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Historie vyroby KLF-ZVL lozZisek

Vyroba valivych lozisek byla zahajena ve VIa§imi v Blanickych
strojirnach v letech 1959-60 . Z podniku ZKL Brno byla pfevedena
vyroba kuzelikovych loZisek ve vSech standardnich fadach 302, 303,
313, 320, 322 a 323 . Z podniku TOS Hostivar byla pfevzata vyroba
pfesnych dvouradych valeckovych loZisek fady NN 30 , kde se podnik
stal jedinym vyrobcem tohoto sortimentu valeckovych lozisek v CSSR.
Soucasné se zahdjenim praci na vytvareni vyrobni zakladny, byla
utvofena skupina technickych pracovniki pro zajiStovani inovaénich
programu technologie a konstrukce vyrobkd. Pisobenim &innosti
skupiny , rGstem jeji odbornosti a iniciativy pracovnikli byla technicky
a technologicky v kratké dobé zvladnuta produkce kuzelikovych
lozZisek v rozsahu 34 typorozmér( v pfesnostech PO, P6, P5 a
specialnich provedenich. U vale¢kovych lozZisek se v prvni etapé
podafilo zvladnout vyrobu 25 typorozmér( v pfesnostech P5, P4. V
letech 1960 -1972 byly také v Blanickych strojirnach vyrabény
specialni druhy loZisek pro rizna narotna uloZeni vysokootackovych
vieten pro textilni stroje. V souvislosti s UspéSnym rozvojem vyroby
lozisek pokraCovaly i inovace na zavedeném sortimentu . PoCinaje
rokem 1974 podminky v zavode umoznily nabéh vyroby kuzelikovych
lozisek v provedeni "E" a "B", coz pfineslo pro uZivatele vyhody ve
zvySeni uzitné hodnoty lozisek, hlavné ve zvySené Zivotnosti a
dynamické Unosnosti, a u provedeni "B" pak moznost vétsi axialni
zatizitelnosti lozisek a zlepSeni funkce mazani. Inovace zaznamenala i
valeckova loziska NN30, kde byla vyfeSena moznost nahrady mosaznych
kleci, klecemi plastovymi.

Po privatizaci spole¢nosti v roce 1993 byla vyroba lozisek prevedena
do spolecnosti s nazvem
OMNIA - ROLL, spol. s r.0. a nadale pokraCovala ve VlaSimi v vyrobé
zavedeného sortimentu lozisek a rozSifovani o specialni pinovaleckova
loziska .

V roce 2006 vstoupil majetkové do spolenosti dlouholety
obchodni partner KLF-ZVL Bearings Private Limited, Mumbai,
Abdul Rehman Street 75 - India a spolecnost byla pfejmenovana
na KLF-ZVL Bearings, s.r.o..

V roce 2010 byl majoritni podil vyrobni spole¢nosti KLF-ZVL
Bearings, s.r.o. odkoupen spoleénostmi IMET-AKE s.ro., M. Sch.
Trnavského 2/A, 841 01 Bratislava - SK a ZVL - LoZiska, s.r.o.,
Kamenna cesta 16/B, 010 01 Zilina - SK, které se zabyvaji obchodem
s lozisky.

Od svého vzniku se vyroba loZisek nachazi v arealu spolecnosti
Sellier & Bellot ve mésté Vlasim - CZ.

History of KLF-ZVL Bearings Production

Rolling bearings production has been taken over by the company
in Blanicke strojimy in Vlasim in 1959 - 1960. Production of
tapered roller bearings in all standard series, i.e., 302; 322; 303;
and 323 has been transferred from ZKL Brno. Production of
double-row cylindrical roller bearings of the series NN 30 has been
taken over from TOS Hostivar. By the overtaking of this production
the company became the sole manufacturer of this range of
cylindrical roller bearings in the CSSR. Together with launch of
works on the creation of the production basis, a team of engineers
has been established for the purposes of provision of innovative
programs and technologies and construction of products. As the
result of the above activities, and by increased expertise and
initiative of the staff, the production of tapered roller bearings in the
range of 34 dimensional types in the accuracies of P0; P6; and P5,
as well as other TPRM of special versions and 25 dimensional
types in the accuracies of P5 and P4 in the case of cylinder roller
bearings has been mastered from the technical and technological
points of view within a short time period. In 1960 - 1972 Blanicke
strojirny produced special kinds of bearings for various heavy-duty
bearings of high-speed spindles for textile machines. Starting in
1974 the conditions at the facility allowed start-up of the versions
"E" and "B" of the tapered roller bearings. These versions mean
increased utility value of the bearings, i.e. increased lifetime and
increased dynamic load capacity.

Moreover, the version "B" enables bigger axial load and improving
on lubrication functionality. Cylinder roller bearings have recorded
innovation, as well. The possibility of substitution of brass cages by
plastic caged has been solved out.

After privatization of the company in 1993, the bearing production
was taken over by a company OMNIA - ROLL, spol. s r. 0. (Ltd.) and
the production of established bearing assortment and broaden out
assortment of full complement cylindrical roller bearings continued in

Vlasim.

s In 2006 a long term business partner KLF-ZVL Bearings
Private Limited, Mumbai, Abdul Rehman Street 75 - India entered
into partnership and the company changed the name into KLF-
ZVL Bearings, s.r.o. (Ltd.).

In 2010 the majority of the manufacturing company KLF-ZVL
Bearings, Ltd. was taken over by the companies IMET-AKE, Ltd.,
M. Sch. Trnavského 2/A, 841 01 Bratislava - SK and ZVL - LoZiska,
Ltd., Kamenna cesta 16/B, 010 01 Zilina - SK, dealingh with rolling
bearings trading.

Since its establishment, the manufacturing of the bearings is

located in the premises of Sellier & Bellot in Vlasim - CZ.

KLF-ZVL Bearings, spol. s r.o., Lidicka 667, 258 40 Vlasim



(T KLF-ZVL

Historie vyroby KLF-ZVL lozZisek

Vyroba valivych lozisek byla zahajena ve VIa§imi v Blanickych
strojirnach v letech 1959-60 . Z podniku ZKL Brno byla pfevedena
vyroba kuzelikovych loZisek ve vSech standardnich fadach 302, 303,
313, 320, 322 a 323 . Z podniku TOS Hostivar byla pfevzata vyroba
pfesnych dvouradych valeckovych loZisek fady NN 30 , kde se podnik
stal jedinym vyrobcem tohoto sortimentu valeckovych lozisek v CSSR.
Soucasné se zahdjenim praci na vytvareni vyrobni zakladny, byla
utvofena skupina technickych pracovniki pro zajiStovani inovaénich
programu technologie a konstrukce vyrobkd. Pisobenim &innosti
skupiny , rGstem jeji odbornosti a iniciativy pracovnikli byla technicky
a technologicky v kratké dobé zvladnuta produkce kuzelikovych
lozZisek v rozsahu 34 typorozmér( v pfesnostech PO, P6, P5 a
specialnich provedenich. U vale¢kovych lozZisek se v prvni etapé
podafilo zvladnout vyrobu 25 typorozmér( v pfesnostech P5, P4. V
letech 1960 -1972 byly také v Blanickych strojirnach vyrabény
specialni druhy loZisek pro rizna narotna uloZeni vysokootackovych
vieten pro textilni stroje. V souvislosti s UspéSnym rozvojem vyroby
lozisek pokraCovaly i inovace na zavedeném sortimentu . PoCinaje
rokem 1974 podminky v zavode umoznily nabéh vyroby kuzelikovych
lozisek v provedeni "E" a "B", coz pfineslo pro uZivatele vyhody ve
zvySeni uzitné hodnoty lozisek, hlavné ve zvySené zivotnosti a
dynamické Unosnosti, a u provedeni "B" pak moznost vétsi axialni
zatizitelnosti lozisek a zlepSeni funkce mazani. Inovace zaznamenala i
valeckova loziska NN30, kde byla vyfeSena moznost nahrady mosaznych
kleci, klecemi plastovymi.

Po privatizaci spole¢nosti v roce 1993 byla vyroba lozisek prevedena
do spolecnosti s nazvem
OMNIA - ROLL, spol. s r.0. a nadale pokraCovala ve VlaSimi v vyrobé
zavedeného sortimentu lozisek a rozSifovani o specialni pinovaleckova
loziska .

V roce 2006 vstoupil majetkové do spolenosti dlouholety
obchodni partner KLF-ZVL Bearings Private Limited, Mumbai,
Abdul Rehman Street 75 - India a spolecnost byla pfejmenovana
na KLF-ZVL Bearings, s.r.o..

V roce 2010 byl majoritni podil vyrobni spole¢nosti KLF-ZVL
Bearings, s.r.o. odkoupen spolegnostmi IMET-AKE s.r.o., M. Sch.
Trnavského 2/A, 841 01 Bratislava - SK a ZVL - LoZiska, s.r.o.,
Kamenna cesta 16/B, 010 01 Zilina - SK, které se zabyvaji obchodem
s lozisky.

Od svého vzniku se vyroba loZisek nachazi v arealu spolecnosti
Sellier & Bellot ve mésté Vlasim - CZ.

History of KLF-ZVL Bearings Production

Rolling bearings production has been taken over by the company
in Blanicke strojimy in Vlasim in 1959 - 1960. Production of
tapered roller bearings in all standard series, i.e., 302; 322; 303;
and 323 has been transferred from ZKL Brno. Production of
double-row cylindrical roller bearings of the series NN 30 has been
taken over from TOS Hostivar. By the overtaking of this production
the company became the sole manufacturer of this range of
cylindrical roller bearings in the CSSR. Together with launch of
works on the creation of the production basis, a team of engineers
has been established for the purposes of provision of innovative
programs and technologies and construction of products. As the
result of the above activities, and by increased expertise and
initiative of the staff, the production of tapered roller bearings in the
range of 34 dimensional types in the accuracies of P0; P6; and P5,
as well as other TPRM of special versions and 25 dimensional
types in the accuracies of P5 and P4 in the case of cylinder roller
bearings has been mastered from the technical and technological
points of view within a short time period. In 1960 - 1972 Blanicke
strojirny produced special kinds of bearings for various heavy-duty
bearings of high-speed spindles for textile machines. Starting in
1974 the conditions at the facility allowed start-up of the versions
"E" and "B" of the tapered roller bearings. These versions mean
increased utility value of the bearings, i.e. increased lifetime and
increased dynamic load capacity.

Moreover, the version "B" enables bigger axial load and improving
on lubrication functionality. Cylinder roller bearings have recorded
innovation, as well. The possibility of substitution of brass cages by
plastic caged has been solved out.

After privatization of the company in 1993, the bearing production
was taken over by a company OMNIA - ROLL, spol. s r. 0. (Ltd.) and
the production of established bearing assortment and broaden out
assortment of full complement cylindrical roller bearings continued in

Vlasim.

s In 2006 a long term business partner KLF-ZVL Bearings
Private Limited, Mumbai, Abdul Rehman Street 75 - India entered
into partnership and the company changed the name into KLF-
ZVL Bearings, s.r.o. (Ltd.).

In 2010 the majority of the manufacturing company KLF-ZVL
Bearings, Ltd. was taken over by the companies IMET-AKE, Ltd.,
M. Sch. Trnavského 2/A, 841 01 Bratislava - SK and ZVL - LoZiska,
Ltd., Kamenna cesta 16/B, 010 01 Zilina - SK, dealingh with rolling
bearings trading.

Since its establishment, the manufacturing of the bearings is

located in the premises of Sellier & Bellot in Vlasim - CZ.

KLF-ZVL Bearings, spol. s r.o., Lidicka 667, 258 40 Vlasim



(& KLF-ZVL

Obsah

HIQVNi SPECIfIKACE ..o 5
OZNACOVANI ... 7
HIQVNT FOZMBIY ..o 8
Porovnani kuzelikovych loZisek s jinymi typy loZisek ................... 9
Seskupovani [0Zisek do SEStaV .........ccccovveeveiiieceieeceeeeas 12
Priklady aplikaci kuzelikovych 0ZISek ..........cccouvrierniririiriinnns 12
StUPE PIESNOST ... 13
HIAdiNg VIDIaCi .........coveviiiiicncecece e 13
NaKIOPIEINOSE ..o 13
Radiaini ekvivalentni dynamické zatizeni ..........cccocovrvvririnnnns 14
Radialni ekvivalenni statické zatizeni ............cc.ccovvevrcnncninn, 15
Symboly veli€in a jejich VYznam ..., 16
Pfesnost rozmérd a chodu kuzelikovych lozisek .............c......... 16
UIOZENI 10ZISEK ... 17
Montaz KuZelikovych 0ZISEK ...........cccvevrieiiniiiricsiccs 17
Mazani KuzZelikovych l0ZISEK ...........ccovveririnirieenieeseens 19
Rozmérova kategorizace kuzelikovych lozisek .............c.cccceuuee 37

Contents

Main SpeCifiCation ..o 21
Bearing Designation ............cccevieinneene e 23
Main DIMENSIONS .......cocvuiviieieieierereieeeiseee e 24

Comparison of Tapered Roller Bearings with other

Bearing TYPES .....vvvreeeeieiieirieieseeieree e 25
Bearing Aggregation into Sets ... 28
Examples of Applications of Tapered Roller Bearings ................. 28
TOIEranCe Class .......c.cueeereerieieiieiiseeieseiseisesee s 29
ViIbration LEVE! ........c..cuiieeiiiieiiriieiseeeeee e 29
AGNMENT ... 29
Dynamic Equivalent Radial Load ..........c.cccooveivniinnicnnicines 30
Static Equivalent Radial Load ..........ccccovviernienniecrcceies 31
Summary of Symbols and its Explanation ...........cccccccccvereeinnee. 32

Dimensions and Running Accuracy of Tapered Roller Bearings ...32

Seating 0f Bearings .........ccoovveriininiinncseee e 33
Mounting of Tapered Roller Bearings ...........cccocovviveurevricrnnnnnns 33
Lubrication of BEAMNGS .......ccovevriieeiiieiieeireeseesse e 34

Dimensional Categorisation of Tapered Roller Bearings ............ 37



Profil

Veskera produkce je vyrabéna podle plvodnich technicko-
vyrobnich standardd ZKL/ZVL se zapracovanim inovaci provedenych
v dobé samostatné existence. Tyto standarty, které byly v minulosti
zarukou konkurenceschopnosti vyrabénych loZisek ve svété a jejich
VYVOj pro nés znamena udrZeni a rozvoj téchto pozic az do soucasnosti.
Do roku 2008 byla veSkera produkce vyrabéna a dodavana pod
znackou ZKL. V soucasnosti spoleCnost vyrabi dvourada valeckova
loziska, jednofada a dvoufada valeckova loziska s plnym poctem
valeckl, jednofada valeckova loZiska, jednofada jehlova loziska s
pinym poctem jehel, specialni jednofada a dvoufada valeckova
loZiska s pinym podtem valecku a jejich aplikace a kuZelikova loZiska
jednorada pod znackou KLF-ZVL.

Ve spolecnosti je zaveden systém Fizeni jakosti podle mezinarodnich
standardt ISO 9001:2008.

Pasobnost znacky KLF-ZVL

LoZiska KLF-ZVL z produkce nai spolecnosti jsou dodavany
pro pouziti v dopravni technice, manipulacni technice, zemédélské
technice, pfevodovkach, obrabécich strojich, tiskafskych strojich,
a pod. Dodavky jsou realizovany pfimo do montaznich podnikd,
nebo prostrednictvim distributori do celého svéta.

(T KLF-ZVL

Profile

Entire products are manufactured according to original ZKL / ZVL
mechanic-technological standards with implementation of inovations
provided within the period of independend existence. Theese standars
were guarantie of competitivenes among bearings produced all over
the world and theyr development means for us stabilisation and
improovement of this position till nowdays.

By 2008, all production assortment was produced and supplied
under the brand ZKL. The company currently produces double-row
cylindrical roller bearings with tapered bore, full complement single
and double-row cylindrical roller bearings, single-row cylindrical roller
bearings, full complement single-row needle roller bearings, full
complement special single and double-row cylindrical roller bearings
and their applications, single-row tapered roller bearings under the
brand KLF-ZVL.

The company has introduced quality management system
according to international standards 1SO 9001:2008.

Scope

KLF-ZVL bearings are supplied for usage in transportation
technology; handling technology; gears; machine tools; printing machines;
and other areas. Deliveries are performed either directly to primary
construction, or worldwide through distributors.
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Hlavni specifikace

Kuzelikova loziska jednorfadé, konstrukéni Fady 302, 303, 313, 320, 322, 323 a 332 patfi mezi loZiska rozebiratelna, ¢imz se usnadfuije jejich
montaz. Kuzelikové loZiska se sklada ze Ctyf z&kladnich Casti. Jsou to vnitfni krouZzek, vnéjSi krouzek, kuZeliky a klec. Vnitfni krouZek
loZiska, tvofi spolecné s valivymi télisky a kleci jeden celek. Valiva téliska maji tvar kuzeliku, kde jeho funkéni Celo je ve styku s pfirubou
vnitfniho krouzku. Loziska maji thel styku "a" v rozsahu 12° aZ 16° a nebo 28° az 30° a jsou schopna zachytéavat jak radialni tak axialni
zatizeni. Cim vétsi thel svira draha vnéjsiho krouZku s osou loZiska, tim vétsi je schopnost loZiska nést axiélni zatizeni v poméru k

radialnimu (obr.6-1).
\ \
\
@« g
I I | I

Maly uhel sklonu pro Velky uhel sklonu pro
velka radiélni zatizeni velka axiialni zatizeni

Obr. 6-1 Konstrukce loZiska pro pfenéseni radialnich a axialnich zatiZeni v jakékoliv kombinaci
Za normalnich provoznich podminek nesou oba krouzky s kuzeliky zatiZeni, zatimco klec pouze rozmistuje a oddéluje kuzeliky po obvodu

obéznych drah. Pfimky prodluzujici povrchy ob&Znych drah a kuzeliki se protinaji v jednom bodé na ose loZiska (obr.6-2). Vysledkem je
spravny odvalovaci pohyb kuzelik(i v kazdém bodé jejich povrchu (obr.6-3)

=

Obr. 6-2 Konstrukce s prodlouZenim povrcht obéZnych drah stykajicich se v jednom bodé
zgjistuje spravné odvalovéni v kazdém bodé povrchu kuZelku

Obr.6-3 Rovnomérné rozloZeni stykového namahani v normalnich provoznich podminkach
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Uplatnéni kuzelikovych lozisek se zfetelem na jejich vysokou Unosnost "velky pocet kuzelikd v jedné fadé" a schopnost zachytavat radialni a
axialni zatizeni je proto velmi Siroké. Napr.: tézké pfevodovky, rozvodovky, valcovaci zafizeni, téZebni stroje atd. Pro dany primér diry
loZiska je mozné zvolit rizné sily stén krouzki a tim vyhovét riznym poZadavkim na Unosnost (obr. 6-4).

Slabé krouzky Silné krouzky

Obr. 6-4 Konstrukce loZiska respektujici poZadavky na prostor

Spravné vedeni obéznych téles je jednim z podstatnych rysu kuzelikového loziska. Kuzelovy tvar zajistuje nejen spravné odvalovani po celé
délce styku kuZeliku s drahami, ale vytvafi navic silu pfitlacujici kuzelik k vodici pfirubé vnitfniho krouzku (obr. 6-5). To zabrafuje
vychylovani kuzelikd z osy tak, Ze jsou stale udrzovany ve spravné poloze v(éi vodici pfirubé vnitfniho krouzku.

Vlyslednice Radialni
vnéjsiho krouzku

Usazovaci sila
Axialni

Vyslednice
vnéjsiho
krouzku

Vyslednice
vnitfniho
krouzku
1
/

Radialni
Vyslednice vnitfniho
krouzku

Usazovaci sila

Elipticky
tvar
stykoveé
plochy

Obr. 6-5 Mala usazovaci sila vodici pfiruby vnitfniho krouzku udrZuje kuZeliky ustavené s osou loZiska
Material

LoZiska KLF-ZVL jsou vyrabéna z kvalitnich, slitinovych nebo uhlikovych, loZiskovych oceli Cisténych a zu$lechtovanych pfetavovanim v
elektro-pecich.

Klece

ProtoZe klec kuzelikového loZiska neni normainé zatéZovana a slouZi pouze k rozmisténi kuzelik( po obvodé obéZnych drah, jednofada
kuZelikova loZiska maji klec lisovanou z ocelového plechu, které se neoznacuije.
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Oznacovani

Originalni systém oznacovani kuzelikovych lozisek

Systém oznacovani jednoradych kuzelikovych lozisek je mezinarodné stanoven a je zalozen na rozmérové normé ISO pro radialni loZiska.
Péticiferné oznaceni, zacinajici Cislici 3, popisuje kompletni loZiskovou sestavu (vnitni i vnéjSi krouzek), viz obr. 6-6. Oznacovani lozisek v
zakladnim vyhotoveni je uvedené v rozmérovych tabulkach.

; 303 313 323
1 302 322 332
0_ 331
] ] 320 330
Pramérova
fada
0 1 2 3

Sitkova fada ——————

Obr. 6-6 Originalni systém oznacovani kuZelikovych loZisek

- Sekce 4 (oznaceni priméru diry): Posledni dvé Cislice se vztahuji k praméru diry vnitfniho krouzku a po vynasobeni 5 udavaji velikost
tohoto praméru. Napf.: lozisko 32218 ma primér diry 90mm.

- Sekce 3 (primérova fada): VySka priifezu loZiska je oznadena ¢islici od 0 do 3 v rostoucim poradi vnéj$iho priméru pro dany primér diry loZiska.

- Sekee 2 (3itkova Fada): Sifka loZiska je oznagena &islicemi od 0 az 3 podle zvétsujici se Sitky

- Sekce 1 (kuzelikové loZisko): Cislice 3 oznaduje vzdy kuzelikova loZiska

Doplfiujici oznaceni je uvedené za zakladnim oznagenim, napf.: 32218AX.

X - zména hlavnich rozmérl

Novy systém oznaeni podle ISO 355

Norma ISO 355 pro metricka kuZelikova loZiska definuje novy systém oznaceni kuZelikovych loZisek pomoci abecedné €islicovych symboll
vyjadfujicich postupné druh loZiska (T), thlovou Fadu (2,3,4,5,6,7), prdmérovou fadu (B,C,D,E,F,G), itkovou fadu (B,C,D,E) a primér diry
loZiska (mm), viz obr. 6-7.

| kdyby vSechna originalni metricka loZiska méla pfidéleno nové oznadeni podle ISO 355, originalni oznageni zustava nadale v platnosti.
Oznadovani loZisek podle ISO 355 je uvedené v rozmérovych tabulkéch.
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Primérova rada

G
F
E
D
C
B
BCDE BCDE BCDE
Sitkové fada
Obr. 6-7 Systéem oznacovani kuzelikovych loZisek podle ISO 355
T4C B 100
- Primér diry loziska (mm)
-Oznaceni Sifkové fady T/(D-D) **
Pres VEetné
B 0,50 0,68
C 0,68 0,80
D 0,80 0,88
E 0,88 1,00
-Oznaceni prlimérové fady D/d o7
Pres Veetné
B 3,40 3,80
c 3,80 4,40
D 4,40 4,70
E 4,70 5,00
F 5,00 5,60
G 5,60 7,00
-Oznaceni série Uhlu a
Pres Véetné
2 10° 13°52'
3 13°52' 15°59"
4 15°59’ 18°55'
5 18°55’ 23°
6 23° 27°
7 27° 30°
OznaCeni kuZelikového loZiska

Hlavni rozméry

Hlavni rozméry jednofadych kuzelikovych loZisek s valcovou dirou, odpovidaji mezinarodnimu rozmérovému planu ISO 355. Tato norma
nabizi Siroké moznosti vybéru loziska pro specifické aplikace pfi daném priméru diry. V zavislosti na aplikaci a typu zatizeni (axialni
a / nebo radialni) miiZe byt vybrano loZisko s optimalnim Ghlem a priifezem.
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Uhel
obéZné
drahy )
100
90
80
55— - - — o
11°30’ - - . . -
] 32911 32011X 33011 33111 30211 32211
15710 (2BC)  (3CC) (2CE) (3CE)  (3DB)  (3DC)
120
100
55— - -
1°30 o )
33211 30311 32311
1510’ (3DE) (2FB) (2FD)
120
18°15' 31311 32311B
30° (7FB) (5FD)

Obr.: 6-8 Srovnavaci tabulka -nardst prifezu loZiska s primérem diry 55mm

Porovnani kuzelikovych loZisek s jinymi typy loZisek

Existuje mnoZstvi riznych typu valivych loZisek, ale pfi analyze vSech faktord, jako je rozsah zatizeni a Gnosnost, velikost, vykon, cena,
Zivotnost loZiska a jeho spolehlivost, uznava vétsina konstruktér( zfetelné viditelné vyhody kuzelikovych loZisek. Samoziejmé, ze ostatni

typy loZisek maji své oblasti vyuZiti, jak je vidét z dalSiho vykladu, ale kuZelikové loZisko je nejuniverzalngjSim typem loZiska.

Kluzna loZiska

Ve své nejjednodussi formé se tato loZiska skladaji z valcovych viozek prenasejicich zatizeni vyrobenych z materiall odolnych profi
opotfebeni, jako je Seda litina, fosforovy bronz, bily kov nebo specialni plasty. Kluzna loZiska jsou pouZivana hlavné pro aplikace s relativné
malym zatizenim a relativné plynulym pohybem. Aby loZisko pracovalo u¢inné, musi byt urcita vile mezi pevnou a otacejici se ¢asti. Je tfeba
vénovat velkou pozornost tomu, aby se v tomto prostoru nehromadili ¢astice ne€istot a pfedejit tak rychlému opotiebeni. U vétSiny aplikaci s
kluznymi je proto velmi duleZita pravidelna udrzba. Vzhledem k nutnosti ¢asté udrzby byla kluzna loZiska v novych aplikacich nahrazena
valivymi loZisky.

Kulickova loZiska

V8echny typy kuliCkovych loZisek maji bodovy styk mezi kuliCkami a krouZzky. Vzhledem k tomuto bodovému styku je pro dosaZeni dané
Unosnosti potfebné pouziti vétSich kulickovych loZisek nez lozisek kuzelikovych, kterd pfendSeji zatizeni po celé délce kuZelku (linearni
styk).

NejpouZivangjSim typem je kulickové loZisko s hlubokym Zlabem, které je vhodné pouze pro malé radidlni zatiZzeni. Axialni nebo razové
zatizeni by mohlo vést k jeho rychlému poskozeni. Je také dileZité zajistit, aby mazivo bylo "Cisté", protoZe necistoty maji tendenci
zachytavat se v draZce krouZku, coZ vede nutné k omezeni U¢innosti a Zivotnosti loZiska. Kulickova loZiska s hlubokym Zlabem jsou
dodavana jako sestava s neoddélitelnymi krouzky. Radialni vile mGze byt proto nastavena pouze pfi montaZi vnitfniho a vnéjSiho krouzku.
Jsou pouzivana vétSinou tam, kde velikost, inosnost a radialni vile nemaji dileZity vyznam, ale kde je poZadovana jednoduchost montaze a
nizka cena.
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Kulickova loZiska s kosouhlym stykem

Konstrukce loZiska s kosouhlym stykem umoziiuje pfekonat néktera omezeni kulickového loziska s hlubokym zlabem tim, Ze zlepSuje jeho
schopnost prenaset kombinované axialni i radialni zatizeni. Pfestoze Unosnost tohoto loZiska je vétsi nez unosnost kulickového lozZiska s
hlubokym Zlabem, je stadle mnohem mens$i nez u stejné velkého kuzelikového loZiska (viz obr. 6-8). Jednofada kuliCkova loZiska s
kosouhlym stykem maji nerozebiratelnou konstrukci, obvykle uspofadanou tak, Ze mohou byt nastavena proti druhému loZisku. Nejsou pfilis
odolna vGc¢i nesouososti mezi hfideli a skfini, coz mlze mit vyznamny vliv na snizeni zZivotnosti loZiska.

Véleckova loziska

ValeCkova loziska jsou nejastéji pouzivana v neustavené poloze tam, kde je potfeba kompenzovat vliv tepelné roztaznosti tim, Ze se
umozni axialni posun hfidele vici skfini. Vnitfni a vnéj§i krouzky jsou oddélitelné (to usnadruje montaz a demontazi. Vale¢ky maji linearni
styk s krouzky, takze mohou pfenaSet vétsi radialni zatizeni nez kulickova loZiska s bodovym stykem. Klec loZiska musi valecky osové
vyrovnavat a pfidrzovat je. To vyZaduje pouziti t€Z8i klece a men$iho poctu valecki ve srovnani s kuzelkovym loziskem podobné velikosti.
Nékteré typy jsou také schopny pfenaSet omezené axialni zatizeni. To vyZzaduje dodateéné zabudovani pfiruby na vnitfni nebo vnéjsi
krouzek. PIné axialni zatiZzeni musi byt vSak pfeneseno mezi pfirubami a Gely valecki, coz mize vést k vysokym koncentracim napéti.

Jehlova loZiska

Jehlova loziska jsou podobna valeckovym loziskiim, ale jejich valecky jsou dlouhé a tenké, coZ jim dava velmi kompakini pfiény prifez.
Jsou velmi adaptabilni a maji velkou radialni unosnost v poméru k jejich prifezové vySce, mohou ale pfenadSet pouze velmi mala axialni
zatizeni.

Typickymi aplikacemi jsou synchronni mechanizmy automobilovych pfevodovek a loZiska planetovych kolovych redukci pro lehky provoz.

Soudeckova loZiska

Unosnost, ale pfi velkém zatizeni neni napéti rovnomérné prenaseno a spravny odvalovaci pohyb se vyskytuje pouze ve dvou kontaktnich
bodech na kazdém soudecku. To pfirozené zpUsobuje skluz po délce valivého télesa. Proto maji soudeckova loziska vyssi koeficient tfeni a
To vede ke zvySeni momentu setrvacnosti klece a omezenému poctu soudeéki. Vhodné pouziti pro tato loziska je tam, kde existuje riziko
nesouososti sestavy a kde nejsou pfisné poZadavky na otacky a odchylky.

Kuzelikova loziska
Kuzelikova loziska kombinuji uzite€né vlastnosti vSech ostatnich typ( loZisek a nabizeji dalsi vyhody:
+ Kombinovana radialni a axialni Gnosnost (obr. 6-9).
« \ly§Si relativni Zivotnost pro danou velikost loziska (obr. 6-10), nebo
* Mensi velikost loZiska pro danou Ginosnost.
« Sefiditelnost-pro optimalni funkci loZiska mohou byt hodnoty vile nebo predpéti nastaveny podle pozadavk( konstrukce.
+ Mensi citlivost vaéi znecisténému prostredi viivem pfirozené Eerpaci schopnosti, ktera vytladuje necistoty mimo kontaktni plochu mezi
kuZelikem a ob&znou drahou.
« Nizky koeficient tfeni a vysoké pfipustné otacky vlivem spravného odvalovaciho pohybu (viz obr. 6-2) ve srovnani s ostatnimi typy
valivych lozisek.
+ Jednoducha montaz a demontaz umoznéna oddélitelnymi vnitfnim a vnéj$im krouzkem.
+ Vlolba montazniho uspofadani tak, aby vyhovovalo danému zpUsobu zatiZeni a konstrukénimu omezeni aplikace.
+ NizSi cena pro danou vypodtenou Unavovou zivotnost (obr. 6-11).

Obr. 6-9 Kuzelikové loZisko mizZe pfenaset radialni i axialni zatizen
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Obr. 6-10 KuZelikové loZisko se stejnym primérem diry jako kulickové nebo valeckové loZisko muze dosahnout
mnohem vétsi inavové Zivotnosti

09—

08 —
07
06 —

05 _~

04 —
03—
02 —

01—

Obr. 6-11 Cena kuzelikového loZiska s danou vypoctenou tinavovou Zivotnosti je obecné niZsi neZ cena ostatnich
loZisek
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Seskupovani loZisek do sestav

Sestavy loZisek se pouZivaji v mnoha aplikacich, jako jsou reduktory a priimyslové stroje. Tyto pfedem nastavené dvouradé sestavy béhem
vyroby mohou byt pouZita jako pevné uchycena, nebo jako plovouci.

Ny

|/ 777777}

Sestava "X" Sestava "Tandem"

Sestava "0"

Obr. 6-12 Typy seskupovani jednoradych kuzelikovych loZisek do sestav

Priklady aplikaci

Obr. 6-13 Pfevodovka nakladniho automobilu Obr. 6-14 Rizena néprava zdvizného voziku
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Obr. 6-15 Prevodovka a vyvodovy hfidel traktoru
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Obr. 6-17 Reduktor rychlosti

Obr. 6-16 Predni a zadni ndprava nakladace

Stupeii piesnosti

VétSina kuzelikovych loZisek obsaZzena ve standardnim programu, se dodava v normalnim stupni presnosti PO (znak PO se neuvadi).

Pro zvlastni pfipady uloZeni, naroéné na pfesnost, nebo pracujici s vysokou frekvenci otaéeni se dodavaji loziska ve vy§Sim stupni pfesnosti
P6X, P5 a P4.

Viyrabéji se i loziska, od kterych se vyzaduje schopnost provozu za zvy$enych teplot (S0, S1, S2). Dodavky loZisek s jinou pfesnosti je nutné
konzultovat a dohodnout predem.

PO - normalni stupen presnosti (neoznacuje se)

P6X - vy3Si stupen pfesnosti nez normalni PO

P5 - vy$Si stupen presnosti nez P6X

Hladina vibraci

Na pozadani |ze dodavat loziska se snizenou hladinou vibraci - odliSuje se znakem C6 v pfidavném oznadeni loziska.
Naklopitelnost

Ulozné plochy pro tato loZiska musi byt souosé, s velmi malymi odchylkami, protoze naklopitelnost krouzka je velmi mala.

- pfi malém zatizeni (Fr < 0,1Cor) 1'az1,5'
- pfi velkém zatizeni (Fr > 0,1Cor) 2' az 4'
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Radialni ekvivalentni dynamické zatizeni

Jestli je hfidel uloZen ve dvou jednofadych kuZelikovych loZisk&ch, vznika pfi radialnim zatizeni vnitfni axiélni sila. Axialni zatizeni jednoho
loziska je zavislé od zatizeni a stykového Uhlu druhého loZiska. S tmito vnitfnimi silami je potfebné uvazovat pfi vypoCte spolecné s
pusobicimi vnéjSimi silami. V tabulce jsou uvedeny vztahy pro rGizné uspofadani lozisek pfi pusobeni vnéjsi axialni sily Ka, radialni sily FrA
resp. FrB, zatézujici loZisko A, resp. B. Radialni sily pdsobi v priseciku stykové €ary s osou loZiska a ve vypoctech se uvazuji jako kladné i
tehdy, kdyZ maji opaény smér jako na obrazku. Vypocitana sila Fa se dosazuje do vypoctu radialniho ekvivalentniho dynamického zatizeni.

Pr=Fr Fa/Fr < e (kN)
Pr=0,4 Fr+YFa Fa/Fr>e (kN)

Za zakladni dynamickou radialni Gnosnost je povazovano takové radiaini zatizeni, které mlze pfenést loZisko se zénou zatizeni 180°, viz

obr. 6-18) . Radialni ekvivalentni dynamické zatiZeni je takové radiaini zatizeni, které musi byt aplikovano na lozZisko, aby se dosahlo stejné
Zivotnosti jako pfi pisobeni skuteéného kombinovaného zatiZeni (axialniho a radialniho).

a -

Vnitfni vile Zona zatizeni 180°
Nulova vile
Malé predpéti Zona zatizeni 360°
Velké predpéti

Obr. 6-18 Vliv zény radialniho zatizeni jako funkce vnitfni vile nebo pfedpéti v loZiskové soustavé
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Radialni ekvivalentni statické zatizeni

Radialni ekvivalentni statické zatizeni je statické radialni zatizeni (bez otaCeni nebo oscilace), které vyvolava stejné maximalni napéti ve
stfedu styku kuzeliki jako skuteCné kombinované zatiZeni (axialni a radiaini). Uvedené rovnice udavaji pfibliznou hodnotu radialniho
ekvivalentniho statického zatizeni pfi zoné zatizeni 180° v jednom loZisku a 180° nebo vice v protilehlém loZisku.

Por=0,5F +YOF,

AXIALNI ZATiZENi LOZISEK PRO JEDNOTLIVA USPORADANI
Usporadani loZisek Silové poméry Axidlni zatiZeni loZisek
Lozisko A Lozisko B
Fa _Fe
Ya Y 0,5F
A ’ FaA = I:aB +Ka FaB = Y 8
K=0 e
Fa _ Fe
YA YB
I:aA = FaB + Ka FaB = 0.5 FrB
Fa F \(
Ka > 0'5_ rA rB
| A B Ya Yg
E ﬁ Fa Fs
\\\ // YA YB
e — i 0,5F
T a, 1 Fan = Y A Fap = Fan -Ka
Fra Fre K, <0’5.(FF_A_FF_B o
YA YB
A B FF_A > FF_B
YA YB FaA = 0.5 FrA FaB = FaA + Ka
K=0 Va
JW T
I:rA FrB Fr_A < Fr_B
YA YB
FaA = —0'5 FrA FaB = I:aA + Ka
(FB Fa Ya
KR ROH [ETESEr 8
A B YB YA
& ﬁ o
g 7 Y Y,
\ F A TB E_E K £ _05Fs
—fT—f—f—l - aA ~TaB ~Na aB Y.
Ka F F B
Fra h Fre Ka <0'5(YF_B_YF_AJ
B A

Obr. 6-19 Axialni zatizeni loZisek pro jednotliva uspofadani
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Symboly veli€in a jejich vyznam

d - jmenovity primeér diry

Agmp - Uchylka stfedniho priméru valcoveé diry v jednotlivé radialni roviné
Vgp - rozptyl jednotlivého prameéru diry v jednotlivé radialni roviné

Vamp - rozptyl stfedniho priméru valcové diry

Kia - radiaini hazeni vnitfniho krouZku smontovaného loZiska

Sq - axialni hazeni z&kladniho Cela vnitfniho krouzku k dife

D - jmenovity vnéjsi primér

Apmp - Uchylka stfedniho vnéjSiho priméru v jednotlivé radialni roviné
Vpp  -rozptyl jednotlivého vnéjsiho priméru v jednotlivé radialni roviné
Vbmp - rozptyl stiedniho vnéjsiho praméru

Kea - radidlni hdzeni vnejSiho krouZku smontovaného loZiska

Sp - rozptyl sklonu valcového povrchu vnéjsiho krouzku k zakladnimu Gelu
B - jmenovita Sifka vnitfniho krouzku

Ags - Uchylka jednotlivé Sitky vnitfniho krouzku

Vgs - rozptyl jednotlivé Sifky vnitfniho krouzku

C  -jmenovita Sitka vnéjSiho krouZku

Ags - Uchylka jednotlivé Sitky vné&jSiho krouzku

Vs - rozptyl jednotlivé Sifky vnéjiho krouzku

T - jmenovité celkova Sifka kuZelikového loZiska

Ats - Uchylka jednotlivé celkové Sitky kuZelikového loZisek

Presnost rozmérti a chodu kuzelikovych loZisek

Stupeni presnosti PO

Vnitini krouzek (Cone) a celkova Sirka loziska

d Admp Vep Veimp Kia Ags A
nad do max min max max max max min max min
mm um
10 18 0 12 12 9 15 0 -120 +200 0
18 30 0 12 12 9 18 0 -120 +200 0
30 50 0 12 12 9 20 0 -120 +200 0
50 80 0 15 15 1 25 0 -150 +200 0
80 120 0 20 20 15 30 0 -200 +200 -200
120 180 0 25 25 19 35 0 -250 +350 -250
Vnéjsi krouzek
D Apmp Vop Vomp Kea Acs
nad do max min max max max
mm um
18 30 0 -12 12 9 18
30 50 0 -14 14 1 20 .
Je stejné jako A gg
50 80 0 -16 16 12 25 o ;
vnitfniho krouzku
80 120 0 18 18 14 35 B
toho samého loZiska
120 150 0 -20 20 15 40
150 180 0 -25 25 19 45
180 250 0 -30 30 23 50
250 315 0 -35 35 26 60
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Presnost rozméru a chodu kuzelikovych loZisek

Stupeii presnosti P5

Vnitini krouzek (Cone) a celkova Sirka loziska

d Admp Vdp Vdmp Kia Sy A Bs o
nad do max min max max max max max min max min
mm um
10 18 0 -7 5 5 5 7 0 -200 200 -200
18 30 0 -8 6 5 5 8 0 -200 200 -200
30 50 0 -10 8 5 6 8 0 -240 200 -200
50 80 0 -12 9 6 7 8 0 -300 200 -200
80 120 0 -15 1" 8 8 9 0 -400 200 -200
120 180 0 -18 14 9 1 10 0 -500 350 -250
Vnéjsi krouzek
D Apmp Ve Vomp Kea Sp Acs
nad do max min max max max max
mm um
18 30 0 8 6 5 6 8
30 50 0 9 7 5 7 8
50 80 0 1 8 6 8 8 Je stejné jako A g
80 120 0 43 10 7 10 9 vnitfniho krouzku
120 150 0 45 1 8 1 10 toho samého loziska
150 180 0 -18 14 9 13 10
180 250 0 -20 15 10 15 11
250 315 0 -25 19 13 18 13

UloZeni loZisek

Konstrukce kuZelikovych loZisek umoziuje nastaveni loZiska(vili nebo predpéti) béhem montéZe bez ohledu na ulozeni vnitfniho a vnéj$iho
krouzku na hfideli a ve skfini. Nastaveni je optimalizovano podle poZadavkii na chod loZiska. Vybér zplsobu uloZeni zavisi hlavné na
nasledujicich parametrech:

- tfida pfesnosti loZiska

- zatizeni krouzku loZiska (obvodové nebo bodové)

- typ usporadani

- typ a smér zatizeni (rovnomérné / proménlivé otaceni)

- zvlastni pracovni podminky (razy, vibrace, pretizeni nebo vysoké otacky)

- zpUsob obrobeni dosedacich ploch

- prifez a material hidele a skfiné

- podminky montaZe a sefizeni

Obecnym pravidlem je, Ze obvodové zatizené krouzky jsou uloZeny s pfesahem, nebo s viili v zavislosti na poZadavcich konstrukce nebo
montaznich podminkach.

Montéz kuzelikovych loZisek

Prostfedi

Pro dosaZeni maximalni trvanlivosti kuzelikového loZiska je podstatné udrzovani Eistoty b&éhem jeho montaze. LoZiska v pfepravnych
obalech jsou chranéna prostfedkem proti korozi. Tento prostiedek nepostacuje ke spravnému mazani loziska, avSak kompatibilni s vétSinou
maziv, a proto nemusi byt ve vétsiné pfipadu pfi montazi odstranén.
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Ulozeni

Ke spravnému ulozeni vnitfnich a vnéjSich krouzk( na hfidelich nebo ve skfinich je tfeba pouzivat odpovidajici nafadi, aby se predeslo
poSkozeni. Je tfeba se vyvarovat pfimym Gderim na krouzek.

V nékterych pfipadech musi byt krouzky loZiska ohraty nebo ochlazeny pro usnadnéni montaze. Nesmi vSak byt pfekroCena teplota +120°C
(u pfesnych lozisek +70°C). Pfi ochlazovani vnéjiho krouZku nesmi byt pfekro¢ena teplota -54 °C (u pfesnych loZisek -30°C)

Zajisténi axialniho ustaveni a souososti loZiska a jeho pfilehlych &asti za vSech podminek zatiZeni a provozu zabezpeduji opéry vnéjsiho
nebo vnitfniho krouzku. Pro dosazeni maximalni trvanlivosti kuZelikového loziska je nezbytné, aby byl kazdy krouzek opatfen opérou s
odpovidajicim prGmérem kolmou k ose loZiska.Tato opéra musi mit dostatecny priifez a provedeni, aby vydrzela axialni pohyb zplsobeny
razy nebo deformaci. V pfipade volného uloZeni musi byt rovnéz odolna proti opotfebeni v misté styku s loziskem. Tyto krouzky by neméli
byt pouzivany tam, kde by jejich montaz nebo demontaZ mohly zplsobit poSkozeni klece loZiska.BéZnou a nejéastéji pouzivanou metodou
zajisténi je osazeni na hfideli nebo ve skfini. V nékterych aplikacich se pouZiva bud opérmy krouzek mezi vnitfinim krouZkem a osazenim
hfidele, nebo pojistny krouZek. V pfipade pouZiti pojistného krouZku pro axiélni zajisténi loZiska je vhodnéjsi pouzit pro montdz krouzku s
pfesahem. Vnéjsi krouzek pouzivany pro nastaveni loZiska pfi montazi "X" je obvykle ustaveny do polohy pomoci vika se stfedicim
nakruzkem nebo ve viku se zalisovanym vnéjSim krouzkem. Nastaveni loZiska pfi montazi "O" mize byt dosaZeno pojistnou matici, nebo
pojistnou matici a kalenou podlozkou s jazyckem, matici s pojistnym nakruzkem nebo opérnou deskou.

Tam, kde nastaveni loZisek uloZzenych s vili vyzaduje pouZiti podlozky mezi krouzkem loZiska a povrchem opéry, je tfeba zajistit dokonalé
axialni sevfen.

Nastaveni

Nastaveni loZisek je definovano jako urcita velikost vile nebo predpéti. Viyhodou kuZelikovych loZisek je moznost jejich nastaveni béhem
montaze. Ve v&tsSiné aplikaci mohou byt nastaveny tak, aby bylo dosazeno optimainiho vykonu, (viz. obr. 6-20). Aby bylo dosaZeno
pozadovaného nastaveni, u kuzelikovych lozisek mlze byt jeden krouzek vici druhému axidlné posunut.

Vztazna
zivotnost |

|

|

|

|

|

|

|

| Provozni axialni
«Predpéti-»} Vile nastaveni loZiska

Obr. 6-20 Zavislost mezi nastavenim loZiska a tnavovou Zivotnosti
Podminky nastaveni loZisek v sestavé jsou definovany jako:

Vle - Axialni ville mezi kuZelky a obéZnymi drahami umoznujici méfitelny axialni posuv hfidele pfi pisobeni malé axialni sily.
Tento posuv se méfi stfidavym zatlaovanim a vytahovanim hfidele pfi jeho oscilaci nebo rotaci.
Predpéti - Axialni pfesah mezi kuZelky a obéznymi drahami, pfi kterém neni axialni posuv hfidele méfitelny zatlaGovanim a vytahova-
nim hfidele pfi jeho oscilaci nebo rotaci.
Primkovy styk - Nulové nastaveni je pfechodny bod mezi viili a predpétim.

Nastaveni ziskané béhem montaze, pfed uvedenim zafizeni do provozu, je oznaCovano jako nastaveni montazni nebo nastaveni
zastudena (pfi okolni teploté). Montazni nastaveni loZiska potiebné k ziskani optimainiho provozniho nastavéni se lisi podle typu aplikace.
Aby bylo dosaZeno této hodnoty, je tfeba brat pfi nastaveni loZiska v Uvahu deformaci pfi zatiZeni (radialni a axialni) stejné jako tepelnou
roztaznost a pouzity material. Casto véak neni znamy presny viiv okolniho prostfedi na provozni nastaveni loZiska, a proto musi byt
proveden odborny odhad.

Nastaveni loZiska béhem provozu je oznacovano jako provozni nastaveni a je vysledkem zmén montazniho nastaveni zplsobenych
tepelnou roztaznosti a deformaci vlivem zatizeni. Pro dosaZeni maximélni Zivotnosti loZiska je vétSinou nejvhodnéjsi provozni nastaveni
okolo nuly (obr. 6-20). Proto je vétSina loZisek pfi montazi nastavena s vdli, ktera se pfi dosaZeni stabilizované provozni teploty zmensi a
nastaveni se co mozna nejvice pfiblizi pozadované nule.
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Mazani lozisek

Spravné mazani zasadnim zplisobem ovliviuje fungovani kazdého loZiska a jeho nezbytnou podminkou je vybér adekvatniho typu maziva,
jeho optimalni mnozstvi a spravna aplikace do loZiska. Mazivo ma tfi zakladni funkce:

+ oddélit kontaktni plochy a omezit tfeni

« odvadét teplo (pfi mazani olejem)

+  chranit pfled korozi a pfi mazani plastickymi mazivy rovnéz pred vniknutim nedistot

Na tyto funkce ma vliv mazani a tloustka mazivového filmu na ob&Zné draze a v misté styku éela kuzeliku s nakruzkem. Vytvareni
mazivového filmu mezi kontaktnimi plochami loZiska se nazyva elastohydrodynamicky mechanizmus mazani. Tloustka mazivového filmu
mezi kontaktnimi plochami m(Ze mit vliv na vykon loZiska. Tyto tenké filmy nejsou ¢asto o mnoho silnéj$i neZ vyska drsnosti povrchu.
Tloustka vytvareného filmu zavisi na nasledujicich provoznich podminkéach:

+ rychlosti otageni

o zatiZeni

+  viskozité maziva

+  zavislosti mezi tiakem a viskozitou

Vybér spravného maziva pro kazdou aplikaci vyzaduje peclivou analyzu oekavanych provoznich podminek a podminek prostiedi.

Mazani plastickym mazivem

Mazani plastickym mazivem je nejjednodu$sim zplsobem mazani pro kaZdou loZiskovou aplikaci. Plastickd maziva jsou vyrabéna z
mineralniho oleje se specifickou viskozitou zahusténého na pozadovanou konzistenci ur¢itym druhem kovového mydla, jako napf. sodnym,
vapennym, lithnym, komplexnim vapennym nebo komplexnim hlinitym.

Véapenna maziva jsou dobie odolna proti vodé, ale jejich pouZitelnost je omezena teplotou do 65°C. Sodnd maziva maji obvykle dobrou
stabilitu a jsou vhodna i pro vy3Si teploty, ale absorbuiji vodu, takze nemohou byt pouzita ve vihkém prostfedi. Lithna, vapenna komplexni a
hlinita komplexni maziva obvykle kombinuji vy$$i tepelnou odolnost a stabilitu sodnych maziv s odolnosti vapennych maziv proti vodé. Tato
maziva jsou ¢asto oznagovana jako "vicelcelova", protoZe spojuji dvé nejdileZitéj$i vyhody maziva v jednom produktu.

¢ ZpUsob plnéni

Pokud je zvoleno mazani plastickym mazivem, je tfeba se pfi jeho aplikaci ujistit, Ze vypliiuje prostor mezi kuzelky a kleci. Jestlize je loZisko
plnéno rucné, pak je nutné vtlacovat do ného mazivo pod kleci smérem od Sirokého Cela k Uzkému, aby bylo dosaZeno spravného rozlozeni
maziva v lozisku.

Lozisko kompletné napinéné mazivem se samo zbavi jeho pfebytku v momenté, kdy se zaéne otacet. Pokud neni uginéno zadné opatieni
umoznujici vyvod maziva z dutiny loZiska, pak dochazi vlivem pumpovani pfi vysokych otatkach k nadmérmému vyvijeni tepla. Pfi prvni
montaZi je vhodné rozetfit mazivo na vnéjSi krouzek. Prostor mezi kleci a vnitfnim krouzkem by mél byt zcela zaplnén. Nékdy je vhodné
pouzit pro udrzeni unikajiciho maziva v okoli loZiska krouzky lisované z plechu.

* Pozadované mnozstvi plastického maziva
Pro zaji$téni optimalniho mazani je tfeba naplnit loZisko poZzadovanym mnozstvim maziva, které je odvozeno od volného objemu loziska.
V zavislosti na typu aplikace bude toto mnozstvi pfiblizné:
+  2/3 volného objemu loZiska pro konvenéni mineralni maziva
+ 1/3 volného objemu loZiska pro synteticka maziva.
PFi uréeni odpovidajici hmotnosti maziva se pogita s pfibliznou hustotou maziva 0,9 g/cm3:
Pokud lozisko pracuje ve znecisténém prostfedi a jeho rychlost je velmi nizka, doporuuje se, aby skfif, ve které je lozisko uloZeno, byla
kompletné vyplnéna mazivem. U vysokootackovych aplikaci zplsobuje pfemazani vyvijeni nadmérého tepla, coz mlize vést k degradaci
maziva a k poSkozeni loZiska.

* Cyklus domazavani

Provozni teplota a U¢innost tésnéni jsou dva zakladni faktory uréujici cyklus domazavani u kazdé aplikace. Je ziejmé, ze netésnosti budou
vyZadovat ¢asté domazavani, a proto je tfeba ucinit vSechna opatieni pro udrzovani maximaini Gcinnosti tésnéni. VSeobecné plati, ze ¢im
vy$8i je provozni teplota, tim rychleji dochézi k oxidaci maziva, a ze Zivotnost maziva se snizi pfiblizné o polovinu pfi kazdém zvySeni teploty
0 10°C. Proto ¢im vy3Si je provozni teplota, tim Cast&ji musi byt doplfiovano mazivo. Zvlastni ohled je tieba brat na aplikace vystavené
extrémnim otackam, teploté, zatizen nebe podminkam prostfedi. Ve vétsiné pripadl je frekvence domazavani stanovena na zakladé
zkuSenosti s danou aplikaci.
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Mazani olejem

Komeréné dostupné mazaci oleje se pouzivaji v automobilovém primyslu, ve vSeobecném strojirenstvi, v letectvi a dalSich oblastech. Typy
oleju se déli na mineralni, ziskavané rafinaci ropy, a syntetické vyrabéné chemickou syntézou. Vybér spravného oleje pro kazdou loZiskovou
aplikaci se provadi na zakladé fyzikalnich a chemickym vlastnosti olej.

Viybér viskozity oleje pro kazdou loziskovou aplikaci vyzaduje posouzeni riznych faktord, jako je zatizeni, otacky, nastaveni loziska, typ oleje
a faktory prostfedi. Jelikoz se viskozita méni nepfimo umérné s teplotou, musi byt hodnota viskozity udavana vzdy zaroven s teplotou, pfi
které byla urCena. Oleje s vysokou viskozitou jsou pouzivany pro aplikace s nizkymi otackami nebo vysokou teplotou prostfedi. Oleje s
nizkou viskozitou jsou vhodné pro aplikace s vysokymi otakami nebo nizkou teplotou prostredi.

Jednou z nejvétSich vyhod mazani olejem je skutecnost, Ze vyvijené teplo je odvadéno cirkulujicim olejem z loziska a skfini ze systému.
KuZzelikové lozisko ma piirozenou tendenci pumpovat olej smérem od Gzkého Cela kuzelku k Sirokému Eelu. Pro dosazeni maximéalniho
prutoku oleje a odvodu tepla by mél byt pfivod oleje na strané uzkych Cel kuzeliku.

V pramyslu jsou b&zné pouzivany tfi nasledujici zplsoby mazani olejem:

* Mazani olejovou lazni

Mazani olejovou lazni, pfi kterém je lozisko EasteCné ponoreno ve statickém zasobniku oleje, je nejjednodudsim zpisobem mazani olejem.
Tento zplisob mazani, vzhledem na omezenou schopnost pfenaSeni tepla, je obvykle pouzivan pouze pro aplikace s nizkymi a stfednimi
otackami. Pro udrzeni pozadované hladiny oleje je dilezité spravné utésnéni. Ke kontrole hladiny oleje se Casto pouzivaji optické mérky.

* Mazani s nucenym obéhem oleje

Zplisob mazani s nucenym obé&hem oleje je komplikovanéj§i nez mazani olejovou lazni. V typickém systému je olej Cerpan z centrainiho
zasobniku ke kazdému lozZisku. Olej je do loziska zavadén ze strany uzkého Cela a odvadén na strané Sirokého Cela. Tim se vyuziva
pfirozeny Cerpaci uCinek kuZzelikovych loZisek. Cirkulujici olej zajiStuje nepfetrzity, regulovany tok oleje, jehoZz vyhodou je maximalni
odvadéni tepla a odplavovani nedistot nebo Ulomka, které mohou zplsobit opotiebeni loziska. Soucasti obéhového systému mohou byt
vyméniky tepla pro snizeni teploty oleje a prodlouzeni jeho zivotnosti. Pro odstrafiovani tlomkd zpusobuijicich opotiebeni loziska mohou byt
pouzity filtry. Systémy mazani obéhem jsou vyhodné zejména pro vysoce vykonné loziskové aplikace, vyzadujici pfedevsim odvadéni tepla
a dlouhou Zivotnost oleje.

U aplikaci s vy3Simi otaCkami se pouzivaji systémy mazani s nucenym ob&hem a vstfikovanim oleje. Vstfikovaci trysky jsou umistény tak,
aby smérovaly olej do prostoru mezi kleci a vnitinim krouzkem ze strany uzkého Cela kuzelik(i. Pro dosaZeni maximaini G¢innosti chlazeni
mohou byt Usti trysek rozmistény i po obvodu loziska, aby vstfikovaly olej ze strany (zkého (nékdy Sirokého] Cela kuzelika.

* Mazani olejovou mlhou

V systémech mazani olejovou mlhou jsou velmi drobné kapicky oleje rozptylovany pomoci proudu vzduchu s nizkou rychlosti a nizkym
tlakem. Olejové kapicky jsou v loZisku zkapalnény pomoci zahustovacich trysek a/nebo narazem na rychle se otacejici ¢asti loziska. Olejova
mlha ma minimalni chladici schopnost, protoze rychlost proudiciho vzduchu a mérné teplo vzduchu jsou nizké. Presto vSak muze byt tento

systém pouzivan pro vysoce vykonné loziskové aplikace, protoze mnozstvi vyvijeného tepla je v nich minimalizovano.
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Main Specification

Single-row tapered roller bearings design series: 302, 303, 313, 320, 322, 323 a 332 are separable bearings, facilitating bearing - equipment
assembly. Tapered roller bearings consist of four basic components. These are the cone, the cup, tapered rollers and a cage. The cone of
the bearing together with rolling elements and cage forms one unit. Rolling elements have the form of a taper roller where its functional face
is in contact with the flange of the inner ring. Bearings have a contact angle a in the range 12° - 16° or 28° - 30° and can accommodate
radial and axial load. The greater is the angle between the cup and bearing centerline, the greater is the ratio of thrust to radial load capacity.

(Fig.6-1).
2
/
\ /
\
‘ S (i | - \\\

Shallow angle for Steep angle for
heavy radial load heavy thrust load

Fig. 6-1 Bearing design to support radial and thrust loads in any combination

Under normal operating conditions, the cone, cup and rollers carry the load while the cage separates the rollers. The extensions of the
raceways and rollers of a tapered roller bearing are designed to converge at a common point on the axis of rotation called the apex (Fig.6-2).
This results in true rolling motion of the rollers on the raceways, at every point along the roller body. (Fig.6-3).

Fig. 6-2 Design with on-apex convergence of extensions of the raceways and rollers results in true rolling motion of the rollers on the
raceways, at every point along the roller body

Fig.6-3 Internal roller profiting of components results in uniform stress distribution under normal loading conditions
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The range of applications of tapered roller bearings is very wide given by their ability to accommodate a high load in a "many taper rollers in
one row" arrangement as well as their ability to accommodate radial and axial loads. For example: heavy gearboxes, gears, rolling
machinery, hoist machines etc. For a given bore, if is possible to select a light or heavy section to meet application load/duty requirements,

(Fig. 6-4).

Light section Heavy section
Fig. 6-4 Bearing designs to suit the available space

Positive roller alignment is one of the major features of tapered roller bearings. The tapered configuration of the roller not only ensures true
rolling motion with long line load-bearing contact, but also generates a "seating force" that pushes the roller against the large rib of the cone.
This seating force is o function of the different angles of the cups and cones, see vector diagram (Fig. 6-5). It prevents the rollers from
skewing off apex, thereby always keeping them positively aligned and located against the cone.

Radial
Outer race resultant |

Thrust ISeemng force

-

Outer race

resultant
Inner race

resultant

-~

Seating force

Inner race resultant

Elliptical
roller-rib
contact

Fig. 6-5 Small seating force against the cone rib keeps rollers aligned on the raceway
Bearing Material

The material selection can have a dramatic impact on a bearing's ability to meet the application requirements. KLF-ZVL bearings have been
produced from low-carbon, carburizing grades of steel. Additionally, the heat-treatment process that accompanies material selection largely
dictates durability by its impact on

several bearing characteristics.

Cage Material and Design

The cage of tapered roller bearing does not carry load and serves only to retain and space the rollers around the race. Therefore, the cages
of tapered roller bearings are mode from a low-carbon, mild steel stamping, which is not indicated.
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Bearings designation

Original ISO Marking System of Tapered Roller Bearings

The original metric part numbering system for tapered roller bearings was internationally stated and based on the ISO dimensional plan for
radial bearings. A 5-digit port number commencing with numeral 3 describes the bearing assembly (cone and cup), see Fig. 6-6. Designation
of the standard design bearing is shown in the dimension tables.

; 303 313 323
1 302 322 332
0 | 330331
Diameter [ | 320
series
0 1 2 3

Width series ————Jp—

Fig. 6-6 Original ISO Marking System of Tapered Roller Bearings

- Section 4 (Cone bore designation): The 2 last digits relate to the cone bore diameter that can be calculated by multiplying the number indicated
by 5, if the bore diameter is between 20 and 500 mm. For example, bearing 32218 has a 90 mm bore.

- Section 3 (Diameter series): The bearing section height is classified from 0 through 3 in increasing order of outer diameter for a given bore size.

- Section 2 (Width series): The bearing width is classified from 0 to 3 in increasing order of width.

- Section 1 (Symbol for bearing type): 3 always applies to tapered roller bearings.

Additional designations are shown after the standard designation, for example 32218AX.

X - change in boundary dimensions

New ISO 355 bearings marking system

A new numbering system for tapered roller bearings in ISO 355 uses 5 alpha-numeric fields to define the bearing series. The bearing part
number is then defined by adding the cone bore diameter in mm after the bearing width series designation (B,C,D,E), diameter series
designation (B,C,D,E,F,G), angle series designation (2,3,4,5,6,7) and symbol (T) for tapered roller bearings. Designation of the standard
design of bearings and designation according to the ISO 355 standard are shown in the dimension tables.
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Diameter series

G
F
E
D
C

B

BCDE BCDE BCDE Width series

Fig. 6-7 New ISO 355 bearings marking system

T4C B 100
- Bearing bore diameter (mm)
-Width series designation T/(D-D) °*

over inkl.
B 0,50 0,68
C 0,68 0,80
D 0,80 0,88
E 0,88 1,00

-Diameter series designation D/d o7

over inkl.
B 3,40 3,80
C 3,80 4,40
D 4,40 4,70
E 4,70 5,00
F 5,00 5,60
G 5,60 7,00

-Angle series designation a

over inkl.
2 10° 13°52'
3 13°52' 15°59’
4 15°59’ 18°55’
5 18°55' 23°
6 23° 27°
7 27° 30°

Symbol for tapered roller bearings (optional)

Main Dimensions

The main dimensions of single-row tapered roller bearings with cylindrical bore correspond to the international dimension standard 1SO 355.
This standard offers broad range of possibilities to select a bearing for specific options applications for a given bore diameter. Depending on
application and type of load (thrust and/or radial) the bearing with an optimal angle and section can be selected.
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Raceway
angle %]
between | (mm)
100
90 F Fi
80 F F F
SSﬂ
130 32911 32011X 33011 33111 30211 32211
(2BC)  (3CC) (2CE) (3CE) (3DB)  (3DC)
15°10'
120
100
55 __ _
1°30° 33211 30311 32311
(3DE) (2FB) (2FD)
15°10'
120
18°15' 31311 323118
(7FB) (5FD)
30°

Fig.: 6-8 Comparison table - increase in section for a 55mm bore diameter of bearing
Comparison of Tapered Roller Bearings with other Bearing Types

There are many various types of rolling bearings but analyzing all factors as load range and carrying capacity, size, performance, price,
bearing durability and reliability, most designers accept clearly visible benefits of tapered roller bearings. Of course, other types of bearings
have their fields of application, as can be seen from further interpretation, but tapered roller bearing is the most versatile type of bearing.

Sliding bearings

In their simplest form, these bearings consist of cylindrical inserts transferring load, made of wear-resistant materials such as gray cast iron,
phosphor bronze, white metal, or a special plastics. Sliding bearings are mainly used for applications with relatively little load and relatively
smooth motion. So that bearing works effectively, there must be some clearance between the fixed and rotating parts. It is necessary to pay
great attention to dirt particles accruing in this area to prevent fast wear. Regular maintenance is therefore very important in most
applications with sliding bearings. Due to the need for frequent maintenance the sliding bearings were replaced with rolling bearings in new
applications.

Ball bearings

All types of ball bearings have a point contact between the balls and the rings. Due to this point contact, to achieve the required carrying
capacity, it is necessary to use larger ball bearings than tapered roller bearings that transmit load along all length of the tapered roll (linear
contact).

The most commonly used type is the ball bearing with a deep trough, which is suitable only for small radial load. Axial or shock loads could
lead to rapid deterioration. It is also important to ensure that the lubricant was "clean", because impurities tend to grab into the trough of the
ring, which leads necessarily to reduction the efficiency and durability of the bearing. Ball bearings with a deep trough are supplied as a kit
with integral rings. Radial clearance can therefore be set only when mounting the inner and outer ring. They are usually used where size,
strength and radial clearance do not have an important significance, but where demand for easy installation and low cost is.
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Angular-contact ball bearings

Construction of angular-contact ball bearing allows to overcome some of the limitations of ball bearing with a deep trough by improving its
ability to carry combined axial and radial loads. Even though the strength of the bearing is greater than the strength of the ball bearing with a
deep trough, it is still much less than the same size of taper roller bearing (see Fig. 6-8). Single row angular-contact ball bearings have a
non-separable structure, usually arranged so that they can be set against a second bearing. They are not very resistant to misalignment
between a shaft and a housing, which may have a significant effect on the reduction of the durability of a bearing.

Cylindrical Roller bearings

Cylindrical roller bearings are often used in non-setting position where it is needed to compensate for thermal expansion by allowing axial
displacement of the shaft relative to the housing. Inner and outer rings are separable (that facilitates installation and removal). Rollers have
linear contact with the rings, so that they can carry larger radial loads than ball bearings with a point contact. A bearing separator must axially
align rollers and hold them. This requires the use of a heavier separator and smaller number of rollers in comparison with tapered roller
bearings of similar size. It also means that it has a lower strength.

Some types are also capable of carrying limited axial load. This requires additional mounting of flange on the inner or outer ring. Full axial
load must, however, be transferred between the flanges and the faces of rollers, which can lead to high stress concentrations

Needle bearings

Needle roller bearings are similar to roller bearings, but their rollers are long and thin, which makes them very compact cross-section. They
are highly adaptable and have a high radial load capacity in relation to their cross-sectional height, but can transmit only very small axial
loads.

Typical applications are synchronous mechanisms of automotive gearboxes and bearings for planetary wheeled reductions for light
operation,

Spherical roller bearings

The most important characteristic of spherical roller bearings is their ability to compensate for misalignment of the shaft relative to the
housing. They have a large radial load capacity, but under heavy load, stress is not distributed evenly and correct rolling motion occurs in
only two contact points on each barrel. This naturally causes slippage along the length of the rolling element. Therefore, spherical roller
bearings have a higher coefficient of friction and lower permissible speed than other types of rolling bearings. The separator must have an
extremely robust construction to prevent eccentricity of barrels. This leads to increased moment of inertia of the separator and a limited
number of spherical rollers. Suitable application for these bearings is that where there is a risk of misalignment in assembly and where there
are no strict requirements for speed and deviations.

Tapered Roller Bearings
Tapered roller bearings combine the useful properties of all other types of bearings and offer further benefits:
+ Combined radial and axial strength (Fig. 6-9).
* Higher relative durability for a given bearing size (Fig. 6-10), or
+ Smaller bearing size for a given strength.
+ Adjustability - for optimum bearing function values of clearance or preload can be adjusted according to the requirements of the structure.
* Less sensitivity to polluted environment due to natural pumping capability, which pushes impurities out of the contact area between the
tapered rollers and raceway.
+ Low coefficient of friction and high permissible speed due to the correct rolling movement (see Fig. 6-2) compared to other types of
rolling bearings.
+ Easy assembly and disassembly enabled by separable inner and outer ring.
+ Choice of mounting arrangements to suit a given type of load and design limitations of application.
+ A lower price for a given calculated fatigue life (Fig. 6-11)

=

Fig. 6-9 Tapered roller bearing can carry radial and axial load
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Fig. 6-10 Tapered roller bearing with conformable bore diameter to ball bearing or cylindrical roller bearing can achieve much
longer fatigue life
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Fig. 6-11 Price of tapered roller bearing with particular calculated fatigue life is generally lower than price of other types of bearings
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Bearings Aggregation into Sets

Bearings sets are used in many applications, such as gear reduction units and industrial machines. These preset two-rows assemblies can
be used at fixed or floating position.

[ 777 7]
i\

\

Set "O" Set "X" Set "Tandem"

Fig. 6-12 Types of single row tapered roller bearings sets

Examples of Applications

Fig. 6 - 13 Truck gearbox / transmission Fig. 6 -14 Lift truck steering axle
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i
Sl -

Fig. 6-16 Loader front and rear axles Fig. 6-17 Transmision of speed
Tolerance Class

Single-row tapered roller bearings within a standard program are ordinarily produced at normal tolerance PO (PO is not indicated).

For special cases of arrangement, demanding higher accuracy, or operating at high speed of rotation the bearings in higher tolerance
classes P6X, P5 a P4 are delivered.

Special bearings for high-temperature applications (additional designation SO, S1, S2) are also available. Supplies of bearings with a
different tolerance class should be agreed in advance.

PO - normal tolerance class (not indicated)
P6X - higher tolerance class than standard PO
P5 - higher tolerance class than P6X

Vibration Level

On request can also be supplied bearings with reduced vibration level - C6 in additional designation of a bearing.

Alignment

The IIseating surface for these bearings must be aligned only with small deviations because the ability of rings to bear misalignment is very
small.

- under small load i (F; < 0,1Cq) 1't0 1,5'
- under great load (F, > 0,1C,;) 2' to 4'
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Dynamic Equivalent Radial Load

By radial load of a shaft seated with two single row tapered roller bearings an axial force is generated. An axial load of first bearing of a
couple of bearings depends on a load and contact angle of another bearing. These inner forces are needed to be taken in account together
with effecting outer forces at bearings performance calculating. The table Fig. 6-19 specifies relations for various bearing arrangements with
regard to external axial force Ka, radial force FrA or FrB encumbering the bearing A, or the bearing B. Radial forces affect the point of
intersection of the tangent and the bearing axis. In calculations they are considered as positive even if their directions are opposite to that in
the figure. The calculated force Fa is included into equivalent radial dynamic load calculations.

Pr=Fr Fa/Fr<e (kN)
Pr=0,4 Fr+YFa Fa/Fr>e (kN)

The basic dynamic radial load rating is assumed to be the radial load carrying capacity with 180°-degree load zone in the bearing, see

Fig. 6-18. The dynamic equivalent radial load is that radial load which, if applied to a bearing, will give the same life as the bearing will
attain under the actual loading (combined axial and thrust).

ol

Internal clearance 180° load zone
Zero clearance

ol

Small preload 360°load zone
Heavy preload

Fig. 6-18 Radial load zone effect like relation of internal clearance or preload in the bearing
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The static equivalent radial load is the static radial load (no rotation or oscillation) that produces the same maximum stress, at the center of
contact of a roller, as the actual combined radial and thrust load applied. The equations presented give on approximation to the static
equivalent radial load assuming o 180° load zone (loaded portion of the raceway) in one bearing and 180°or more in the opposing bearing.

Por=05F +YOF,

AXIAL LOAD OF BEARINGS DEPENDING ON BEARING ARRANGEMENT

Bearing arrangement

Force conditions

Axial load of bearings
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Fig. 6-19 Axial bearing load for particular Bearing arrangements

Bearing B
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I:aB = FaA + Ka

FaB = FaA + Ka

0,5F,
aB = T
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Summary of Symbols and its Explanation

d - nominal bore diameter

Agmp - mean cylindrical bore diameter deviation in single radial plane
Vgp - single bore diameter variation in single radial plane

Vdmp - mean cylindrical bore diameter variation

Kia - radial run-out of assembled bearing inner ring

Sy - flat seat face axial run-out of inner ring towards bore

D - nominal outer diameter

Apmp - Mean outer diameter deviation in single radial plane

Vpp - single outer diameter variation in single radial plane
Vpmp - mean outer diameter variation

Kea - radial run-out of assembled bearing outer ring

Sp - run-out of outer cylindrical surface towards outer ring face
B - inner ring nominal width

Ags - innerring single width deviation

Vgs - inner ring single width variation

C - outerring nominal width

Acg - outer ring single width deviation

Vs - outer ring single width variation

T - nominal total width of tapered roller bearing

ATs - single total width deviation of tapered roller bearing

Dimensions and Running Accuracy of Tapered Roller Bearings

Tolerance Degree PO

Single-Row Tapered Roller Bearings

Inner Ring (Cone) and Total Width of Bearing

d Admp Vep Vamp Kia Ags A
over to max min max max max max min max min
mm um
10 18 0 -12 12 15 0 -120 +200 0
18 30 0 12 12 18 0 -120 +200 0
30 50 0 12 12 20 0 -120 +200 0
50 80 0 15 15 1" 25 0 -150 +200 0
80 120 0 20 20 15 30 0 -200 +200 -200
120 180 0 25 25 19 35 0 -250 +350 -250
Outer Ring (Cup)
D Apmp VDp VDmp Kea Ac
over to max min max max max
mm um
18 30 0 12 12 9 18
30 50 0 14 14 11 20
50 80 0 16 16 12 25 FEEESIES Sy
of the same
80 120 0 18 18 14 35 bearing cone
120 150 0 20 20 15 40
150 180 0 25 25 19 45
180 250 0 30 30 23 50
250 315 0 35 35 26 60
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Dimensions and Running Accuracy of single-Row Tapered Roller Bearings

Tolerance Degree P5

Inner Ring (Cone) and Total Width of Bearing

d Admp Vdp Vdmp Kla Sd A Bs ATs
nad do max min max max max max max min max min
mm um
10 18 0 5 5 5 7 0 -200 200 -200
18 30 0 - 6 5 5 8 0 -200 200 -200
30 50 0 -10 8 5 6 8 0 -240 200 -200
50 80 0 -12 9 6 7 8 0 -300 200 -200
80 120 0 -15 1 8 8 9 0 -400 200 -200
120 180 0 -18 14 9 " 10 0 -500 350 -250
Outer Ring (Cup)
D Apmp Vop Vomp Kea Sp Acs
nad do max min max max max max
mm um
18 30 0 -8 6 5 6 8
30 50 0 9 7 5 7 8
50 80 0 " 8 6 8 8 Coresponds to Apgs
of the same
80 120 0 -13 10 7 10 9 bearing cone
120 150 0 15 " 8 1 10
150 180 0 -18 14 9 13 10
180 250 0 -20 15 10 15 1"
250 315 0 25 19 13 18 13

Seating of Bearings

The design of o tapered roller bearing permits the setting of bearing (internal clearance or preload) during installation to be optimized
operation requirements irrespective of the cone and cup fits on the shaft and housing. The choice of fitting practices will mainly depend upon
the following parameters:

- Precision class of the bearing

- Rotating or stationary race

- Type of layout ( single/double-row bearings)

- Type and direction of load (continuous/alternate rotating)

- Particular running conditions like shocks, vibrations, overloading or high speed
- Capability for machining the seats (grinding, turning or boring)

- Shaft and housing section and material

- Mounting and setting conditions

- Pre-adjusted bearings must be mounted with the recommended fit.

It is general standard that seating of circuit loaded rings is with overhang, whereas seating of point-wise loaded rings can be with overhang
or clearance, depending on construction and mounting conditions requirements

Mounting of tapered roller bearings

Environment

Cleanliness during the bearing mounting operation is essential for a tapered roller bearing to operate for maximum service life. All bearing
types are typically shipped protected with a corrosion preventive compound that is insufficient as accurate bearing lubricant, but that is
compatible with majority of lubricants. Such bearings may be used in applications without removal of the corrosion preventive compound.
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Seating

Adequate tools must be provided to properly fit the inner and outer rings on shafts or in housings to avoid damage. Direct shocks on the
rings must be avoided.

In some cases, bearing rings have to be heated or cooled to simplify assembly. Do not heat standard bearings above +120°C (precision
bearings above +70°C) or freeze outer rings below -54°C (precision bearings below -30°C).

The primary function of either the cone or cup backing shoulders is to positively establish the axial location and alignment of the bearing and
its adjacent parts under all loading and operating conditions. For a tapered roller bearing to operate for maximum service life, it is essential
that a shoulder, square with the bearing axis and sufficient diameter, is provided for each ring. It must be of sufficient section and design to
resist axial movement due to loading or distortion and must be wear-resistant at the interface with the bearing. Care must be taken during
installation or removal of the snap ring to prevent damage of the bearing cage. The conventional and most widely accepted method used to
provide bearing backing is to machine a shoulder on a shaft or in the housing. In some applications a spacer ring is used between o cone
and shaft shoulder, or a snap ring. As a further alternative a split spacer can be used. A spacer or snap ring can also be used for cup
backing. If a snap ring is used for bearing backing it is recommended that an interference cup fit with overhang is used.

In instances where snap rings are used to locate bearing components, it is important that they are of sufficient section to provide positive
location.

Setting

Setting is defined as a specific amount of either clearance or preload. Establishing the setting at the time of assembly is an inherent
advantage of tapered roller bearings. They can be set to provide optimum performance in almost any application, (Fig. 6-20). One ring can
be moved axially relative to the other to obtain the desired bearing setting.

Rated life

Operational axial
setting of bearing

1
< Preload —+} Clearance

Fig. 6-20 Relationship between bearing setting and fatigue life
At assembly, the conditions of bearings setting are defined as:

Clearance - An axial clearance between rollers and races producing a measurable axial shaft movement when a small axial force is
applied - first in one direction, then in the other, while oscillating or rotating the shaft.
Preload - An axial interference between rollers and races such that there is no measurable axial shaft movement when a small axial
force is applied - in both directions, while oscillating or rotating the shaft.
Line-to-line contact - A zero setting condition, means the transitional point between clearance and preload.

Bearing setting obtained during initial assembly and adjustment is the cold or assembly bearing setting and is established before the
equipment is subjected to service. Assembly setting of a bearing for optimal operating setting depends on type of application. To be the
optimal setting value achieved, it is needed to make provision to deformity by (radial and axial) load as well as thermal extensibility and used
material. Frequently, however, the exact relationship of ambient to an operating bearing setting is unknown an educated estimate has to be
made.

Bearing setting during operation is known as the operating bearing setting and is a result of changes in the assembly bearing setting due
to thermal expansion and deflections encountered during service. Generally, the ideal operating bearing setting is near zero to maximize
bearing life (Fig. 6-20). Most bearings are set with clearance at assembly to reach the desired near zero setting at operating temperature.

Lubrication of Bearings

Proper lubrication is essential to successful performance of any bearing. Making the best bearing selection includes considering the type of
lubricant, the right amount of lubricant and the correct application of the lubricant on the bearing.
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The three fundamental functions of a lubricant are as follows:

+  To separate mating surfaces and reduce friction

+  To transfer heat [with oil lubrication)

+  To protect from corrosion and, with grease lubrication, from dirt ingress
These functions include consideration of the lubrication and generated film thickness on the raceway (simulated according to elasto-
hydrodynamic effects) and on rib / roller end contact.
The formation of the lubricant film between the mating bearing surfaces is called the elasto-hydrodynamic mechanism of lubrication.
Lubricant film thickness between the two contact surfaces can be related to the bearing performance. These thin films are often not much
larger than the surface roughness height. The thickness of the generated film depends on the operating conditions such as:

+ Velocity

* Loads

+  Lubricant viscosity

+  Pressure / viscosity relationship

The selection of the correct lubricant for any application requires careful study analysis of expected operational and environmental
conditions.

Grease Lubrication

The simplest lubrication system for any bearing application is grease lubricating. Grease as defined is "a solid to semi-fluid product of
dispersion of o thickening agent in a liquid lubricant" and are petroleum oils of some specific viscosity that are thickened to the desired
consistency by some form of metallic soap. Greases are available in many soap types such as sodium, calcium, lithium, calcium-complex
and aluminium-complex.

Calcium greases have good water resistance. Sodium greases generally have good stability and will operate at higher temperatures, but
they absorb water and cannot be used where moisture is present. Lithium, calcium-complex and aluminium-complex greases generally
combine the higher temperature properties and stability of sodium grease with the water resistance of calcium grease. These greases ore
often referred to as "multipurpose” greases since they combine the two most important lubricant advantages into one product.

* Grease Filling Mode

When grease lubrication is chosen, the grease should be filled into the bearing making sure that it goes between the rollers and cage. When
hand filling bearings, force grease through the bearing under the cage from the large end to the small end to ensure proper grease
distribution.

A bearing completely filled with grease will purge itself of the excess when rotation starts. If provision is not mode for grease exit from the
cavity, the churning of the grease could cause excessive heat generation if rotational speeds are high. At initial assembly, it is advisable to
smear grease on to the outer ring. The area between the cage and the inner race should be filled. It may be advantageous to use internal
closures to keep purged grease in the vicinity of the bearing.

* Required Grease Quantity
To ensure optimum lubrication, the required quantity of grease has to be filled into the bearing.
Depending on the application type, the quantity to fill the bearing will be approximately:

«  2/3 of volume of open space for conventional mineral grease

+  1/3 of volume of open space for synthetic grease

To determine the corresponding weight of grease, approximate the grease density to 0,9 g/cm3.
If speeds are very low or there is o dirty environment, it is suggested that the housing into which the bearing is seated, is completely filled. In
high speed applications, over-greasing will generate excessive heat which can lead to lubricant degradation and bearing damage.

* Re-greasing Cycle

The two primary considerations that determine the re-greasing cycle on any application are operating temperature and sealing efficiency.
Obviously seal leakage will dictate frequent re-lubrication. Every attempt should be mode to maintain seals at peak efficiency. It is generally
stated that the higher the temperature, the more rapidly the grease oxidizes. Grease life is reduced by approximately half for every 10°C rise
in temperature. Therefore, the higher the operating temperature, the more often the grease must be replenished. Special consideration
should be given to applications where speed, load, temperature or environmental conditions are extreme. In most cases, experience in the
specific application will dictate the frequency of lubrication.
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Oil Lubrication

Lubricating oils are commercially available in many forms for automotive, industrial, aircraft and other uses. Oils are classified as either
petroleum types (refined from crude oil) or synthetic types (produced by chemical synthesis. These oils have physical and chemical
properties that can help select the correct oil for any bearing application.

The selection of oil viscosity for any bearing application requires consideration of several factors: load, speed, bearing seating, type of ail,
and environmental factors. Since viscosity varies inversely with temperature, a viscosity value must always be stated with the temperature at
which it was determined. High viscosity oil is used for low-speed or high ambient temperature applications. Low viscosity oil is used for high-
speed or low-ambient temperature applications.

One of the major benefits of oil lubricated systems is that the heat generated by the bearing is carried away by the circulating oil and
dissipated through the system. A tapered roller bearing has o natural tendency to pump oil from the small to the large end of the rollers. For
maximum oil flow and heat dissipation, the oil inlet should be adjacent to the small end of the rollers.

There are 3 different types of oil lubricating systems commonly used in industry:

* Oil Level System

Oil level systems where the bearings are partially submerged in o static oil reservoir are the simplest types of oil lubrication systems. The oil
level system is generally only used for low and moderate speed applications because of the limited ability to transfer heat. Effective sealing is
important to maintain the required oil level; sight gauges are often used to monitor the oil level.

* Forced-feed Oil System

Forced-feed oil systems are more elaborate thon static oil level systems. In a typical system oil is pumped from a central reservoir to each
bearing. Oil is introduced at the small end of the bearing end drained away at the large end to take advantage of the natural pumping action
of tapered roller bearings. Circulating oil provides a continuous, regulated oil flow. This provides the advantages of maximum heat removal
and washing action, which removes contamination or debris that could cause bearing wear. Heat exchangers can be included in a circulating
system to reduce oil temperature and extend lubricant life. Filters should be used to remove debris which will cause bearing wear. Circulating
oil systems are particularly beneficial on high-performance bearing applications where heat removal and long-term oil life are primary
requirements.

Forced-feed oil systems with oil jets are used at higher speeds. The jets are positioned to direct oil to the space between the cage and the
inner race at the small end of the roller. In addition, oil-jet orifices can be arranged around the circumference of the bearing to distribute oil at
the small end sometimes at the large end of the rollers for maximum cooling efficiency.

Whenever large quantities of oil are used, it is important to balance the quantity of oil drained away with the oil directed into the bearing area.
Large drain areas are necessary to prevent a build-up of oil in the bearing. If oil is not properly drained away, temperature will elevate
because of excessive heat generated due to churning of the oil.

* Oil Mist System
Oil mist systems deliver very fine particles of oil suspended in a low-velocity, low-pressure air stream. Qil particles are wet-out in the bearing
by reclassification nozzles and / or impingement on high-speed rotating bearing parts. Oil mist provides minimum cooling capacity because

the air-flow rate and the specific heat of air are low. However, mist systems can be used on high-performance bearing applications, because
heat generation in the equipment is minimized.
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Rozméry Zakladni inosnost’ Mezni frekvence otaceni Hmotnost Oznaceni loziska
Dimension Basic Load raiting pro mazéni Weight Bearing Designation
dyn. stat.  Limiting Speed for Lubrication with
d D B C T s Fog g a Gy Co tukem olejem
min min min Grease (5/[
mm kN min’’ kg STN ISO
17 40 12 1,0 13,25 1,0 1,0 0,3 10 190 18,6 13 000 18 000 0,10 30203A  T2DB017
47 14 12,0 1525 1,0 1,0 0,3 1 251 228 10 000 13 000 0,14 30303A  T2FB017
20 47 14 120 1525 1,0 1,0 0,3 1" 251 26,1 8900 12 000 0,14 30204A  T2DB020
52 15 130 16,25 1,5 1,5 0,6 1 304 299 8400 11000 0,18 30304A  T2FB020
42 15 120 15,00 0,6 0,6 0,3 10 228 290 9000 13 000 0,10 32004AX  T3CC020
52 21 180 22,25 15 15 0,6 13 438 455 8 400 11,000 0,27 32304A  T2FD020
25 B2 15 130 16,25 1,0 1,0 0,3 12 299 335 7500 10 000 0,17 30205A  T3CC025
62 17 150 18,25 {5 15 0,6 13 438 421 6900 9200 0,29 30305A  T2FB025
62 17 130 18,25 1,5 15 0,6 20 362 391 6700 8900 0,27 31305A  T7FB025
47 15 1,5 15,00 0,6 0,6 0,3 12 242 287 8400 11000 0,12 32005AX  T4CC025
52 18 150 19,25 1,0 1,0 0,3 16 358 44,0 9500 13 000 0,19 32205A  T2CD025
62 24 20,0 2525 1,5 15 0,6 15 57,3 60,7 6700 8900 0,40 32305A  T2FD025
52 22 18,0 22,00 1,0 1,0 0,6 14 54,0 56,0 10 000 13 000 0,23 33205A  T2DE025
30 62 16 140 17,25 1,0 1,0 0,3 14 393 428 6500 8700 0,25 30206A  T3DB030
72 19 16,0 20,75 16 1,5 0,6 15 53,1 531 5600 7500 0,43 30306A  T2FB030
72 19 14,0 20,75 1,5 1,5 0,6 23 464 50,1 5300 7100 0,39 31306A  T7FB030
55 17 13,0 17,00 1,0 1,0 0,3 13 355 438 7100 9400 0,18 32006AX  T4CCO030
62 20 17,0 21,25 1,0 1,0 0,3 15 50,1 59,6 6700 8900 0,32 32206A  T3DCO030
72 27 230 2875 1,5 1,5 0,6 20 764 858 5600 7500 0,63 32306A _ T2FD030
3B 72 17 150 18,25 {E5 15 0,6 15 464 51,1 5300 7100 0,36 30207A  T3DB035
80 21 180 22,75 2,0 15 0,6 16 656 694 5000 6700 0,55 30307A  T2FB035
80 21 150 22,75 2,0 15 0,6 26 57,3 631 4700 6300 0,52 31307A  T7FB035
62 18 14,0 18,00 1,0 1,0 0,3 15 430 53,1 6300 8400 0,24 32007AX  T4CCO035
72 23 19,0 24,25 1,5 15 0,6 17 64,3 764 5300 7100 0,48 32207A  T3DCO035
80 31 250 3275 2,0 15 0,6 20 944 110,0 4700 6300 0,83 32307A  T2FE035
72 28 220 28,00 16 15 0,6 18 842 1060 6300 9500 0,56 33207A _ T2DE035
40 80 18 16,0 19,75 1,5 1,5 0,6 17 55,2 60,7 4700 6300 0,45 30208A  T3DB040
90 23 200 2525 2,0 1,5 0,6 18 843 932 4500 6000 0,77 30308A  T2FB040
90 23 17,0 2525 2,0 1,5 0,6 29 764 858 4000 5300 0,78 31308A  T7FB 040
68 19 145 19,00 1,0 1,0 0,3 15 482 643 5300 7100 0,29 32008AX  T3CD040
80 23 19,0 24,75 1,5 1,5 0,6 18 70,8 855 4700 6300 0,59 32208A  T3DC040
90 33 2710 3525 2,0 15 0,6 22 1140 141,0 4200 5600 1,12 32308A  T2FD040
90 33 2710 3525 2,0 15 0,6 27 104,2 136,6 4100 5400 1,12 32308BA  T5FD040
80 32 250 32,00 1,5 15 0,6 21 105,0 132,0 5600 8500 0,77 33208A  T2DE040
45 85 19 16,0 20,75 1,5 15 0,6 18 619 708 4500 6000 0,53 30209A  T3DB045
100 25 220 27,25 2,0 1,5 0,6 21 107,0 118,0 4000 5300 1,04 30309A  T2FB045
100 25 180 27,25 2,0 15 0,6 32 92,6 104,0 3800 5000 1,03 31309A  T7FB045
7% 20 15,6 20,00 1,0 1,0 0,3 17 57,3 794 4700 6300 0,36 32009AX  T3CC045
85 23 190 24,75 16 1,5 0,6 20 736 909 4500 6000 0,64 32209A  T3DCO045
100 36 30,0 38,25 2,0 1,5 0,6 25 144,0 1810 3800 5000 1,53 32309A  T2FD045
85 32 250 32,00 15 1,5 0,6 22 108,0 1430 5300 7500 0,82 33209A  T3DE045
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Rozméry Zakladni inosnost Mezni frekvence otaceni Hmotnost Oznaceni loZiska
Dimension Basic Load raiting promazani Weight Bearing Designation
dyn. stat.  Limiting Speed for Lubrication with
d D B C T lis I l3s a C, Cor tukem olejem
min min min Grease Qil
mm kN min’! kg STN ISO
50 90 20 17,0 2175 15 15 0,6 20 708 874 4200 5600 0,60 30210A T3DB050
110 27 230 2925 2,5 2,0 0,6 23 1210 141,0 3800 5000 1,32 30310A T2FB050
110 27 19,0 29,25 2,5 2,0 0,6 35 102,0 114,0 3300 4500 1,29 31310A T7FB050
80 20 15,5 20,00 1,0 1,0 0,3 18 596 874 4500 6000 0,40 32010AX  T3CCO050
90 23 190 2475 1,5 1,5 0,6 21 81,0 102,0 4200 5600 0,67 32210A T3DC050
10 40 330 4225 25 2,0 0,6 27 174,0 224,0 3300 4500 2,01 32310A T2FD050
110 40 330 4225 2,5 2,0 0,6 33 156,0 212,0 3200 4400 1,80 32310BA  T5FD050
90 32 245 32,00 15 1.5 0.6 23 114,0 160,0 5000 7000 0,90 33210A T3DE050
55 100 21 18,0 22,75 2,0 16 0,6 21 81,0 96,2 3800 5000 0,97 30211A T3DB055
12 29 250 31,50 2,5 2,0 0,6 25 136,0 162,0 3300 4500 1,71 30311A T2FB055
120 29 21,0 3150 2,5 2,0 0,6 38 17,0 136,0 3000 4000 1,63 31311A T7FB055
90 23 17,5 23,00 15 15 0,6 20 76,4 108,0 4000 5300 0,59 32011AX  T3CC055
100 25 21,0 26,75 2,0 15 0,6 22 102,0 128,0 3800 5000 0,92 32211A T3DC055
120 43 350 4550 25 2,0 0,6 29 200,0 256,0 3300 4 500 2,5 32311A T2FD055
60 110 22 19,0 23,75 2,0 15 0,6 22 944 17,0 3300 4500 0,88 30212A T3EB060
130 31 26,0 33,50 3,0 25 1,0 26 162,0 188,0 3000 4000 2,09 30312A T2FB060
130 31 22,0 33,50 3,0 25 1,0 41 136,0 158,0 2800 3800 2,03 31312A T7FB060
95 23 17,5 23,00 15 1,5 0,6 21 81,0 119,0 3800 5000 0,63 32012AX  T4CC060
110 28 240 29,75 2,0 16 0,6 25 126,0 162,0 3300 4500 1,27 32212A T3EC060
130 46 37,0 48,50 3,0 25 1,0 31 228,0 299,0 2800 3800 3,07 32312A T2FD060
130 46 370 4850 30 25 1,0 39 200,0 293,0 2500 3300 3,16 32312B T5FD060
65 120 23 200 24,75 2,0 1,5 0,6 24 112,0 136,0 3000 4000 1,23 30213A T3EB065
140 33 280 36,00 3,0 25 1,0 28 185,0 220,0 2800 3800 2,55 30313A T2GB065
140 33 230 36,00 3,0 25 1,0 44 150,0 178,0 2800 3800 2,45 31313A T7GB065
100 23 175 23,00 15 1,5 0,6 23 81,0 1230 3300 4500 0,68 32013AX  T4CCO065
120 31 2710 32,75 2,0 1,5 0,6 28 150,0 200,0 3000 4000 1,66 32213A T3EC065
140 48 39,0 51,00 3,0 25 1,0 33 261,0 331,0 2 800 3800 3,77 32313A T2GD065
120 41 320 41,00 2,0 1,5 0,6 30 191,0 2670 3000 4000 2,06 33213A T3EE065
70 125 24 21,0 26,25 2,0 1,5 0,6 26 121,0  153,0 3000 4000 1,37 30214A T3EBO070
150 85 30,0 38,00 3,0 25 1,0 30 211,0 2510 2700 3500 3,07 30314A T2GB070
150 35 250 38,00 3,0 2,5 1,0 47 178,0 211,0 2700 3500 3,01 31314A T7GB070
110 25 19,0 25,00 15 1,6 0,6 24 98,1 1470 3300 4500 0,89 32014AX  T4CC070
125 31 27,0 33,50 2,0 16 0,6 29 155,0 203,0 2800 3800 1,73 32214A T3ECO070
150 51 420 54,00 3,0 25 1,0 36 293,0 398,0 2700 3500 4,55 32314A T2GD070
75 130 25 220 27,25 2,0 15 0,6 28 128,0 165,0 2800 3800 1,47 30215A T4DB075
160 37 31,0 40,00 3,0 25 1,0 32 242,0 287,0 2500 3300 3,72 30315A T2GB075
160 37 26,0 40,00 3,0 25 1,0 48 209,0 2450 2800 4300 3,50 31315A T7GB075
115 25 19,0 25,00 15 1,5 0,6 25 104,0 158,0 3000 4000 0,96 32015AX  T4CC075
130 31 27,0 33,25 2,0 1,5 0,6 30 162,0 220,0 2800 3800 1,82 32215A T4DC075
160 59 450 58,00 3,0 25 1,0 38 3410 4640 2400 3200 5,62 32315A T2GD075
130 41 31,0 41,00 2,0 1,5 0,6 32 196,0 299,0 2800 3800 2,30 33215A T3EEQ75
80 140 26 220 2825 25 2,0 0,6 29 1440 178,0 2800 3800 1,75 30216A T3EB080
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Rozméry Zakladni unosnost Mezni frekvence otaceni Hmotnost Oznaéeni loziska
Dimension Basic Load raiting pro mazani Weight Bearing Designation
dyn. stat.  Limiting Speed for Lubrication with
d D B C T I'ts M9 s a © Cor tukem olejem
min min min Grease Oil
mm kN min” kg STN ISO
80 170 39 33,0 42,50 3,0 2,5 0,6 33 270,0 320,0 3000 4300 4,10 30316A T2GB080
125 29 22,0 29,00 15 1,5 0,6 27 131,0 207,0 2800 3800 1,32 32016AX  T3CC080
140 33 28,0 3525 2,5 2,0 0,6 32 181,0 251,0 2800 3800 2,29 32216A T3EC080
170 58 480 61,50 3,0 2,5 0,6 41 380,0 500,0 3000 4300 6,20 32316A T2GD080
140 46 350 46,00 25 2,0 0,6 35 251,0 3750 3200 4500 2,93 33216A T3EE080
85 150 28 240 30,50 25 2,0 0,6 30 181,0 207,0 2700 3500 2,14 30217A T3EB085
180 41 340 4450 4,0 3,0 0,6 35 303,0 3650 2800 4000 4,85 30317A T2GB085
130 29 220 29,00 1,5 15 0,6 28 136,0 2150 2800 3800 1,41 32017AX  T4CC085
150 36 30,0 38,50 25 2,0 0,6 34 2124 290,2 2400 3300 2,85 32217A T3EC085
180 60 490 63,50 40 3,0 0,6 42 402,0 530,0 2800 4000 6,85 32317A T2GD085
130 36 295 36,00 1,5 1,5 0,6 26 1950 319,0 3000 4000 1,75 33017A T2CE085
150 49 37,0 49,00 25 2,0 0,6 37 278,0 418,0 2200 3200 3,69 33217A T3EE085
90 160 30 26,0 32,50 25 2,0 0,6 31 185,0 242,0 2400 3200 2,71 30218A T3FB090
190 43 36,0 46,50 4,0 3,0 0,6 36 330,0 400,0 2600 4000 5,65 30318A T2GB090
140 32 240 32,00 2,0 1,5 0,6 30 150,0 228,0 2700 3500 1,78 32018AX  T3CC090
160 40 34,0 4250 25 2,0 0,6 37 251,0 355,0 2400 3200 3,60 32218A T3FC090
190 64 530 67,50 40 3,0 1,0 44 457,0 610,0 2600 4000 8,40 32318A T2GD090
95 170 32 27,0 34,50 3,0 2,5 1,0 33 2140 272,0 2000 2900 3,16 30219A T3FB095
145 32 240 32,00 2,0 1,5 0,6 31 174,0 280,0 2700 3500 1,87 32019AX  T4CC095
170 43 370 4550 3,0 25 1,0 38 310,0 437,0 2700 3500 4,32 32219A T3FC095
100 180 34 29,0 37,00 3,0 2,5 1,0 37 266,0 346,0 2500 3300 3,81 30220A T3FB100
150 32 240 32,00 2,0 1,5 0,6 33 178,0 261,0 2800 3800 1,94 32020AX  T4CC100
180 46 39,0 49,00 3,0 2,5 1,0 4 348,0 496,0 2500 3300 5,21 32220A T3FC100
215 73 60,0 77,50 4,0 3,0 1,0 51 572,0 780,0 2200 3000 12,50 32320A T2GD100
105 190 36 30,0 39,00 3,0 2,5 1,0 37 293,0 387,0 2400 3200 4,94 30221A T3FB105
160 35 26,0 35,00 25 2,0 0,6 35 205,0 337,0 2600 3400 2,51 32021AX  T4DC105
190 50 430 53,00 3,0 25 1,0 44 393.0 570,0 2400 3200 6.38 32221A T3FC105
110 200 38 320 41,00 3,0 25 1,0 39 304,0 402,0 1800 2500 5,32 30222A T3FB110
170 38 29,0 38,00 25 2,0 0,6 37 246,0 390,0 2500 3300 3,09 32022AX  T4DC110
200 53 46,0 56,00 3,0 25 1.0 46 4330 630,0 2200 3000 7,56 32222A T3FC110
120 215 40 34,0 4350 3,0 2,5 1,0 43 339,0 452,0 1600 2200 6,33 30224A T4FB120
180 38 29,0 38,00 25 2,0 0,6 40 254,0 430,0 2400 3200 3,23 32024AX  T4DC120
215 58 50,0 61,50 3,0 2,5 1,0 52 462,0 685,0 1600 2200 9,42 32224A TAFD120
130 230 40 34,0 4375 40 3,0 1,0 45 369,0 490,0 2000 2800 7,60 30226A T4FB130
200 45 34,0 45,00 25 2,0 0,6 43 330,0 560,0 2100 2800 5,25 32026AX  T4EC130
230 64 540 6775 40 3.0 0,6 56 550,0 8300 2000 2800 11,50 32226A  TAFD130
140 210 45 34,0 45,00 2,5 2,0 0,6 46 335,0 5800 1700 2200 5,26 32028AX  T4DC140
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