s povrchem tvrzenym nebo netvrze-
nym. Bud’ se kali, cementuji a kali nebo nitriduji. Kalené a cementované Sneky se musi brou-
sit.

Snekové hiebeny se vyrabi vétSinou z mosazi nebo z bronzu. Pro méné zatézované
$nekové hiebeny Ize pouzit Sedou litinu. [2]
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6. Linearni motory
6.1. Zakladni poznatky

Linearni motory se pouzivaji v systémech pfimych posuvi. P¥imé posuvy jsou vyhod-
né proto, ze neni potfebny mechanismus pievodu rotacniho pohybu na pohyb linearni. Vyuzi-
va se zde pfimého plsobeni elektromagnetickych sil na posouvanou cast. To nam zajisti vy-
sokou posuvovou rychlost a bezviilové uspofadani. Z toho plyne vysoké pfesnost najeti na
pozadovanou souiadnici a velka rychlost posuvu.

Pti pouziti pfimého posuvu odpadaji vlozené prevody. Vlozené pievody do mecha-
nisma vnaseji kinematické chyby a vule. Linearni motory také nejsou omezeny kritickymi
otackami a délkou Sroubu jako pohybovy sroub. Dosahuji vysokych posuvovych rychlosti (
200 m/ min). Linearni motory podléhaji pouze minimalnimu opotiebeni.

Nevyhodou je fakt, ze fezny proces pusobi piimo na pohon. Linearni motory se zna¢né
otepluji a teplo se pfenasi do rdmu stroje, takze je nutné ram stroje chladit. Mezi dalsi nevy-
hody patii vliv pritazlivych sil na ostatni Casti stroje a nutnost krytovat aktivni magnetické
¢asti. Nejveétsi nevyhodou je vyssi cena a male posuvové sily motord. [1]

6.2. Stavebni struktura

Linedrni motor si miizeme predstavit jako klasicky synchronni nebo asynchronni elek-
tricky motor rozvinuty do roviny jako je ukdazdano na obrdzku nize.[12]

SEKUNDARNI DIL

MAGNET
PRIMARNI DIL

P /*/- > //"/)r
Z

L

Obrazek 17 - Stavebni struktura linearniho motoru [12]

Statorem je oznacovan primarni dil a rotorem sekundarni dil. Primarni dil je tvoren
stejné jako u klasickych stroju feromagnetickym svazkem slozenym z elektrotechnickych ple-
chut a trojfazového vinuti. U synchronnich motoru je proti primarnimu dilu konstrukcné uspo-
radana sekundarni cast tvorena permanentnimi magnety ze vzdcnych zemin(NdFeB), které
Jjsou nalepeny na ocelovou podlozku. Asynchronni motory maji sekundarni dil tvoreny kleci
na kratko ulozenou bud’ do drazek feromagnetického svazku, nebo alespon pripevnénou na
ocelovou podlozku pohdanéného zarizeni. [12]

O tom, ktera cast linedrniho motoru se bude pohybovat rozhoduje konstrukce pohane-
ného zarizeni. V naprosté veétsiné konstrukci se pohybuje primarni ¢ast po drdze tvorené libo-
volnym poctem sekundarnich dili. [12]

Linearni motory se hodn¢ otepluji. Proto se vyrabi ve variantach s chladi¢em nebo s
integrovanym chladi¢em do primarniho dilu. [12]
6.3. Pouziti

Pouziti linearnich motort se nabizi zejména u strojit na obrabéni lehkych slitin, které
se vyznacuje vysokymi posuvovymi rychlostmi a niz§imi feznymi silami.[1]
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7. Srovnani posuvovych mechanismii

Nejcastéji pouzivanym posuvovym mechanismem je kulickovy Sroub s kulickovou
matici. Vynika ptredevs$im ptesnosti polohovani, tichym a plynulym chodem a snadnou udrz-
bou.

Pro delsi posuvy, kde nam jiz délkou nesta¢i kulickovy Sroub s kulickovou matici (
kulickové srouby s kulickovou matici se vyrabé&ji do délky tii metri), mize byt pouzit mecha-
nismus pastorku s hiebenem. Pfi pfedepnutim tohoto mechanismu je docileno dostate¢né
presnosti polohovani pro vyuziti na dilezité posuvy, jako napiiklad posuv supportu soustruhu.

Pokud to aplikace vyzaduje, mize byt pouzit mechanismus $neku se Snekovym hiebe-
nem, ktery vyniké svou tuhosti.

Velkym ptislibem do budoucnosti jsou vSak piimé posuvy v podob¢ linearnich elek-
tromotorti. Doufejme, ze vyvoj elektrotechniky umozni vyrobit linedrni elektromotory, které
budou schopny vyvodit vyssi posuvové sily. Linearni elektromotory by se tak vice rozsitily
,coz by vedlo i ke sniZeni ceny, ktera je dnes, oproti ostatnim posuvovym mechanismiim, Vy-
soka.

8. Rekonstrukce posuvového mechanismu koniku soustruhu SRS

8.1. Analyza stavajici konstrukce posuvového mechanismu

Pan. OBTHGIP €
5o

TOTAL ASSEMELY
GESAMTIUSAMMENSETZUNG

\ ; Ve TELKOVA SESTAVA
16 " ‘

Obrazek 18 - Soustruh SR5

Posuv koniku (16) je zajistén elektromotorem, ktery pies prevody pohani finalni pasto-
rek, zabirajici do hiebenu na lozi. Do stejného hiebenu se po zastaveni koniku automaticky
zasouva hieben (39), viz. obrazek 22, ktery zajistuje konik proti odsunuti vlivem sily od
hmotnosti obrobku a jeho pfedepnuti, plsobici v ose Z. Zasouvaci mechanizmus je ovladany
hydraulickym vélcem, napajenym z hydraulického agregéatu. Spravnou polohu koniku, ktera
po jeho zastaveni umozni zasunuti hiebenu, zajistuje elektromechanické zafizeni, které za
pohybu koniku sleduje roztece zubii hiebenu.
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Spodek koniku je na lozi zachycen listami (50) a (51) s viili potfebnou pro posuv. Lis-
ty slouzi soucasné pro zpevnéni koniku s lozem, ke kterému jsou pfitahovany soustavou upi-

nacich jednotek (179). Bo¢ni ville mezi spodkem koniku a vedenim loze, potiebnd pro posuv
po lozi, se sefizuje dvéma klinovymi listami (89), (90).

g I @ I
2 LN
1] ¢ R gOg
] SRS a—.a
/ \ \ / \' II! %
89,90/  |157 \78 \156 50/ |76 |79 \51

Obrazek 19 - spodek konika

Ptevody v posuvové skiini jsou mazany olejovou lazni. Olej se plni otvorem po vy-

Sroubovani zatky (156) na Groven rysky na viku z plexiskla (78). Olej se vypousti otvorem
pro zatku (157).

A FANUC
0 20072500 Hvis
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]
%
. !
=
‘_\H‘-\
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21/5—10'!3‘"/
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Obrazek 20 - kinematické schéma posuvového mechanismu koniku
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Obrazek 21- sestava posuvového mechanismu s kotouc¢em pro odmérovani natoceni pastorku

Obrazek 22- aretace

8.1.1. Nedostatky stavajiciho FeSeni

Nejvétsim nedostatkem stavajiciho feseni je nadmeémé mnozstvi vlozenych pievodii.
S tim souvisi velké mnoZstvi vlozenych hfidelll a jejich uloZeni. Obrabéni ulozeni loZisek
htidel ve skfini je ndro¢né na ptresnost. Je zafazen $Snek se Snekovym kolem. Tento pfevod je
slozité¢ vyrobitelny a jeho vyroba je draha. Tyto nedostatky budou eliminovany v novém na-
vrhu posuvového mechanismu.

8.2. Navrh posuvového mechanismu

8.2.1. Navrh reSeni

Cilem feSeni je navrhnout posuvovy mechanismus konika, ktery stdvajici nedostatky
odstrani.

Jako pohon bude pouzit asynchronni motor bez regulace otacek. K feSeni bude vyuzito
ptfevodovych motorti znacky Bonfiglioli. Vzhledem k nadkupu motoru vcetné prevodovky,
eliminujeme vloZené ptevody, kromé findlniho pfevodu pastorku s hfebenem. Systém aretace,
kde se hieben ( 39) zasunuje do hiebenu na lozi, zlistane zachovan.
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8.2.2. Navrh pohonu

V nasledujicim oddilu je citovano ze zdroje [3].

KONIK

/ !

~—T~  PREVODOVKA

l1r

\

y
M (W)

vs<—‘ ?f;: S
PASTOREK 2%/6-7°12"

J

Obrazek 23 - kinematické schéma mechanismu

Zadané hodnoty
Vaha koniku- 34 500 kg
fredeni= 0,15 [-]
Nvedeni= 0,5 [-]
Vs= 2500 mm/min
Parametry pohonu
o1 [s7']- uhlova rychlost motoru
Fp [N]- posuvova sila
oy [s']- uhlova rychlost na vstupu findlniho lenu mechanismu
M [N*m]- moment na vstupu finalniho ¢lenu mechanismu
I1/[-] — pfevod mezi motorem a finadlnim ¢lenem
irs [-] — finalni pfevod mechanismu
I1s [-] — celkovy prevod
Navrh motoru s pirevodovkou
G =m=x*g = 34500 * 9,81 = 338445N
_ G * freqeni 338445+ 0,15

Fp * Nyedeni = G * fpeqeni Fp = = = 101533,5N
Nvedeni 0;5

w, 21 21 2 2

Vg h  mExmxzZpgg M*Zya 6% 1073 %27

= 12,35
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Eyxvs  Ey*1 _ 101533,5*1

E, xvg = M, * 0, > M, = o = i 12.35 = 8221,34N *m
volba ni= 1000 ot/min ( vstupni otdcky motoru)
2% *ny

) wy T g0 2xmxny; 2x=m=*1000
lis == ) = = = 2513,27

vS == vg 2,5

60
i1s 251327

l1s = lyy *lpsg 2 U1y = 03,5

i 12,35
Volba motoru
Pomoci vypocteného momentu a ptevodu byl zvolen motor:
C 1004 1854
M,= 12000 N*m
n1= 900 ot/min
11,=185,4 [-]
Katalog motort viz ptiloha[l].

Vzhledem k montazi motoru svisle, hrozi nebezpeci uniku maziva pii poruse tésnéni vystupni
hiidele. Proto byla zvolena varianta s nadstandardnim dvojitym tésnénim, které nabizi firma
Bonfiglioli jako volitelné ptisluSenstvi.

Kontrola

MT' * wr . .
Ry =———= M, * ir; = 12000 * 12,35 = 148200N ......vyhovuje
S
i1 = gy * I = 185,4 % 12,35 = 2289,69
. W1
lis = v_s
w, 2*xmx*xn;  2xm*900 ) ]
Vg =—= = =2,47m/min ... ... vyhovuje

i1s s  2289,69

Vysledna hodnota posuvové rychlosti je niz$i nez pozadovana hodnota 2,5 m/min. Pti
zvoleni mensiho pievodu ( i3,=162,1 [-] ) v8ak vySla posuvova rychlost 2,82m/min. To pied-
stavuje odchylku 12,8 % od pozadované hodnoty. Pti volbé pievodu i,=185,4 [-] byla od-
chylka od pozadované hodnoty posuvové rychlosti 1,2%. Proto byl zvolen tento pievod.
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Kontrola parametri dle vyrobce
Pni[KW] — vstupni vykon

Pr[KW] — pozadovany vykon

Rn2[N] — dovolena radialni sila na vystupni hiidel pfevodovky

Rc2[N] — skute¢na radialni sila na vystupni hiidel ptevodovky

My, [Nm] — pozadovany moment

n, [min ] — vystupni otacky

na[-] - Gcinnost pievodovky

M;[Nm] — jmenovita (max.) hodnota vystupniho momentu pfevodovky
Ki[-] - koeficient dle typu pfevodu

d[mm] — rozte¢ny pramér pastorku

Hodnoty motoru viz. Ptiloha [I]

d= mx*zy  6x%27
"~ cos(B)  cos(7,0033)
p. My, *n,  8221,34 5,6
™ 79550, 9550 % 0,9

2000 * M; x K, 2000 * 12000 * 1,25
- d B 163,29
= nevyhovuje

= 163,29mm

= 536kW....... P,1 > Py, = vyhovuje

= 183722,212N......Ryy < Rsy

Radialni sila vyvozena pastorkem je vétsi nez dovolena radiélni sila na vystupni hiidel
prevodovky. Nelze tak pfipojit pastorek pfimo na vystupni hiidel pfevodovky a je nutné vloZit
dalsi hridel.
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MOTOR S PREVODOVKOU

HRIDELOVA SPOJKA

PASTOREK
PRO ODMEROVANI POLOHY

Al lel
[ \

PASTOREK

Obrazek 24 - kinematické schéma pohonu

8.2.3. Navrh rozméru pastorku.

Navrh pastorku s hiebenem je proveden v programu KISSsoft. V tomto oddilu je uve-
deno zadani hodnot do programu a zakladni vysledky. Detailni zprava vypoctu programu je
ptilozena Vv ptiloze.( ptiloha [11])

Geometry

Normal module Mn 6.0000 mm G Pinian Rack
Pressure angle at normal section a- 20,0000 *® G Mumber of teeth 7 27

Pinion helix right hand - | Facewidth b 90.0000 90,0000 mm [#)
Helix angle at reference drde B 7.0033 = B Profile shift coeffident x~ 0.2618 E]
Center distance a 1371797 mm [ E Quality (IS0 1328) Q [} &

Material and lubrication

Pinion [ECrNiMo?—G, Case-carburized steel, case-hardened, 150 6336-5 Figure 910 (MQ), core strength ==25HRC Jaminy J=12mm<HRC28 ~ ] E]

Rack [16 MniCr 5 (1), Case-carburized steel, case-hardened, 150 6336-5 Figure 9/10 (MQ), core strength ==25HRC Jominy J=12mm<HRC28 ~ ] B

) @ @ *) &)

Lubrication | Oil: ISO-VG 220 [0l bath lubrication

Strength

Calculation methed IISD 6336: 2006 Method B = ] Reference gear [Pinion A ] [ Details... ]
Calculation method scuffing laccording to calculation method - ] Power P 4.2184 kw @

Driving gear [Pirion %] Torque T, 82210000 Nm O (@)
Working flank gear 1 lright flank '] Speed n: 49000 Imin

Sense of rotation gear 1 dockwise Required service life H 20000.0000 h
Application factor Ka 1.2500

Obrazek 25 — zakladni parametry a zatiZeni pastorku
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Vysledky

Pro modul vétsi nez 2 mm je pozadovana bezpecnost v ohybu( root safety) 1,4 a bez-
pecnost na dotyk( flank safety) 1,0. Pro nami zadané hodnoty bylo dosazeno bezpe¢nosti
v ohybu 1,4021 a bezpecnosti na dotyk 1,4657. Tyto hodnoty splituji pozadovanou bezpec-
nost.

Results

Contact ratio (Transverse/OverlapTotal) 1.7067/0.5322/2 2389
Pinion Rack

Actual tip circle dg 178.359 60.000 mm

Root safety 1.4021 22238

Flank safety 1.4857 2.1004

Safety against scuffing (integral temperature) 40648

Safety against scuffing (flash temperature) 16.0059

Obrazek 26 — vysledky

8.2.4. Materialy pastorku a hirebenu

Pastorek byl vyroben z materialu 18CrNiMo 7-6. Toto oznacéeni z evropské normy je
ekvivalent oceli znacené v ¢eské normé 16 326. Tento material se hodi pro velmi naméahané
strojni soucasti. Ocel je vhodnd k cementovani. Cementovana vrstva dosahuje na povrchu
tvrdosti az 64 HRC pfi zachovani houZevnatosti jadra. Pfehled vlastnosti oceli 18CrNiMo 7-6
je ptilozen v ptiloze. ( piiloha [I11])

Hieben byl vyroben z materialu 16MnCr 5 dle evropské normy. V ¢eské normé je ten-
to material oznacovan jako ocel 14 220. Tato ocel je velmi pouzivana cementacni ocel pro
stfedné namahané dily stroji a motorovych vozidel. Piehled vlastnosti oceli 16MnCr 5 je pfi-
lozen v piiloze. ( ptiloha [IV])

8.2.5. Navrh hiidele s loZisky

Navrh htidele s lozisky je proveden v programu KISSsoft. V tomto oddilu je uvedeno
zadani hodnot do programu a zékladni vysledky. Detailni zprava vypoctu programu je pfilo-
zena V priloze. ( pfiloha [V])

Vstupni moment byl zadan na spojce od motoru, vystupni moment byl zaddn na pas-
torku. Moment motoru je 8221 N*m.
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Vysledky
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Obrazek 27 - Navrh rozméra hridele

Zde jsou uvedeny zakladni vysledky z programu KISSsoft. Detailngjsi vysledky jsou
soucasti zpravy o vypoctu, které jsou ptiloZeny v piiloze. [V]

Unavova bezpeénost( fatigue safety ) byla pozadovéna 2. Staticka bezpecnost 2. Poza-
dovana zivotnost loZisek byla 8000 hodin.

Tyto hodnoty bezpecnosti a zivotnosti byly dosazeny.

maximum deflection

maximum egquivalent stress
minimum bearing service life
minimum static bearing safety
minimum fatigue safety
minimum static safety

Fatigue safety

B-B 313
c-Cc 9.06
D-Dr 12.24
E-E 4.54

Bearing service life
lozisko1

Roller bearing

Bearing reaction force
lozisko1

Roller bearing

Fatique results [%]
26125

755.31

1019.62

3r8.07

Component

X

-160.281 kN
0.000 Nm
59.545 kN
0.000 Nm

Static safety
417
8.71
B.76
3.19
50
1.45
1.74
Y
0.000 kN
0.000 Nm
-11.678 kN
0.000 Nm

Obrazek 28 — vysledky
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170.02 pym
72.52 Nimm2
11073.59 h
1.45
3.13
319
Static results [%]
347.33
726.25
730.21
266.11
Lnh
11074 h
19393 h
Fi Rxz
-54.687 kN 168.354 kN
0.000 Nm 0.000 Nm
17.747 kN 62 133 kN
0.000 Nm 0.000 Nm



Zapadoceska univerzita v Plzni. Fakulta strojni. Bakalaiské prace, akad.rok 2014/15

Katedra konstruovani strojt Tomas Bilek

Prihyb hiidele pod zabérem ozubeni pastorku a hiebenu je 0,170 mm. Dovolena hod-
nota prihybu pod zabérem je 0,04 mm. Vzhledem k tomu, Ze nase soustava nepienasi velky
vykon (4,2 kW), je povazovana hodnota prithybu 0,170 mm za vyhovujici.

Displacement [mm]

0.16-
0.14
0.12
0.101
0.08
0.06—
0.04-
0.02 1.
-0.02-

]

0 14% 280 420 560
Axial direction Y [mm]

Obrazek 29 - Pribéh deformace podél hiidele

Axialni uloZeni

Ptedni lozisko je uloZeno volné, nezachycuje tedy axiélni silu. Zadni lozisko je axidlné
zajisténo z obou stran pomoci Seegrovych pojistnych krouzkt. Toto zajisténi je nevhodné pro
mechanismy, které jsou urcené pro presné polohovani, protoze vile v drazkach pro pojistné
krouzky dovoluje mikro posuvy v axialnim sméru. Vzhledem k nasi aplikaci, kde neni kladen
pozadavek na pfesnost polohovani, 1ze pojistné krouzky pouZzit.

Axidlni sila vyvozena na htideli je 12 472,68 N. Pojistné krouzky o jmenovitém pri-
méru 140 mm jsou schopny tuto axialni silu ptenést. Viz. Ptiloha [VI] (v tabulce sila FR).

8.2.6. Navrh sk¥iné

Navrh skiiné je proveden pomoci programu Siemens NX 9.0. Material skiin¢ je zvole-
na Seda litina CSN 42 2424. Jedna se o kiehky material s mezi pevnosti Ry, = 240 MPa.

Skiin je zatiZzena reakcemi v loziskach, jejichz velikosti jsou patrné z obrazku 28. Po-
moci metody kone¢nych prvkl bylo zjisténo maximalni napéti 72 MPa. Bezpecnost k mezi
pevnosti je potom:

_240_
ST T

Tato hodnota je vyhovujici. Na nasledujicich obrazcich je vypoctovy model spole¢né

s vysledky. Podrobngjsi informace se nachazeji v piiloze.( ptiloha [V1I] )
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skrin_sim1 : Copy of Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Stress - Element-Nodal, Averaged, Von-Mises
Min : 0.04, Max : 72.70, Units = Nimm*2(MPa)
Deformation : Displacement - Nodal Magnitude

7270
I 66.65

30.31
2426
18.20
1215

6.09

Units = Nimm*2(MPa)

Obrazek 30- vypoctovy model a maximalni napéti

Obrazek 31 - fez sestavou skiin€ spolu s motorem
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8.2.7. Navrh Sroubu

Navrh sroubti k upevnéni skiiné ke spodku konika je proveden v programu KISSsoft.
V tomto oddilu je uvedeno zadani hodnot do programu a zakladni vysledky. Detailni zprava
vypoctu programu je piilozena Vv priloze. ( ptiloha [VIII] )

Rozklad sil v zabéru pastorku s hi‘ebenem

|
& & - |
& / & - ‘
- & +- |
z |
L X ‘
r F |
3 |
263
Obrazek 32- rozklad sil v ozubeni
F, = 1015335N = F,
F, = F, « tan(B) = 1015335 * tan(7,0033) = 12 472,68 N = F,
Fo=F stan(@) = F, « 2089 1015335, 202D _ oo vk
= *k = ¥ — * ———= =
r = fo ANl ° " cos(B) " co0s(7,0033) z

My = F, 0,146 = 14823 N »m = M,
M, = F, + 0,263 = 3280 N * m
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Operating data

Configuration [Mulh’-bolhed joint with arbitrary position of the screw hd ]
Torque M- 14823.0000 Mm Axial force {min/max) Fa 37232.0000 372320000 N
Shearing force Fiaxe 101533.0000 N Bending moment (minfmax) Mz, 14823.0000 14623.0000 MNm
Shearing force Fay 12472.0000 N Bending moment (min/max) Ma, 3280.0000 3280.0000 Mm
Clamping force for sealing Fe= 5000.0000 M Coeffident of .. between parts 0.1000 E:R)
Balt data
Bolt type Cylindrical screw with socket head bolt DIN EN IS0 4752:2004 hd l
Reference diameter d 36.0000 mm E] Surface roughness of thread [NS Rz=16 (Milling) - ] R: 16.00 pm
Bolt length | 20,0000 mm B Surface roughness of bearing [NS Rz=15 (Milling) hd l R: 16.00 pm
Strength class [12.9 hd l [ Define. .. ]
Type of bolting Washer Tightening technique
@ Biind hale under bolt head [Dynamometric key (with guess of coeffident of friction) v ]
) Mut Define... under nut Define...

[Minimum " ]
[ Length of engagement Define...

Tightening factor gs 1.6000 (@)

Forces and torques
Required pretension force (min/max) 3384381 44 541570.30 N
Regquired tightening tergue (min/max) 16850.07 284011 Nm

Obrazek 33 - zadani udaji a vysledky

Vypoétem jsme ziskali hodnoty pfedpéti a utahovaci moment Sroubii s rozptylem, kte-
ry je dany presnosti klice, kterym Srouby utahujeme ( tightening factor- 1,6 viz. Obrazek ).
Tyto hodnoty se nachéazeji na gaussové kiivce ve vzdalenosti udané rozptylem. Vzhledem
K tomu, ze nezname ptesny pribéh pravdépodobnostni kiivky, zavedeme zjednoduseni:

541570,3+338481,44

Ptedepinaci sila E, = 5 = 440025,87 N
Utahovaci moment M,, = w = 2145,09 N = m

Tabulka 4- bezpeénosti
Vypocet s maximalnim poZzadovanym piedpétim s piesnosti kli¢e 1,60
Bezpecnost vii¢i mezi kluzu 1,59
Bezpecnost viici tlaku 2,04

Vypocet s maximalni dosazenou piedepinaci silou

Bezpecnost viici mezi kluzu 1,15

Bezpecnost viici tlaku 1,48

Vypocet s minimalni dosazenou predepinaci silou

Bezpecnost vici kluzu 1,46
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Pomoci vypoctu bylo navrzeno upevnéni skiin¢ ke koniku pomoci Sesti Sroubti o pri-
méru 36 mm s valcovou hlavou s vnitinim Sestihranem.

Obrazek 34 - upevnéni sestavy skiiné s motorem ke spodku koniku

8.2.8. Odmérovani polohy

Aretace je zprostfedkovana pomoci hiebenu, ktery se zasunuje do hiebenu na loZzi( viz.
Obrazek 22). Tento aretacni hieben se zasune pouze tehdy, pokud je konik ve spravné poloze.
Snimani polohy je zajisténo pomoci indukéniho senzoru firmy Balluff. Tento senzor snima
natoCeni htidele pomoci zjednoduseného ozubeného kola, které ma stejny pocet zubl jako
pastorek.

Obrazek 35- kotou¢ pro odmérovani polohy

40



Zapadoceska univerzita v Plzni. Fakulta strojni. Bakalaiské prace, akad.rok 2014/15

Katedra konstruovani strojt Tomas Bilek

9. Zavér

Posuvové mechanismy jsou nedilnou soucasti téméi kazdého obrabéciho stroje. Ideal-
ni volba posuvového mechanismu je dilezita pro spravné fungovani navrhovaného zatizeni.

Cilem této bakalarské prace bylo seznamit ¢tenaie s V dnesSni dob¢ nejpouzivanéjSimi
posuvovymi mechanismy. V prvni ¢asti byl seznamen s jejich zdkladnimi parametry, jejich
vlastnostmi a uzitim.

Druhé cast bakalafské prace byla vénovana rekonstrukci posuvového mechanismu
koniku soustruhu SRS, kde byl jako posuvovy mechanismus pouzit pfevod pastorek-hieben.
Nedostatkem stavajiciho feSeni bylo zejména velké mnozstvi vlozenych ptevodi. Tento nedo-
statek byl odstranén diky vyméné stdvajiciho pohonu za prevodovy motor, ktery byl nakou-
pen s pozadovanym pievodem piimo od vyrobce.
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PRILOHA I

Katalog motoru Bonfiglioli



‘:qj:]E: ny = 900 min-1 ny = 500 min-1 o
: Mp2 P Rns Rnz N3 Mn2 P Rnq Rz l._l‘

! N3

min-1 MNm KW N M mir-1 Mm KW N M
C1002 49 49| 183 7800 157 5310 28800| 102 9300 104 6720 34400
C1002 5.3 5.3 169 7950 148 6680 29500 94 9450 98 9740 35200
C1002 6.5 6.5 138 8600 131 5670 31000 77 10250 87 7540 37000
C1002 74 74| 127 8750 123 7050 31800 71 10450 B4 10100 37800
cC1002 8.4 8.4 108 9350 111 5670 32600 &0 10050 T2 8530 40100
C 1002 9.0 9.0 99 9500 104 TO0BD 33600| 55 11350 &9 10100 39900
C1002_104 10.1| B89 10000 98 5540 33600 SO0 10500 &0 10600 44500
C1002 109 10.9| 82 10150 92 G980 34T00| 46 11500 58 11300 44300
C 1002 12.5 125| 72 10700 85 3910 35400| 40 10850 48 11700 49800
CH00 2 13.5 135| 67 10850 8D 6440 36T00| 37 11450 47 12300 49500
C 100 2 _15.2 152| 59 10800 70 5940 40800 33 10800 39 13000 54700
C 1002 _16.5 165 55 11500 &9 6320 39100| 230 11500 38 13400 54500
C 100 2_18.7 18.7| 48 10000 58 6310 45100 268 10000 32 13400 59800
C 100 2_20.2 202| 45 11500 56 6890 45000 24F 11500 3 14000 6D100
c1002 222 222 40 9550 44 9170 52200 225 9850 24 15000 67800
C 1002 241 241 ar 10800 44 8930 512001 207 10800 25 15000 67200
C 1002 296 296| 30 9100 31 12600 61400 169 9100 170 15000 78300
C1003 343 343 262 11700 35 15000 S7800f 146 11700 192 15000 75500
C 100 3_36.9 369 244 11800 32 15000 S9600( 135 11800 18.0 15000 77700
C1003 429 429 210 12000 28 15000 63400 116 12000 4157 15000 B2300
C1003 46.2 462 195 12000 26 15000 65600 108 12000 146 15000 84900
C1003 53.3 533| 169 12000 23 15000 69900 94 12000 127 15000 85000
C 1003 574 57.4| 157 12000 21 15000 72300 8.7 12000 11.8 15000 85000

C 1003 645 645 140 12000 1B6 15000 76100 7.8 12000 105 15000 85000
C 1003 694 694 13.0 12000 175 15000 78600 7.2 12000 9.7 15000 85000
C1003 794 794 113 12000 153 15000 83300 6.3 12000 8.5 15000 85000
C 1003 _85.6 856 105 12000 142 15000 85000 5.8 12000 78 15000 85000
C 1003 927 927 97 12000 134 15000 85000 54 12000 £ 15000 85000
C1003 993 998 90 12000 122 15000 85000 5.0 12000 6.6 15000 85000
C1003 111.9 1119 80 12000 109 15000 85000 45 12000 6.0 15000 85000
C 100 3_120.5 120.5 75 12000 1041 15000 85000 41 12000 5.6 15000 85000
C 1003_139.7T 139.7 64 11500 8.0 15000 85000 36 11030 4.5 15000 85000
C 100 3_150.4 1504 60 12000 B1 15000 85000 3.3 12000 4.5 15000 85000

164

C1004_162.1 1621 26 12000 i1 — 85000 31 12000 4.3 — 85000
C1004_185.4 1854 49 12000 6.7 — 85000 27 12000 3.7 920 85000
C1004_199.6 199.6 45 12000 6.2 — 85000 25 12000 35 1430 85000
C1004_244.2 2442 37 12000 5:1 — 85000 20 12000 28 1490 85000
C 100 4_263.0 263.0 34 12000 4.7 — 85000 1.9 12000 26 1350 85000
C 100 4_300.5 300.5 30 12000 4.1 — 85000 1.7 12000 2.3 1840 85000
C 100 4_323.6 3236 28 12000 38 850 85000 1.5 12000 21 2280 85000
C 100 4_380.5 380.5 24 12000 33 700 85000 1.3 12000 1.8 2130 85000
C 100 4_409.8 409.8 22 12000 30 1120 85000 12 12000 1.7 2550 85000
C 100 4_466.7 466.7 19 12000 2T 910 85000 1.1 12000 1.5 2340 85000
C 100 4_502.6 S02.6 18 12000 25 1320 85000 10 12000 14 2740 85000
C 100 4_582.6 S82.6 15 12000 21 1100 85000 0.90 12000 1.2 2520 85000
C 100 4_627.4 6274 14 12000 20 1430 85000 0.80 12000 o 2910 85000
C1004_720.3 720.3 12 12000 1.7 1270 83000 0.70 12000 1.0 2700 85000
C 100 4_775.7 7757 12 12000 16 1650 85000 0.60 12000 0.90 3070 85000
C 100 4_843.3 8433 11 12000 1.5 1360 85000 0.60 12000 0.80 2790 85000
C 100 4_908.2 908.2 10 12000 14 1730 85000 0.60 12000 0.80 3160 85000
C 100 4_1004 1004 0.890 12000 1.2 1400 83000 0.50 12000 0.70 2530 85000
C1004_ 1081 1081 0.80 12000 1.1 1770 85000 0.50 12000 0.60 3170 85000

(—) Contact our technical service department advising radial load data {rotation direction, orientation, position)

€ Bonfiglioli —
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PRILOHA II

Zprava o vypoctu pastorku s hifebenem



KISSsoFT

Cakulabon programs for meching derign

KISSsoft Release 03/2014 E

KISSsoft academic license for Uni Pilsen

File
Name : Unnamed
Changed by: bilek3 on: 10.06.2015 at: 11:05:24

Important hint: At least one warning has occurred during the calculation:
1-> Calculation of scuffing:

The entered gear pair data is outside the boundary of the calculation method!
The application of ISO/TR 13989-2 has following limitations:
1.0 m/s <= v(=0.0 m/s) <= 50.0 m/s

2-> Notice concerning gear 1:
Dimension over rollers is probably not measurable (facewidth is a bit too short)!

RACK ANALYSIS (CYLINDRICAL GEAR)

Drawing or article number:

Gear 1: 0.000.0
Gear 2: 0.000.0
Calculation method 1ISO 6336:2006 Method B

---- Pinion ---------- Rack -
Power (kW) [P] 4.22
Speed (UpM) [n] 4.9
Torque (Nm) M 8221.0
Application factor [KA] 1.25
Required service life [H] 20000.00
Gear driving (+) / driven (-) + -
1. TOOTH GEOMETRY AND MATERIAL

(geometry calculation according to
DIN 3960:1987)

---- Pinion ---------- Rack -
Running centre distance (mm) [a] 137.180
Centre distance tolerance ISO 286:2010 Measure js7
Rack height (mm) [Hz] 60.000
Normal module (mm) [mn] 6.0000
Pressure angle at normal section (°) [alfn] 20.0000
Helix angle at reference circle (°) [beta] 7.0033
Number of teeth [z] 27
Facewidth (mm) [b] 90.00 90.00
Hand of gear right left
Accuracy grade [Q-1SO1328:1995] 6 6
Inner diameter (mm) [di] 0.00 0.00
Inner diameter of gear rim (mm) [dbi] 0.00 0.00

Material
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KISSsoFT

Calculation pregrams for maching dasign
Gear 1: 18CrNiMo7-6, Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28
Gear 2: 16 MnCr 5 (1), Case-carburized steel, case-hardened
1ISO 6336-5 Figure 9/10 (MQ), core strength >=25HRC Jominy J=12mm<HRC28

------- GEAR 1 ---—-- GEAR 2 --
Surface hardness HRC 61 HRC 59
Material quality according to ISO 6336:2006 Normal (Life factors ZNT and YNT >=0.85)
Fatigue strength. tooth root stress (N/mm?) [sigFlim] 430.00 430.00
Fatigue strength for Hertzian pressure (N/mm?) [sigHIim] 1500.00 1500.00
Tensile strength (N/mm?) [Rm] 1200.00 1000.00
Yield point (N/mm?) [Rp] 850.00 695.00
Young's modulus (N/mm?) [E] 206000 206000
Poisson's ratio [ny] 0.300 0.300
Mean roughness, Ra, tooth flank (um) [RAH] 0.60 0.60
Mean roughness height, Rz, flank (um) [RZH] 4.80 4.80
Mean roughness height, Rz, root (um) [RZF] 20.00 20.00
Gear reference profile 1:
Reference profile 1.25/0.38/ 1.0 1ISO 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.380
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [alfKP] 0.000

not topping
Gear reference profile 2:
Reference profile 1.25/0.38/ 1.0 1ISO 53.2:1997 Profil A
Dedendum coefficient [hfP*] 1.250
Root radius factor [rhofP*] 0.380
Addendum coefficient [haP*] 1.000
Tip radius factor [rhoaP*] 0.000
Protuberance height factor [hprP*] 0.000
Protuberance angle [alfprP] 0.000
Tip form height coefficient [hFaP*] 0.000
Ramp angle [alfKP] 0.000
not topping
Summary of reference profile gears:
Dedendum reference profile [hfP*] 1.250 1.250
Tooth root radius Reference profile [rofP*] 0.380 0.380
Addendum Reference profile [haP*] 1.000 1.000
Protuberance height factor [hprP*] 0.000 0.000
Protuberance angle (°) [alfprP] 0.000 0.000
Tip form height coefficient [hFaP*] 0.000 0.000
Ramp angle (°) [alfKP] 0.000 0.000
Type of profile modification:
none (only running-in)

Tip relief (um) [Ca] 2.0 2.0
Lubrication type oil bath lubrication
Type of ol Oil: ISO-VG 220
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Lubricant base
Kinem. viscosity  oil at 40 °C (mm?/s)
Kinem. viscosity  oil at 100 °C (mm?/s)

FZG test A/8.3/90 ( ISO 14635-1:2006)
Specific density at 15 °C (kg/dm?)

Oil temperature (°C)

Transverse module (mm)

Pressure angle at pitch circle (°)

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

Base helix angle (°)

Sum of profile shift coefficients

Profile shift coefficient

Tooth thickness (Arc) (module) (module)

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

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

(mm)
Active tip diameter (mm)
Operating pitch diameter (mm)
Root diameter (mm)
Generating Profile shift coefficient
Manufactured root diameter with xE (mm)
Theoretical tip clearance (mm)
Effective tip clearance (mm)
Active root diameter (mm)

(mm)
Root form diameter (mm)

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

(mm)
Dedendum (mm)
(mm)
Roll angle at dFa (°)
Roll angle to dNa (°)
Roll angle to dNf (°)
Roll angle at dFf (°)
Tooth height (mm)
Virtual gear no. of teeth
Normal tooth thickness at tip cylinder (mm)
(mm)
Normal spacewidth at root cylinder (mm)
(mm)

Max. sliding velocity at tip (m/s)
Specific sliding at the tip
Specific sliding at the root
Sliding factor on tip
Sliding factor on root
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Mineral-oil base

KISSsoFT

Cakulabon programs for meching derign

[nu40] 220.00

[nu100] 17.50

[FZGtestA] 12

[roQil] 0.895

[TS] 70.000

---- Pinion ---------- Rack -

[mt] 6.045
[alft] 20.138
[alfwt] 20.138
[alfwn] 20.000
[betaw] 7.003
[betab] 6.579
[Summexi] 0.2618
x] 0.2618 0.0000
[sn*] 1.7614 1.5708
[k*mn] 0.000 0.000
[d] 163.218 54.000
[db] 153.239
[da,Hz] 178.359 60.000
[da,Hz.efi] 178.359/ 178.349 60.000/  59.995
[Ada,AHz.e/i] 0.000/ -0.010 0.000/ -0.005
[dFa] 178.359 60.000
[dFa.efi] 178.359/ 178.349 60.000/  59.995
[dNa.efi] 178.359/ 178.349 60.000/  59.995
[dw] 163.218 55.588
[df] 151.359 46.500
[XE.efi] 0.2400/  0.2286 -0.0218/ -0.0332
[df.efi] 151.098/ 150.961 46.369/  46.301
[c] 1.501 1.501
[c.efi] 1.725/  1.612 1.725/  1.612
[dNf] 156.222 49.526
[dNf.efi] 156.250/ 156.199 49.550/  49.506
[dFf] 156.238 48.509
[dFf.efi] 156.092/ 156.017 48.377/  48.308
[cF.efi] 0.117/ 0.054 1.241/ 1.129
[ha = mn * (haP*+x)] 7.571 6.000
[ha.efi] 7.571/ 7.566 6.000 / 5.995
[hf = mn * (hfP*-x)] 5.929 7.500
[hf.efi] 6.060 / 6.128 7.631/ 7.699
[xsi_dFa.efi] 34125/ 34117
[xsi_dNa.efi] 34125/  34.117
[xsi_dNf.e/i] 11.414/  11.316
[xsi_dFf.eli] 11.107/  10.958
[H] 13.500 13.500
[zn] 27.565
[san] 3.897 5.057
[san.eli] 3.799/ 3.738 4.966 / 4912
[efn] 0.000 3.965
[efn.efi] 0.000/ 0.000 3.949/ 3.941
[vgal 0.009 0.007
[zetaa] 0.381 0.456
[zetaf] -0.838 -0.617
[Kga] 0.213 0.156
[Kgf] -0.156 -0.213



KISSsoFT

Calculation pregrams for maching dasign
Pitch on reference circle (mm) [pt] 18.991
Base pitch (mm) [pbt] 17.830
Transverse pitch on contact-path (mm) [pet] 17.830
Lead height (mm) [pz] 4174137 417413.744
Axial pitch (mm) [px] 154.598
Length of path of contact (mm) [ga, eli] 30.443 ( 30.501/ 30.361)
Length T1-A (mm) [T1A] 15.191 ( 15.132/ 15.263)
Length T1-B (mm) [T1B] 27.804 ( 27.804/ 27.794)
Length T1-C (mm) [T1C] 28.051 ( 28.051/ 28.050)
Length T1-D (mm) [T1D] 33.021 ( 32.963/ 33.094)
Length T1-E (mm) [T1E] 45.634 (  45.634/ 45.624)
Diameter of single contact point B (mm) [d-B] 163.017 ( 163.017/ 163.010)
Diameter of single contact point D (mm) [d-D] 166.865 ( 166.819/ 166.922)
Transverse contact ratio [eps_a] 1.707
Transverse contact ratio with allowances [eps_a.eli] 1.711/ 1.703
Overlap ratio [eps_b] 0.582
Total contact ratio [eps_d] 2.290
Total contact ratio with allowances [eps_g.eli] 2.293/ 2.285
2. FACTORS OF GENERAL INFLUENCE
---- Pinion ---------- Rack -

Nominal circum. force at pitch circle (N) [Ft] 100736.6
Axial force (N) [Fa] 12374.8
Radial force (N) [Fr] 36940.7
Normal force (N) [Fnorm] 108007.5
Tangent.load at p.c.d.per mm (N/mm) (N/mm) [w] 1119.30
Only as information: Forces at operating pitch circle:
Nominal circumferential force (N) [Ftw] 100736.6
Axial force (N) [Faw] 12374.8
Radial force (N) [Frw] 36940.7
Circumferential speed reference circle (m/s) [v] 0.04
Circumferential speed operating pitch circle (m/s)

[v(dw)] 0.04
Running-in value (um) [yp] 0.7
Running-in value (um) [yf] 0.9
Correction coefficient [CM] 0.800
Gear body coefficient [CR] 1.000
Reference profile coefficient [CBS] 0.975
Material coefficient [E/Est] 1.000
Singular tooth stiffness (N/mm/um) [c 15.341
Meshing stiffness (N/mm/pm) [cgalf] 23.480
Meshing stiffness (N/mm/pm) [cgbet] 19.958
Reduced mass (kg/mm) [mRed] 0.09672
Resonance speed (min-1) [nE1] 5510
Resonance ratio (-) [N] 0.001
Subcritical range
Running-in value (um) [ya] 0.7
Bearing distance | of pinion shaft (mm) [ 180.000
Distance s of pinion shaft (mm) [s] 18.000
Outside diameter of pinion shaft (mm) [dsh] 90.000
Load in accordance with Figure 13,

ISO 6336-1:2006 [-] 4

0:a), 1:b), 2:c), 3:d), 4:e)
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KISSsoFT

Calculation pregrams for maching dasign
Coefficient K' according to Figure 13,
I1ISO 6336-1:2006 [K'] -1.00

Without support effect
Tooth trace deviation (active) (um) [Fby] 5.95
from deformation of shaft (um) [fsh*B1] 8.96
(fsh (um) = 8.96, fHb5 (um) = 17.00)
Tooth without tooth trace modification
Position of Contact pattern: favorable
from production tolerances (um) [fma*B2] 16.97
Tooth trace deviation, theoretical (um) [Fbx] 7.00
Running-in value (um) [yb] 1.05
Dynamic factor [KV] 1.000
Face load factor - flank [KHb] 1.042

- Tooth root [KFb] 1.036

- Scuffing [KBb] 1.042
Transverse load factor - flank [KHa] 1.000

- Tooth root [KFa] 1.000

- Scuffing [KBa] 1.000
Helical load factor scuffing [Kbg] 1177
Number of load cycles (in mio.) [NL] 5.880 0.059
3. TOOTH ROOT STRENGTH
Calculation of Tooth form coefficients according method: B
(Calculate tooth shape coefficient YF with addendum mod. x)
Internal toothing: Calculation of roF and sFn according to

ISO 6336-3:2007-04-01
Internal toothing: Calculation of YF, YS with pinion type cutter (z0=
50, x0= 0.000, rofP*= 0.380)
---- Pinion ---------- Rack -

Tooth form factor [YF] 1.08 1.12
Stress correction factor [YS] 2.27 2.49
Working angle (°) [alfFen] 19.82 20.00
Bending lever arm (mm) [hF] 5.02 6.45
Tooth thickness at root (mm) [sFn] 12.94 14.39
Tooth root radius (mm) [roF] 2.85 2.28
(hF*= 0.837/1.075 sFn*= 2.157/2.398 roF* = 0.475/0.380 dsFn = 153.533/0.000 alfsFn = 30.00/30.00)
Contact ratio factor [Yeps] 1.000
Helix angle factor [Ybet] 0.966
Deep tooth factor [YDT] 1.000
Gear rim factor [YB] 1.000 1.000
Effective facewidth (mm) [beff] 90.00 90.00
Nominal stress at tooth root (N/mm?) [sigF0] 441.56 502.75
Tooth root stress (N/mm?) [sigF] 571.91 651.16
Permissible bending stress at root of Test-gear
Support factor [YdrelT] 0.998 1.104
Surface factor [YRrelT] 0.957 0.978
size factor (Tooth root) [YX] 0.990 0.995
Finite life factor [YNT] 0.987 1.568
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[YdrelT*YRrelT*YX*YNT] 0.932
Alternating bending coefficient [YM] 1.000
Stress correction factor [Yst]
Yst*sigFlim (N/mm?) [sigFE] 860.00
Permissible tooth root stress (N/mm?) [sigFP=sigF G/SFmin] 572.78
Limit strength tooth root (N/mm?) [sigFG] 801.89
Required safety [SFmin] 1.40
Safety for Tooth root stress [SF=sigFG/sigF] 1.40
Transmittable power (kW) [kWRating] 4.22
4. SAFETY AGAINST PITTING (TOOTH FLANK)
---- Pinion ----------

Zone factor [ZH]
Elasticity coefficient (N*.5/mm) [ZE]
Contact ratio factor [Zeps]
Helix angle factor [Zbet]
Effective facewidth (mm) [beff]
Nominal flank pressure (N/mm?) [sigHO]
Surface pressure at operating pitch circle (N/mm?)

[sigHw]
Single tooth contact factor [ZB,ZD] 1.00
Flank pressure (N/mm?) [sigHB, sigHD] 1144.77
Lubrication coefficient at NL [ZL] 1.013
Speed coefficient at NL [ZV] 0.957
Roughness coefficient at NL [ZR] 0.981
Material pairing coefficient at NL [ZW] 1.000
Finite life factor [ZNT] 1.176

[ZL*ZV*ZR*ZNT] 1.119
Small amount of pitting permissible (0=no, 1=yes)
Size factor (flank) [ZX] 1.000
Permissible surface pressure (N/mm?) [sigHP=sigHG/SHmin] 1677.94
Limit strength pitting (N/mm?) [sigHG] 1677.94
Required safety [SHmiIn] 1.00
Safety for surface pressure at operating pitch circle

[SHw] 1.47
Safety for stress at single tooth contact [SHBD=sigHG/sigHBD]  1.47
(Safety regarding nominal torque) [(SHBD)"2] 215
Transmittable power (kW) [kWRating] 9.06
4b. MICROPITTING ACCORDING TO ISO TR 15144-1:2010

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

5. STRENGTH AGAINST SCUFFING

Calculation method according to
ISO TR 13989:2000

Lubrication coefficient (for lubrication type) [XS]
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K

Cal

2.00

2.481
189.812
0.813
1.004
90.00
1000.91

1142.63

1.000

KISSsoFT
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1.684
1.000

860.00
1034.34
1448.07

1.40
2.22
6.70

1.00
1142.63

1.000
1.000
1.000
1.000
1.600
1.600

1.000
2400.00
2400.00

1.00

2.10
2.10
4.41
18.61



Multiple meshing factor

Relative structure coefficient (Scuffing)

Thermal contact factor (N/mm/s*.5/K)

Relevant tip relief (um)

Optimal tip relief (um)

Ca taken as optimal in the calculation (0=no, 1=yes)
Effective facewidth (mm)

Applicable circumferential force/facewidth (N/mm)

(Kbg = 1.177, wBt*Kbg = 1717.166)
Pressure angle factor (eps1:
0.986, eps2: 0.721)

Flash temperature-criteria

Lubricant factor

Tooth mass temperature (°C)

theM = theoil + XS*0.47*Xmp*theflm

Scuffing temperature (°C)

Coordinate gamma (point of highest temp.)
[Gamma.A]=-0.458 [Gamma.E]=0.627

Highest contact temp. (°C)

Flash factor (°K*N*-.75*s*.5*m”-.5* mm)

Approach factor

Load sharing factor

Dynamic viscosity (mPa*s)

Coefficient of friction

Required safety

Safety factor for scuffing (flash-temp)

Integral temperature-criteria
Lubricant factor

Tooth mass temperature (°C)
theM-C = theoil + XS*0.70*theflaint
Integral scuffing temperature (°C)
Flash factor (°K*N*-.75*s*.5*m”-.5* mm)
Running-in factor (well run in)
Contact ratio factor

Dynamic viscosity (mPa*s)

Averaged coefficient of friction
Geometry factor

Meshing factor

Tip relief factor

Integral tooth flank temperature (°C)
Required safety

Safety factor for scuffing (intg.-temp.)
Safety referring to transferred torque

6. MEASUREMENTS FOR TOOTH THICKNESS

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

Number of teeth spanned

(Internal toothing: k = (Measurement gap number)
Base tangent length (no backlash) (mm)
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[Xmp] 1.000
[XWrelT] 1.000
[BM] 13.780 13.780
[Ca] 2.00 2.00
[Ceff] 59.59
0 0
[beff] 90.000
[wBt] 1458.713
[Xalfbet] 0.978
[XL] 0.830
[theMi] 72.94
[theflm] 6.26
[theS] 348.80
[Gamma] -0.458
[theB] 87.42
[XM] 50.058
[XJ] 1.087
[XGam] 0.688
[etaM] 41.90 ( 70.0 °C)
[mym] 0.172
[SBmin] 2.000
[SB] 16.006
[XL] 1.000
[theM-C] 75.97
[theflaint] 8.53
[theSint] 360.78
[XM] 50.058
[XE] 1.000
[Xeps] 0.226
[etaCil] 41.90 ( 70.0 °C)
[mym] 0.144
[XBE] 0.386
[XQ] 1.000
[XCa] 1.107
[theint] 88.76
[SSmin] 1.800
[SSint] 4.065
[SSL] 15.504
---- Pinion ---------- Rack -
DIN 3967 cd25 DIN 3967 cd25
[As.eli] -0.095/ -0.145 -0.095/ -0.145
[K] 4.000
[Wk] 65.387



Actual base tangent length (‘'span’) (mm)
Diameter of contact point (mm)

Theoretical diameter of ball/pin (mm)
Eff. Diameter of ball/pin (mm)

Theor. dim. centre to ball (mm)
Actual dimension centre to ball (mm)
Diameter of contact point (mm)

[Wk.efi]
[dMWk.m]

[DM]
[DMeff]
MrK]
MrK.efi]
[dMMr.m]

Diametral measurement over two balls without clearance (mm)

Actual dimension over balls (mm)

MdK]
[MdK.efi]

Diametral measurement over rolls without clearance (mm)

Actual dimension over rolls (mm)

Chordal tooth thickness (no backlash) (mm)
Actual chordal tooth thickness (mm)
Reference chordal height from da.m (mm)
Tooth thickness (Arc) (mm)

(mm)

Backlash free center distance (mm)

Backlash free center distance, allowances (mm)
Centre distance allowances (mm)

Circumferential backlash from Aa (mm)

Radial clearance (mm)

Circumferential backlash (transverse section) (mm)

Torsional angle for fixed
Normal backlash (mm)

gear 1 (°)

7. GEAR ACCURACY

According to ISO 1328:1995

[MdR]
[MdR.efi]

['sn]
['sn.efi]
[ha]
[sn]
[sn.efi]

[aControl.efi]
[ita]

[Aa.efi]
[itw_Aa.efi]
[irw]

[itw]

linw]

---- Pinion

65.298 / 65.251
166.394

10.768
11.000
91.166
91.065/ 91.012
166.507

182.042

181.841/ 181.734

182.332

182.130/ 182.024

One or several gear data (mn, b or d) lay beyond the limits covered by the standard.
The tolerances are calculated on the basis of the formulae in the standard.
However, their values are outside the official range of validity!

Accuracy grade

Single pitch deviation (um)

Base circle pitch deviation (um)

Sector pitch deviation over k/8 pitches (um)
Profile deviation (um)

Profile slope deviation (um)

Total profile deviation (um)

Helix form deviation (um)

Helix slope deviation (um)

Total helix deviation (um)

Total cumulative pitch deviation (um)
Runout (um)

Single flank composite, total (um)

Single flank composite, tooth-to-tooth (um)
Radial composite, total (um)

Radial composite, tooth-to-tooth (um)

(Tolerances of rack following
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[fptT]
[fpbT]
[Fpk/8T]
[ffaT]
[fHaT]
[FaT]
[ffbT]
[fHbT]
[FbT]
[FpT]
[FrT]
[FisT]
[fisT]
[FidT]
[fidT]
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11.666

12.000

64.596
64.465/ 64.396

10.561 9.425
10.466/ 10.416 9.330/ 9.280
7.737 5.996
10.568 9.425
10.473/ 10.423 9.330/ 9.280

136.918/ 136.781

-0.261/ -0.399

0.020/ -0.020

0.015/ -0.015

0.419/ 0.241

0.307/ 0.177

0.0022 / 0.0012

0.286/ 0.165

---------- Rack -

6 6
10.00 10.00
9.40 9.40
17.00 17.00
12.00 12.00
9.50 9.50
15.00 15.00
12.00 12.00
12.00 12.00
17.00 17.00
36.00 36.00
29.00 29.00
53.00 53.00
17.00 17.00
51.00 51.00
22.00 22.00

DIN 3961:1978 mit der Zahnezahl und dem Teilkreis des Ritzels berechnet)
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Axis alignment tolerances (recommendation acc. ISO TR 10064:1992, Quality

6)
Maximum value for deviation error of axis (um) [fSigbet] 33.00 (Fb=33.00)
Maximum value for inclination error of axes (um) [fSigdel] 66.00
8. ADDITIONAL DATA
Mean coeff. of friction (acc. Niemann) [mum] 0.083
Wear sliding coef. by Niemann [zetw] 0.705
Power loss from gear load (kW) [PVZ] 0.032
(Meshing efficiency (%) [etaz] 99.244)

9. DETERMINATION OF TOOTHFORM

Data for the tooth form calculation :
Data not available.

REMARKS:
- Specifications with  [.e/i] imply: Maximum [e] and Minimal value [i] with
consideration of all tolerances
Specifications with [.m] imply: Mean value within tolerance
- For the backlash tolerance, the center distance tolerances and the tooth thickness
deviation are taken into account. Shown is the maximal and the minimal backlash corresponding
the largest resp. the smallest allowances
The calculation is done for the Operating pitch circle..
- Calculation of Zbet according Corrigendum 1 ISO 6336-2:2008 with Zbet = 1/(COS(beta)"0.5)
- Details of calculation method:
cg according to method B
KV according to method B
KHb, KFb according method C
fma following equation (64), fsh following (57/58), Fbx following (52/53/57)
KHa, KFa according to method B

End of Report lines: 475
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PRILOHA III

Vlastnosti oceli 18CrNiMo 7-6



Prehled vlastnosti oceli 18CrNiMo7-6 1.6587

Druh oceli Stifedné legovana u$lechtilda chrom-nikl-molybdenova ocel k cementovani
TDP CSN EN 10084
Drivéjsi oznaceni 17CrNiMo6 podle DIN 17210
Velmi namahané strojni sou¢asti s cementovanym povrchem . Cementovana vrstva po tepelném zpracovani dosahuje na povrchu tvrdosti 62
] az 64 HRC, zatimco jadro cementované soucasti je i pfi relativné vysoké pevnosti znaéné houzevnaté. Pfisada Mo zvySuje prokalitelnost,
Charakteristika ’ S . ; . . Y e
Ocel prokaluje do hloubky pfiblizné 60 mm. Je vhodna pro dynamicky namahané soucasti.
Si P S )
¢ max. Mn max. max. Cr Mo Ni Al
KA Sani PFi kontrolované velikosti
Ch ké sl % hmot. —
(rozbor tavby) % hmo 0.15- 0.40 050~ | oas 0.035 150~ | 025 | 40 austenitického zrna 0,015-0,050
0,21 ’ 0,90 ’ ’ 1,80 0,35 ’ (informativné,neni uvedeno v norme).
Dovolené odchylky ve vyrobku +0,03
od rozboru tavby zY +0,02 +0,03 +0,04 + 0,005 +0,005 +0,05 5) +0,05
Mechanické vlastnosti Primér mm Rp0,2 min MPa Rm MPa A min % Zmin % KCU min. J.cm™
Vv jadre referenéniho vzorku po d<11 980 1230 — 1520 9 - 30
kaleni a popusténi pfi 150-200 °C 11<d <25 735 980 — 1320 9 N 35
(uvedené ho1()1noty nejsou soucéasti 25<d<50 640 885 - 1080 10 R 35
EN 10084) 50 <d = 100 490 685 - 980 1 - 35
Zpracovano na stfihatelnost Zihano na mékko (A) Zpracovgno lne%_;'_?zmem Zpracovano na feriticko-
(stav S) tvrdosti (TH) perlitickou strukturu (FP)
max. 255 max. 229 179 - 229 159 - 207
E:::d:to;\y .tvrdostl HB Stav po valcovani Stav po normalizaci Zihano na globulari cementit (vhodné pro tvareni za studena)
ca270 ¥ ca260 * max. 180
Vzdalenost od plochy kaleného ¢ela v mm
Prokalitelnost 2 Druh Meze Tvrdost v HRC
rokatiteinos 15 3 5 7 9 11 13 15 20 25 30 35 20
H max. 48 48 48 48 47 47 46 46 44 43 42 41 41
min. 40 40 39 38 37 36 35 34 32 31 30 29 29
HH max. 48 48 48 48 47 47 46 46 44 43 42 41 41
min. 43 43 42 41 40 40 39 38 36 35 34 33 33
HL max. 45 45 45 45 44 43 42 42 40 39 38 37 37
min. 40 40 39 38 37 36 35 34 32 31 30 29 29
Pésy prokalitelnosti
50 Popoustéci kfivka (referenéni vzorek prdmér 10 mm)
45 | - —_— 1500
ool L LT T 1400
Q 40 ~ ! H HH max 1300 e —
T 35 T~ N 1200 ~—
> N : = H HL min & 1100 N —FRm
g 30 . s 1000 ~
S o5 HH min 900 N
2 800 N Rp02
15 600 ™
10 500
O O OO OO0 O O O O O O O
NMOLNOO™—®MWO O WO LW O N OO O W oo wW o Ww o wnw o
- - - N N OO - —~ N N O MO F T O OB © © N~
Vzdélenost od kaleného &ela v mm Teplota popousténi st.C
Technologické vlastnosti
Tvareni za tepla Doporuéené rozmezi teplot pro tvaFeni za tepla : 1100 a2 900 °C
Normalizaéni Zihani na Isotermické Teplota Teplota Teplota Teplota Teplota kaleni
zihani °C mékko zihani °C cementace °C | kaleni na kaleni na popousténi pro Jominyho
°C 3 jadro °C vrstvu °C °C o zkousku °C
5 850 az 950 5 830 - 870 780 az 820 5 860 ( prodleva
850 600 az 680 640 - 3 hod. 880 az 980 olej olej 150 az 200 ca0,5h)

Tepelné zpracovani
o - Body pfemény : Acy ~ 735°C, Ac; ~810°C, Ms (zakladni material) ~ 360°C, Ms ( cementovana vrstva) ~ 180°C

Uvedené podminky jsou doporucené.

3 p¥i jednoduchém kaleni se ocel kali z teploty cementace nebo niZ3i (zavisi na tvaru vyrobku).

® mimo oleje pfichazi v Gvahu i tepla lazeri 160 az 250° C. Zpisob ochlazovani zavisi na tvaru vyrobku s ohledem na
mozné deformace po kaleni.

° doba popousténi minimalné 1 hod.

Obrobitelnost Pro dobrou obrobitelnost je vyhodny stav FP po pfipadé stav A

Strihatelnost Ocel je stfihatelna za studena ve stavu Zihaném

" Slouzi k priikazu dosaZitelnosti mechanickych hodnot v jadFe odpovidajicino prifezu referenéniho vzorku po kaleni a popusténi.
Rp0,2 - mez 0,2; Rm — pevnost v tahu; A - taznost (po¢atec¢ni délka L, = 5,65\/80);KCU — narazova prace, zkusebni téleso KCU s U-vrubem.
2 Pro ocel objednanou bez pozadavku na prokalitelnost jsou hodnoty prokalitelnosti pouze informativni.
%+ znamena, Ze u jedné tavby smi byt pfekro¢ena horni nebo spodni hranice rozmezi rozboru tavby, ale nikoli obé soucasné.
4 Uvedené udaje jsou informativni a nejsou soucasti EN 10084.
% Pro Mo>0,30% je odchylka + 0,04%




PRILOHA IV

Vlastnosti oceli 16MnCr 5



Prehled vlastnosti oceli 16MnCr5 ( 16MnCrS5 ) 1.7131 (1.7139)

Nizkolegovana u$lechtild mangan-chromova ocel k cementovani

16MnCr5 (16MnCrS5 ) podie DIN 17210, 14 220 podle CSN

Nejcastéji pouzivana cementacni ocel pro stfedné namahané dily strojii a motorovych vozidel. Prokaluje do hloubky ca 30 mm. Ve stavu kaleném
a popusténém je pouzitelnd pro priméry do ca 35 mm. Je svaiitelna a vhodné tepelné zpracovana téz dobre tvafitelna za studena. PFisadou
béru (0,0008 az 0,0050%) se dociluje zvySené houzevnatosti cementované vrstvy.

Si P s? )
¢ max. Mn max. max. Cr Mo Ni Al
Pfi kontrolované velikosti
%’11‘; 0,40 11’0:?0_ 0,035 0,035 01’8100_ - B austenitického zrna 0,015-0,050

(informativné; neni uvedeno v normé).

+0,02 +0,03 +0,04 + 0,005 + 0,005 +0,05 - -

Primér v mm Re min. MPa Rm MPa Amin % Zmin % KCU min. J.cm?
d<11 735 1030 — 1375 8 - 25
11<d<25 540 785 — 1080 9 - 30
25<d <40 490 685 - 930 10 - 30
Zpracovano na stfihatelnost S0z X Zpracovano na rozmezi Zpracovano na feriticko-
(S) Zihéno na mékko (A) tvrdosti (TH) perlitickou strukturu (FP)
max. 255 max. 207 156 - 207 140 - 187
Stav po valcovani Stav po normalizaci Zihano na globularni cementit (vhodné pro tvéafeni za studena)
ca250 ¥ ca220 ¥ max. 178 %
Vzdalenost od plochy kaleného ¢ela v mm
Druh Meze Tvrdost v HRC
1,5 3 5 7 9 11 13 15 20 25 30 35 40
H max. 47 46 44 41 39 37 35 33 31 30 29 28 27
min. 39 36 31 28 24 21 - - - - - - -
HH max. 47 46 44 41 39 37 35 33 31 30 29 28 27
min. 42 39 35 32 29 26 24 22 20 - - - -
HL max. 44 43 40 37 34 32 30 28 26 25 24 23 22
min. 39 36 31 28 24 21 - - - - - - -
Pasy prokalitelnosti
50 Popoustéci kfivka (referenéni vzorek pr.10 mm )
45 13
(@] o [
& 40 77\:\ - = H HH max 1300 -
N
> 30 ANENERE = H HL min o 1100 +— Rm
Z3 T S o0 N
525 N — HH min =
— \
> 20 700 0, ==Rp0,2
[ ~ ’
15 === HL max NS
10 500
Yy Sy 33828388838388S
-~ i N T ANOOT DN OO~
Vzdalenost od kaleného cela Teplota popousténi st. C
v.mm
Doporu&ené rozmezi teplot pro tvafeni za tepla : 1100 az 900 °C
Normaliza¢ni Zihanina | Isotermické Teplota Teplota Teplota Teplota Teplota kaleni
Zihani °C mékko °C | zihani cementace °C kaleni na kaleni na popousténi pro Jominyho
jna’dro °C Eovrch °C °C zkousku °C
a) ) ) c)
5 5 5 870 ( prodleva
650 az 850 az 950 5 860 — 900 780 az 820 5
880 700 650 1 hod. | 380az980 olej, (voda) | olej, (voda) | 12032200 ca05h)

Uvedené podminky jsou doporucené.

2 pfi jednoduchém kaleni se ocel kali z teploty cementace nebo nizsi (zavisi na tvaru vyrobku)

® druh ochlazovaciho prostfedku zavisi na pf. na tvaru vyrobku a na podminkach ochlazovani.

° doba popousténi minimalné 1 hod.

Pro dobrou obrobitelnost je vyhodny stav FP. ZlepSenou obrobitelnost vykazuje ocel 16MnCrS5 se zvySenym obsahem S.
Ocel 16MnCr5 je stfihatelna za studena i ve stavu po valcovani.

" Obsah siry u oceli 16MnCrS5 je 0,020 az 0,040% s dovolenou odchylkou v hotovém vyrobku + 0,005 %.
% Prokazuji se na referenénim vzorku uvedenych praméri. SlouZi k prikazu dosaZitelnosti mechanickych hodnot v jadre po kaleni a popusténi. Udaje jsou prevzaty

z literatury.

Re — mez kluzu, Rm — pevnost v tahu, A — taznost (po¢ate¢ni méfena délka Lo = 5,65VS0), Z — kontrakce, KCU — narazova prace,

zkuSebni téleso s U — vrubem (primeér ze tfi zjiSténych hodnot, z nichz Zadna nesmi byt mensi nez 70% stfedni hodnoty).
% pro ocel objednanou bez pozadavku na prokalitelnost jsou hodnoty prokalitelnosti pouze informativni.

+ znamena, Ze u jedné tavby smi byt pfekrocena horni nebo spodni hranice rozmezi rozboru tavby, ale nikoli obé souc¢asné.
® Uvedené tdaje jsou informativni a nejsou sougasti EN 10084
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Important hint: At least one warning has occurred during the calculation:

1-> The static margin of safety of bearing 'Shaft 'Shaft 1', Rolling bearing ‘'lozisko1" is low (in range 0.5 - 2.0).

Please check whether these values are acceptable or not.

2-> The static margin of safety of bearing 'Shaft 'Shaft 1', Rolling bearing 'Roller bearing" is low (in range 0.5 - 2.0).

Please check whether these values are acceptable or not.

Analysis of shafts, axle and beams

Input data

Coordinate system shaft: see picture W-002

Label

Drawing

Initial position (mm)

Length (mm)

Speed (1/min)

Sense of rotation: clockwise

Material

Young's modulus (N/mm?)

Poisson's ratio nu

Specific weight (kg/m?)

Coefficient of thermal expansion (107-6/K)
Temperature (°C)

Weight of shaft (kg)

Mass moment of inertia (kg*m?)

Momentum of mass GD2 (Nm?)

Position in space (°)

Consider deformations due to shearing

Shear correction coefficient

Contact angle of rolling bearings is considered
Reference temperature (°C)

Shaft 1

0.000
692.000
4.90

C45 (1)
206000.000
0.300
7830.000
11.500
20.000
71.011
0.158
6.219

90.000

1.100

20.000

113



L

V44

4
Figure: Load applications

SHAFT DEFINITION (
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Shaft 1)

Outer contour

Cylinder (Cylinder) 0.000mm ... 222.000mm
Diameter (mm) [d] 140.0000

Length (mm) [1 222.0000

Surface roughness (um) [Rz] 8.0000

Cylinder (Cylinder) 222.000mm ... 422.000mm
Diameter (mm) [d] 140.0000

Length (mm) [1 200.0000

Surface roughness (um) [Rz] 8.0000

Square groove (Square groove)
b=4.15 (mm), t=4.00 (mm), r=0.10 (mm), Rz=8.0

Cylinder (Cylinder)

422.000mm ... 482.000mm

Diameter (mm) [d] 140.0000
Length (mm) [1 60.0000
Surface roughness (um) [Rz] 8.0000

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

Square groove (Square groove)
b=4.15 (mm), t=4.00 (mm), r=0.10 (mm), Rz=8.0
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Cylinder (Cylinder)

KISSsoFT
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482.000mm ...  692.000mm

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

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

Key way (Key way)
1=180.00 (mm), Rz=8.0

100.0000
210.0000
8.0000

497.000mm ... 677.000mm

Forces

Cylindrical gear (Cylindrical gear) y= 45.000mm
Operating pitch diameter (mm) 163.2180

Helix angle (°) 7.0033 right
Working pressure angle at normal section (°) 20.0000

Position of contact (°) -90.0000

Length of load application (mm) 90.0000

Power (kW) 4.2184 driving (Output)
Torque (Nm) -8221.0000

Axial force (N) 12374.7689

Shearing force X (N) 100736.4384

Shearing force Z (N) 36940.6746

Bending moment C (Nm) 1009.8925

Bending moment H (Nm) 0.0000

Coupling (Coupling / Motor) y= 586.000mm
Effective diameter (mm) 0.0000

Radial force factor (-) 0.0000

Direction of the radial force (°) 0.0000

Axial force factor (-) 0.0000

Length of load application (mm) 180.0000

Power (kW) 4.2184 driven (Input)
Torque (Nm) 8221.0000

Axial force (N) 0.0000

Shearing force X (N) 0.0000

Shearing force Z (N) 0.0000

Bending moment C (Nm) 0.0000

Bending moment H (Nm) 0.0000

Mass (kg) 0.0000

Bearing

Deep groove ball bearing (single row) SKF 6328 M (lozisko1) 191.000mm
Free bearing

d= 140.000 (mm), D = 300.000 (mm), b= 62.000 (mm), r=4.000 (mm)

C = 251.000 (kN), CO = 245.000 (kN), Cu= 7.100 (kN)

Deep groove ball bearing (single row) SKF 6028 (Roller bearing) 438.000mm

Fixed bearing

d= 140.000 (mm), D = 210.000 (mm), b= 33.000 (mm), r= 2.000 (mm)

C= 111.000 (kN), CO= 108.000 (kN), Cu =
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Maximum deflection 0.170 (Shaft 1 pos=  0.000)
Mass center of gravity

Shaft 1 (mm) 303.924
Total axial load

Shaft 1 (N) 12374.769
Torsion under torque

Shaft 1 (°) 0.132
Probability of failure [n] 10.00 %
Axial clearance [ual 10.00 um

Rolling bearings, classical calculation (contact angle considered)

Shaft 'Shaft 1' Rolling bearing ‘lozisko1'

Position (Y-coordinate)
Equivalent load
Equivalent load

Life modification factor for reliability[a4]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
Bearing reaction force
Bearing reaction force
Oil level

Torque of friction

Power loss
Displacement of bearing
Displacement of bearing
Displacement of bearing
Displacement of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing
Misalignment of bearing

Shaft 'Shaft 1' Rolling bearing 'Roller bearing'

Position (Y-coordinate)
Equivalent load
Equivalent load

Life modification factor for reliability[a4]

Service life

Operating viscosity
Reference viscosity
static safety factor
Bearing reaction force
Bearing reaction force
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[yl 191.00 mm
[P] 169.35 kN
[Pol 169.35 kN
1.000
[Lnh] 1107359 h
[v] 48.88 mm2/s
[v1l 0.00 mm2/s
[Sol 1.45
[Fx] -160.281 kN
[Fyl 0.000 kN
[Fz] -54.687 kN
[Fr] 169.354 kN (-161.16°)
[H] 0.000 mm
Mioss] 0478 Nm
[Ploss] 0245 W
[uy] 15.688 um
[uy] 10.935 um
[uz] 5.283 um
[uy] 16.553 um (18.61°)
[rx] -0.152 mrad (-0.52')
[ry] 0.402 mrad (1.38')
[rz] 0.492 mrad (1.69')
[rr] 0.515 mrad (1.77')
Iyl 438.00 mm
[P] 62.13 kN
[Pol 62.13 kN
1.000
[Lnh] 19393.44 h
[v] 48.88 mm2/s
[v1] 0.00 mm2/s
[Sol 1.74
[Fx] 59.545 kN
[Fyl -11.678 kN

KISSsoFT
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Bearing reaction force [Fz] 17.747 kN
Bearing reaction force [Fr] 62.133 kN (16.6°)
Oil level [H] 0.000 mm
Torque of friction [Mioss] 0.249 Nm
Power loss [Plossl 0128 W
Displacement of bearing [uy] -15.612 um
Displacement of bearing [uy] 10.000 um
Displacement of bearing [uz] -5.401 um
Displacement of bearing [uy] 16.520 um (-160.92°)
Misalignment of bearing [rx] -0.013 mrad (-0.04")
Misalignment of bearing [ry] 1.081 mrad (3.72")
Misalignment of bearing [rz] 0.025 mrad (0.08')
Misalignment of bearing [re] 0.028 mrad (0.1')
Displacement [mm]

0.16—

0.14

0.12

0.10—

0.08

0.06—

0.04— \

0.02 : | ST

0__ .es T R ———— .
002 T T T
0 14 280 420 560

Axial direction Y [mm]

Figure: Displacement (bending etc.) (Arbitrary plane 16.89139363 °)
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Stress [N/mm2]

80.0—
72.0-
64.0
56.0—
48.0
40.01
32.0-
24.0-
16.0

8.0

0

I 1
280 47

| direction

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

Figure: Equivalent stress
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Strength calculation as specified in

DIN 743:2012
Summary
Label Shaft 1
Material C45 (1)
Material type Through hardened steel
Material treatment unalloyed, through hardened
Surface treatment No

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

Cross section Position (Y-Coord) (mm)
B-B 222.00

c-C 422.00

D-D 455.00

E-E 482.00

Results:

Cross section Kfb Kfsig K2d
B-B 1.00 0.92 0.80
c-C 1.00 0.92 0.80
D-D 1.00 0.92 0.80
E-E 1.00 0.92 0.83

Required safeties:

Abbreviations:

Kfb: Notch factor bending
Kfsig: Surface factor

K2d: size factor bending

SD: Safety endurance limit
SS: Safety against yield point

The requirements of the safety proof of the shaft are:

satisfied [x] not satisfied [ ]
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Own Input
Own Input
Own Input
Own Input

SD
3.13
9.06
12.24
4.54

1.20

8S

4.17
8.71
8.76
3.19

1.20
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Utilization [%]
100

90—

80—

70—

B-B COBE

KISSsoFT

Cakulabon programs for meching derign

— Utilization - static
—— Utilization - endurance

I I
280 420 560

Figure: Strength

Calculation details:

General statements

Label

Drawing
Length (mm)
Speed (1/min)

Material
Material type
Material treatment

| direction m]
Shaft 1
1) 692.00
[n] 4.90
C45 (1)

Through hardened steel
unalloyed, through hardened

Surface treatment No
Tension/Compression Bending Torsion Shearing

Load factor static calculation 1.700 1.700 1.700 1.700
Load factor endurance limit 1.000 1.000 1.000 1.000
Reference diameter material (mm) [dB] 16.00

sigB according DIN 743 (at dB) (N/mm?) [sigB] 700.00

sigS according DIN 743 (at dB) (N/mm?) [sigS] 490.00

[sigzdW] (bei dB) (N/mm?) 280.00

[sigbW] (bei dB) (N/mm?) 350.00

[tautW] (bei dB) (N/mm?) 210.00

Thickness of raw material (mm) [dWerkst] 150.00

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

Geometric size factor K1d calculated from raw material diameter

[sigBeff] (N/mm?)
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[sigSeff] (N/mm?) 328.07
[sigbF] (N/mm?) 393.68
[tautF] (N/mm?) 227.29
[sigBRand] (N/mm?) 628.00
[sigzdW] (N/mm?) 209.24
[sigbW] (N/mm?) 261.55
[tautW] (N/mm?) 156.93

Endurance limit for single stage use

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

Cross section 'B-B' Own Input

Comment

Position (Y-Coordinate) (mm) [yl 222.00
External diameter (mm) [da] 140.000
Inner diameter (mm) [di] 0.000
Notch effect Own Input

Mean roughness (um) [Rz] 8.000

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

Mean value -6057.3 0.0 4110.5 0.0
Amplitude 6057.3  13420.7 41105  62133.0
Maximum value -20594.9  22815.2 139757 105626.1
Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A] 15393.8 269391.6 538783.1 15393.8

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?) -0.393 0.000 7.629 0.000
[sigzda, sigba, taua, tauga] (N/mm?) 0.393 49.819 7.629 5.382
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?2) -1.338 84.692 25.939 9.149
Technological size influence [K1(sigB)] 0.747

[K1(sigS)] 0.670

Tension/Compression Bending Torsion

Notch effect coefficient [beta(dB)] 0.000 0.000 0.000
[dB] (mm)= 0.0
Geometrical size influence [K3(d)] 0.000 0.000 0.000
Geometrical size influence [K3(dB)] 0.000 0.000 0.000
Notch effect coefficient [beta] 1.000 1.000 1.000
Geometrical size influence [K2(d)] 1.000 0.805 0.805
Influence coefficient surface roughness

[KF] 0.917 0.917 0.952
Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.090 1.333 1.293
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 13.208
Equivalent mean stress (N/mm?) [taumV] 7.626
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Fatigue limit of part (N/mm?)

Influence coefficient of mean stress sensitivity.

Permissible amplitude (N/mm?)
Safety against fatigue
Required safety against fatigue
Result (%)

Present margin of safety

for proof against exceed of yield point:
Static notch sensitivity factor
Increase coefficient

Yield stress of part (N/mm?)

Margin of safety yield stress

Required safety

Result (%)

Cross section
Comment
Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)
Notch effect

Mean roughness (um)

'C-C' Own Input

Own Input

Stress: (N) (Nm)
Mean value
Amplitude
Maximum value

[sigWK] 191.882
[PsisigK] 0.225
[sigADK] 9.491
[S]
[Smin]
[S/Smin]
[K2F] 1.000
[gammaF] 1.000
[sigFK] 328.070
[S]
[Smin]
[S/Smin]

vl

[da]

[di]

[Rz]
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196.167 121.375
0.231 0.131
184.856 107.299
3.135
1.200
261.2
1.200 1.200
1.000 1.000
393.684  227.293
4.168
1.200
347.3
422.00
140.000
0.000
8.000

Tension/Compression Bending Torsion Shearing

-5945.3
5945.3
-20214.1

Cross section, moment of resistance: (mm?)

[A, Wb, Wt, A]

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

[sigzdmax,sigbmax,taumax,taugmax] (N/mm?2)

Technological size influence

Notch effect coefficient

[dB] (mm)= 0.0

Geometrical size influence
Geometrical size influence

Notch effect coefficient

Geometrical size influence

Influence coefficient surface roughness

Influence coefficient surface strengthening
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15393.8

0.0 4110.5 0.0

994.1 4110.5 62133.0

1690.0 139757 105626.1

269391.6 538783.1 15393.8
0.000 7.629 0.000
3.690 7.629 5.382
6.273 25.939 9.149

Tension/Compression Bending Torsion

-0.386

0.386

-1.313

[K1(sigB)] 0.747

[K1(sigS)] 0.670
[beta(dB)]  0.000
[K3(d)] 0.000
[K3(dB)] 0.000
[beta] 1.000
[K2(d)] 1.000
[KF] 0.917

0.000 0.000
0.000 0.000
0.000 0.000
1.000 1.000
0.805 0.805
0.917 0.952



[KV] 1.000
Total influence coefficient [K] 1.090
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV]
Equivalent mean stress (N/mm?) [taumV]
Fatigue limit of part (N/mm?) [sigWK] 191.882

Influence coefficient of mean stress sensitivity.

[PsisigK] 0.225
Permissible amplitude (N/mm?) [sigADK] 9.320
Safety against fatigue [S]
Required safety against fatigue [Smin]
Result (%) [S/Smin]
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000
Increase coefficient [gammaF] 1.000
Yield stress of part (N/mm?) [sigFK] 328.070
Margin of safety yield stress [S]
Required safety [Smin]
Result (%) [S/Smin]

Cross section 'D-D' Own Input
Comment

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

Mean roughness (um) [Rz]

Stress: (N) (Nm)

KISSsoFT
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1.000 1.000
1.333 1.293
13.209
7.626
196.167 121.375
0.231 0.131
85.970 107.299
9.064
1.200
755.3
1.200 1.200
1.000 1.000
393.684  227.293
8.715
1.200
726.2
455.00
140.000
0.000
8.000

Tension/Compression Bending Torsion Shearing

Mean value -80.0
Amplitude 80.0
Maximum value -272.1

Cross section, moment of resistance: (mm?)

0.0 4110.5 0.0
0.0 4110.5 0.0
0.0 139757 0.0

[A, Wb, Wt, A]

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?)

[sigzda, sigba, taua, tauga] (N/mm?)

[sigzdmax,sigbmax,taumax,taugmax] (N/mm?)

Technological size influence

Notch effect coefficient
[dB] (mm)= 0.0
Geometrical size influence
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15393.8 269391.6 538783.1 15393.8
-0.005 0.000 7.629 0.000
0.005 0.000 7.629 0.000
-0.018 0.000 25.939 0.000
[K1(sigB)] 0.747
[K1(sigS)] 0.670
Tension/Compression Bending Torsion
[beta(dB)] 0.000 0.000 0.000
[K3(d)] 0.000 0.000 0.000



Geometrical size influence [K3(dB)]
Notch effect coefficient [beta]
Geometrical size influence [K2(d)]
Influence coefficient surface roughness

[KF]
Influence coefficient surface strengthening

[KV]
Total influence coefficient [K]
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV]
Equivalent mean stress (N/mm?) [taumV]
Fatigue limit of part (N/mm?) [sigWK]

Influence coefficient of mean stress sensitivity.

[PsisigK]
Permissible amplitude (N/mm?) [sigADK]
Safety against fatigue [S]
Required safety against fatigue [Smin]
Result (%) [S/Smin]
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F]
Increase coefficient [gammaF]
Yield stress of part (N/mm?) [sigFK]
Margin of safety yield stress [S]
Required safety [Smin]
Result (%) [S/Smin]

Cross section
Comment
Position (Y-Coordinate) (mm)
External diameter (mm)
Inner diameter (mm)
Notch effect

Mean roughness (um)

'E-E' Own Input

Own Input

Stress: (N) (Nm)

Mean value

Amplitude

Maximum value

Cross section, moment of resistance: (mm?)
[A, Wb, Wt, A]

Stresses: (N/mm?)

[sigzdm, sigbm, taum, taugm] (N/mm?)
[sigzda, sigba, taua, tauga] (N/mm?)
[sigzdmax,sigbmax,taumax,taugmax] (N/mm?)
Technological size influence [K1(sigB)]
[K1(sigS)]
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0.000 0.000 0.000
1.000 1.000 1.000
1.000 0.805 0.805
0.917 0.917 0.952
1.000 1.000 1.000
1.090 1.333 1.293
13.214
7.629
191.882  196.167  121.375
0.225 0.231 0.131
0.129 0.030  107.294
12.235
1.200
1019.6
1.000 1.200 1.200
1.000 1.000 1.000
328.070 393.684  227.293
8.762
1.200
730.2
[yl 482.00
[da] 100.000
[di] 0.000
[Rz] 8.000

Tension/Compression Bending Torsion Shearing

-67.3 0.0 4110.5 0.0
67.3 0.0 4110.5 0.0
-228.9 0.0 139757 0.0
7854.0 98174.8 196349.5 7854.0
-0.009 0.000 20.935 0.000
0.009 0.000 20.935 0.000
-0.029 0.000 71.178 0.000
0.747
0.670
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Tension/Compression Bending Torsion

Notch effect coefficient [beta(dB)] 0.000 0.000 0.000
[dB] (mm)= 0.0
Geometrical size influence [K3(d)] 0.000 0.000 0.000
Geometrical size influence [K3(dB)] 0.000 0.000 0.000
Notch effect coefficient [beta] 1.000 1.000 1.000
Geometrical size influence [K2(d)] 1.000 0.827 0.827
Influence coefficient surface roughness

[KF] 0.917 0.917 0.952
Influence coefficient surface strengthening

[KV] 1.000 1.000 1.000
Total influence coefficient [K] 1.090 1.300 1.259
Present margin of safety for endurance limit:
Equivalent mean stress (N/mm?) [sigmV] 36.260
Equivalent mean stress (N/mm?) [taumV] 20.935
Fatigue limit of part (N/mm?) [sigWK] 191.882  201.262 124.629
Influence coefficient of mean stress sensitivity.

[PsisigK] 0.225 0.238 0.135
Permissible amplitude (N/mm?) [sigADK] 0.078 0.011 109.783
Safety against fatigue [S] 4.537
Required safety against fatigue [Smin] 1.200
Result (%) [S/Smin] 378.1
Present margin of safety
for proof against exceed of yield point:
Static notch sensitivity factor [K2F] 1.000 1.200 1.200
Increase coefficient [gammaF] 1.000 1.000 1.000
Yield stress of part (N/mm?) [sigFK] 328.070 393.684  227.293
Margin of safety yield stress [S] 3.193
Required safety [Smin] 1.200
Result (%) [S/Smin] 266.1

Remarks:
- The shearing force is not considered in the analysis specified in DIN 743.
- Cross section with interference fit:
The notching factor for the light fit case is no longer defined in DIN 743.
The values are imported from the FKM-Guideline..

End of Report lines: 557
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PRILOHA VI

Dovolena sila pusobici na Seeger krouzky



NennmaBl . i H | Nennmalh
Neminal- Ring - Anneau - Ring Nut - Gorge - Groove , Erganzgnde Daten Nominal-
Dimensi Données Complémentaires - Supplementary Data Dimension
d, |5 d; Toleranz| a | b7 dg} Gew. | &, Tole- L n Fu Fp | @ | Frg | An K Mo | Zonge d,
i i max, [ % | min (kg 1080} | | ramz | win. (daN) | (daN} (daNy | gmm2) |(da® mm)| (U/Min) | Pliers
w |30 845 88 82 35 445 865 -035 315 1,75 | 53 8080 21720 30 3440 485 40100 4980 A4 20
82 |30 865 80 84 35 460 885 -035 315 175 | 53 8270 21700 35 2960 496 40400 4810 A4 92
5 |30 895 94 86 35 490 95 -035 315 175 | 53 8560 21220 3,5 2925 513 40000 4550 A4 85
7 |30 915 54 88 35 502 935 035 315 175 | 53 8730 21110 35 2940 524 40100 4400 A4 97
92 |30 925 85 90 35 518 945 .035 315 175 | 53 8820 20810 35 2000 639 39700 4300 A4 8
100 |30 945 86 90 35 537 965 -035 315 1,75 | 53 0000 20640 35 2900 540 39700 4180 - A4 100
102 |40 950 97 82 35 780 880 -054 415 200 | 60 10460 48230 35 6850 628 93600 5000 A4 102
105 | 40 980 99 93 35 800 | 101 -0564 415 200 | 60 10760 47180 35 6770 646 92550 4740 A4 105
i07 {40 1000t +054 100 95 35 810 | 103 -054 415 200 | 60 11000 46540 35 6730 660 92000 4840 Ad 107
108 {40 1010f -1.08 100 9535 85 |1 054 415 200 | 66 191100 45980 35 6530 666 91250 4350 A4 108
1Mo | 40 1030 101 96 35 620 | 106 054 415 200 | 60 11300 45700 35 6630 678 91400 4340 A4 110
112 | 4¢ 1050 103 97 35 830 | 108 064 415 200 | 60 11500 45150 35 6560 690 91000 4200 A4 12
15 | 40 1080 108 98 35 840 | 111 054 a15 200 | 60 11820 43860 35 6560 708  B9400 3970 Ad 115
17 | 40 1100 108 100 35 850 | 313 -084 415 200 | 80 12030 43770 35 6560 722 89800 3980 Ad 17
Mg | 40 1110 109 161 35 855 | 114 084 415 200 | 60 12130 43030 35 6480 728  BE700 3750 ad 18
120 |40 130 10 102 35 860 | 116 -054 415 200 | 60 12350 42460 35 6450 741 88200 3685 A4 120
i22 | 40 1150 12 103 40 880 | 118 -054 4315 200 | 60 12660 41810 40 568D 753 87500 3570 AB 122
425 | 40 1180 117 104 40 900 | 121 .063 435 200 | 60 12870 41150 40 6850 772 87050 3420 A5 125
127 | 40 1200 114 105 40 950 [ 123 -063 4315 200 | 60 13080 40730 40 5610 785 86800 3340 A8 127
128 | 40 1210 118 105 40 980 | 124 -063 475 200 | 60 13180 40170 40 5560 791 85900 3160 A5 128
120 | 40 1230] - . 116 107 40 100 126 .063 415 200 | 60 13400 39550 40 5520 804  BS200 31ED AB 130
132 | 40 1250 117 108 40 103 128 -063 415 200 | B0 13600 39600 40 5560 816  B5800 3080 AS 132
13 | 40 1280 118 110 40 104 §31 063 415 200 | 60 13920 38950 40 5540 835 85400 2950 A5 135
137 | 40 1300 118 110 40 107 133 083 415 200 | 60 14130 38040 40 5440 B4 B4000 2940 A5 137
138 | 40 1310 118 111 406 108 134 063 415 200 | 60 14230 38140 40 5470 854 84500 2780 A5 138
140 | 40 1330 120 112 40 110 136 .08 415 200 | 60 14450- 37650 40 5440 867 84000 2760 A5 140
a2 | 40 1350]- 21 113 40 112 138 -063 445 200 | 60 14660 37080 40 5400 880 83300 2690 AB 142
145 | 40 1380 122 115 48 115 141 -0B63 445 200 | 60 14960 36700 40 5330 B9 83300 2600 A5 145
147 | 40 1400 123 116 40 116 143 .063 445 200 | 60 15180 38170 40 5350 910 82650 2580 A 147
148 | 20 1410 124 1,7 40 118 144 .063 415 200 | 60 15260 35770 40 5300 916  B2000 2470 A5 148
150 | 40 1420 130 118 40 120 145 063 415 260 | 75 19300 35750 40 5340 1158  B2500 2480 A5 150
152 | 40 1430 130 119 40 128 147 063 415 280 | 75 19560 36620 40 5310 1174 82200 2830 A5 162
155 | 40 1460 130 120 40 135 150 063 415 250 | 75 19960 35290 40 5260 1198  B1450 2710 A5 155
157 | 40 1480 131 120 40 140 152 083 4156 250 | 75 20200 35270 40 5250 1212 81400 2680 A5 157
158 | 40 1480{ +063 131 121 40 145 153 063 416 250 | 75 20350 35310 40 5270 1221 81500 2540 A5 158
60 | 40 1510] -1.26 133 122 40 150 155 -063 415 260 | 75 20610 34920 40 5220 1237 80600 2540 AB 160
162 | 40 1528 133 123 40 155 157 -063 415 250 | 75 20850 34860 50 4170 1251 80450 2640 AB 162
165 | 40 1555 135 125 40 160 160 063 445 250 | 75 21250 34530 50 4140 1275 7970 2520 AS 165
167 | 40 1575 129 40 163 162 063 435 250 | 75 21510 35480 50 4250 1291 81900 2530 AS 167
168 | 40 1885 129 40 165 163 -063 445 250 | 765 21660 35310 50 4240 1300 81500 24%0 AB 168
170 | 40 1605 129 40 170 165 -063 415 250 | 7.5 21910 34920° 50 4190 1315 80600 2440 AS 170
172 | 40 1625 129 40 175 167 -063 415 250 | 75 22160 34450 50 4130 1330 79500 2340 A 172
175 | 40 1655 129 40 180 170 -063 415 250 | 75 22550 34010 50 4070 1353 78500 2300 A5 175
177 | 40 1875 135 40 183 172 063 415 250 | 75 22830 33550 50 4020 1370 77440 2200 A5 177
178 | 40 1685 136 40 185 193 063 415 250 | 75 22960 34970 50 4200 1378 80700 2240 A5 178
10 | 40 1708 135 40 190 175 063 4415 250 | 75 23220 34530 50 4140 1383 79700 2180 AB 180
182 | 40 1725 135 40 195 177 063 415 250 | 75 23500 34190 50 4100 1410 78300 2130 AB 182
18 | 40 1755 135 40 200 180 063 415 250 | 7.5 23860 33670 50 4040 1432 77700 2070 A5 185
w87 | 40 1775 140 40 203 182 072 415 250 | 75 24150 50 4050 1449 78100 2035 A5 187
18 | 40 1785 140 40 205 183 - -072 4415 250 | 75 24280 33770 50 4050 1457 77950 2035 AB 188
190 | 40 1805 140 40 210 185 -072 415 2650 | 75 24510 33380 50 4000 1471 77050 1970 a5 150
192 | 40 1825 140 40 215 187 072 415 250 { 75 24800 33060 50 3960 1488 76300 1915 A5 192
195 | 40 1855 140 40 220 190 -072 435 250 | 75 25180 32840 50 3900 1511 75100 1836 A5 185
197 | 40 1875 140 40 223 192 072 415 250 | 7.5 25460 32240 50 3860 1528 74400 1770 A 197
198 | 40 1885 140 40 225 193 .072 415 250 | 75 25580 32270 50 3870 1635 73900 1770 A5 198
200 | 40 1905 140 40 230 195 072 415 250 | 75 25830 31920 50 3830 1550 73100 1770 AB 200
202 | 50 1500 140 40 238 196 072 515 300 | 90 31250 62440 6O 6250 1875 143000 1970 A5 203
206 | s0 1930 140 40 240 198 .072 515 300 | 90 3750 61170 60 6130 1905 140100 1960 AB 205
207 | 50 1950 140 40 243 201 -072 515 2300 | 90 32010 60800 60 6090 1921 139250 1960 a5 207
208 | 50 1380 140 40 245 202 072 515 300 | 90 32160 60500 60 6050 1930 138550 1835 A5 208
210 | 50 1980 140 40 248 204 .072 545 300 | 90 32510 59820 60 5950 1951 137000 1835 A5 210
212 | 50 2000 140 40 250 206 -072 515 300 | 90 32810 B9340 60 5950 1969 135900 1770 AS n2
215 | 50 2030 140 40 255 208 072 515 300 | 90 33280 68510 60 5855 1997 134000 1712 A5 216
2117 | 50 2050 14,0 40 260 211 072 515 300 | 90 33630 58070 60 5810 2018 133000 1680 AB 77
218 | 50 2060 140 40 263 212 072 515 300 ] 90 23730 57720 60 5780 2024 132200 1645 AB 218
20 | 50 2080 140 40 265 214 072 515 300 | 90 34080 57240 60 5730 2045 131100 1620 A5 220
222 | 50 2100 140 40 270 316 .072 515 300 | B0 34360 56760 60 5GB0 2062 130000 1575 A5 222
25 | 50 2130 140 40 276 319 072 515 200 | 90 34810 55380 60 65600 2095 128200 1525 AS 225
27 | 50 21500 +072 140 40 280 221 072 515 2300 | 90 35160 66500 50 5550 2110 127100 1490 A5 223
228 | 50 2160( -144 140 40 283 273 .072 515 300 | 90 35330 55230 60 5540 2120 126500 1485 AS 228
230 | 50 2180 140 40 290 224 072 545 300 | 90 35660 54890 60 5500 2140 126700 1445 A 23
232 | 50 2200 140 40 295 226 072 515 300 | 90 35910 54300 60 5450 2155 124350 1420 A5 23
25 | 50 2230 140 40 300 273 .072 515 300 | 90 36410 53710 60 5380 2185 123000 1378 AB 23
237 | 56 2250 140 40 305 531 072 515 300 | 90 36700 53270 60 5340 2202 122000 1350 AB 2%
238 | 50 2260 140 40 3208 232 .072 515 300 | 90 36910 53030 60 5300 2215 121450 1335 AS 23
240 | 50 2280 140 40 310 234 072 515 300 | 90 37260 53030 60 - 5300 2236 121450 1305 A5 24¢
222 | 50 2300 140 40 315 5% 072 545 300 | 90 37500 5200 60 5220 2350 119300 1275 AB 24
245 | so 2330| - 140 40 320 538 072 516 300 | 90 38000 61520 60 5150 2280 118000 1245 AS 24¢
247 | 50 230 140 40 325 241 072 516 300 | 90 38330 51130 60 5120 2300 117100 1215 A% 24;
248 | 50 2360 140 40 328 242 072 615 300 | 90 50820 60 5090 2310 116400 1200 AS 241
250 | 50 2380 140 40 335 244 072 515 300 | 90 38330 50430 60 5050 2330 115500 1180 A5 250
&2 |50 2370 160 50 340 244 072 615 400 | 120 51900 656330 60 5640 3115 129000 1430 A6 25!
255 | 50 2400 160 50 345 547 072 515 400 | 120 52500 55740 60 5570 3150 127600 1395 AB 251
257 | 50 2420 160 50 348 549 072 515 400 | 120 52910 55190 60 5620 3175 126400 1380 AB 25
268 | 50 2430 160 50 350 750 072 515 400 | 126 53160 55020 60 6510 3190 126000 1345 AB 25
260 | 5.0 2450 160 50 356 252 081 515 400 | 120 53580 54060 60 5460 3215 125050 1320 A5 26
262 | 50 2470 160 50 360 250 081 615 400 | 170 54000 54230 60 5440 3240 124200 1285 AB 26
265 | 50 2500 160 5.0 365 557 .081 545 400 | 1270 54660 53620 60 5370 3280 122800 1265 AB 26
267 | 50 2520 160 50 370 259 -0.81 615 400 | 120 55000 53230 &0 5330 3300 121900 1245 A6 26
268 | 50 230l +08i 160 50 373 260 .081 515 400 | 120 58300 52960 60 5300 3320 121300 1225 A8 26
-18
270 | 50 255.0] 160 50 375 262 081 515 400 | 120 55660 52530 60 5250 3340 120300 1215 AB 27

* Ab dy = 167 mm stellen die Werte von b Maximal-MaBe dar.

** Siehe Abischnitt 3.7 und 3.2 Seite 11.

* A partir de d,= 167 m les valeurs b représentent les largeurs

radiales maximums,
** Voir paragraphes 3.1 et 3.2 page 11.

* Frow ds = 167 mm. the b vatvas rapresent the maximum measuri

ments.

** Seg sections 3.1 and 3.2, page 11.
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Vysledky analyzy skiiné metodou kone¢nych prvki



skrin_sim1 : Copy of Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0.000, Max : 0.180, Units = mm
Deformation : Displacement - Nodal Magnitude

0.180

0.165
B 0.150
e 0.135
am 0.120
a 0.105
0.090
0.075
0.060
0.045
0.030
0.015

Units = mm




skrin_sim1 : Copy of Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, X

Min : -0.0924, Max : 0.0045, Units = mm
Deformation : Displacement - Nodal Magnitude

0.0045

-0.0035

B -0.0116

= -0.0197

- -0.0278

-0.0358

-0.0439
-0.0520
-0.0601
-0.0681
-0.0762

-0.0843




skrin_sim1 : Copy of Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, ¥

Min : -0.021, Max : 0.170, Units = mm
Deformation : Displacement - Nodal Magnitude

0.170

0.154

B 0.138

i 0.122

B 0.106

B 0.090

0.074

0.058

' 0.042

0.026

0.010

-0.006




skrin_sim1 : Copy of Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, 2

Min : -0.0571, Max : 0.0287, Units = mm
Deformation : Displacement - Nodal Magnitude

0.0287

0.0216

-~ 0.0144

am 0.0073

= 0.0001




skrin_sim1 : Copy of Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Stress - Element-Nodal, Averaged, Von-Mises
Min : 0.04, Max : 72.70, Units = N/mm*2(MPa)
Deformation : Displacement - Nodal Magnitude

72.70

66.65
&= 60,50
~—— 5454
~ 4848
b 4242
36.37
30.31
| 24.26
18.20
12.15

6.09

LA

Units = N/mm*2(MPa)
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14:01:04

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

1-> Washer for high-strength screws:
The standard washer are too soft

for screws of the strength-class 8.8.
Use hardened washers!

Bolt calculation according to VDI 2230:2003

INPUTS:

Configuration: Multi-bolted joint with arbitrary position of the screw
The forces are calculated under the assumption of rigid plates.
The validity of this assumption has to be checked by the user..

Calculation using assembly temperature

Assembly temperature (°C)

Thread standard

Label

Pitch (mm)

Flank angle (°)

Reference diameter (mm)

Flank diameter (mm)

Core diameter (mm)

Minor diameter inner thread (mm)
Flank diameter inner thread (mm)
Nominal cross section of thread (mm?)
Core cross section of the thread (mm?)
Thread manufacturing

Surface roughness (um)

Axial force at flange (N)

Shearing force at flange (N)
Shearing force at flange (N)
Torque at flange (Nm)

Bending moment at flange (Nm)
Bending moment at flange (Nm)
Required clamping force for sealing (N)
Coefficient of friction between parts
Number of screws

Chosen screw

Axial force at single screw (N)
Required clamping force:

For shearing force transmission (N)
- Maximal clamping force applied

- Direction of shearing force is not taken into account

For sealing (N)

Load on single screws

1/6

[TM] 20.00

Standard thread

M36
[P] 4.00
[beta] 60.00
[d] 36.00
[d2] 33.40
[d3] 31.09
[D1] 31.67
[D2] 33.40
[AN] 1017.88
[Ad3] 759.28

Final heat treated
[Rz] 16.00
[FaU/FaO] 37232.00/
[Fax] 101533.00
[Fay] 12472.00
[Mt] 14823.00
[MbxU/MbxO]  14823.00 /
[MbyU/MbyO] 3280.00/
[Fd] 5000.00
[my] 0.100
[n] 6
[no.] 4
[FAU/FAOQ] 45634.30 /
[KerfN] 278250.91
[KerfD] 5000.00

37232.00

14823.00
3280.00

45634.30



No. X [mm]
225.00
225.00

-225.00

-225.00
225.00

-225.00

o g s WON -

Center point for no load

SX

Y [mm]

25.00
175.00
25.00
175.00
100.00
100.00

0.000

sy 100.000

Factor

1.00
1.00
1.00
1.00
1.00
1.00

Fa1 [N]
-33223.63
40775.04
-28364.37
45634.30

3775.70

8634.96

maximum load minimum load
0.000

100.000

Fa2 [N]
-33223.63
40775.04
-28364.37
45634.30
3775.70
8634.96

0.000
100.000

KISSsoFT

Cakulabon programs for meching derign

Fkerf [N]
278250.91
278250.91
278250.91
278250.91
272721.16
272721.16

Figure: Bolt positions

Tightening technique:

Dynamometric key (with guess of coefficient of friction)

Tightening factor [alphaA] 1.60
Minim. tightening factor (scattering coef. of friction)

[alphamin] 1.00
Load application factor [n] 0.70
Bolting type: SV 1
Length of connected solid (mm) [I1A] 0.00
Distance of connected solid (mm) [ak] 0.00
Force application height (mm) [Ik] 38.50
Coef. of friction in thread [myG] 0.100/0.100
Coef. of friction at head support [myK] 0.100/0.100
Bolt type: Cylindrical screw with socket head bolt DIN EN ISO 4762:2004
Reference diameter (mm) [d] 36.00
Bolt length (mm) [1 90.00
Shank diameter (mm) [d1] 36.00
Shank length (mm) [11] 12.00
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Thread length (mm)

Outer diameter of head support (mm)
Inner diameter of head support (mm)
Surface roughness (tip support) (um)

Stressed cross section of screw (mm?)
Height of bolt head (mm)

Diameter of screw head (mm)

Free thread length (mm)

Width across flats (mm)

Reduction coefficient

Strength class

Tensile strength (N/mm?)

Yield point (N/mm?)

Maximum yield point (N/mm?)
Young's modulus screw (N/mm?)

Clamped parts: Plates
Number of parts

Part A

Material

Depth of Layer (mm)

Young's modulus (N/mm?)
Permissible surface pressure (N/mm?)
Surface roughness (um)

Thread with pocket hole
Clamping length (mm)
Effective Clamping length (mm)

(washer and depression depth included)

Through hole standard
Diameter through hole (mm)
Chamfer at head (mm)

Washer bellow screw head:

Standard

External diameter (mm)

Inner diameter (mm)

Thickness (mm)

Surface roughness (um)

Young's modulus (N/mm?)
Permissible surface pressure (N/mm?)

Blind hole

Material

Counter bore depth (mm)
Young's modulus (N/mm?)
Surface roughness (um)

RESULTS:

Virtual outer diameter of base body:

3/6

[b]

[dw]
[da]
[RZ]

[As]
(k]
[dk]
(3]
[s]
[ktau]

[Rm]
[Rp0.2]
[Rp,max]
[ES]

[iP]

C45 (1)
[hi]
[Ep]
[PG]
[RZ]

[Ik]
[keff]

78.00
52.54
39.40
16.00

816.72
36.00
54.00
43.00
27.00

0.50

12.9
1220
1100
1100
205000.00

50.00
206000.00
630.00
16.00

50.00
55.00

ISO 273:1979 (DIN 273) fine

[dh]
[cK]

37.00
0.00

DIN EN ISO 7089:2000

[d2]
[d1]
[h]
[RZ]
[E]
[PG]

C45 (1)
[ts]
[Ep]
[Rz]

64.80
37.62

5.00

16.00
205000.00
1250.00

0.00
206000.00
16.00

KISSsoFT

Cal

culabon pregmame for machina deasign



KISSsoFT

Calculation pregrams for maching dasign
Diameter (mm) [DA1 105.73
Diameter (mm) [DA] 105.73
Diameter limit (mm) [DA.Gr] 105.73
Cone angle (°) [phi] 25.81
Ductility of flange (mm/N) [deltaP] 8.822627e-008
Ductility of screw (mm/N) [deltaS] 5.750750e-007
Load factor for centric load introduction [phin] 0.0931
Amount of embedding (mm) [fz] 0.0125
Preload loss (N) [Fz] 18845.13
required assembly preload:
-minimum (N) [FMmin] 338481.44
-maximum (N) [FMmax] 541570.30
Pretension force according table (N) [FMtab] 750000.00
Screw force at yield point (N) [FMO0.2] 900000.00
attained assembly preload:
-maximum (N) [FM] 747242 .34
(utilization of yield strength (%) [%Re] 90.00)
Pretension force (N) [FV] 728397.21
Additional bolt load (N) [FSA] 4248.90
Additional plate load (N) [FPA] 41385.40
Fatigue load (N/mm?) [siga] 0.00
Screw extension at FMmin (mm) [fSmin] 0.19465
at FMmax (mm) [fSmax] 0.31144
at FM (mm) [fS] 0.42972
Part extension at FMmin (mm) [fTmin] 0.02986
at FMmax (mm) [fTmax] 0.04778
at FM (mm) [fT] 0.06593
Calculation with maximum attained pretension force:
(utilization of yield strength (%) [%Re] 90.00)
Mounting-Pretensionforce (N) [FM] 747242.34
Pretension force (N) [FV] 728397.21
Additional clamping force (reserve) (N) [FKres] 128545.02
Equivalent stress (N/mm?) [sigmared.M] 990.00
Equivalent stress (N/mm?) [sigmared.B] 954.04
Tightening torque (Nm) [MA] 3642.75
Loose torque (Nm) [ML] 2611.07
Surface pressure
(below screw head) (N/mm?) [pK] 792.02
(below washer) (N/mm?) [p] 425.29
Calculation with the minimum required assembly preload, tightening factor: 1.00
Mounting-Pretensionforce (N) [FMmin] 338481.44
Equivalent stress (N/mm?) [sigmared.M_FMmin] 448.44
Equivalent stress (N/mm?) [sigmared.B_FMmin] 434.90
Tightening torque (Nm) [MA_FMmin] 1650.07
Loose torque (Nm) [ML_FMmin] 1145.79
Surface pressure
(below screw head) (N/mm?) [pPK_FMmin] 361.21
(below washer) (N/mm?) [p] 193.96
Calculation with the maximum required assembly preload with tightening factor: 1.60
Mounting-Pretensionforce (N) [FMmax] 541570.30
Additional clamping force (reserve) (N) [FKres] 128545.02
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Equivalent stress (N/mm?)
Equivalent stress (N/mm?)
Tightening torque (Nm)
Loose torque (Nm)

Surface pressure

(below screw head) (N/mm?)
(below washer) (N/mm?)
Remaining clamping force (N)

Permissible equivalent stress (N/mm?)
Permissible equivalent stress (N/mm?)
Support area

(below screw head) (mm?)

(below washer) (mm?)

Permissible surface pressure

(below screw head) (N/mm?)

(below washer) (N/mm?)

SUMMARY:

[sigmared.M_FMmax] 717.51
[sigmared.B_FMmax] 692.83

[MA_FMmax] 2640.11
[ML_FMmax] 1873.80
[PK_FMmax] 575.25
[p] 308.89
[FKR] 278250.91
[sigma.Mzul] 990
[sigma.Bzul] 1100
[ApK] 948.83
[Ap] 1767.01
[pKzul] 1250
[pzul] 630.00

Calculation with the maximum required assembly preload with tightening factor:

Safety against yield point
Safety against fatigue
Safety against pressure

Calculation with maximum attained pretension force:

Safety against yield point
Safety against fatigue
Safety against pressure

[SF] 1.59
[SD] 1000.00
[SP] 2.04
[SF] 1.15
[SD] 1000.00
[SP] 1.48

Calculation with minimum attained pretension force:

Safety against sliding

5/6

[SG] 1.46

KISSsoFT

Cakulabon programs for meching derign
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Force [N]

7.00e5—
6.30e5+

5.60e5—

4.90e5-
4.20e5—-
3.50e5—
2.80e5—
2. 10e5—-
1 .40e5—_
70000

KISSsoFT

Cakulabon programs for meching derign

] FM— FM (n=1)
— FM
FM/alpha
............................................. _FMmaX
FM/alpha
N A A N ———————— FMmIn
Ny 4 A A W 1 _errf

0

N L L L
-0.36 -0.24 -0.12 0 0.12

Length change [mm]

Figure: Display of restraint-diagram

Remarks:
-The safeties

(SF, SD, SP) are calculated according to VDI2230.

-Calculating safeties with the maximal assembly preload (FMmax).
-Safety against sliding [SG = FKR / FKerf] is calculated with:
FKR: with FM / alphaA, FKerf = KerfN + KerfD

-The calculati

on of the normal values for 90% usage (Preload

and tightening torque) follows the corresponding equation according VDI 2230.

These values

correspond with the values in the tables in the VDI Standard. Small differences may however occur..

-Surface pressure under washers: Maximum external diameter for
the calculation of the support area is dw + 1.6*hs (VDI 2230:2003, 5.5/41a).
-Total required clamping force according to (R2/4): F.Kerf = Maxi(F.KerfA + F.KerfD, F.KerfN)

End of Report lines: 242
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Eislo Nazev - oznaceni Polotovar Hmotn. .
poloz. Cislo vikresu - oznateni normy Material (kg) | Moz
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’ Kreslil TOMAS B | LEK Nazev .
[l» e 14,6.2015 KUSOVNIK
UNIVERZITY Schvalil
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Eislo Nazev - oznaceni Polotovar Hmotn. .
poloZ. Cislo vykresu - oznafeni normy Material tkgl He
w [SROUB M30x90 k
s| &
ISO 4017-8.8 1 110 321
. |SROUB M36x90
ISO 4762-12.9 14 240 0.358 | 6
. |SROUB M6x20 0008 | 5
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20
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POJISTNY KROUZEK 140
23 |
CSN 02 2930 RiK
.. |ZAVESNE 0KO M20 - 40 0412 | 1
DIN 580 C15E '
.. HRIDELOVA SPOJKA EKH 9500-B
53 1
.. IMOTOR BONFIGLIOLI C 100 &_185 4
348 | 1
» SNIMAC BALLUFF GLOBAL M8x60 0038 | 1
’ Kreslil TOMAé BILEK Nazev .
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