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Preface

This pub li ca tion  presents de sign ex am ples cov er ing
var i ous ma chines, ve hi cles and equip ment hav ing one
 thing in com mon: roll ing bear ings.

For this rea son the  brief  texts con cen trate on the roll -
ing bear ing as pects of the ap pli ca tions. The op er a tion
of the ma chine al lows con clu sions to be  drawn  about
the op er at ing con di tions  which dic tate the bear ing
type and de sign, the size and ar range ment, fits, lu bri -
ca tion and seal ing.

Im por tant roll ing bear ing en gi neer ing  terms are print -
ed in ital ics. At the end of this pub li ca tion they are
sum sum li 
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1 Trac tion mo tor for  electric stan dard- gauge lo co mo tives

Op er at ing data

 Three- phase cur rent mo tor sup plied by fre quen cy 
con vert er.
Nom i nal out put 1,400 kW, max i mum  speed 
4,300 min–1 (max i mum driv ing  speed for trans mis -
sions with stan dard gear ra tios is 200 km/h). One-end
 drive with her ring bone gear pin ion.

Bear ing se lec tion, di men sion ing

Col lec tive  loads  which cov er rep re sen ta tive load cas es
for the mo tor  torque,  speeds, and per cent ag es of time
for the op er at ing con di tions in ques tion, are used to
de ter mine bear ing stress ing.

Load case Md n q
N m min–1 %

1 6,720 1,056 2
2 2,240 1,690 34
3 1,920 2,324 18
4 3,200 2,746 42
5 2,240 4,225 6

The col lec tive load is the ba sis for de ter min ing the 
av er age  speeds (2,387 min–1) and the av er age driv ing
 speed (111 km/h). For each of the load cas es the  tooth
load act ing on the pin ion and the re ac tion  loads from
the bear ings have to be cal cu lat ed both for for ward and
back ward mo tion (per cent age  times 50 % each).
In ad di tion to  these forc es, the bear ings are sub ject ed
to  loads due to the ro tor  weight, the un bal anced mag -
net ic pull, un bal anced  loads and rail  shocks. Of  these
 loads only the ro tor  weight, GL, is  known; there fore, it
is mul ti plied by a sup ple men tary fac tor fz = 1.5...2.5 –
de pend ing on the type of mo tor sus pen sion. The bear -
ing  loads are de ter mined from this es ti mat ed load. For
the  spring-sus pend ed trac tion mo tor  shown, a sup ple -
men tary fac tor fz = 1.5 is used.
The bear ing  loads from  weight and  drive al low the re -
sul tant bear ing load ing to be de ter mined by vec tor 
ad di tion. In this ex am ple only the crit i cal trans mis -
sion-end bear ing will be dis cussed. The at tain able life
Lhna1...5 is de ter mined for eve ry load case us ing the for -
mu la Lhna = a1 · a23 · Lh [h], tak ing into ac count the 
op er at ing vis cos ity � of the trans mis sion oil at 120 °C,
the rat ed vis cos ity �1 as well as the fac tors K1 and K2.
The ba sic a23II fac tor is  between 0.8 and 3. The clean li -
ness fac tor s is as sumed to be 1. Then, Lhna is ob tained
us ing the for mu la:

Lhna = 100                 
q1 + 

q2 + 
q3 + ...

Lhna1 Lhna2 Lhna3

When se lect ing the bear ing it  should be en sured that
the nom i nal mile age is  reached and that, due to the
high  speed, the  drive-end bear ing is not too  large.
With the bear ings se lect ed the theo ret i cal mile age of
2.5 mil lion ki lom e ters re quired by the cus tom er can be
 reached.

A cy lin dri cal roll er bear ing FAG NU322E.TVP2.C5.F1
 serves as float ing bear ing at the  drive end; an FAG
566513 with an an gle ring HJ318E.F1  serves as the 
lo cat ing bear ing.
The cy lin dri cal roll er bear ing FAG 566513 is an
NJ318E.TVP2.P64.F1, but its in ner ring is 6 mm
wid er. The re sult ing ax ial clear ance of 6 mm is re quired
in or der to al low the her ring bone gear ing on the 
pin ion to  align free ly.

Suf fix es:

E re in forced de sign
TVP2 mould ed cage of  glass fi bre re in forced 

poly amide, roll ing ele ment rid ing
C5 ra di al clear ance larg er than C4
F1 FAG man u fac tur ing and in spec tion 

spec ifi ca tion for cy lin dri cal roll er bear ings in 
trac tion mo tors  which con sid ers,  among 
oth ers, the re quire ments ac cord ing to DIN 
43283 "Cy lin dri cal roll er bear ings for 
 electric trac tion".

P64 tol er ance  class P6, ra di al clear ance C4

Ma chin ing tol er anc es

 Drive end:  shaft r5; end cap to M6
Op po site end:  shaft n5; end cap to M6

The bear ings are fit ted tight ly on the  shaft due to the
high load,  which is some times of the  shock type. This
re duc es the dan ger of fret ting cor ro sion, par tic u lar ly at
the  drive end.

Bear ing clear ance

Due to the  tight fits, the in ner ring of the bear ing is 
ex pand ed and the out er ring with the roll er-and-cage
as sem bly is con tract ed. Thus the ra di al clear ance of the
bear ing is re duced af ter mount ing. It is fur ther re -
duced dur ing op er a tion as the op er at ing tem per a ture
of the in ner ring is high er than that of the out er ring.
For this rea son bear ings with an in creased ra di al clear -
ance (C4...C5) are mount ed.
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Lu bri ca tion, seal ing

The  drive-end bear ing is lu bri cat ed, due to the high
 speeds, with trans mis sion oil ISO VG 320 with EP 
ad di tives. No seal ing is re quired  between pin ion and
bear ing so that a short er can ti lev er can be used, thus
re duc ing the bear ing load ing. Fling er edg es and oil 
col lect ing  grooves pre vent the oil from es cap ing in the
di rec tion of the coil.

The bear ing at the op po site end is lu bri cat ed with a
lith i um soap base  grease of NLGI pen e tra tion  class 3
(FAG roll ing bear ing  grease Ar ca nol L71V).
The bear ings  should be re lu bri cat ed af ter 400,000 ki -
lom e ters or five  years, re spec tive ly. Mul ti ple lab y rinths
pre vent con tam i nants from pen e trat ing into the bear -
ings.

7 FAG
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2 Trac tion mo tor for  electric com mut er  trains

Op er at ing data

Self-ven ti lat ed con vert er cur rent mo tor, per ma nent
power 200 kW at a  speed of 1,820 min–1 (driv ing
 speed 72 km/h), max i mum  speed 3,030 min–1 (max i -
mum driv ing  speed 120 km/h), one-end  drive with
her ring bone gear pin ion.

Bear ing se lec tion, di men sion ing

The op er at ing mode of com mut er  train mo tor ve hi cles
is char ac ter ized by the  short dis tanc es  between  stops.
The pe ri od ic op er at ing con di tions – start ing, driv ing,
brak ing – can be re cord ed on an op er at ing  graph re  p -
re sent ing the mo tor  torque ver sus the driv ing time.
The cu bic mean of the mo tor  torque and an av er age
 speed,  which is also de ter mined from the op er at ing
 graph, form the ba sis for the roll ing bear ing anal y sis.
The mean  torque is  about 90 % of the  torque at con -
stant power.

The bear ing  loads are cal cu lat ed as for trac tion mo tors
for stan dard- gauge lo co mo tives (ex am ple 1). They are
made up of the re ac tion  loads re sult ing from the gear
 force on the driv ing pin ion and a theo ret i cal ra di al
load  which  takes into ac count the ro tor  weight, the
mag net ic pull, un bal anced  loads and rail  shocks. This
theo ret i cal ra di al load ap plied at the ro tor cen tre of
grav ity is cal cu lat ed by mul ti ply ing the ro tor  weight by
the sup ple men tary fac tor fz = 2. The val ue 2  takes into
ac count the rel a tive ly rig id mo tor sus pen sion.

An over hung pin ion pro vides the  drive. At the pin ion
end a cy lin dri cal roll er bear ing FAG NU320E.M1.P64.F1
is mount ed as the float ing bear ing. At the com mu ta tor
end a deep  groove ball bear ing FAG 6318M.P64.J20A
very safe ly ac com mo dates the  thrust load re sult ing
from the 7° hel i cal gear ing of the pin ion, even at rel a -
tive ly high  speeds.

Suf fix es

E Max i mum ca pac ity 
M, M1 Ma chined  brass cage, roll ing ele ment rid ing 
P64 Tol er ance  class P6; ra di al clear ance C4 
F1 FAG man u fac tur ing and in spec tion spec ifi ca -

tion for cy lin dri cal roll er bear ings in trac tion 
mo tors  which  takes into ac count,  among 
oth ers, the re quire ments of DIN 43283 
"Cy lin dri cal roll er bear ings for  electric 
trac tion". 

J20A Cur rent in su la tion on the out er ring O.D.

Ma chin ing tol er anc es

For good sup port of the bear ing  rings,  tight fits are
pro vid ed:
Cy lin dri cal roll er bear ing:  Shaft to n5; end cap to M6
Deep  groove ball bear ing:  Shaft to m5; end cap to K6

Bear ing clear ance

The  tight fits and the high tem per a ture due to the rel a -
tive ly high op er at ing  speed re quire an in creased ra di al
clear ance C4 for the cy lin dri cal roll er bear ing and the
deep  groove ball bear ing.

Lu bri ca tion, seal ing

The bear ings are lu bri cat ed with FAG roll ing bear ing
 grease Ar ca nol L71V as for all trac tion mo tors. Re  lu -
bri ca tion is pos sible, and a  grease  valve is pro vid ed to
pro tect  against over lu bri ca tion.

Ex pe ri ence  shows that re lu bri cat ion inter vals of
250,000 km or 5  years pro vide op ti mum life.

The bear ings are  sealed on both  sides by mul ti ple lab y -
rinths (ax ial ly ar ranged pas sag es).
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Cur rent in su la tion

 Where con vert er cur rent mo tors with an out put of
more than 100 kW are used, rip ple volt ag es can be
 caused by mag net ic asym me tries. As a re sult, an in -
duced cir cuit is gen er at ed  between ro tor  shaft and sta -
tor  which can  cause cur rent pas sage dam age in the
bear ing.

To inter rupt the flow of cur rent, one bear ing (in this
case the deep  groove ball bear ing) is pro vid ed with cur -
rent in su la tion. 

Cur rent-in su lat ed bear ings fea ture an ox ide ce ram ic
coat ing on the out er ring O.D.s and fac es.

9 FAG
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3 Three- phase cur rent stan dard mo tor

Op er at ing data

Belt  drive: Power 3 kW; ro tor mass 8 kg; nom i nal
 speed 2,800 min–1; size 100 L; to tal ly en closed fan-
 cooled ac cord ing to DIN 42673,  sheet 1 – de sign B3,
type of pro tec tion IP44, in su la tion  class F.

Bear ing se lec tion

Low- noise bear ings in a sim ple, main te nance-free 
ar range ment  should be pro vid ed.  These re quire ments
are best met by deep  groove ball bear ings.
In DIN 42673, the  shaft-end di am e ter spec i fied for
size 100 L is 28 mm. Con se quent ly, a bore di am e ter of
30 mm is re quired. In this case a bear ing of se ries 62
was se lect ed for both bear ing lo ca tions, i.e. an FAG
6206.2ZR.C3.L207. They  guide the ro tor  shaft both
at the  drive side and at the ven ti lat ing side. The  spring
at the  drive side pro vides clear ance-free ad just ment of
the bear ings and ac com mo dates op pos ing ax ial  loads
on the ro tor  shaft.
By ad just ing the deep  groove ball bear ings to zero
clear ance the ad verse in flu ence of bear ing clear ance on
 noise be ha vi our is elim i nat ed.

Bear ing di men sion ing

The cal cu la tion of the bear ings for this mo tor dif fers
some what from the usu al ap proach. As not even the
mo tor man u fac tur er  knows the  amount of load at the
 shaft end, the per mis sible ra di al load ing is in di cat ed in
the mo tor cat a logues.
To de ter mine the ra di al load car ry ing ca pac ity, the
 drive-side deep  groove ball bear ing is cal cu lat ed.
The cal cu la tion is  based on an at tain able life Lhna of
20,000 h and a ba sic a23II val ue of 1.5. In ad di tion, the
ro tor  weight, the uni lat er al mag net ic pull and the 
un bal anced load have to be tak en into ac count. As the

lat ter two cri te ria are not  known the ro tor  weight is
sim ply mul ti plied by a sup ple men tary fac tor of 
fz = 1.5. 
With  these val ues a per mis sible ra di al load ing of 1 kN
is cal cu lat ed for the  shaft-end middle.
 Since the op er at ing load in most ap pli ca tions is low er
than the ad mis sible load, an at tain able life Lhna of more
than 20,000  hours is ob tained. The life of  electric mo -
tor bear ings, there fore, is usu al ly de fined not by ma te -
ri al fa tigue but by the  grease ser vice life.

Suf fix es

.2ZR Bear ing with two  shields
C3 Ra di al clear ance larg er than PN (nor mal)
L207  Grease fill ing with Ar ca nol L207

Ma chin ing tol er anc es

 Shaft to j5; end cap bore to H6.
The bore tol er ance H6 en sures the  slide fit re quired for
free ax ial ad just ment of both bear ings.

Lu bri ca tion, seal ing

The .2ZR de sign with  shields on both bear ing  sides
has been suc cess ful in  small and me di um- sized  electric
mo tors. The  grease fill ing in  these bear ings is suf fi cient
for  their en tire ser vice life. In creased op er at ing tem per -
a tures must be tak en into con sid er a tion in the case in
ques tion due to the in su la tion  class F pro vid ed. For
this rea son the FAG high-tem per a ture  grease Ar ca nol
L207 is used. The  shields pre vent the  grease from es -
cap ing and pro tect the bear ings from con tam i na tion
from the mo tor. Gap type  seals pro tect the  shaft open -
ing at the  drive side  against dust and mois ture. The re -
quire ments on in su la tion type IP44 are, there fore,
met.
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 Drive end Ven ti la tion end

3:  Three- phase cur rent stan dard mo tor



4 Electric mo tor for do mes tic ap pli anc es

Op er at ing data

Power 30 W;  speed 3,500 min–1.

Bear ing se lec tion

 Quiet run ning is the  prime re quire ment for do mes tic
ap pli ance mo tors. The  noise lev el of a mo tor is in flu -
enced by bear ing qual ity (form and run ning ac cu ra cy),
bear ing clear ance and the fin ish of the  shaft and end
cap bore.
To day, the qual ity of stan dard bear ings al ready ad e -
quate ly  meets the com mon  noise re quire ments.
Zero-clear ance op er a tion of the bear ings is  achieved by
a  spring wash er light ly pre load ing the bear ings in the
ax ial di rec tion.
The bear ing  seats on the  shaft and in the end cap  bores
must be well  aligned. To al low the  spring wash er to 
ad just the bear ings ax ial ly, the out er  rings have  slide fits
in the end caps.
A deep  groove ball bear ing FAG 626.2ZR is pro vid ed
on the col lec tor side, and an FAG 609.2ZR.L91 on
the oth er side.

Suf fix es

.2ZR Bear ing with  shields on both  sides; they form a 
gap-type seal

L91 spe cial  grease fill ing (Ar ca nol L91) 

Bear ing di men sion ing

The  shaft di am e ter is usu al ly dic tat ed by the ma chine
de sign, and as a re sult the bear ings are suf fi cient ly di -
men sioned with re gard to fa tigue life. Fa tigue dam age
hard ly ever oc curs; the bear ings  reach the re quired life



5 Drum of a do mes tic wash ing ma chine

Op er at ing data

Ca pac ity 4.5 kg dry mass of laun dry
( weight Gw = 44 N);
 Speeds: when wash ing 50 min–1

when spin ning af ter pre wash cy cle 800 min–1

when dry spin ning 1,000 min–1

Bear ing se lec tion

The do mes tic wash ing ma chine is of the  front load ing
type. The drum is over hung and pul ley-driv en.
Bear ing se lec tion de pends on the jour nal di am e ter
 which is de ter mined by ri gid ity re quire ments, and also
on the  weight and un bal anced  loads. Very sim pli fied
data is as sumed for bear ing load de ter mi na tion, on
 which the bear ing di men sions are  based,  since  loads
and  speeds are var i able.

Do mes tic wash ing ma chines gen er al ly have sev er al,
part ly au to mat ic, wash ing cy cles with or with out spin -
ning. Dur ing the ac tu al wash ing cy cle, i.e. a cy cle
with out spin ning, the drum bear ings are only light ly
load ed by the  weight re sult ing from drum and wet
laun dry. This load ing is un im por tant for the bear ing
di men sion ing and is thus ne glect ed. The op po site 
ap plies to the spin ning cy cle:  Since the laun dry is un -
even ly dis trib ut ed  around the drum cir cum fer ence, an
un bal anced load aris es  which, in turn, pro duc es a  large
cen trif u gal  force. The bear ing di men sion ing is  based
on this cen trif u gal  force as well as on the  weights of the
drum, GT, and the dry laun dry, Gw. The belt pull is
gen er al ly ne glect ed.

The cen trif u gal  force is cal cu lat ed from:

FZ = m · r · �2 [N]

 where
m = GU/g  [N · s2/m]

GU Un bal anced load [N]. 10...35 % of the dry 
laun dry ca pac ity is tak en as un bal anced load.

g Ac cel er a tion due to grav ity = 9.81 m/s2

r Ra di us of ac tion of un bal anced load [m]
Drum ra di us = dT / 2 [m]

� An gu lar ve loc ity = π · n / 30 [s–1]
n Drum  speed dur ing spin ning [min–1]

The to tal  force for de ter mi na tion of the bear ing  loads
thus is: F = FZ + GT + GW [N]
This load is ap plied to the wash ing drum cen tre.

The bear ing  loads are:

FAG 12

Bearing A
FrA = 

F · l2 [N]a 

Bearing B
FrB = 

F · l1 [N]a 

Bear ing di men sion ing

The bear ings for do mes tic wash ing ma chines are 
di men sioned for an in dex of dy nam ic stress ing
fL = 0.85...1.0.
 These val ues cor re spond to a nom i nal life of 
300...500  hours of spin ning.
In the ex am ple  shown a deep  groove ball bear ing FAG
6306.2ZR.C3 was se lect ed for the drum side and a
deep  groove ball bear ing FAG 6305.2ZR.C3 for the
pul ley side.
The bear ings have an in creased ra di al clear ance C3 and
are  sealed by  shields (.2ZR) at both  sides.

Ma chin ing tol er anc es

Due to the un bal anced load GU,the in ner  rings are
sub ject ed to  point load, the out er  rings to cir cum fe ren -
tial load. For this rea son, the out er  rings must have a
 tight fit in the hous ing; this is  achieved by ma chin ing
the hous ing  bores to M6. The fit of the in ner  rings is
not as  tight; drum jour nal to h5. This en sures that the
float ing bear ing is able to ad just in the case of ther mal
ex pan sion. A  loose fit also sim pli fies mount ing.

Lu bri ca tion, seal ing

The bear ings,  sealed at both  sides, are pre lu bri cat ed
with a spe cial  grease, suf fi cient for the bear ing ser vice
life.  There is an ad di tion al rub bing-type seal at the
drum side.
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Pul ley Drum

5: Drum mount ing of a do mes tic wash ing ma chine



6 Ver ti cal-pump mo tor 

Op er at ing data

Rated horsepower 160 kW; nom i nal  speed 3,000 min–1;
Ro tor and pump im pel ler mass 400 kg; pump  thrust 
9 kN, di rect ed down wards; type V1.

Bear ing se lec tion

The se lec tion of the bear ings is pri mar i ly  based on the
main  thrust,  which is di rect ed down wards. It is made
up of the  weight of the ro tor and and pump im pel ler
(4 kN), the pump  thrust (9 kN) and the  spring pre load
(1 kN). When the mo tor  idles the pump  thrust may be
re versed so that the bear ings have, brief ly, to ac com -
mo date an up ward ax ial load of 4 kN, as well. 
The ra di al  loads act ing on the bear ings are not ex act ly
 known. They are made up by the un bal anced mag net ic
pull and po ten tial un bal anced  loads from the ro tor
and pump im pel ler. How ev er,  field ex pe ri ence  shows
that  these  loads are suf fi cient ly tak en into ac count by
tak ing 50 % of the ro tor and pump im pel ler mass,
 which in this case is 2 kN.
In the ex am ple  shown, the sup port ing bear ing is an 
an gu lar con tact ball bear ing FAG 7316B.TVP  which
has to ac com mo date the main  thrust. To en sure that
no ra di al  force acts on the bear ing this part of the
hous ing is ra di al ly re lieved to clear ance fit E8.
In nor mal op er a tion, the deep  groove ball bear ing
FAG 6216.C3  takes up only a  light ra di al load and the
ax ial  spring pre load; in ad di tion, the  thrust re ver sal
load of the  idling mo tor has to be ac com mo dat ed. 

As a re sult, the ro tor is ver ti cal ly dis placed in the up -
ward di rec tion (ascend ing dis tance)  which is lim it ed
by the de fined gap  between deep  groove ball bear ing
face and end cap. To  avoid slip page dur ing the  thrust
re ver sal  stage, the an gu lar con tact ball bear ing is sub -
ject ed to a min i mum ax ial load by  means of  springs.
On the pump im pel ler side a cy lin dri cal roll er bear ing
FAG NU1020M1.C3 acts as the float ing bear ing. As it
ac com mo dates the un bal anced  loads from the pump
im pel ler both the in ner and the out er ring are fit ted
tight ly.
The cy lin dri cal roll er bear ing de sign de pends on the
 shaft di am e ter of 100 mm,  which in turn is dic tat ed by
 strength re quire ments. Due to the rel a tive ly  light ra di -
al load, the light er se ries NU10 was se lect ed.

Ma chin ing tol er anc es

Cy lin dri cal roll er bear ing: Shaft to m5; hous ing 
to M6

Deep  groove ball bear ing: Shaft to k5; hous ing 
to H6

An gu lar con tact ball bear ing: Shaft to k5, hous ing 
to E8

Lu bri ca tion

The bear ings are lu bri cat ed with FAG roll ing bear ing
 grease Ar ca nol L71V and can be re lu bri cat ed. 
Re plen ish ment quan tity
– for the float ing bear ing 15 g
– for the lo cat ing bear ing 40 g
The re lubrication inter val is 1,000  hours. The  spent
 grease is col lect ed in an nu lar cov er cham bers pro vid ed
be low the bear ing lo ca tions.
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6: Ro tor bear ing ar range ment of a ver ti cal-pump mo tor



7 Mine fan mo tor

Op er at ing data

Rated horsepower 1,800 kW;  speed n = 750 min–1;
Ax ial load Fa = 130 kN; ra di al load Fr = 3.5 kN;
the bear ings are ver ti cal ly ar ranged.

Bear ing se lec tion

The ax ial load of 130 kN is made up of the  weight of
the ro tor and the two var i able top and bot tom fan im -
pel lers as well as the  thrust of  these fan im pel lers. They
are sup port ed by the  upper  thrust bear ing.

The ra di al  loads on ver ti cal mo tors are only guid ing
 loads. They are very  small and gen er al ly re sult from the
un bal anced mag net ic pul l and the po ten tial ro tor un -
bal anced load. In the ex am ple  shown, the ra di al load
per bear ing is 3.5 kN. If the ex act val ues are not
 known,  these  loads can be suf fi cient ly tak en into 
ac count, as sum ing that half the ro tor  weight acts as the
ra di al load at the ro tor cen tre of grav ity.  

The  upper sup port ing bear ing is a spher i cal roll er
 thrust bear ing FAG 29260E.MB. Ra di al guid ance is
en sured by a deep  groove ball bear ing FAG 16068M
mount ed on the same  sleeve as the sup port ing bear ing
and ac com mo dat ing the op pos ing ax ial  loads on the
ro tor. Ax ial guid ance is nec es sary for trans port ing and
mount ing as well as for mo tor  idling. In this op er at ing
con di tion the coun ter flow of air can  cause re ver sal of
ro ta tion and  thrust. The ax ial dis place ment is lim it ed
to 1 mm in the up ward di rec tion so that the spher i cal
roll er  thrust bear ing does not lift off.  Springs ar ranged
be low the hous ing wash er ( spring load 6 kN) en sure
con tin u ous con tact in the bear ings.

Ra di al guid ance at the low er bear ing po si tion is pro -
vid ed by a deep  groove ball bear ing FAG 6340M; it is
mount ed with a  slide fit as the float ing bear ing.  Since
it is only light ly load ed, it is pre load ed with  springs of
3 kN.

Bear ing di men sion ing

Spher i cal roll er  thrust bear ing FAG 29260E.MB has a
dy nam ic load rat ing of C = 1430 kN. The in dex of dy -
nam ic stress ing fL = 4.3 is cal cu lat ed with the ax ial load
Fa = 130 kN and the  speed fac tor for roll er bear ings 
fn = 0.393 (n = 750 min–1). The nom i nal life
Lh = 65,000  hours.
 Based on the op er at ing vis cos ity � of the lu bri cat ing oil
(vis cos ity  class ISO VG150) at ap prox. 70 °C, the 
rat ed vis cos ity �1 and the fac tors K1 und K2, a ba sic a23II
val ue of  about 3 is de ter mined. The clean li ness fac tor s
is as sumed to be 1. The at tain able life Lhna of the  thrust
bear ing is long er than 100,000  hours and the bear ing
is there fore suf fi cient ly di men sioned. The two ra di al
bear ings are also suf fi cient ly di men sioned with the in -
dex of dy nam ic stress ing fL > 6.

Ma chin ing tol er anc es

 Upper bear ing lo ca tion
Spher i cal roll er  thrust bear ing:  Shaft to k5; hous ing 

to E8
Deep  groove ball bear ing:  Shaft to k5; hous ing 

to H6

Low er bear ing lo ca tion
Deep  groove ball bear ing:  Shaft to k5; hous ing 

to H6

Lu bri ca tion, seal ing

 Thrust and ra di al bear ings at the  upper bear ing lo ca -
tion are oil-lu bri cat ed.
The spher i cal roll er  thrust bear ing runs in an oil bath
and, due to its asym met ri cal de sign, pro vides au to mat -
ic cir cu la tion from the in ner to the out er di am e ter. A
ta pered oil feed er and an gled oil ways sup ply the  upper
bear ing. A re tain ing and a fling er ring en sure oil sup -
ply dur ing  start-up.
The low er bear ing is  grease-lu bri cat ed with pro vi sion
for re lu bri ca tion and a  grease  valve. Both bear ing lo ca -
tions are lab y rinth- sealed.
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7: Ro tor bear ing ar range ment of a mine fan mo tor



8 Ro tor of a wind en er gy  plant

Wind en er gy  plants are  among the al ter na tive and en -
vi ron men tal ly friend ly en er gy sourc es. To day, they
gen er ate pow ers of up to 3,200 kW.  There are hor i zon -
tal-ro tor  systems and ver ti cal-ro tor  systems. The wind
en er gy  plant WKA60 is 44 me ters high and fea tures a
 three- blade hor i zon tal ro tor with a di am e ter of 60 m.

Op er at ing data

Nom i nal  speed of the  three- blade ro tor = 23 min–1;
gear trans mis sion ra tio i = 1:57.4; electri cal pow er
1,200 kW at a nom i nal ro tor  speed of the gen er a tor of
n = 1,320 min–1.

Bear ing se lec tion

A ser vice life of 20  years was spec i fied. To sup port the
over hung  blade ro tor, spher i cal roll er bear ings FAG
231/670BK.MB (di men sions 670 x 1,090 x 336 mm)
were se lect ed for the lo cat ing bear ing lo ca tion and FAG
230/900BK.MB (di men sions 900 x 1,280 x 280 mm)
for the float ing bear ing lo ca tion.

Bear ing di men sion ing

The rec om mend ed val ue for di men sion ing the main
bear ings of wind en er gy  plants is P/C = 0.08...0.15.
The var y ing wind forc es, caus ing vi bra tions, make it
dif fi cult to ex act ly de ter mine the  loads to be ac com -
mo dat ed by the bear ings. A nom i nal life of Lh >
130,000 h was spec i fied. For this rea son, the mean
equiv a lent load is, as a rule, de ter mined on the ba sis of
sev er al load cas es with var i able  loads,  speeds and per -
cent age  times. The lo cat ing bear ing of the WKA60
 plant is sub ject ed to ra di al  loads of Fr = 400...1,850 kN
and  thrust  loads of Fa = 60...470 kN. The float ing bear -
ing may have to ac com mo date ra di al  loads of 
Fr = 800...1,500 kN.
For the lo cat ing bear ing, the ra di al and ax ial  loads to be
ac com mo dat ed  yield a mean equiv a lent dy nam ic load
of P = 880 kN. For the bear ing FAG 231/670BK.MB
with a dy nam ic load rat ing of C = 11,000 kN this
 yields a load ra tio of P/C = 880/11,000 = 0.08.
The float ing bear ing FAG 230/900BK.MB ac com mo -
dates a mean ra di al  force of Fr = P = 1,200 kN. With a
dy nam ic load rat ing of 11,000 kN a load ra tio of
1,200/11,000 = 0.11 is ob tained.
The life val ues cal cu lat ed for the nor mal ly load ed
spher i cal roll er bear ings (in ac cor dance with DIN ISO
281) are far  above the num ber of  hours for 20-year
con tin u ous op er a tion.

Mount ing and dis mount ing

To fa cil i tate mount ing and dis mount ing of the bear -
ings, they are fas tened on the  shaft by  means of hy -
draul ic adapt er  sleeves FAG H31/670HGJS and FAG
H30/900HGS. Adapt er  sleeves also al low easi er ad -
just ment of the re quired ra di al clear ance.
The bear ings are sup port ed by one- piece plum mer
 block hous ing of de signs SUB (lo cat ing bear ing) and
SUC (float ing bear ing). The hous ings are made of cast
 steel and were  checked by  means of the fi nite-ele ment
meth od.

Ma chin ing tol er anc es

The with draw al  sleeve  seats on the ro tor  shaft are 
ma chined to h9 and cy lin dric ity tol er ance IT5/2 (DIN
ISO 1101).
The bear ing  seats in the hous ing bore are ma chined to
H7; this al lows the out er ring of the float ing bear ing to
be dis placed.

Lu bri ca tion, seal ing

The bear ings are lu bri cat ed with a lith i um soap base
 grease of pen e tra tion  class 2 with EP ad di tives (FAG
roll ing bear ing  grease Ar ca nol L186V).
The hous ings are  sealed on both  sides by  means of a
dou ble felt seal. A  grease col lar  around the seal ing gap
pre vents in gress of dust, dirt and, pos sibly,  splash 
wa ter. 
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8: Ro tor  shaft bear ings of a wind en er gy  plant



9–18 Work spin dles of ma chine  tools

The  heart of eve ry ma chine tool is its main or work
spin dle and its work spin dle bear ings. The main qual -
ity char ac ter is tics of the spin dle-bear ing  system are
 cutting vol ume and ma chin ing pre ci sion. Ma chine
 tools are ex clu sive ly fit ted with roll ing bear ings of in -
creased pre ci sion; main ly an gu lar con tact ball bear ings
and spin dle bear ings (ra di al an gu lar con tact ball bear -
ings with con tact an gles of 15° and 25°, re spec tive ly),
dou ble-di rec tion an gu lar con tact  thrust ball bear ings,
ra di al and  thrust cy lin dri cal roll er bear ings and, oc ca -
sion al ly, ta pered roll er bear ings. 

De pend ing on the per for mance data re quired for a
ma chine tool, the spin dle bear ing ar range ment is de -
signed with ball or roll er bear ings  based on the fol low -
ing cri te ria: ri gid ity, fric tion be ha vi our, pre ci sion,  
speed suit abil ity, lu bri ca tion and seal ing.

Out of a mul ti tude of pos sible spin dle bear ing ar range -
ments for ma chine  tools a few typ i cal ar range ments
have  proved to be par tic u lar ly suit able for ap pli ca tion
in ma chine  tools (figs. a, b, c).

Di men sion ing

Usu al ly, a fa tigue life cal cu la tion is not re quired for the
work spin dles  since, as a rule, to  achieve the re quired
spin dle and bear ing ri gid ity, bear ings with such a  large
bore di am e ter have to be se lect ed that, with in creased
or ut most clean li ness in the lu bri cat ing gap, the bear -
ings are fail safe. For ex am ple, the in dex of dy nam ic
stress ing fL of  lathe spin dles  should be 3...4.5; this cor -
re sponds to a nom i nal life of Lh = 15,000...50,000 h.

Ex am ple: The main spin dle bear ing ar range ment of a
CNC  lathe (fig. a) is sup port ed at the work end in
 three spin dle bear ings B7020E.T.P4S.UL in tan dem-
O-ar range ment (con tact an gle �0 = 25°, C = 76.5 kN,
C0 = 76.5 kN). At the  drive end, the belt pull is ac -
com mo dat ed by a dou ble-row cy lin dri cal roll er bear -
ing NN3018ASK.M.SP. The  cutting forc es  cause 50 %
each of the ax ial re ac tion forc es for the two tan dem-
ar ranged spin dle bear ings. The  front bear ing at the
work end ac com mo dates 60 % of the ra di al forc es. It is
load ed with Fr = 5 kN, Fa = 4 kN at n = 3,000 min–1.

If the bear ings are lu bri cat ed with the lith i um soap
base  grease FAG Ar ca nol L74V (base oil vis cos ity
23 mm2/s at 40 °C), an op er at ing vis cos ity of 
� = 26 mm2/s will be ob tained at an op er at ing tem per -
a ture of 35 °C. With the mean bear ing di am e ter 
dm = 125 mm and the  speed n = 3,000 min–1 a rat ed
vis cos ity of �1 = 7 mm2/s is ob tained.

This  yields a vis cos ity ra tio � = �/�1 ≈ 4; i. e. the roll ing
con tact ar e as are ful ly sep ar at ed by a lu bri cant film.
With � = 4, a ba sic a23II fac tor of 3.8 is ob tained from
the a23 di a gram.  Since the bear ings, as a rule, are rel a -
tive ly light ly load ed (fs* > 8), a very good clean li ness
fac tor (s = in fi nite) is ob tained with in creased (V = 0.5)
and ut most (V = 0.3) clean li ness. Con se quent ly, the
fac tor a23 (a23 = a23II · s), and thus the at tain able life
(Lhna = a1 · a23 · Lh) be comes in fi nite; the bear ing is
fail safe.
So, as long as fs* ≥ 8 and the main spin dle bear ings are
lu bri cat ed well (� ≥ 4), only the clean li ness in the lu -
bri cat ing gap de ter mines wheth er the bear ing is fail safe
or not.

a:  Spin dle bear ing ar range ment with uni ver sal-de sign spin dle bear -
ings (spin dle bear ing set), sub ject ed to com bined load, at the work
end and a sin gle-row or dou ble-row cy lin dri cal roll er bear ing at the
 drive end  which ac com mo dates only ra di al  loads.

b:  Spin dle bear ing ar range ment with two ta pered roll er bear ings in
O ar range ment. The bear ings ac com mo date both ra di al and ax ial
 loads.

c:  Spin dle bear ing ar range ment with two dou ble-row cy lin dri cal
roll er bear ings and a dou ble-di rec tion an gu lar con tact  thrust ball
bear ing. Ra di al and ax ial  loads are ac com mo dat ed sep ar ate ly.
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10 NC- lathe main spin dle

Op er at ing data

In put pow er 27 kW;
max i mum spin dle  speed 9,000 min–1.

Bear ing se lec tion

The main re quire ments on this bear ing ar range ment
are an ex treme ly good  speed suit abil ity, ri gid ity, and 
ac cu rate guid ance of the work spin dle. At the work
end, a spin dle bear ing set FAG B7017C.T.P4S.DTL
in tan dem ar range ment is pro vid ed; at the  drive end, a
spin dle bear ing set FAG B71917C.T.P4S.DTL in 
tan dem ar range ment.
The bear ings are light ly pre load ed (UL) and have an
in creased pre ci sion (P4S).
The ar range ment has no float ing bear ing; it is a rig id
lo cat ing bear ing  system. Both bear ing  groups to geth er
form an O ar range ment.

Bear ing di men sion ing

The size of the bear ings is pri mar i ly  based on the spin -
dle ri gid ity re quired, i. e. on the larg est pos sible spin -
dle di am e ter. The fa tigue life of the bear ings is tak en
into ac count for di men sion ing but it does not play a
dom i nat ing role in prac tice. 

Main spin dle bear ings do not nor mal ly fail due to ma -
te ri al fa tigue but as a re sult of wear; the  grease ser vice
life is de ci sive.

Bear ing clear ance

FAG spin dle bear ings of uni ver sal de sign are in tend ed
for mount ing in X, O or tan dem ar range ment in any 
ar range ment. When mount ing in X or O ar range ment a
de fined pre load re sults. The  light pre load UL  meets
the nor mal re quire ments.
The orig i nal pre load re mains in the bear ings due to
out er and in ner spac er  sleeves of iden ti cal  lengths.
With a good bear ing dis tance, the ax ial and ra di al heat
ex pan sions of the work spin dle com pen sate each oth er
so that the bear ing pre load re mains un changed  under
any op er at ing con di tion.

Lu bri ca tion, seal ing

The bear ings are  greased for life with the FAG roll ing
bear ing  grease Ar ca nol L74V and  about 35 % of the
cav ity is  filled.
Seal ing is pro vid ed by lab y rinth  seals with de fined gaps.

FAG 22

Ma chin ing tol er anc es 

Bearing Seat Diameter Form tolerance Axial run-out tolerance of
tolerance (DIN ISO 1101) abutment shoulder

Spindle bearings Shaft +5/–5 μm 1.5 μm 2.5 μm
Drive end/work end Housing +2/+10 μm 3.5 μm 5 μm

10: NC- lathe main spin dle



11 CNC- lathe main spin dle

Op er at ing data

In put pow er 25 kW;
 Speed  range 31.5...5,000 min–1.

Bear ing se lec tion

The bear ings must ac cu rate ly  guide the spin dle ra di al ly
and ax ial ly and be very rig id. This is  achieved by se lect -
ing as  large a  shaft di am e ter as pos sible and a suit able
bear ing ar range ment. The bear ings are pre load ed and
have an in creased pre ci sion.
At the work end a spin dle bear ing set FAG
B7018E.T.P4S.TBTL in tan dem-O-ar range ment with
a  light pre load is mount ed as lo cat ing bear ing.
At the  drive end  there is a sin gle-row cy lin dri cal roll er
bear ing FAG N1016K.M1.SP as float ing bear ing.
This bear ing ar range ment is suit able for high  speeds
and for high  cutting ca pac ities.

Bear ing di men sion ing

The bear ing size is pri mar i ly  based on the spin dle 
ri gid ity re quired, i.e. on the spin dle di am e ter. The 
fa tigue life of the bear ings is tak en into ac count for 
di men sion ing but it does not play a dom i nat ing role in
prac tice. 

Apart from the Hert zian con tact pres sure, the ser vice
life of the bear ings is main ly dic tat ed by the  grease 
ser vice life. Main spin dle bear ings do not nor mal ly fail
due to ma te ri al fa tigue but as a re sult of wear.

Bear ing clear ance

FAG spin dle bear ings of uni ver sal de sign are in tend ed
for mount ing in X, O or tan dem ar range ment in any 
ar range ment. When mount ing in X or O ar range ment a
set pre load re sults. The  light pre load UL  meets the
nor mal re quire ments.
The cy lin dri cal roll er bear ing is ad just ed with al most
zero ra di al clear ance by ax ial ly press ing the ta pered 
in ner ring onto the spin dle.

Lu bri ca tion, seal ing

The bear ings are  greased for life with the FAG roll ing
bear ing  grease Ar ca nol L74V.
Ap prox i mate ly 35% of the spin dle bear ing cav ity and
ap prox i mate ly 20% of the cy lin dri cal -roll er bear ing
cav ity is  filled with  grease.
Seal ing is pro vid ed by a lab y rinth with set nar row 
ra di al gaps.
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Ma chin ing tol er anc es 

Bearing Seat Diameter Form tolerance Axial runout tolerance
tolerance (DIN ISO 1101) of abutment shoulder

Spindle bearings Shaft +5/–5 μm 1.5 μm 2.5 μm
Housing –4/+8 μm 3.5 μm 5 μm

Cylindrical roller bearings Shaft, tapered Taper 1:12 1.5 μm 2.5 μm
Housing –15/+3 μm 3.5 μm 5 μm

11: CNC- lathe main spin dle



12 Plunge drilling spindle

Op er at ing data

In put pow er 4 kW;
max i mum spin dle  speed 7,000 min–1.

Bear ing se lec tion

Ac cu rate ax ial and ra di al guid ance of the drill ing 
spin dle is re quired. Con se quent ly, bear ing se lec tion is
 based on the ax ial  loads to be ac com mo dat ed  while
pro vid ing the great est pos sible ax ial ri gid ity. An other
cri ter ion is the avail able  space  which, e.g. in the case of
mul ti spin dle  cutter  heads, is lim it ed.
Work end:
1 spin dle bear ing set FAG B71909E.T.P4S.TTL

( three bear ings mount ed in tan dem ar range ment)  
 Drive end:
1 spin dle bear ing set FAG B71909E.T.P4S.DTL

(two bear ings mount ed in tan dem ar range ment).
The two bear ing sets can also be or dered as a sin gle set
of five:
FAG B71909E.T.P4S.PBCL (tan dem pair mount ed
 against  three tan dem-ar ranged bear ings in O ar range -
ment, light ly pre load ed). This bear ing ar range ment 
in cludes no float ing bear ing; it  forms a rig id lo cat ing
bear ing  system.

Bear ing di men sion ing

The bear ing size is  based on the spin dle ri gid ity re -
quired, i.e. on as  large a spin dle di am e ter as pos sible.

As re gards load ing, the bear ings usu al ly have a  stress in -
dex fs* > 8 and are, con se quent ly, fail safe. The bear ing
life is sig nif i cant ly in flu enced by a good seal ing  which
al lows the  grease ser vice life to be ful ly uti lized.

Bear ing clear ance

FAG spin dle bear ings of uni ver sal de sign are in tend ed
for mount ing in X, O or tan dem ar range ment in any 
ar range ment. When mount ing in X or O ar range ment,
a set pre load re sults. The  light pre load UL  meets the
nor mal re quire ments.

The orig i nal pre load re mains in the bear ings due to
out er and in ner spac er  sleeves of iden ti cal  lengths.
With a good bear ing dis tance, the ax ial and ra di al heat
ex pan sions of the work spin dle com pen sate each oth er
so that the bear ing pre load re mains un changed  under
any op er at ing con di tion.

Lu bri ca tion, seal ing

The bear ings are  greased for life with the FAG roll ing
bear ing  grease Ar ca nol L74V and  about 35 % of the
cav ity is  filled.
Seal ing is pro vid ed by lab y rinth  seals with a col lect ing
 groove and a  drain hole  where a sy phon may be pro -
vid ed.
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Ma chin ing tol er anc es 

Bearing Seat Diameter Form tolerance Axial runout tolerance
tolerance (DIN ISO 1101) of abutment shoulder

Spindle bearing Shaft +3.5/–3.5 μm 1 μm 1.5 μm
(drive/work end) Housing –3/+5 μm 2 μm 3 μm

12: Drill ing spin dle bear ing ar range ment





14 Mo tor spin dle of a  lathe 

Op er at ing data

In put pow er 18 kW;
max i mum spin dle  speed 4,400 min–1.

Bear ing se lec tion

The bear ings must be very rig id and ac cu rate ly  guide
the spin dle in the ra di al and ax ial di rec tion. This is
 achieved by se lect ing as  large a  shaft di am e ter as pos -
sible and a suit able bear ing ar range ment. The bear ings
are pre load ed and have an in creased pre ci sion. Also,
the spe cif ic ther mal con di tions  found in a mo tor bear -
ing ar range ment have to be tak en into ac count. 

Work end: 1 spin dle bear ing set 
FAG B7024E.T.P4S.QBCL 
(tan dem-O-tan dem ar range ment ) 
as lo cat ing bear ing

Op po site end: 1 cy lin dri cal roll er bear ing 
FAG N1020K.M1.SP 
as float ing bear ing.

Bear ing di men sion ing

As the bear ing size pri mar i ly de pends on the spin dle 
ri gid ity (larg er spin dle di am e ter) bear ing siz es are 

ob tained  whose load car ry ing ca pac ity is more than 
ad e quate.
Con se quent ly, the ser vice life of the bear ings is pri mar i -
ly dic tat ed by the  grease ser vice life.

Bear ing clear ance

The spin dle bear ings are mount ed with a  light pre load.
The cy lin dri cal roll er bear ing is ad just ed to a ra di al
clear ance of a few μm by ax ial ly press ing the ta pered 
in ner ring onto the ta pered  shaft seat and reach es the
re quired zero clear ance at op er at ing tem per a ture.

Lu bri ca tion, seal ing

The bear ings are lu bri cat ed for life with the roll ing
bear ing  grease Ar ca nol L207V. This  grease is par tic u lar ly
suit able for in creased tem per a tures and high  speeds.
Ap prox i mate ly 35 % of the spin dle bear ing cav ity and
ap prox i mate ly 20 % of the cy lin dri cal-roll er bear ing
cav ity is  filled with  grease.

Seal ing is pro vid ed by a  stepped lab y rinth with col lect -
ing  grooves and  drain  holes. A gap-type seal pro tects
the cy lin dri cal roll er bear ing from ex ter nal con tam i na -
tion.
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Ma chin ing tol er anc es 

Bearing Seat Diameter Form tolerance Axial runout tolerance
tolerance (DIN ISO 1101) of abutment shoulder

Spindle bearing Shaft –5/+5 μm 1.5 μm 2.5 μm
Housing –4/+10 μm 3.5 μm 5 μm

Cylindrical roller bearing Shaft, tapered 1:12 1.5 μm 2.5 μm
Housing –15/+3 μm 3.5 μm 5 μm

14: Mo tor spin dle bear ing ar range ment of a  lathe



15 Ver ti cal high- speed mill ing spin dle

Op er at ing data

In put pow er 2.6/3.14 kW;
Nom i nal  speed 500...4,000 min–1.

Bear ing se lec tion

The bear ings must op er ate re li ably over the en tire
 speed  range from 500 to 4,000 min–1. For ex am ple,
the spin dle must be rig id ly guid ed at 500 min–1  under
 heavy  loads both in the ra di al and ax ial di rec tion. On
the oth er hand, at the max i mum  speed of 4,000 min–1,
the bear ing tem per a ture must not be so high as to im -
pair ac cu ra cy.
At the mill ing spin dle work end a spin dle bear ing set
FAG B7014E.T.P4S.TBTM are mount ed in tan dem-
O-ar range ment with a me di um pre load. The bear ing
 group is pre load ed with 1.9 kN by  means of a nut and
a spac er  sleeve.
The deep  groove ball bear ing FAG 6211TB.P63
 guides the spin dle at the  drive end. To en sure clear -
ance-free op er a tion this bear ing is light ly pre load ed by
 means of Belle ville  spring wash ers. 

Bear ing di men sion ing

Mill ing spin dles must be re sist ant to de flec tion and
tor sion. This re quire ment dic tates the spin dle di am e ter
and the bear ing size. The re quired bear ing ri gid ity is
ob tained by the cho sen bear ing ar range ment and pre -
load. The two an gu lar con tact ball bear ings ar ranged at
the  upper  drive end ac com mo date the driv ing forc es.

Ma chin ing tol er anc es

Seat Diameter Cylindricity Axial runout
tolerance tolerance tolerance of

(DIN ISO 1101) abutment shoulder

Shaft js4 IT1/2 IT1

Housing JS5 IT2/2 IT2
(work end)

Housing H6 IT3/2 IT3
(drive end)

Lu bri ca tion, seal ing

The bear ings are  grease lu bri cat ed (FAG roll ing bear ing
 grease Ar ca nol L74V).
A gap-type seal with oil  splash ring and col lect ing
 grooves pro tect the spin dle bear ings from con tam i na -
tion.

27 FAG

15: Bear ing ar range ment of a ver ti cal high- speed mill ing spin dle

Drive end

Work end



16 Bore grind ing spin dle

Op er at ing data

In put pow er 1.3 kW; spin dle  speed 16,000 min–1.
The spin dle is ra di al ly load ed by the grind ing pres sure.
The load de pends on grind ing  wheel qual ity,  feed and
 depth of cut.

Bear ing se lec tion

Due to the high  speeds re quired dur ing bore grind ing,
the spin dle  speeds must also be high. Suf fi cient ri gid ity
and ac cu rate guid ance, es pe cial ly in ax ial di rec tion, are
also re quired. The de mands for high  speed and high ri -
gid ity can be met with spin dle bear ings. As the spin dle
re quires pri mar i ly a high ra di al ri gid ity, it is ad vis able
to pro vide bear ings with a con tact an gle of 15° (de sign
C).

At the work end and at the  drive end  there is one spin -
dle bear ing set FAG B7206C.T.P4S.DTL in tan dem
ar range ment each. The load is equal ly  shared by  these
O ar ranged tan dem bear ing  pairs. For this pur pose the 

spac er  rings must be iden ti cal in  width and also  flush
 ground. 

The bear ings are light ly pre load ed by a coil  spring for
clear ance-free op er a tion  under all op er at ing con di -
tions. The pre load in creas es the ri gid ity of the bear ing
ar range ment. It is, how ev er, lim it ed by the per mis sible
bear ing tem per a ture and var ies  between 300 and 
500 N de pend ing on the spin dle ap pli ca tion.

The spin dle di am e ter,  which de ter mines the bear ing
size, is  based on the re quired ri gid ity.

Lu bri ca tion, seal ing

 Grease lu bri ca tion for high- speed bear ings (FAG roll ing
bear ing  grease Ar ca nol L74V). The bear ings are 
lu bri cat ed for life dur ing mount ing and there fore no
re lu bri ca tion is re quired. 

The high- speed bear ings re quire the use of non-rub -
bing  seals, in this case lab y rinth  seals.
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Ma chin ing tol er anc es 

Seat Diameter Cylindricity tolerance Axial runout tolerance
tolerance (DIN ISO 1101) of abutment shoulder

Shaft js3 IT0/2 IT0

Housing (drive end) +2/+6  μm IT1/2 IT1

Housing (work end) –1/+3  μm IT1/2 IT1

Drive end Work end

16: Bear ing ar range ment of a bore grind ing spin dle



17 Ex ter nal cy lin dri cal grind ing spin dle

Op er at ing data

In put pow er 11 kW;  speed n = 7,500 min–1; run ning
ac cu ra cy: ra di al ly 3 μm, ax ial ly 1 μm.

Bear ing se lec tion

Dur ing ex ter nal cy lin dri cal grind ing a high  cutting ca -
pac ity is re quired (for  rough grind ing) and a high stan -
dard of form and sur face qual ity (for fine grind ing). A
high de gree of ri gid ity and run ning ac cu ra cy as well as
good damp ing and  speed suit abil ity form the main cri -
te ria for the bear ing ar range ment.  These re quire ments
are met by pre ci sion bear ings.
 Sealed uni ver sal spin dle bear ings with  small  steel  balls
(HSS) are used:
– at the work end: 1 spin dle bear ing set 

FAG HSS7020C.T.P4S.QBCL in dou ble-
O ar range ment as lo cat ing bear ing

– at the  drive end: 1 spin dle bear ing set 
FAG HSS7020C.T.P4S.DBL in O ar range ment as
float ing bear ing

 Where even high er  speeds have to be ac com mo dat ed,
it is ad vis able to use  sealed hy brid spin dle bear ings
HCS with  small ce ram ic  balls (low er cen trif u gal 
forc es).

Bear ing di men sion ing

The re quired spin dle di am e ter or the spec i fied out side
di am e ter of the  quill de ter mines the bear ing size. The
con tact an gle of 15° is suit able for high ra di al ri gid ity.
Damp ing and run ning ac cu ra cy are im proved by 
ar rang ing four bear ings at the work end.

Bear ing clear ance

All UL uni ver sal de sign bear ings are light ly pre load ed
when mount ed in O ar range ment. Spac ers im prove the
ther mal con di tions and pro vide a larg er  spread at the
bear ing lo ca tion. To en sure that the de fined bear ing
pre load is not al tered by the spac ers, the lat ter must be
iden ti cal in  width and  flush  ground.

Lu bri ca tion, seal ing

The  sealed FAG HSS spin dle bear ings re quire no
main te nance and are lu bri cat ed for life with the FAG
roll ing bear ing  grease Ar ca nol L74.
Ad di tion al seal ing is pro vid ed at the grind ing  wheel
end by a lab y rinth with de fined nar row ax ial gaps of
0.3 ... 0.8 mm. A  plain lab y rinth seal is suf fi cient at the
 drive end. 
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Ma chin ing tol er anc es 

Bearing Seat Diameter Form tolerance Axial runout tolerance
tolerance (DIN ISO 1101) of abutment shoulder

Spindle bearing Shaft +3/–3 μm 1 μm 1.5 μm
(work end) Housing -3/+5  μm 2 μm 3.5 μm

Spindle bearing Shaft +3/–3 μm 1 μm 1.5 μm
(drive end) Housing +5/+13 μm 2 μm 3.5 μm

17: Bear ing ar range ment of an ex ter nal cy lin dri cal grind ing spin dle



18 Sur face grind ing spin dle

Op er at ing data

Grind ing mo tor power 220 kW; max i mum  speed 
375 min–1;  weight of spin dle, ro tor and grind ing spin -
dle head 30 kN; max i mum grind ing pres sure 10 kN.

Bear ing se lec tion

The spin dle is sup port ed at the grind ing spin dle head
by a dou ble-row cy lin dri cal roll er bear ing FAG
NN3060ASK.M.SP. The  thrust ball bear ing FAG
51164MP.P5 ar ranged  above this bear ing ab sorbs the
 thrust com po nent of the grind ing pres sure. The  upper
end of the spin dle is fit ted with a dou ble-row cy lin dri -
cal roll er bear ing FAG NN3044ASK.M.SP and a
 thrust ball bear ing FAG 51260M.P6. The cy lin dri cal
roll er bear ing pro vides ra di al guid ance; the  thrust ball
bear ing car ries the  weight of the ro tor, spin dle, and
spin dle head. To in crease ax ial ri gid ity this bear ing is
ad just ed with Belle ville  spring wash ers  against the 
low er  thrust ball bear ing. 

Bear ing di men sion ing

Rig id spin dle guid ance in the ra di al di rec tion is en -
sured by ac cu rate ly di men sioned mat ing  parts,  tight
fits of the  rings, and a  light pre load of the cy lin dri cal
roll er bear ings. The in ner  rings are  pushed  along the
ta pered bear ing seat un til the roll er-and-cage as sem bly
runs  under a  light pre load (5 μm). Sur face fin ish and
di men sion al ac cu ra cy of the work piece main ly de pend
on the ax ial ri gid ity of the spin dle head stock and of the
ro tary ta ble. There fore, the ri gid ity of the  thrust bear -
ings is es pe cial ly im por tant. To in crease the ri gid ity, the
 thrust bear ings are pre load ed to 40 kN by Belle ville
 spring wash ers at the  upper end of the spin dle.  Since
the com bined  weight of spin dle, ro tor, and spin dle
head is 30 kN, the low er  thrust bear ing is pre load ed to
10 kN. Rig id, clear ance-free spin dle guid ance also in
the ax ial di rec tion is, there fore, guar an teed. The nom i -
nal ri gid ity is 2.5 kN/μm; the spin dle de vi ates ax ial ly
by only 4 μm with the max i mum grind ing pres sure of
10 kN. 

Lu bri ca tion, seal ing

The head stock bear ings are lu bri cat ed for life with
FAG roll ing bear ing  grease Ar ca nol L74V. A gap-type
seal suf fic es at the  upper spin dle end  since the head -
stock is pro tect ed by a cap. 
A  shaft seal pre vents  grease from pen e trat ing into the
mo tor. The low er bear ings are  sealed at the mo tor end
with a gap-type seal and at the spin dle head with a gap-
type seal pre ced ed by a lab y rinth.

FAG 30

18: Bear ing ar range ment of a sur face grind ing spin dle



19 Ro tary ta ble of a ver ti cal  lathe

Op er at ing data

In put pow er 100 kW;  speeds up to n = 200 min–1; 
ro tary ta ble O.D. 2,000, 2,200 or 2,500 mm; max i -
mum work piece di am e ter 2,800 mm, max i mum work -
piece  height 2,700 mm, max i mum work piece  weight
250 kN; max i mum ra di al and ax ial run out 5 μm.

Bear ing se lec tion

The face  plate bear ings must pro vide a high run ning
ac cu ra cy and ri gid ity. As the  thrust load pre dom i nates
and ec cen tric load ap pli ca tion caus es a  great tilt ing
mo ment, a  thrust ball bear ing of in creased pre ci sion
(main di men sions 1,250 x 1,495 x 150 mm) is in -
stalled. Ra di al guid ance is pro vid ed by an an gu lar con -
tact ball bear ing of in creased pre ci sion, FAG
7092MP.P5 (30° con tact an gle). Both bear ings are pre -
load ed  against each oth er with 50 kN.

The high pre load guar an tees a high run ning ac cu ra cy
 while en sur ing a high ra di al and ax ial mo ment or tilt -
ing ri gid ity and keep ing inter nal heat ing rel a tive ly low.
By tak ing spe cial meas ures dur ing mount ing and af ter
fi nal grind ing of the ro tary ta ble a max i mum ax ial run -
out of 5 μm is ob tained.

Ma chin ing tol er anc es 

 Thrust ball bear ing: gear ing to j5
An gu lar con tact ball bear ing: king pin to j5/gear ing to K6

Lu bri ca tion, seal ing

The bear ings have cir cu lat ing oil lu bri ca tion. 
The oil is fed di rect ly to the var i ous bear ings  through
oil feed  ducts. Af ter flow ing  through the bear ings, the
oil pass es  through a fil ter and into an oil col lect ing
con tain er from  where it re turns to the bear ings.
The lab y rinth seal pre vents the oil from es cap ing from
the bear ings and pro tects them from con tam i na tion.
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19: Bear ing ar range ment of a ro tary ta ble of a ver ti cal  lathe



20 Tail stock spin dle

Op er at ing data

Max i mum  speed n = 3,500 min–1

Bear ing se lec tion, di men sion ing

The bear ing ar range ment must be par tic u lar ly rig id
and have a high load car ry ing ca pac ity. Oth er re quire -
ments such as pre ci sion and high- speed suit abil ity are
met by bear ings of pre ci sion de sign.

At the work end the high ra di al load is ac com mo dat ed
by a dou ble-row cy lin dri cal roll er bear ing FAG
NN3014ASK.M.SP. The high ax ial load is ac com mo -
dat ed at the op po site end by four an gu lar con tact ball
bear ings FAG 7210B.TVP.P5.UL.  Three of  these bear -
ings are mount ed in tan dem ar range ment; the  fourth
bear ing is mere ly for ax ial coun ter guid ance.

The max i mum bear ing O.D. is dic tat ed by the size of
the  quill. 

Cy lin dri cal roll er bear ings have a high ra di al load 
car ry ing ca pac ity, and an gu lar con tact ball bear ings
with a 40° con tact an gle have a high ax ial load car ry ing 
ca pac ity.

Bear ing clear ance

The cy lin dri cal roll er bear ing with a ta pered bore is
pre load ed with 2...3 μm by press ing the in ner ring on
to the ta pered  shaft seat (ta per 1:12).
The an gu lar con tact ball bear ings of uni ver sal de sign
UL have a  light pre load in the O ar range ment. The two
spac ers are iden ti cal in  width and ex clu sive ly  serve to
pro vide a cav ity  which can ac com mo date the ex cess
 grease es cap ing from the bear ings.

Lu bri ca tion, seal ing

The bear ings are lu bri cat ed for life with FAG roll ing
bear ing  grease Ar ca nol L135V. A lab y rinth seal pre vents
dirt from pen e trat ing into the bear ings.
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Ma chin ing tol er anc es 

Bearing Seat Diameter Form tolerance Axial runout tolerance
tolerance (DIN ISO 1101) of abutment shoulder

Shaft, tapered Taper 1:12 1.5 μm 2 μm
Cylindrical roller bearing Housing –13 / +2 μm 2.5 μm 4 μm

Shaft –4 / +4 μm 1.5 μm 2 μm
Angular contact ball bearings Housing –4 / +6 μm 2.5 μm 4 μm

20: Bear ing ar range ment of a tail stock spin dle





22 Fly wheel of a car body  press

Op er at ing data

In put pow er 33 kW; fly wheel  speed 370 min–1; ra di al
load from fly wheel  weight and belt pull ap prox i mate ly
26 kN.

Bear ing se lec tion

Both  rings must be tight ly fit ted to  their mat ing  parts
due to the  heavy  loads and the cir cum fe ren tial load on
the out er ring. Nev er the less, mount ing and dis mount -
ing  should be sim ple.  These re quire ments can be met
with cy lin dri cal roll er bear ings. They fea ture a high
load car ry ing ca pac ity, and they are sep a ra ble, i.e. in ner
and out er  rings can be mount ed sep ar ate ly. 

The fly wheel is sup port ed on the hol low trun nion pro -
trud ing from the  press  frame by two cy lin dri cal roll er
bear ings FAG NU1048M1A. The suf fix M1A in di -
cates that the bear ings are fit ted with an out er ring rid -
ing ma chined  brass cage. Two an gle  rings HJ1048, one
at each of the out er  sides of the cy lin dri cal roll er bear -
ings, are pro vid ed for ax ial lo ca tion of the fly wheel.
Spac er J is ar ranged  between the bear ing in ner  rings
and spac er A  between the out er  rings. Spac er J is
0.6+0.2 mm long er than spac er A,  which en sures ad e -
quate ax ial clear ance. Af ter the bear ing has been
mount ed, the ax ial clear ance is  checked (min i mum 
0.4 mm).

Bear ing di men sion ing

The trun nion di am e ter,  which is de ter mined by the
de sign, de ter mines in turn the bear ing size.

Ma chin ing tol er anc es

The out er  rings are sub ject ed to cir cum fe ren tial load
and there fore re quire  tight fits; the hub bore is 
ma chined to M6. The in ner  rings are  point-load ed. The
trun nion is ma chined to j5.

Bear ing clear ance

Cal cu la tions show that the ra di al clear ance is re duced
af ter mount ing, due to out er ring con trac tion and 
in ner ring ex pan sion (prob able inter fer ence), by only
20 μm from the val ue mea sur able  prior to mount ing
(val ue in di cat ed in ta ble). Bear ings of nor mal ra di al
clear ance (CN = 110...175 μm) can, there fore, be used.

Lu bri ca tion, seal ing

 Grease lu bri ca tion (FAG roll ing bear ing  grease Ar ca nol
L71V). 
 Shaft  seals pre vent the in gress of dirt.
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23 Ver ti cal wood  milling spin dle

Op er at ing data

In put pow er 4 kW; nom i nal  speed 12,000 min–1.
Max i mum load on the work end bear ing:   
ra di al – max i mum  cutting load of 0.9 kN,
ax ial –  shaft  weight and  spring pre load of 0.2 kN.
Max i mum load on the  drive end bear ing:
ra di al – max i mum belt pull of 0.4 kN,
ax ial –  spring pre load of 0.5 kN.

Bear ing se lec tion

 Since a sim ple bear ing ar range ment is re quired the
bear ing is not oil-lu bri cat ed as is nor mal ly the case for
such high- speed ap pli ca tions. Ex pe ri ence has  shown
that  grease lu bri ca tion is ef fec tive if deep  groove ball
bear ings of in creased pre ci sion with tex tile lam i nat ed
phe nol ic res in cag es are used.  Where very high  speeds
have to be ac com mo dat ed, an gu lar con tact ball bear -
ings with a  small con tact an gle (spin dle bear ings) are
of ten pro vid ed.  These bear ings are inter change able
with deep  groove ball bear ings and can, there fore, be
em ployed with out mod i fy ing the spin dle de sign.
The work end fea tures a deep  groove ball bear ing FAG
6210TB.P63 and the  drive end a deep  groove ball
bear ing FAG 6208TB.P63. Two Belle ville  spring
wash ers pre load the bear ings to 500 N. Clear ance-free
op er a tion and high ri gid ity of the spin dle  system is,
there fore, en sured. In ad di tion to this, the  spring pre -
load en sures that both bear ings are load ed  under all
op er at ing con di tions, thus avoid ing ball skid ding
 which may oc cur in un load ed bear ings at high  speeds,
 which in turn may  cause rough en ing of the sur fac es
(in creased run ning  noise).

Bear ing di men sion ing

The size of the bear ings is dic tat ed by the  shaft di am e -
ter,  which in turn is  based on the an tic i pat ed vi bra -
tions. The bear ing siz es thus de ter mined al low a suf fi -
cient bear ing life to be  achieved so that a con tam i na tion
fac tor V = 0.5...0.3 can be as sumed if  great care was
tak en to en sure clean li ness dur ing mount ing and
main te nance (re lu bri ca tion). With this very good to
ut most clean li ness the bear ings even can be fail safe.

Lu bri ca tion, seal ing

 Grease lu bri ca tion with FAG roll ing bear ing  grease 
Ar ca nol L74V. The bear ings are  packed with  grease and
re plen ished at the re quired inter vals. In view of the
high  speeds the  grease quan tities  should not, how ev er,
be too  large (care ful reg u la tion) so that a tem per a ture
rise due to work ing of the  grease is avoid ed. 

As a rule, the bear ings have to be re lu bri cat ed eve ry six
 months, and for high  speeds even more of ten.
Non-rub bing lab y rinth  seals are used in stead of rub -
bing-type  seals in or der to  avoid gen er a tion of ad di -
tion al heat. 

Ma chin ing tol er anc es

Seat Diameter Cylindricity Axial runout
tolerance tolerance tolerance of the

(DIN ISO 1101) abutment shoulder

Shaft js5 IT2/2 IT2

Housing JS6 IT3/2 IT3
(work end)

Housing H6 IT3/2 IT3
(drive end)
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24 Dou ble- shaft cir cu lar saw

Op er at ing data

In put pow er max. 200 kW;
max.  speed 2,940 min–1.

Bear ing se lec tion

A sim ple bear ing ar range ment is re quired with stan -
dard ized bear ings  which are suit able for very high
 speeds and al low ac cu rate  shaft guid ance. The re quired
high  shaft ri gid ity de ter mines the bear ing bore di am e -
ter.
The lo cat ing bear ing is at the work end in or der to keep
heat ex pan sion in the ax ial di rec tion as  small as pos -
sible at this end. The two spin dle bear ings FAG
B7030E.T.P4S.UL are mount ed in O ar range ment.
The bear ings of the UL uni ver sal de sign are light ly pre -
load ed by clamp ing the in ner  rings ax ial ly. The bear ing
pair is suit able for high  speeds.

The cy lin dri cal roll er bear ing FAG NU1026M at the
 drive end is the float ing bear ing. Heat ex pan sion in the
ax ial di rec tion is free ly ac com mo dat ed in the bear ing.
The cy lin dri cal roll er bear ing also ac com mo dates the
high belt pull ten sion forc es.

Ma chin ing tol er anc es

 Shaft tol er ance js5
Hous ing tol er ance JS6

Lu bri ca tion, seal ing

The bear ings are  greased for life, e.g. with FAG roll ing
bear ing  grease Ar ca nol L74V.
Good seal ing is re quired due to the dust aris ing dur ing
saw ing. Non-rub bing  seals are used due to the high
 speed. Fling er  disks pre vent the pen e tra tion of  coarse
con tam i nants into the gap-type  seals.
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25 Rolls for a plas tic ca lend er

Plas tic  foils are pro duced by  means of ca lend ers com -
pris ing sev er al  rolls made of  chilled cast iron or  steel
with pol ished sur fac es  which are  stacked on top of
each oth er or ar ranged side by side.
Hot oil or  steam  flows  through the  rolls, heat ing the
O.D.s, de pend ing on the ma te ri al, to up to 220 °C
(rig id PVC),  which en sures a good pro cess ibil ity of the
ma te ri al.  Rolls 1, 2 and 4 are sub ject ed to de flec tion
 under the high  loads in the roll ing gap. In or der to  still
 achieve the thick ness tol er anc es of the  sheets in the mi -
crom e ter  range, the de flec tion is com pen sat ed for by
in clin ing  of rolls 1 and 3 and by coun ter bend ing of
 rolls 2 and 4. More over, the nar row tol er ance of the
foil thick ness re quires a high ra di al run out ac cu ra cy of
the bear ings and ad e quate ra di al  guid ance of roll 3
 which is only light ly load ed; this is achieved by pre -
load ing the main bear ing ar range ment by  means of
col lat er al ly ar ranged, sep ar ate pre load ing bear ings.

Op er at ing data

Type: four-roll ca lend er, F- shaped  
Use ful  width 3,600  mm
Roll di am e ter 820 mm
Rol ling gap 1st step 1.5...2 mm

2nd step 1...1.5 mm
3rd step 0.25...1  mm

Roll  speed n = 6...24 min–1

In ner ring tem per a ture 170 ° C
Roll mass 18 t ( weight ≈ 180 kN)

Bear ing  system

To ac com mo date the ra di al and  thrust  loads, the four
 rolls are sup port ed at both ends by the same type of
main bear ing ar range ment. It con sists of two dou ble-
row cy lin dri cal roll er bear ings form ing the float ing
bear ing and of two dou ble-row cy lin dri cal roll er bear -
ings plus one deep  groove ball bear ing form ing the 
lo cat ing bear ing at the  drive end. In ad di tion,  rolls 2
and 4 have to ac com mo date coun ter bend ing forc es,
and roll 3 has to ac com mo date pre load ing forc es.
 These coun ter bend ing and pre load ing forc es are sup -
port ed at both roll ends in spher i cal roll er bear ings.

Bear ing se lec tion

Main bear ing ar range ment
The ra di al pres sure by load of 1,620 kN re sult ing from
the max i mum gap load of 4.5 kN/cm, as well as the
coun ter bend ing and pre load ing forc es, are ac com mo -
dat ed by the main bear ing ar range ment at each end of
 rolls 1, 2 and 4. The ra di al  loads and the ax ial guid ing
 loads are ac com mo dat ed by dou ble-row FAG cy lindri -

cal roll er bear ings (di men sions 500 x 650 x 130 mm)
and deep  groove ball bear ings FAG 61996M.P65.
At the lo cat ing bear ing end the ra di al ly re lieved deep
 groove ball bear ing ac com mo dates only ax ial guid ing
 loads.
At the float ing bear ing end, heat ex pan sions are com -
pen sat ed by cy lin dri cal roll er bear ings. Mis align ments
re sult ing from  shaft de flec tions and roll in cli na tion are
com pen sat ed for by pro vid ing a spher i cal re cess for the
bear ing hous ings in the ma chine  frame. The bear ings
must be di men sion al ly  stable up to 200 °C as  their 
in ner  rings may heat up to 180 °C as a re sult of roll
heat ing.
The high ra di al run out ac cu ra cy (≤ 5 μm) is  achieved
by grind ing the bear ing in ner  rings and the roll body
to fin ished size in one set ting at a roll sur face tem per a -
ture of 220 °C.The in ner  rings and the roll body can
be  ground to geth er due to the fact that the in ner  rings
of the cy lin dri cal roll er bear ings – in con trast to  those
of spher i cal or ta pered roll er bear ings – can be eas i ly
re moved and mount ed sep ar ate ly.
The di men sion of the in ner ring race way af ter grind -
ing has been se lect ed such that no det ri men tal ra di al
pre load is gen er at ed even dur ing the heat ing pro cess
when the tem per a ture dif fer ence  between out er and
in ner ring is  about 80 K.

FAG 38

Roll ar range ment 1 to 4

1 2

3

4



Roll bend ing bea ring s
A coun ter bend ing  force is gen er at ed by  means of 
hy draul ic  jacks. The coun ter bend ing  force (max. 
345 kN per bear ing lo ca tion) is trans mit ted to the roll
neck by spher i cal roll er bear ings FAG
23980BK.MB.C5. The bear ings en sure low-fric tion
roll ro ta tion and ac com mo date mis align ments re sult -
ing from  shaft de flec tion.

Pre load ing bear ings
The main bear ings of roll 3 have to ac com mo date the
dif fer ence from the roll ing forc es from  rolls 2 and 4. In
or der to  avoid un con trolled ra di al roll move ments, the
main bear ings are pre load ed with 100 kN via spher i cal
roll er bear ings FAG 23888K.MB.C5.

Bear ing di men sion ing 

Two cy lin dri cal roll er bear ings FAG 522028.. mount -
ed side by side have a dy nam ic load rat ing of 2 x 
2,160 kN. The load ac com mo dat ed by the bear ings is
cal cu lat ed, de pend ing on the load di rec tion, from (roll
 weight +  press-on  force + coun ter bend ing  force)/2.
The di men sion ing cal cu la tion is car ried out for the
most heav i ly load ed roll 2  which ro tates at an av er age
 speed of 15 min–1.
The nom i nal life is ap prox. 77,000  hours. Due to the
high bear ing tem per a ture, the at tain able life,  which
 takes into ac count the  amount of load, lu bri cant film

thick ness, lu bri cant ad di tives, clean li ness in the lu bri -
cat ing gap and bear ing type, is only 42,000  hours. 
The re quired bear ing life of 40,000 h is  reached.

Ma chin ing tol er anc es

Main bear ings: Shaft to r6/hous ing to H6
Guid ing bear ing: Shaft to g6/hous ing ra di al ly 

re lie ved 
Pre load ing bear ing: Shaft ta pered/ hous ing H7
Rollbend ing bear ing: Shaft ta pered/ hous ing to H7

Lu bri ca tion

The bear ings are lu bri cat ed with oil. The lu bri cant has
to meet very strin gent re quire ments. Due to the low
 speed and the high op er at ing tem per a ture, no el as to -
hy drod y nam ic lu bri cant film can form. As a re sult, the
bear ings al ways op er ate in the  mixed-fric tion  range
and are ex posed to the risk of in creased wear. This con -
di tion re quires par tic u lar ly suit able and test ed lu bri cat -
ing oils.
A cen tral cir cu la tion lu bri ca tion  system with re cool ing
sup plies all bear ings with oil.  Holes in the bear ing
hous ings, cir cum fe ren tial  grooves in the bear ing out er
 rings and in the spac ers as well as ra di al  grooves in the
out er fac es feed the oil di rect ly into the bear ings.
Lip  seals in the hous ing cov ers pre vent dirt par ti cles
from pen e trat ing into the bear ings.
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25: Bear ing ar range ment of a plas tic ca lend er

a Main bear ing ar range ment (ra di al), at each end of all  rolls: 
2 cy lin dri cal roll er bear ings

b Main bear ing ar range ment (ax ial), at the  drive end of all  rolls: 
1 deep  groove ball bear ing 61996M.P65

c Pre load ing bear ing ar range ment, each end of roll 3: 
1 spher i cal roll er bear ing 23888K.MB.C5

d Roll bend ing bear ing ar range ment, each end of  rolls 2 and 4: 
1 spher i cal roll er bear ing 23980BK.MB.C5



26 In fi nite ly var i able gear

The main com po nents of this in fi nite ly var i able gear
are two  shafts  linked by a  chain  which is guid ed by two
bev elled  drive  disks at each of the  shafts. By var y ing
the dis tance  between the bev elled  drive  disks the run -
ning cir cle of the  chain in creas es or de creas es, pro vid -
ing an in fi nite ly var i able trans mis sion ra tio.

Bear ing se lec tion

The two var i a tor  shafts are each sup port ed by two
deep  groove ball bear ings FAG 6306. 
The driv ing  torque is trans mit ted by  sleeve M via  balls
to the bev elled disk hub H. The ball con tact sur fac es of
 coupling K are  wedge- shaped. Thus,  sleeve and bev -
elled disk hub are sep ar at ed de pend ing on the  torque 

trans mit ted, and sub se quent ly the con tact pres sure
 between  chain and  disks is adapt ed to the  torque. 
Two an gu lar con tact  thrust ball bear ings FAG
751113M.P5 and one  thrust ball bear ing FAG
51110.P5 ac com mo date the ax ial  loads re sult ing from
the con tact pres sure.
 Torque vari a tions are as so ciat ed with  small rel a tive
move ments  between  shaft and  drive  disks; for this rea -
son the two  parts are sep ar at ed by nee dle roll er and
cage as sem blies (di men sions 37 x 45 x 26 mm).

Lu bri ca tion

Oil bath lu bri ca tion pro vides for am ple oil sup ply to
var i a tor com po nents and bear ings.

FAG 40

Ma chin ing tol er anc es

Bearing Seat Diameter Cylindricity tolerance Axial runout tolerance
tolerance (DIN ISO 1101) of abutment shoulder

Deep groove ball bearing Shaft k5 IT3/2 IT3
Housing J6 IT3/2 IT3

Angular contact thrust ball bearings Bevelled disk hubs/ k5 IT2/2 IT2
and thrust ball bearing Sleeve IT3

Needle roller and Shaft h5 IT3/2 IT3
cage assembly Housing G6 IT3/2 IT3

26: In fi nite ly var i able gear



27 Spur gear trans mis sion for a re vers ing roll ing  stand

Op er at ing data

The hous ing con tains two  three-step trans mis sions.
The  drive  shafts (1) are at the same lev el on the out side
and the out put  shafts (4) are  stacked in the hous ing
cen tre. 

In put  speed 1,000 min–1; gear step-up 16.835:1; 
in put pow er 2 x 3,950 kW.

Bear ing se lec tion

In put  shafts (1)
One cy lin dri cal roll er bear ing FAG NU2336M.C3
and one four- point bear ing FAG QJ336N2MPA.C3
form the lo cat ing bear ing. The float ing bear ing is a cy -
lin dri cal roll er bear ing FAG NJ2336M.C3. The four-
 point bear ing is mount ed with clear ance in the hous -
ing (re lieved) and, there fore,  takes up just the ax ial
 loads. The two cy lin dri cal roll er bear ings only take up
the ra di al  loads.

Inter me di ate  shafts (2, 3)
The inter me di ate  shafts have a float ing bear ing
ar range ment with FAG spher i cal roll er bear ings:
22348MB.C3 and 24160B.C3 for  shafts 2.
23280B.MB and 24164MB for  shafts 3.

Out put  shafts (4)
A spher i cal roll er bear ing FAG 24096B.MB is used as
lo cat ing bear ing. A full-com ple ment sin gle-row cy lin -
dri cal roll er bear ing as a float ing bear ing com pen sates
for the ther mal  length vari a tions of the  shaft. 

Ma chin ing tol er anc es

In put  shafts (1):
Cy lin dri cal roll er bear ing: –  Shaft n6; hous ing J6
Four- point bear ing: –  Shaft n6; hous ing H7

Inter me di ate  shafts (2 and 3):
Spher i cal roll er bear ing: –  Shaft n6; hous ing 

re lief- turned.

Out put  shafts (4):
Cy lin dri cal roll er bear ing: –  Shaft p6; hous ing JS6
Spher i cal roll er bear ing: –  Shaft n6; hous ing JS6

Lu bri ca tion

The bear ings are also connected to the oil cir cu la tion
 system for the trans mis sion  wheels. The oil (ISO
VG320) is fed di rect ly to the bear ing po si tions from
the oil fil ter.
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28 Marine reduction gear

The hard ened and  ground gear ings of  marine gears
trans mit  great  torques.

Op er at ing data

In put pow er P = 5,475 kW; in put  speed 750 min–1;
out put  speed 209 min–1; op er at ing  tempera ture ca. 
50 °C.

Bear ing se lec tion

 Coupling  shaft   
The  coupling  shaft ( upper  right) is sup port ed at the
 drive end by a spher i cal roll er bear ing 23248B.MB 
(lo cat ing bear ing) and at the op po site end by a cy lin dri -
cal roll er bear ing NU1056M (float ing bear ing). The
 shaft trans mits only the  torque. The bear ings have to
ac com mo date only the  slight dead weights and mi nor
gear wheel forc es from a pow er take-off  system. The
bear ing di men sions are de ter mined by the de sign; as a
re sult larg er bear ings are used than need ed to ac com -
mo date the  loads. Con se quent ly, a life cal cu la tion is
not re quired.

In put  shaft 
At the in put  shaft the ra di al  loads from the gear ing are
ac com mo dat ed by two spher i cal roll er bear ings
23248B.MB. The  thrust  loads in the main  sense of ro -
ta tion dur ing head way op er a tion are sep ar ate ly ac com -
mo dat ed by a spher i cal roll er  thrust bear ing 29434E.
The bear ing 23248B.MB on the left side also ac com -

mo dates the small er ax ial  loads in the op po site di rec -
tion. It is ad just ed  against the spher i cal roll er  thrust
bear ing with a  slight clear ance and pre load ed by
 springs. The pre load en sures that the  thrust bear ing
roll ers do not lift off the race ways when the load
chang es but keep roll ing with out slip page. The hous -
ing washer of the spher i cal roll er  thrust bear ing is not
ra di al ly sup port ed in the hous ing to en sure that this
bear ing can trans mit no ra di al  loads.

Out put shaf t
At the out put  shaft, ra di al and ax ial  loads are ac com -
mo dat ed sep ar ate ly. The ra di al  loads are ac com mo dat -
ed by two spher i cal roll er bear ings 23068MB. In the
lo cat ing bear ing po si tion at the out put end a spher i cal
roll er  thrust bear ing 29464E ac com mo dates the dif fer -
ence from the pro pel ler  thrust dur ing head way op er a -
tion and the ax ial  tooth  loads. The small er ax ial  loads
dur ing stern way op er a tion are tak en up by the small er
spher i cal roll er  thrust bear ing 29364E.  These two
 thrust bear ings are also ad just ed  against each oth er
with a  slight ax ial clear ance, pre load ed by  springs and
not ra di al ly sup port ed in the hous ing.

Bear ing di men sion ing

 Based on the op er at ing data, the fol low ing nom i nal 
fa tigue  lives are ob tained for the dif fer ent bear ings. The
min i mum val ue of Lh = 40,000  hours re quired for clas -
sifi ca tion was not only  reached but far ex ceed ed.

FAG 42

Shaft Bearing Rolling bearing Equivalent Index of Nominal Viscosity Factor Attainable
location dynamic dynamic fatigue ratio life at

load stressing life �= a23 = utmost
P fL Lh �/�1 a23II · s cleanliness
[kN] [h] Lhna [h]

Coupling shaft
Locating bearing 1 23248B.MB only slightly loaded by deadweight
Floating bearing 2 NU1056M only slightly loaded by deadweight

Input shaft
Radial bearings 3 23248B.MB 242 3.98 49,900 6.3 >114 »200,000

3 new 23048B.MB 242 1.88 4,100 5.8 >114 »200,000

4 23248B.MB 186 5.18 120,000 6.3 >114 »200,000

Thrust bearings 5 29434E 80 >6.03 >200,000 5.2 >114 »200,000
5 new 29334E 80 4.91 102,000 5.0 >114 »200,000

Output shaft
Radial bearings 6 23068MB 158 >6.03 >200,000 2.4 >84 »200,000

7 23068MB 293 4.64 83,500 2.4 >84 »200,000
7 new 23968MB 293 2.70 13,600 2.3 39 »200,000

Thrust bearings 8 29364E only briefly loaded during sternway operation
9 29464E 650 3.81 43,300 2.5 > 87 »200,000
9 new 29364E 650 2.35 8,600 2.3 > 84 »200,000





At tain able life

The ac tu al ly at tain able life Lhna is con sid er ably long er
than the nom i nal life Lh.
Lhna = a1 · a23 · Lh is cal cu lat ed with the fol low ing data:
Nom i nal vis cos ity of the oil: �40 = 100 mm2/s
Op er at ing tem per a ture: t = 50 °C
O per at ing vis cos ity: � = 58 mm2/s
Spher i cal roll er bear ing 23248B (no. 3):
C = 2,450 kN; C0 = 4,250 kN; n = 750 min–1;
dm = (440 + 240)/2 = 340 mm
Rat ed vis cos ity: �1 = 9.2 mm2/s
Vis cos ity ra tio: �/�1 = 6.3

Spher i cal roll er  thrust bear ing 29464E (no. 9):
C = 4,300 kN; C0 = 15,600 kN; n = 209 min–1;
dm = (580 + 320)/2 = 450 mm
Rat ed vis cos ity: �1 = 23 mm2/s
Vis cos ity ra tio: � = �/�1 = 2.5

A  stress in dex fs* = C0/P0* > 14 is ob tained for both
bear ings; con se quent ly, K1 = 1 and K2 = 1; there fore, 
K = 1 + 1 = 2. 
From the vis cos ity ra tio � and the fac tor K the fol low ing
ba sic fac tors are ob tained:
– for the ra di al spher i cal roll er bear ing  a23II = 3.8
– for the spher i cal roll er  thrust bear ing  a23II = 2.9 

Fac tor a23 is ob tained from a23 = a23II · s.
The clean li ness fac tor s is de ter mined on the ba sis of the
con tam i na tion fac tor V. Both bear ings op er ate  under
ut most clean li ness con di tions (V = 0.3). Clean li ness is
ut most if the par ti cle siz es and fil tra tion ra tios of con -
tam i na tion fac tor V = 0.3 are not ex ceed ed.
Tak ing into ac count the vis cos ity ra tio � and the  stress
in dex fs*, a clean li ness fac tor of s > 30 and con se quent ly
an a23 fac tor = a23II · s > 114 and > 87, re spec tive ly, is
ob tained for the bear ings  under con sid er a tion. The 
at tain able life is in the en du rance  strength  range.

This  means that small er bear ings  could be pro vid ed for
bear ing loca tions 3, 5, 7 and 9 to ac com mo date the
same  shaft di am e ter (see ta ble: 3 new, 5 new, 7 new, 9
new) and  would, in  spite of the now high er bear ing
 loads,  still be in the en du rance  strength  range.

Ma chin ing tol er anc es

As all bear ing in ner  rings in this ap pli ca tion are sub -
ject ed to cir cum fe ren tial load they are fit ted tight ly
onto the  shaft  seats:
– Ra di al bear ings to n6
– Thrust bear ings to k6.
If the ra di al bear ing out er  rings are sub ject ed to  point
load, the bear ing  seats in the hous ings are ma chined to
H7. 
As the spher i cal roll er  thrust bear ings are to ac com mo -
date ex clu sive ly  thrust  loads they are fit ted with clear -
ance, i.e. ra di al ly re lieved, into the hous ing  seats  which
are ma chined to E8.

Lu bri ca tion, seal ing

To meet the high re quire ments on safe ty and re li abil -
ity, ad e quate lu bri ca tion and clean li ness con di tions are
pro vid ed for  marine gears. The cir cu lat ing oil ISO VG
100,  which is used to lu bri cate both gear  wheels and
roll ing bear ings, is  cooled and di rect ly fed to the bear -
ings. By-pass fil ters with fil ter con di tion in di ca tors and
with an ad e quate fil tra tion ra tio en sure an oil con di -
tion  where no par ti cles  bigger than 75 μm are  found
and  where, con se quent ly, clean li ness is usu al ly ut most
(con tam i na tion fac tor V = 0.3).
For this rea son, the oil clean li ness  class  should be
14/11 or 15/12 (ISO 4406).
Ra di al  shaft  seals pro tect the trans mis sion from con -
tam i na tion.
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29 Bev el gear – spur gear trans mis sion

Op er at ing data

In put  speed 1,000 min–1; gear ratio 6.25:1; in put 
pow er 135 kW.

Bear ing se lec tion, di men sion ing

Pin ion  shaft
The pin ion is an over hung ar range ment. Two ta pered
roll er bear ings FAG 31315.A100.140.N11CA in X 
ar range ment are mount ed at the lo cat ing end. Spac er A
 between the cups ad justs the bear ing pair to  achieve an
ax ial clear ance of 100...140 μm  prior to mount ing.
The float ing bear ing, a cy lin dri cal roll er bear ing FAG
NUP2315E.TVP2, has a  tight fit on the  shaft and a
 slide fit in the hous ing.
Ax ial pin ion ad just ment is  achieved by grind ing the
spac ers B and C to suit able  width.

 Crown  wheel  shaft
The  crown  wheel  shaft is sup port ed by two ta pered
roll er bear ings FAG 30320A (T2GB100 - DIN ISO
355). The bear ings are mount ed in X ar range ment and
are ad just ed  through the cups. For ax ial ad just ment
and ad just ment of the ax ial clear ance the spac ers D and
E are  ground to suit able  width.

Out put  shaft
The out put  shaft is sup port ed by two spher i cal roll er
bear ings FAG 23028ES.TVPB in float ing bear ing 
ar range ment.

Det ri men tal ax ial pre loads are avoid ed by  means of a
gap  between the cov ers and out er  rings.
For the float ing bear ing of the pin ion  shaft an in dex of
dy nam ic stress ing fL = 2.88 is cal cu lat ed. This val ue cor -
re sponds to a nom i nal life of Lh = 17,000  hours. Tak ing
into ac count the op er at ing con di tions such as:
– oil ISO VG220 with suit able ad di tives,
– a good de gree of clean li ness in the lu bri cat ing gap,
– max. op er at ing tem per a ture 80 °C,
a fac tor a23 = 3 is ob tained with the ad just ed life cal cu la -
tion. There fore, the at tain able life Lhna = 50,700  hours.

Ma chin ing tol er anc es

The bear ing in ner  rings are sub ject ed to cir cum fe ren tial
 loads and con se quent ly have to be fit ted tight ly on the
 shaft. The bear ing  seats for the pin ion bear ings must
be ma chined to the fol low ing tol er anc es:  Shaft to 
m5 / hous ing to H6.

Lu bri ca tion, seal ing

All bear ings are suf fi cient ly lu bri cat ed with the  splash
oil from the  gears. The ta pered roll er bear ing pair is
sup plied with oil  which is fed  through  ducts from col -
lect ing pock ets in the  upper hous ing  part. 
 Shaft  seals are fit ted at the  shaft open ings.
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30 Dou ble-step spur gear

Op er at ing data

Max. in put  speed 1,500 min–1; gear ra tio 6.25:1; 
out put pow er 1,100 kW at a max i mum  speed of 
1,500 min–1.

Bear ing se lec tion

The bear ings sup port ing the  three gear  shafts are ad -
just ed. Two ta pered roll er bear ings FAG 32224A
(T4FD120)*, two ta pered roll er bear ings FAG
30330A (T2GB150)* and two ta pered roll er bear ings
FAG 30336 are used. The X ar range ment cho sen
 means that the cups are ad just ed and the ad just ing
 shims in sert ed  between the cup and hous ing cov er de -
ter mine the ax ial clear ance. The same gear hous ing is
also used for  gears trans mit ting high er pow er. In such a
case larg er bear ings are used with out  sleeves.

Ma chin ing tol er anc es

The  cones are sub ject ed to cir cum fe ren tial load and are,
there fore, fit ted tight ly on the  shaft. The cups are sub -
ject ed to  point load and can, there fore, have a  loose fit.
The bear ing  seats on the  shafts are ma chined to m6,
the hous ings to J7. 

*) Des ig na tion ac cord ing to DIN ISO 355

The rel a tive ly  loose fit in the hous ing sim pli fies cup
ad just ment.

Lu bri ca tion, cool ing, seal ing

The lu bri ca tion  system se lect ed de pends on the gear
 speed, pow er, op er at ing time and am bi ent tem per a -
ture. For low pow er and low gear cir cum fe ren tial
 speeds, oil  splash lu bri ca tion with out ex tra cool ing is
suf fi cient. Me di um pow er of ten re quires some ex tra
cool ing. For high pow er and high gear cir cum fe ren tial
 speeds cir cu lat ing oil lu bri ca tion (pos sibly with oil
cool er) is pro vid ed. De tailed in for ma tion on the  range
of ap pli ca tion of lu bri ca tion  system and oils in ques -
tion is avail able from gear man u fac tur ers. 
The roll ing bear ings are lu bri cat ed with the same oil as
the  gears; for this pur pose baf fle  plates and col lect ing
 grooves are pro vid ed in the trans mis sion case to trap
the oil and feed it  through the chan nels to the bear -
ings. 
Gap-type  seals with  grooves and oil re turn chan nels in
the end cov ers pro vide ad e quate seal ing at the  shaft
open ings. More so phis ti cat ed  seals such as  shaft  seals
(with dust lip, if nec es sary) are pro vid ed  where am bi -
ent con di tions are ad verse.
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31 Worm gear pair

Op er at ing data

In put pow er 3.7 kW; in put  speed 1,500 min–1; over all
gear ra tio 50:1.

Bear ing se lec tion

Worm  shaft
The worm  shaft bear ings are pri mar i ly ax ial ly load ed,
the load di rec tion chang ing with the di rec tion of ro ta -
tion of the worm. The ra di al  loads act ing on the bear -
ings are rel a tive ly  small. A lo cat ing-flat ing bear ing 
ar range ment is se lect ed.
The lo cat ing bear ing com pris es two uni ver sal an gu lar
con tact ball bear ings FAG 7310B.TVP.UA. Suf fix UA
in di cates that the bear ings can be mount ed in any tan -
dem, O or X ar range ment. When the bear ings are
 paired in O or X ar range ment and the  shaft is ma chined
to j5 and the hous ing to J6, the bear ings fea ture a
 small clear ance. The two an gu lar con tact ball bear ings
are mount ed in X ar range ment. De pend ing on the 
di rec tion of ro ta tion of the worm  shaft, ei ther one or
the oth er bear ing ac com mo dates the ax ial load.

A cy lin dri cal roll er bear ing FAG NU309E.TVP2 is
mount ed as the float ing bear ing.

Worm gear  shaft
The bear ings of the worm gear  shaft are main ly ra di al -
ly load ed; the ax ial  loads are rel a tive ly low in com par i -
son. A deep  groove ball bear ing FAG 6218 is there fore
pro vid ed at the lo cat ing bear ing end and a cy lin dri cal
roll er bear ing FAG NU218E.TVP2 at the float ing
bear ing end.

Ma chin ing tol er anc es

An gu lar con tact ball bear ings:  Shaft to j5; hous ing to J6
Cy lin dri cal roll er bear ings:  Shaft to k5; hous ing to J6
Deep  groove ball bear ing:  Shaft to k5; hous ing to K6

Lu bri ca tion, seal ing

The worm gear and the bear ings are oil-lu bri cat ed.
The oil lev el  should co in cide with the low est  point of
the worm  teeth  pitch cir cle di am e ter.
The seal ing  rings at the  shaft open ings pre vent oil from
es cap ing and of fer ad e quate pro tec tion  against con -
tam i na tion.

47 FAG

31: Worm gear pair



32–33 Au to mo tive gear box es

De sign

The roll ing bear ings used in  torque con vert ers in ve hi -
cles (man u al trans mis sions and trans fer box es) are cus -
tom-tail ored to this ap pli ca tion. De pend ing on the
load ac com mo da tion and  speed re quire ments, deep
 groove ball bear ings – both un shield ed and dirt-pro -
tect ed (" clean bear ings") –, cy lin dri cal roll er bear ings,
com bined bear ings and ta pered roll er bear ings have
prov en them selves in the main bear ing lo ca tions. The
id lers are gen er al ly sup port ed on nee dle roll er and cage
as sem blies. The main bear ing lo ca tions have lo cat ing-
float ing bear ing de signs, adjusted bear ing or float ing
bear ing ar range ments.

Lo cat ing-float ing bear ing ar ran ge men t
Ra di al  loads are ac com mo dat ed by both bear ings  while
the ax ial load is tak en up by the lo cat ing bear ing. With
ex treme ax ial  loads the ra di al and ax ial  loads may be
tak en up sep ar ate ly (ax ial bear ing e. g. deep  groove ball
bear ing or four- point bear ing) at the lo cat ing bear ing
end.

Ad just ed bear ing ar ran ge ment 
The an gu lar con tact ball bear ings or ta pered roll er
bear ings are mount ed in op po si tion to one an other.
The bear ings, when run ning at op er at ing tem per a ture,
 should have zero clear ance or even pre load (nar row 
ax ial guid ance). Reg u la tion of the ax ial clear ance by 
ax ial dis place ment of the bear ing  rings. Both bear ings
ac com mo date ra di al and ax ial  loads.

Float ing bear ing ar ran ge ment 
The bear ings (ex cept for an gu lar con tact bear ings, all
bear ing  types may be used) ac com mo date both ra di al
and ax ial  loads, per mit ting, how ev er, ax ial dis place -
ment of the  shaft. This ax ial dis place abil ity is such that
the bear ings are nev er pre load ed, not even  under ad -
verse ther mal con di tions.

Lu bri ca tion

The gear  wheels of ve hi cle trans mis sions are all oil-lu -
bri cat ed al most with out ex cep tion. For this rea son oil
lu bri ca tion is usu al ly also pro vid ed for the roll ing bear -
ings in the trans mis sion.
 Since the roll ing bear ings re quire only very lit tle lu bri -
cant, the oil  splashed from the gear  wheels is nor mal ly
suf fi cient for bear ing lu bri ca tion. Only in cas es  where
the  splash oil does not  reach the bear ings may it be
nec es sary to pro vide col lect ing pock ets and feed  ducts.
On the oth er hand it is ad vis able to pro tect  those bear -
ings  which run di rect ly  beside the gear  wheel from ex -
ces sive oil sup ply, for ex am ple by  means of a seal or a
baf fle  plate.

How ev er, with  joint lu bri ca tion of gear  wheels and
bear ings care must be tak en that the life-re duc ing con -
tam i nants are fil tered out of the oil cir cu la tion (cost ly).  

Dirt-pro tect ed bear ings

In or der to keep  these con tam i nants ( rubbed-off par ti -
cles from the  gears) out of the bear ings as long as pos -
sible, man u al trans mis sions for cars are fit ted to day
with  sealed,  grease-lu bri cat ed deep  groove ball bear ings
or an gu lar con tact ball bear ings (so- called dirt-pro tect -
ed or " clean bear ings").
 Since roll er bear ings are less af fect ed by cy cled par ti -
cles, the dirt-pro tect ed de sign is not re quired in au to -
mo tive gear box es.

Bear ing se lec tion and di men sion ing

The bear ing cal cu la tion is  based on the max i mum in -
put  torque with the cor re spond ing  speed, the gear ing
data and the pro por tion ate run ning  times for the in di -
vid u al gear steps.

De ter mi na tion of the  tooth  loads
 Based on the tan gen tial load Ft = Md / r a ra di al load
(Fr = Ft · tan �E) and an ax ial load (Fa = Ft · tan �) are
cal cu lat ed.  Based on the dis tanc es at the in di vid u al
 shafts, the forc es act ing on the  teeth are dis trib ut ed
over the in di vid u al bear ing lo ca tions, also tak ing into
ac count the tilt ing mo ment  caused by the  tooth load
com po nent Fa.

In dex of dy nam ic stress ing fL
Un sealed trans mis sion bear ings in me di um- weight to
 heavy cars  should have an fLm val ue of 1.0...1.3, where -
as the fLm val ue for dirt-pro tect ed bear ings  should be
0.7...1.0.
The bear ing  loads in the in di vid u al  speeds and the
trans mis sion bear ings are cal cu lat ed in de tail by  means
of com put er pro grams.

At tain able life
The lu bri cant in open ball bear ings must be as sumed
to be mod er ate ly (con tam i na tion fac tor V = 2) to heav i -
ly con tam i nat ed (V = 3) .
With the usu al trans mis sion bear ing  stress in dex es of 
fs* ≈ 2...8, de pend ing on the gear, a clean li ness fac tor of
s = 0.6...0.7 is ob tained with V = 2, and s = 0.3...0.5
with V = 3.
Con se quent ly, due to the ef fects of con tam i na tion by the
trans mis sion oil, the re serve ca pac ities of the unsealed
ball bear ings (high er fLm val ue) can not be uti lized. On
the oth er hand, if dirt-pro tect ed ball bear ings are used, 
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at  least nor mal clean li ness (con tam i na tion fac tor V = 1),
in most cas es im proved clean li ness (V = 0.5) or even
ut most clean li ness (V = 0.3) can be  achieved. Thus,
with a vis cos ity ra tio of � = 1, a clean li ness fac tor s is ob -
tained  which is  between 1 and 3.
So dirt-pro tect ed trans mis sion bear ings (deep  groove
ball bear ings or an gu lar con tact ball bear ings)  reach
 lives  which are up to six  times long er than  those of un-
sealed bear ings run ning in the "con tam i nat ed" trans -
mis sion oil.

Ma chin ing tol er anc es

At all bear ing lo ca tions the in ner  rings are sub ject ed to
cir cum fe ren tial load and the out er  rings to  point load.
The bear ing  seats on the  shafts are ma chined to
j6...m6 and  those in the hous ings to M6...P6 ( light
met al) and to J6...K6 (grey-cast iron), re spec tive ly. The
tight er bear ing fits in  light-met al hous ings take into 
ac count the dif fer enc es in the ther mal ex pan sion of
 light met al and  steel.
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32 Pas sen ger car trans mis sion

Op er at ing data

Five- speed trans mis sion for pas sen ger cars for a max i -
mum in put  torque of 170 N m at 4,500 min–1; the 5th
 speed is an over drive gear;  light-met al hous ing.
Gear ra tios: 3.717 – 2.019 – 1.316 – 1.0 – 0.804

Bear ing se lec tion

In put  shaft
Com bined bear ings (deep  groove ball bear ing + roll er
and cage as sem bly) as lo cat ing bear ing for ac com mo -
dat ing ra di al and ax ial  loads. The roll er and cage 
as sem bly runs di rect ly on the in put  shaft. The out er
ring is ax ial ly lo cat ed via the hous ing cov er in pull 
op er a tion and via a snap ring in push op er a tion.

Lay  shaft
Float ing bear ing ar range ment with roll er sleeves. The 
ax ial clear ance is ad just ed by  means of fit ting wash ers
at the roll er  sleeve of the in put end. Ax ial lo ca tion is
pro vid ed by a snap ring. The trans mis sion is  sealed to
pre vent oil es cape.  There is an open ing at the  closed
end of the out put-side roll er  sleeve to fa cil i tate dis -
mount ing. 

Out put  shaft
En gine-end bear ing:
The roll er and cage as sem bly runs di rect ly on the out -
put  shaft and in the bore of the in put  shaft. The cage is

guid ed by the roll ing ele ments. The log a rith mic pro file
of the roll ers is es pe cial ly adapt ed to the  stress re sult ing
from  shaft de flec tion. Lu bri cat ing  holes in the gear
 wheel of the in put  shaft pro vide for a bet ter oil sup ply
to the roll er  and cage assembly.

Out put end:
Deep  groove ball bear ing as lo cat ing bear ing, ax ial lo ca -
tion of the out er ring by  means of the hous ing shoul -
der and re tain ing wash er. The id lers on the out put
 shaft are di rect ly sup port ed by dou ble-row nee dle-
roll er-and-cage as sem blies.

Ma chin ing tol er anc es

Bearing Tolerance
location Shaft Housing

Input shaft k6 N6
Direct bearing arrangement
roller and cage assembly g6

Lay shaft
Drive end/output end h5 N6

Output shaft
Engine-end bearing g6 G6
Output end k6 N6

Idlers
(1st – 5th gear, reverse gear) h5 G6
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33 Man u al gear box for  trucks

Op er at ing data

16- speed-trans mis sion for  heavy  trucks in the pow er
 range from 220 to 370 kW. The 4- speed com po nent is
ex tend ed to 16  gears by  means of a  split  group and a
 range  group.
Gear ra tios: 13.8 — 0.84 and 16.47 — 1.0.

Bear ing se lec tion

In put and out put  shafts, main bea ring s
Ad just ed ta pered roll er bear ings in  boxed X ar range -
ment. Ad just ment of  these bear ings via the cup of the
ta pered roll er bear ing at the in put end. The cup is 
ma chined to K6.

Lay shaft 
Ta pered roll er bear ings in X ar range ment; ma chin ing
tol er anc es:  shaft to k6 / hous ing to K6.
The id ler  gears are sup port ed by nee dle-roll er-and-
cage as sem blies.

First  split con stant 
Bear ing ar range ment with two sin gle-row nee dle-
roll er-and-cage as sem blies.  Shaft tol er ance g5; hous ing
tol er ance G5.

Sec ond  split con stant 
Bear ing ar range ment with two cy lin dri cal roll er bear -
ings, both out er ring race ways in te grat ed in the gear -
wheel bore. The cy lin dri cal roll er bear ings ac com mo -
date ra di al and ax ial  loads.
 
Range  group
The plan et  wheels are sup port ed by full-com ple ment,
dou ble-row cy lin dri cal roll er bear ings.
The lu bri cant is sup plied via  bores  between the roll er
rows and col lect ing pock ets in the cage. A deep  groove
ball bear ing sup ports the cage ver sus the ring gear.

At the out put end of the out put  shaft a deep  groove
ball bear ing ac com mo dates the ra di al and ax ial  loads
re sult ing from the  joint  shaft.
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Au to mo tive dif fe ren tials

De sign

Spi ral bev el-gear  drives – with or with out inter sect ing
axes – are now al most al ways used for  front and rear
axle  drives. Very high ax ial  loads  arise  which, with
non-inter sect ing axes, may be sev er al  times the tan gen -
tial load at the pin ion. Due to the lim it ed  space and
the el e vat ed  torque val ues, the pin ion bear ings are very
heav i ly load ed. The pin ion bear ings  should pro vide for
even mesh ing of pin ion and  crown  wheel  under load;
there fore, the pin ion bear ing ar range ment  should be as
rig id as pos sible. The pin ion is ei ther an over hung or a
strad dled ar range ment. The over hung ar range ment is
usu al ly fit ted with two ta pered roll er bear ings ad just ed
 against one an other. Com pact bear ing ar range ments
(dou ble-row ta pered roll er bear ings with an un split
cup or a cup with a  flange) are com mon.
The  crown  wheel is mount ed in com mon with the dif -
fe ren tial. The mesh ing ac cu ra cy of the  teeth  should
vary as lit tle as pos sible and mount ing  should, there -
fore, be pro vid ed with suf fi cient ri gid ity. The ri gid ity
re quire ments are easi er to meet than with the pin ion
 since more mount ing  space is avail able for this ap pli ca -
tion and the ax ial  loads are gen er al ly low er. 

Bear ing ad just ment

Rig id pin ion and  crown  wheel guid ance is  achieved by
ad just ing the bear ings  against each oth er with a pre -
load. With grey-cast iron hous ings, ther mal ex pan sion
of the  shaft in creas es the pre load in near ly all cas es af -
ter op er at ing tem per a ture is  reached; the pre load must,
how ev er, nev er be such as to ex ceed the elas tic lim it of
the bear ing ma te ri al. 
The op po site ap plies to al u min ium hous ings,  which
are be ing used more and more be cause of  their light -
ness. So, the pre load has to be se lect ed such as to
 achieve the re quired ri gid ity, but the ad di tion al bear -
ing load ing must not sig nif i cant ly re duce the bear ing
life. This is the case if the ax ial pre load does not ex ceed
 about half the ex ter nal ax ial  force Fa ap plied.

Lu bri ca tion

Dif fe ren tials rely ex clu sive ly on oil lu bri ca tion. Bear -
ings and  gears are lu bri cat ed with the same oil.  Since
the lu bri cant is sub ject ed to se vere stress ing in the spi -
ral gear ing, hy po id oils with EP ad di tives are used.
 While the  splash oil suf fi cient ly lu bri cates the  crown
 wheel  shaft bear ings,  which have to ac com mo date low -
er  loads, in lets and out lets must be pro vid ed for the oil
for the pin ion  shaft par tic u lar ly for the bear ing on the
 flange side. At ten tion  should be paid to the oil flow di -
rec tion  which is al ways from the  small end to the  large
end of the ta pered roll ers. The oil  ducts have to be ar -
ranged and di men sioned such as to en sure that oil cir -
cu lates in eve ry  speed  range.

The pin ion  shaft is nor mal ly  sealed by  means of ra di al
 shaft  seals, in some cas es in com bi na tion with a fling er
 sheet.

Bear ing di men sion ing

Fa tigue life anal y sis of the bear ings mount ed in dif fe -
ren tials is  based on max i mum  torque and cor re spond -
ing  speed as is the case with au to mo tive gear box es. The
per cent age  times at the in di vid u al  speeds are  based on
ex pe ri ence. This in for ma tion is then used to de ter mine
the mean in dex of dy nam ic stress ing. The roll ing bear -
ings mount ed in cars  should have an av er age fLm val ue
of 1...1.3.

Wear of  these bear ings  should be min i mal  since dif fe -
ren tial  drives re quire a high guid ing ac cu ra cy and as
 quiet run ning as pos sible. With  today's bear ing di -
men sion ing the ser vice life of dif fe ren tial bear ings is ei -
ther ter mi nat ed by fa tigue or wear.

A de tailed cal cu la tion of the at tain able life is usu al ly
not nec es sary as  these bear ings have  proved  their  worth
suf fi cient ly in the au to mo tive sec tor. Bear ing di men -
sion ing  based on a com par i son cal cu la tion with the 
in dex of dy nam ic stress ing fL is suf fi cient.
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34 Fi nal  drive of a pas sen ger car

Op er at ing data

Max i mum en gine  torque 160 N m at 3,000 min–1.

Bear ing se lec tion

Pin ion  shaft
The pin ion  shaft is fit ted with FAG inch-di men sioned
ta pered roll er bear ings mount ed in O ar range ment.
Di men sions: 34.925 x 72.233 x 25.4 mm (dy nam ic
load rat ing C = 65.5 kN) and 30.163 x 68.263 x
22.225 mm (C = 53 kN).
The pin ion is ac cu rate ly po si tioned rel a tive to the
 crown  wheel by  means of  shims in sert ed  between
hous ing shoul der and bear ing cup. The  cones are cir -
cum fe ren tial ly load ed. But only the cone of the larg er
bear ing can be  press-fit ted. The cone of the small er
bear ing is  slide-fit ted be cause the bear ings are ad just ed
 through this ring. 

 Crown  wheel
 Crown  wheel and dif fe ren tial are mount ed on the
same  shaft. Fit ted are two FAG inch-di men sioned 

ta pered roll er bear ings of 38.1 x 68.288 x 20 mm; 
C = 39 kN.
Both bear ing and gear mesh ad just ment are  achieved by
 means of  shims.

Ma chin ing tol er anc es

Pin ion  shaft: m6 (larg er-size bear ing)
h6 (small er-size bear ing)
hous ing P7

 Crown  wheel: hol low  shaft to r6
hous ing to H6.

To al low the pin ion to be ad just ed to a cer tain  torque
and to  avoid ex pen sive fit ting work (for in stance ma -
chin ing of a sol id spac er), a thin- walled  preformed
sleeve is pro vid ed  between the bear ing  cones. The
 sleeve is some what long er than the max i mum dis tance
 between the two bear ing  cones. De pend ing on the
 width tol er ance val ues of the bear ings  there will be
some elas tic def or ma tion of the  sleeve (a few mi crons
at most).
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35–39 Au to mo tive  wheels

Dif fer enc es ex ist  between driv en and non-driv en
 wheels for au to mo biles; the bear ings can be ei ther
steer able or non-steer able. Ba si cal ly, all  wheels must be
guid ed as ac cu rate ly and clear ance-free as pos sible for
driv ing con trol rea sons. This is in most cas es  achieved
by us ing an gu lar con tact ball bear ings or ta pered roll er
bear ings  which are ad just ed  against each oth er.

 Front  wheels

 Where  steered, non-driv en  front  wheels are con cerned,
the axle or  shaft jour nal are re lieved of  torque trans -
mission and can, con se quent ly, be giv en rel a tive ly
 small di men sions. The ten den cy to wards com pact
 wheel bear ing  units is en cour aged by the wish for the
small est roll ra di us pos sible as well as the pres sure to
re duce  weight and to sim pli fy se ries mount ing.
Dou ble-row an gu lar con tact ball bear ings are al most
al ways se lect ed  where the ra tio of the mount ing  space
for the  wheel bear ings axial width to the ra di al  cross
sec tion  height is less than 2.5. The fol low ing ad van -
 t ag es can then be felt:
– lit tle  space is re quired in the ax ial di rec tion, a  large

 spread and, there fore, a high mo ment load car ry ing
ca pac ity due to a  large con tact an gle,

– to tal  weight of the bear ings is low,
– suit able for in te gra tion in bear ing  units,
– flang es can be more eas i ly in te grat ed – par tic u lar ly

at the in ner ring – than with ta pered roll er bear ings.

Rear  wheels

With non- steered rear  wheels, the ra di al mount ing
 space is gen er al ly lim it ed not only in the case of con -
ven tion al drum  brakes but also in ve hi cles with disc
 brakes  since an ex tra drum  brake is usu al ly mount ed at
the rear  wheels as a park ing  brake. The ac tu a tion
mech a nism is in side the drum near the axle and lim its,
as a re sult, the max i mum out side di am e ter of the hub.
In com par i son, the ax ial mount ing  space is nor mal ly
not as re strict ed so the  wheel bear ings do not have to
be par tic u lar ly  short. 
 Today's stan dard bear ing ar range ment for such  wheels,
there fore, con sists of two rel a tive ly  small sin gle ra di al
ta pered roll er bear ings  which are mount ed at a larg er
dis tance. The bear ings have  small con tact an gles so that
the high est load rat ing pos sible is  reached in a  small
mount ing  space. The nec es sary  spread to ac com mo date
tilt ing forc es is  achieved with the  large bear ing dis -
tance. 
With the wide  range of stan dard ta pered roll er bear -
ings, this sim ple bear ing ar range ment,  which is in ex -
pen sive  where sole ly the bear ing  costs are con cerned,
of fers di verse vari a tions for all ve hi cle  types and siz es. 

There are, how ev er, also some dis ad van tag es par tic u -
lar ly with  large se ries:
– Nu mer ous sin gle  parts must be pur chased,  stored

and mount ed. 
– The bear ings have to be  greased and  sealed dur ing

mount ing. 
– The bear ing  system must be ad just ed and the ad just -

ing ele ments se cured in the cor rect po si tion. 

There fore, for rear  wheels  there is also a ten den cy to
use dou ble-row an gu lar con tact ball bear ings  which do
not have to be ad just ed when mount ing and  which can
eas i ly be in te grat ed in bear ing  units. 

Ma chin ing tol er anc es

The out er  rings or cups of non-driv en  wheel bear ings
(hub bear ings) are sub ject ed to cir cum fe ren tial load
(inter fer ence fit ) where as the in ner  rings or  cones ac -
com mo date  point load ( loose, slid ing or wring ing fit);
this fa cil i tates mount ing and bear ing ad just ment.
The the in ner  rings or  cones of driv en  wheel bear ings
are cir cum fe ren tial ly load ed, and the out er  rings or cups
are  point-load ed; this has to be tak en into ac count
when se lect ing the ma chin ing tol er anc es.
Non-driv en  front or rear  wheels with two an gu lar con -
tact ball bear ings or two ta pered roll er bear ings:
in ner bear ing:  shaft to k6 (h6)

hub to N6, N7 (P7 for  light-met al hubs)
out er bear ing: axle jour nal to g6...j6 

hub to N6, N7 (P7 for  light-met al hubs)
Driv en  front or rear  wheels with dou ble-row an gu lar
con tact ball bear ings (bear ing unit):

 shaft to  j6...k6
hub to N6, N7 (P7 for  light-met al hubs)

Bear ing di men sion ing

For the fa tigue life cal cu la tion of  wheel bear ings, the
stat ic  wheel load, the dy nam ic tyre ra di us rdyn and its
co ef fi cient of ad he sion, as well as the  speeds of the ve -
hi cle in the op er at ing con di tions to be ex pect ed, are
tak en into ac count. The  loads on the in di vid u al bear -
ings or – for dou ble-row bear ings on the in di vid u al
roll ing ele ment rows – are de ter mined with the forc es
and mo ments cal cu lat ed. The cal cu la tion re sults can
only be tak en as ref er ence val ues. Nor mal ly the  ideal fL
val ues for pas sen ger cars are ap prox i mate ly 1.5 and for
com mer cial ve hi cles ap prox i mate ly 2.0.
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Lu bri ca tion, seal ing

 Wheel bear ings are al most ex clu sive ly lu bri cat ed with
 grease. Bear ings  which have no in te grat ed  seals are nor -
mal ly  sealed with  spring-pre load ed  shaft  seals with spe -
cial dust lips.  Sealed bear ings such as the dou ble-row
an gu lar con tact ball bear ings with for-life lu bri ca tion, 

which are wide spread in pas sen ger cars, nor mal ly have
a com bi na tion of dust  shield and seal. Ex pe ri ence has
 shown that  these  seals are sat is fac to ry if the de sign pro -
vides an ad di tion al gap-type seal. Col lect ing  grooves
and baf fles are also re quired to pro tect the bear ings
 against dust and  splash wa ter.  

55 FAG

35 Driv en and  steered  front  wheel of a  front  drive pas sen ger car

Op er at ing data

 Wheel load 4,600 N; tyre size 175/70 R14;
rdyn = 295 mm; max i mum  speed 180 km/h.

Bear ing se lec tion

The bear ing ar range ment is made up of a  sealed dou -
ble-row FAG an gu lar con tact ball bear ing. 

The bear ing is  greased for life with FAG roll ing bear -
ing  grease.

The bear ing ar range ment of a driv en and non- steered
rear  wheel of a rear  drive pas sen ger car may also be de -
signed like this.

35: Pas sen ger-car  front  wheel



Driv en and non- steered rear  wheel 36 of a rear  drive pas sen ger car

Op er at ing data

 Wheel load 4,800 N; tyre size 195/65 VR15;
rdyn = 315 mm; max i mum  speed 220 km/h.

Bear ing se lec tion

The  wheel bear ing ar range ment con sists of a dou ble-
row FAG an gu lar con tact ball bear ing  which is  greased
for life.

Seals and fling er  rings pro vid ed on both  sides pro tect
the bear ing from con tam i na tion.

Ma chin ing tol er anc es

The in ner  rings and the out er ring of the bear ing are
tight ly fit ted.
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37 Driv en and non- steered rear  wheel of a rear  drive  truck

The rear  wheel hubs of  heavy  trucks of ten fea ture a
plan e tary gear. This type of  drive pro vides a rel a tive ly
high gear ra tio in a lim it ed  space. As the high driv ing
 torque is gen er at ed di rect ly at the  wheel,  small dif fe -
ren tial  gears and  light  drive  shafts are pos sible.

Op er at ing data

 Wheel load 100 kN; tyre size 13.00-20; 
rdyn = 569 mm; per mis sible max i mum  speed 80 km/h.

Bear ing se lec tion

 Wheel bear ings
Ta pered roll er bear ings FAG 32019XA (T4CC095 ac -
cord ing to DIN ISO 355) and FAG 33021 (T2DE105
ac cord ing to DIN ISO 355).  Since  these bear ings have
a par tic u lar ly low sec tion  height they re quire only a
 small ra di al mount ing  space thus al low ing  light- weight
con struc tions. The rel a tive ly  large bear ing  width and
long roll ers re sult in a high load car ry ing ca pac ity. 

The bear ings are ad just ed  against each oth er in O 
ar range ment ( large  spread).

Plan e tary  gears
The out er plan et  drive in creas es the driv ing  torque in a
min u mum  space. The plan et gear bear ing ar range ment
is of the full-com ple ment type, i.e. it fea tures two rows
of nee dle roll ers. Ax ial guid ance is pro vid ed by  thrust
wash ers.

Ma chin ing tol er anc es

Di rect bear ing ar range ment 
with nee dle roll ers:  shaft to h5; hous ing to G6
Ta pered roll er bear ing:  shaft to j6; hous ing to N7

Lu bri ca tion

Com mon oil lu bri ca tion for plan et  drive and  wheel
bear ings. An oil tight, weld ed hous ing pro tects gear
and bear ings  against con tam i na tion.
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 37: Rear  wheel of a  truck



38 Steer ing king pin of a  truck

A va rie ty of steer ing king pin mount ing ar range ments
are pos sible. The bear ing ar range ment with two ad just -
ed ta pered roll er bear ings for ac com mo dat ing the ax ial
 loads is gen er al ly used in driv en  truck  front  wheels. In
oth er cas es the ax ial  loads are ac com mo dat ed by  thrust
ball bear ings or ta pered roll er  thrust bear ings.  Since
the ra di al mount ing  space for king pin bear ing mount -
ing ar range ments is usu al ly very lim it ed the ra di al
 loads (steer ing and guid ing forc es) are ac com mo dat ed
by a  plain bear ing made of  bronze and  drawn cup 
nee dle roll er bear ings  which pro vide for easy steer ing.

Mount ing with a ta pered roll er  thrust bear ing

The  shock  loads on the steer ing king pin are very high.
There fore, the  thrust bear ing must have a high load
car ry ing ca pac ity and be mount ed with zero clear ance
or pre load. As the king pin per forms only  slight slew -
ing mo tions no cage is re quired so that the num ber of
roll ing ele ments and, con se quent ly, the load car ry ing
ca pac ity can be in creased.

The ex am ple fea tures a full-com ple ment ta pered roll er
 thrust bear ing as the  thrust bear ing. It has a pro filed
 shaft-wash er race way and a flat hous ing-wash er race -
way. The  sealed bear ing is held to geth er by a  pressed
 steel cap,  which sim pli fies mount ing.

The bear ing is  filled with spe cial  grease; it can be re lu -
bri cat ed if nec es sary. Open ings in the seal ing lip and
the elas tic ity of the seal ing ma te ri al en sure the es cape
of the  spent  grease.

The clear ance  between the knuck le and the  cross
mem ber is com pen sat ed for by  shims. In this way, the
 thrust bear ing can have zero clear ance at best,  which
 means high er  shock-type  loads. Ex pe ri ence has  shown
that this can be tak en into ac count by  means of an im -
pact fac tor of fz = 5...6, in the case of ad just ed ta pered
roll er bear ings with an im pact fac tor of fz = 3...5.

The  shaft wash er of ta pered roll er  thrust bear ings is 
lo cat ed by a rel a tive ly  loose fit on the steer ing kin pin
(g6); the hous ing wash er has no ra di al guid ance.
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39  Shock absorbing  strut for the  front  axle of a car

Front  axles are be ing  equipped more and more fre -
quent ly with McPher son  shock absorbing struts.
When driv ing, the coil  spring and the damp ing unit of
the McPher son  strut cause move ments rel a tive to the
body  which are due to  spring de flec tion and the de gree
of lock. For com fort rea sons and for easy han dling,
 these slew ing mo tions are sup port ed ei ther by roll ing
bear ings or rub ber ele ments. Deep  groove ball bear ings
best meet all re quire ments. 

Bear ing se lec tion

Re quire ments
– Ac com mo da tion of  weights and high  shock  loads
– Main te nance-free de sign

Var i ants
– Damp ing unit and  spring coil ro tate to geth er – 

sin gle path so lu tion (fig. a). The  spring coil  loads
and the pul sat ing  loads from the pis ton rod act on
the  strut bear ing.
Pos sible bear ing de signs: Deep  groove ball bear ings
load ed ax ial ly (with cage or full-com ple ment var i -
ants with a frac ture- split out er ring) or  thrust ball
bear ings.

– Move ments of the  shock  absorber's pis ton rod and
of coil  spring are in de pen dent of each oth er – dual
path so lu tion (fig. b).
Di rect con nec tion of  shock  absorber's pis ton rod to
the body via a rub ber ele ment; coil  spring sup port ed
by a spe cial  thrust ball bear ing or an gu lar con tact
ball bear ing ( spring seat bear ing).

Both var i ants meet all re quire ments con cern ing seal -
ing, for-life lu bri ca tion and econo mic ef fi cien cy.
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40 Wa ter pump for pas sen ger car and  truck en gines

The wa ter pump pro vides for cir cu la tion of the cool -
ing wa ter in the en gine. Small er and light er pump de -
signs are pos sible with  ready-to- mount bear ing  units.

Bear ing se lec tion

The wa ter pump bear ing unit con sists of the  shaft and
a com mon out er ring with race ways for roll ing-ele ment-
and-cage as sem blies. The ex am ple fea tures one ball-
and-cage as sem bly and one roll er-and-cage as sem bly
each mount ed in a lo cat ing-float ing bear ing ar range -
ment. The roll er-cage as sem bly is de signed as the float -
ing bear ing at the side that is most heav i ly load ed by
the belt pull. The ball-cage as sem bly is the lo cat ing
bear ing: in ad di tion to the ra di al  loads it also ac com -
mo dates the  thrust of the pump im pel ler.

Ma chin ing tol er ance, bear ing clear ance

The out er ring is mount ed into the hous ing with an
R7 inter fer ence fit. The bear ing clear ance of the unit is
se lect ed to al low for a  small op er at ing clear ance.

Lu bri ca tion, seal ing

For-life lu bri ca tion with a spe cial roll ing bear ing
 grease. Lip  seals in the out er ring are pro vid ed on both
 sides  against  grease es cape. A  spring load ed ax ial face
seal is fit ted at the im pel ler end. Un avoid a ble wa ter
leak age is drained to the out side  through the out let
bore.
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41 Belt ten sion er for pas sen ger car en gines

The cam  shafts of many four-cy cle en gines are driv en
with  toothed  belts from the crank shaft.
The belt ten sion nec es sary for  quiet run ning is pro vid -
ed by an FAG bear ing unit. This ten sion ing pul ley
unit con sists of a jour nal with in te gral race ways, a ball-
cage as sem bly and an out er ring with the plas tic in jec -
tion-mould ed ten sion ing pul ley.

The  screw bore for fas ten ing the ten sion ing pul ley to
the en gine hous ing is ec cen tri cal ly lo cat ed so that the
belt ten sion can be ap plied by ro tat ing the jour nal.

The bear ing unit is  sealed on both  sides and  packed
with  grease for life.  Speed is ap prox i mate ly 
7,000 min–1.
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41: Belt ten sion er for pas sen ger car en gines



42 Axle box roll er bear ings of an In ter city  train car riage 

The type of axle box roll er bear ings pre sent ed here is
used for In ter city traf fic in Eu rope. 
The bo gie  frame is sup port ed on the bear ing hous ing
by a cen tral coil  spring, ar ranged  above the bear ings.
The wheel sets are guid ed by  plate-type guid ing arms
 which are bolt ed on one side.

Op er at ing data

Mass of the car riage plus max i mum pay load:
64,000 kg; two bo gies, each with two wheel sets, im -
plies 4 wheel sets per car.
Re sult ing axle  mass per wheel set: A = 64,000/4 =
16,000 kg;  mass of wheel set GR = 1,260 kg;
ac cel er a tion due to grav ity g = 9.81 m/s2;
sup ple men tary fac tor for dy nam ic  loads oc cur ring dur -
ing op er a tion fz = 1.3;
 thrust fac tor for cy lin dri cal roll er bear ings fa = 1;
num ber of bear ings per wheel set iR = 4.

Thus the equiv a lent dy nam ic load per bear ing is:
P = (A – GR)/iR · g · fz · fa

P = (16,000 – 1,260)/4 · 9.81 · 1.3 · 1  = 46,990 N
P = 46.99 kN

 Wheel di am e ter DR = 890 mm;
max i mum  speed vmax = 200 km/h (pos sible  speed 
250 km/h).

Bear ing se lec tion

Cy lin dri cal roll er bear ings in stalled as axle box roll er
bear ings of fer im por tant ad van tag es:

Mount ing is sim ple and they are easy to  check and
main tain in main in spec tions.

Ax ial clear ance is ir rel e vant for ra di al clear ance. Cy lin -
dri cal roll er bear ings are pure ra di al bear ings, but the
lips al low the safe ac com mo da tion of all  thrust  loads
(guid ing forc es) oc cur ring in op er a tion.

Of all the roll er bear ing  types cy lin dri cal roll er bear -
ings have the low est fric tion.  Their  speed suit abil ity is
there fore great er than in the case of oth er roll er bear -
ings. 

Cy lin dri cal roll er bear ings do not, how ev er, com pen -
sate for mis align ment  between axle and bo gie  frame. 

There fore mis align ment must be cor rect ed by an gu lar
free dom of the hous ing. 

The same cy lin dri cal roll er bear ings are used for pas -
sen ger cars and  freight cars. This sim pli fies stock keep -
ing.

Each axle box ac com mo dates two cy lin dri cal roll er
bear ings, one FAG WJ130x240TVP and one FAG
WJP130x240P.TVP.

The bear ing di men sions (d x D x B) are 130 x 240 x
80 mm; the dy nam ic load rat ing C of one bear ing is
540 kN.

The nom i nal rat ing life (Lh10) is  checked in kil o me tres
when di men sion ing the axle box bear ings:

Lh10km = (C/P)3.33 · D · π = (540/46.99)3.33 · 890 · π =
3,397 · 2,497.6 ≈ 9.5 mil lion kil o me tres.

 Under  these con di tions the bear ings are suf fi cient ly di -
men sioned. 5 mil lion kil o me tres (low er lim it) ap plies
to day as a ba sis for di men sion ing axle box bear ings for
pas sen ger  train car riag es. 

Ma chin ing tol er anc es

Bear ing in ner  rings car ry cir cum fe ren tial load; there fore
they are  press-fit ted: axle jour nal p6, hous ing H7.

Bear ing clear ance

The  tight fit ex pands the bear ing in ner  rings  which re -
duc es ra di al clear ance. The air  stream  cools the out er
 rings to a great er ex tent than the in ner  rings dur ing
trav el  which  leads to a fur ther re duc tion in ra di al clear -
ance. There fore the bear ings have a ra di al clear ance of
120 to 160 mi crons. 

Lu bri ca tion, seal ing

The bear ings are lu bri cat ed with a lith i um soap base
 grease. La mel lar  rings at the  wheel side pro vide for ef -
fec tive non-rub bing seal ing. A baf fle  plate at the cov er
end  keeps the  grease  close to the bear ing. De spite the
 small  amount of  grease (≈ 600 g) high run ning ef fi -
cien cy (800,000 km and more) can be  reached due to
the poly amide cag es with out  chang ing the lu bri cant. 
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42: Axle box roll er bear ings of an In ter city  train car riage



43–44 UIC axle box roll er bear ings for  freight cars

The car body is sup port ed by lam i nat ed  springs on the
wheel set.The lam i nat ed  springs have the ad di tion al
job of guid ing the wheel set. To lim it the sway ing mo -
tion of the car body and to ac com mo date the  thrust
 peaks, the hous ing fea tures guid ing sur fac es in  which
the axle sup port of the  frame is en gaged. Cy lin dri cal or
spher i cal roll er bear ings are used as axle box roll er
bear ings. The hous ing boun dary di men sions of the
UIC bear ing are stan dard ized. Ac cord ing to the lat est
UIC con di tions 130 mm di am e ter jour nals are spec i -
fied for cy lin dri cal and spher i cal roll er bear ings. In
some cas es 120 mm jour nals are used for cy lin dri cal
roll er bear ings.

Clear ance

The  tight fit ex pands the in ner ring thus re duc ing 
ra di al clear ance. A fur ther clear ance re duc tion re sults

from the air  stream de vel oped dur ing trav el  which
 cools the out er ring more than the in ner ring. There -
fore, cy lin dri cal roll er bear ings with a ra di al clear ance
of 130 to 180 mi crons and spher i cal roll er bear ings
with in creased ra di al clear ance C3 are cho sen.

Lu bri ca tion, seal ing

The axle box roll er bear ings are lu bri cat ed with a lith i -
um soap base  grease. Felt  seals com bined with a lab y -
rinth have  proved most ef fec tive for cy lin dri cal roll er
bear ings.
UIC axle box es with spher i cal roll er bear ings in var i -
ably use only lab y rinth  seals.
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Di men sion ing, bear ing se lec tion

Operating data 43: UIC axle boxes with 44: UIC axle boxes with
cylindrical roller bearings spherical roller bearings

Mass of the car with max. pay load Gmax 40,000 kg 40,000 kg
Top  speed vmax 100 km/h 100 km/h
Wheel di am e ter DR 1 m 1 m
Num ber of wheel sets 2 2
Wheel set  mass GR 1,300 kg 1,300 kg
Mass on axle A 20,000 kg 20,000 kg
Num ber of bear ings per wheel set iR 4 cylindrical roller bearings 4 spherical roller bearings
Sup ple men tary fac tor fz · fa 1.3 · 1 = 1.3 1.3 · 1.25 = 1.625
(fa = 1 for cy lin dri cal roll er bear ings  where  thrust  loads 
are tak en up by the lips;
fa = 1.25 for spher i cal roll er bear ings  where  thrust  loads 
are tak en up by the race ways.)
Equiv a lent load:
P = (A – GR) · g · fz · fa/iR (g = 9.81 m/s2) 59.6 kN 74.5 kN
Av er age trav el ling  speed (vFm = 0.75 · vmax) 75 km/h 75 km/h
Av er age wheel set  speed n = 5,310 · vFm (km/h)/DR (mm) 400 min–1 400 min–1

Speed fac tor fn 0.475 0.475
In dex of dy nam ic stress ing fL 3.5 3.5
Re quired dy nam ic load rat ing of one bear ing: 
C = fL/fn · P 439 kN 549 kN
Bear ings mount ed: Cylindrical roller bearings 2 spherical roller bearings

FAG WJ130x240TVP and FAG 502472AA
FAG WJP130x240P.TVP

Bore x out side di am e ter x  width 130 x 240 x 80 mm 130 x 220 x 73 mm
Dy nam ic load rat ing 540 kN 585 kN
Ma chin ing tol er anc es of jour nals p6 p6
Ma chin ing tol er anc es of hous ing  bores H7 H7
Ra di al clear ance 130...180 μm Clearance group C3
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43: UIC axle box es with cy lin dri cal roll er bear ings

44: UIC axle box es with spher i cal roll er bear ings



Axle box roll er bear ings 45 of se ries 120's  three- phase cur rent lo co mo tive

The  frame is sup port ed by coil  springs and  spring  seats
 which are in te grat ed in the bear ing hous ing. The
 spring  seats are ar ranged at dif fer ent  heights. The bear -
ing is guid ed by an arm on each side  which is  linked
di ag o nal ly to the hous ing. The arms are supported by
elas tic damp ing  springs.

Tech ni cal data

Ve hi cle  mass: 84,000 kg
Num ber of wheel sets: 4
Wheel set  mass: 2,250 kg
Axle mass: 22,000 kg
Sup ple men tary fac tor fz = 1.5
The lo co mo tive reach es top trav el ling  speeds up to
200 km/h. 

Bear ing se lec tion

 Please re fer to ex am ple num ber 42 to de ter mine the
equiv a lent dy nam ic load P. 
Cy lin dri cal roll er bear ings of the type NJ and NJP
with the di men sions 180 x 320 x 75 mm are mount ed.
Dy nam ic load rat ing of one bear ing: C = 735 kN. The
out er and in ner  rings of both bear ings are sep ar at ed by
spac er  rings. The in ner spac er ring is 2 mm wid er than
that of the out er  rings. 

The ax ial clear ance  which aris es there by, is nec es sary to
com pen sate for bo gie pro duc tion tol er anc es. The bear -
ing can al ways be mount ed with out pre load.

Ma chin ing tol er anc es

The bear ing in ner  rings have cir cum fe ren tial load and
are there fore giv en a  tight fit: Jour nals to p6. The hous -
ing ma te ri al, an al u min ium cast al loy, has a great er co -
ef fi cient of ex pan sion than cast  steel  which is why the
tol er ance  field J7 was se lect ed and not the hous ing tol -
er ance H7 usu al ly tak en for cast  steel hous ings. 

Bear ing clear ance

Due to the  tight fit the bear ing in ner  rings ex pand; the
ra di al clear ance be comes small er. The out er ring is
 cooled more than the in ner ring by the wind re sis tance
dur ing trav el  which  leads to a fur ther re duc tion of
clear ance. For this rea son bear ings with in creased 
ra di al clear ance C4 have been se lect ed. 

Lu bri ca tion, seal ing

A lith i um soap base  grease is used for lu bri ca tion. On
the  wheel side the bear ing is  sealed by a two-web lab y -
rinth seal. A V ring seal pro tects from con tam i nants on
the op po site side. 
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46 Axle box roll er bear ings for the ICE driv ing unit

The bo gie  frame is sup port ed by 2 coil  springs each on
the bear ing hous ings. The wheel set with the hous ings
is con nect ed to the bo gie by an arm. A set ting mech a -
nism en ables the mount ing of the wheel sets in the 
bo gies with out pre load. The bear ing  units are ax ial ly
lo cat ed by a cov er.

Op er at ing data

Axle mass: 19,900 kg
 Mass of un sprung  weight: 2,090 kg
Di am e ter of  wheel 1,040 mm
Max i mum  speed 250 to 280 km/h. 

Bear ing se lec tion

FAG ta pered roll er bear ing  units TAR OL 150/250 are
mount ed in the wheel set hous ings of the se ries ve hi cles
with the des ig na tion ET 401. The main com po nent of
 these  units is a dou ble row ta pered roll er bear ing with
the di men sions: 150 x 250 x 160 mm.

Ma chin ing tol er anc es

The  cones car ry cir cum fe ren tial load and there fore have
a  tight fit: jour nal to p6.

Hous ing to: H7 (for GGG ma te ri al)
J7 (for al u min ium al loys). 

Bear ing clear ance

A  slight ax ial clear ance is re quired for  ideal run ning be -
ha vi our of the bo gies at top  speeds. It is  between 0.2
and 0.5 mm af ter mount ing. 

Lu bri ca tion, seal ing

The TAR OL 150 is sup plied as a com plete unit  which
is  sealed. The seal ing  system con sists of two par allel 
outer diameter seated la mel lar  rings and one sin gle-
web lab y rinth act ing as a pre-seal. The lab y rinth is
 shaped as a seal cap and  pressed into the cup.

The seal caps are each pro vid ed with four discharge 
holes  through  which ex cess  grease es capes. This is par -
tic u lar ly im por tant di rect ly af ter re lu bri ca tion. O  rings
pro tect the bear ing unit from the pen e tra tion of wa ter
in the seat ing area of the cup. 
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Axle box roll er bear ings 47 of the Chan nel  tunnel's  freight en gine,  class 92

Class 92 is used for  freight traf fic in the Euro tun nel
 between  Great Brit ain and the Con ti nent. It is a two-
 system en gine  which  means it can be op er at ed on di -
rect cur rent (750 V) as well as on al ter nat ing cur rent
(25 kV). The en gine with six ax les (CoCo)  draws  loads
weigh ing up to 1,600 t.

The ver ti cal  loads of the bo gie are ac com mo dat ed by
two lat er al coil  springs on the hous ing of the axle box
bear ings. All lateral and lon gi tu di nal forc es act via the
guid ing jour nals and  sleeves  which are at tached to the
bo gie  frame and the hous ing.

The mid dle axle of each  triple axle bo gie is de signed as
a float ing axle box to in sure trou ble-free op er a tion in
nar row  curves. The two out er ax les are de signed as
stan dard ax les as cus to mary.

Op er at ing data

Ve hi cle  mass 126,000 kg; two bo gies each with  three
ax les;  wheel di am e ter 1,120 mm; top  speed vmax = 
140 km/h;
Pow er P = 5,000 kW at 25 kV AC

4,000 kW at 750 V DC

Bear ing se lec tion

Ta pered roll er bear ing  units TAR OL 150/250 with
 pressed cag es (JP) are mount ed to the out er stan dard 
ax les of the ve hi cles. The bear ings are clear ance-ad just -
ed,  greased and  sealed by the man u fac tur er. Fey la mel -
lar  rings pro vide for seal ing on the side fac ing the
 wheel. A gap-type seal pre vents  rough dirt from pen e -
trat ing the bear ings.

The float ing axle is ac com mo dat ed in two cy lin dri cal
roll er bear ings  whose di men sions are 150 x 250 x 
80 mm. The ex tend ed in ner ring al lows ax ial dis place -
ment with in the bear ing of ± 20 mm at a max i mum.

Seal ing is  achieved at the  wheel end by  means of long-
 webbed lab y rinths.

Ma chin ing tol er anc es

The in ner  rings car ry cir cum fe ren tial load and have a
 tight fit to p6 on the jour nal.
The hous ing  bores ( point load ) are ma chined ac cord -
ing to H7.

Bear ing clear ance

 Prior to mount ing, the TAR OL  units of the stan dard
axle have an ax ial clear ance of 0.665...0.740 mm and
the cy lin dri cal roll er bear ing  units a ra di al clear ance to
C4 in or der to com pen sate for heat ex pan sion.

Lu bri ca tion

Both bear ing types are lu bri cat ed with a lith i um soap
base  grease.  While the lu bri cant in the TAR OL bear -
ings is only  changed dur ing the main in spec tions, the
float ing axle bear ings must be re lu bri cat ed in  between.
Due to the con stant  right to left dis place ment of the
axle lu bri cant is re moved from the bear ing area and
there fore has to be re placed reg u lar ly.
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48 Axle box roll er bear ings for an under ground  train

A car has two bo gies. Each axle box roll er bear ings is
cush ioned and guid ed by rub ber-met al si lent  blocks.
 These are ar ranged  between the axle box roll er bear ing
and the  frame open ing. They are in clined to the ver ti -
cal and have an an gu lar  cross-sec tion.

Op er at ing data

 Mass and max i mum pay load of one car: 34,000 kg.
Num ber of wheel sets per bo gie: 2.
Wheel set  mass GR: 1,400 kg.
Sup ple men tary fac tor fz: 1.3.
Equiv a lent dy nam ic load P = 22.6 kN.
 Wheel di am e ter DR = 900 mm.
Top  speed vmax = 80 km/h.

Bear ing se lec tion

Two cy lin dri cal roll er bear ings are mount ed per axle
box: One FAG NJ2318E.TVP2.C3.F2.H25 and one
FAG NJP2318ED.TVP2.C3.F2 (dy nam ic load rat ing
C = 430 kN).

Ma chin ing tol er anc es

The bear ing in ner  rings car ry cir cum fe ren tial load and
are there fore giv en a  tight fit: jour nal to m6, hous ing
to H7.

Bear ing clear ance

The in ner  rings in crease due to the  tight fit: the ra di al
clear ance de creas es. The out er  rings are  cooled more
than the in ner  rings due to the air stream dur ing trav el.
This  leads to a fur ther re duc tion in clear ance and
there fore a ra di al clear ance C3 was se lect ed. 

Lu bri ca tion, seal ing

A lith i um soap base  grease is used for lu bri ca tion. A
com bi na tion of a felt ring and a la brinth was se lect ed
as a  means of seal ing.
The lab y rinth is pro vid ed with two ax ial webs  since the
axle box es are sub ject ed to ex treme dirt.
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49 Axle box roll er bear ings for a  city train

The bo gie  frame is sup port ed by Chev ron  springs on
the axle box es. 

Op er at ing data

The equiv a lent dy nam ic load Pm = 37 kN (cal cu lat ed
from the var i ous load con di tions).
Mean  wheel di am e ter 640 mm.
Max i mum  speed vmax = 80 km/h.

Bear ing se lec tion

The main com po nent of the FAG bear ing  units 
TAR OL 90 used here is a dou ble row ta pered roll er
bear ing  whose main di men sions are (d x D x B over all
 widths  cones/cup) 90 x 154 x 106/115 mm.

Bear ing clear ance

 Prior to mount ing, the ax ial clear ance of the bear ing
unit TAR OL 90 is 530 – 630 mi crons. 

Ma chin ing tol er anc es

The bear ing  cones car ry cir cum fe ren tial load and are
there fore giv en a  tight fit: jour nal n6.

Lu bri ca tion, seal ing

Lu bri ca tion is with a lith i um soap base  grease. The
TAR OL 90 is  sealed at both ends with la mel lar  rings.
The backing ring also has a col lar  which  forms a gap-
type seal with the lid on the  wheel side.
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Axle box roll er bear ings 50 ac cord ing to AAR stan dard*) and mod i fied  types

The FAG TAR OL unit ac cord ing to AAR stan dards is
a com pact bear ing unit with a dou ble row ta pered roll -
er bear ing as the main com po nent.  Seals at both  sides
of the bear ing, ac ces so ries and the  grease fill ing make
the FAG TAR OL a  ready-to- mount unit. Nei ther is
the ad just ment of the bear ing clear ance re quired. The
so- called NFL de sign (no  field lu bri ca tion) is con sid -
ered stan dard to day.  These TAR OL  units are no long er
re lu bri cat ed dur ing op er a tion. The bear ing  grease is
only re newed dur ing a main in spec tion.

TAR OL  units do not have to be mount ed into a hous -
ing. An adapt er is at tached  between the TAR OL unit
and the bo gie  frame to trans mit the  loads and sup port
the bear ing cup on the load ed part of the cir cum fer -
ence.

FAG sup ply NAR ROW and WIDE adapt ers ac cord -
ing to the AAR stan dards as well as spe cial adapt ers de -
signed for the par tic u lar cas es of ap pli ca tion.

AAR has stip u lat ed the ad mis sible  loads for the var i ous
siz es of TAR OL  units.

Com po nents of the FAG ta pered roll er bear ing unit
TAR OL

1 Lock ing  plate
2 Cap  screw
3 End cap
4 Bear ing cup
5 Bear ing cone with roll er set
6 Spac er
7 Seal wear ring
8 Seal
9 Back ing ring

FAG use two  types of  seals: the rub bing ra di al  shaft seal
(fig. a) cor re sponds to the de sign used by AAR. The
non-rub bing la mel lar seal ring (fig. b) was de vel oped
by FAG and test ed and ap proved by AAR. 
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51 Kiln  trucks for sand lime  brick  works

Op er at ing con di tions

In sand lime  brick au to claves the wheel set bear ings of
the kiln  trucks are ex posed for many  hours to hot
 steam of ap prox i mate ly 200 °C at 16 to 22 bars. Due
to cor ro sion haz ard the bear ing lo ca tion  should be
pro tect ed  against pen e tra tion of the  steam  which is
strong ly al ka line.

Bear ings

Seal ing re quires ma jor at ten tion when de sign ing the
bear ing ar range ment. The best so lu tion is the use of
pul ver ized syn thet ic FAG seal ing  agent and sol id lu bri -
cant Ar ca nol DF. This lu bri cant is suit able for tem per a -
tures rang ing  between –200 °C and +300 °C and re -
sists al most any chem i cal even at high tem per a tures. It
is non-age ing and wa ter re pel lent. The pow der is
 packed into the bear ing lo ca tion pen e trat ing into all
cav ities of the ar range ment and form ing a lu bri cat ing
film  between  balls and race ways,  balls and cage and
also  between out er ring and hous ing bore. The film in
the hous ing bore en sures easy bear ing dis place abil ity,
even af ter pro longed op er a tion. This pro tects the bear -
ing  against det ri men tal ax ial pre load.
In ad di tion to lu bri ca tion Ar ca nol DF also acts as a
 seal ing agent. It set tles in the seal ing gaps of the axle
pas sage and pro tects the in side of the bear ings  against
the in gress of al ka line con den sate.

The bear ings are de signed for a  truck with two wheel -
sets ac com mo dat ing a to tal  weight Fr of 43 kN. 
The bear ing load for each bear ing is rel a tive ly low at
Fr/4 al low ing the use of in ex pen sive FAG
6208.R200.250.S1 deep  groove ball bear ings. 
Con sid er ing the high op er at ing tem per a tures the 
bear ings have a par tic u lar ly  large ra di al clear ance
(200...250 or 250...350 mi crons), are heat-treat ed 
ac cord ing to S1 (200 °C) and are di men sion al ly  stable.

The bear ings of the kiln  trucks are mount ed on the
 shaft as far as its shoul der by  means of a punch ing cap
and fas tened se cure ly with a  shaft end wash er and
 screw. They have a  loose fit in the hous ing bore of the
FAG se ries hous ing SUB6208. Two  bolts at tach the
hous ings to the  frame of the  trucks.  Strips in sert ed
 between hous ing and  frame com pen sate for any dif fer -
enc es in  height due to warp ing of the  truck  frame. 

Ma chin ing tol er anc es

 Shaft: bear ing seat j6.
Hous ing: the di am e ter of bear ing seat is  between 
0.5 mm and 0.8 mm larg er than the bear ing O.D.

Seal ing

Heat-re sist ant ar a mide stuff ing box pack ings seal the
bear ing area at the axle pas sage. The cov er  flange is also
pro vid ed with a heat-re sist ant seal.
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Uni ver sal  quill  drive 52 for three phase cur rent lo co mo tives of se ries 120 

All four wheel sets of se ries 120's three phase cur rent lo -
co mo tives are driv en. The trac tion mo tor ar ranged
trans verse ly to the di rec tion of trav el is con nect ed to
the bo gie at  three  points. The  torque of the trac tion
mo tor acts via pin ion and bull gear on a uni ver sal  quill
 drive  which is  linked to the bull gear and driv ing  wheel
by the ar tic u lat ed lev er  coupling. The driv ing  wheel
trans mits the trac tive  force to the  rails.

Op er at ing data

Top  speed: 200 km/h; num ber of mo tors: 4; nom i nal
power per mo tor: 1,400 kW; mo tor  speed: max. 
4,300 min–1.

Bear ing se lec tion 

The bull gear is sup port ed on the uni ver sal  quill  drive
in two ta pered roll er bear ings FAG 534052 (di men -
sions: 381.03 x 479.475 x 49.213 mm)  which are 

mount ed in O ar range ment. Even with a  small bear ing
dis tance  there is a rel a tive ly  large  spread and as a re sult
tilt ing ri gid ity is high.
The  quill  drive hous ing is sta tion ary. The  cones,  which
car ry  point load, have a  loose fit. The cups car ry cir -
cum fe ren tial load and have there fore a  tight fit in the
ro tat ing bull gear. 
The ax ial clear ance of the bear ing pair de pends on the
ma chin ing tol er anc es of the bear ing  seats and the op er -
at ing con di tions. With in ner and out er spac er  sleeves
bear ing ad just ment is not nec es sary when mount ing. 

Lu bri ca tion

Dur ing mount ing the bear ings and the  space  between
the webs of the out er spac er  sleeves are com plete ly
 filled with a lith i um soap base  grease of the NLGI  class
2. They are re lu bri cat ed af ter eve ry 150,000 km. The
 grease is fed  through the  holes of the  sleeve's web.
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Sus pen sion bear ing ar range ment 53 for  electric  goods  train lo co mo tive

The  torque of the trac tion mo tor is trans mit ted to the
wheel set axle via pin ion and bull gear. The trac tion mo -
tor ar ranged trans verse ly to the di rec tion of trav el is
sup port ed di rect ly on the wheel set axle in two bear ing
loca tions. The re ac tion  torque is tak en up by an other
sup port  point at the bo gie  frame.

Op er at ing data

Six driv en wheel sets, pow er per trac tion mo tor: 
500 kW. Max.  speed: 100 km/h.

Bear ing se lec tion, di men sion ing

For a sus pen sion bear ing to have a long ser vice life
(nom i nal life over 2 mil lion kil o me tres) roll er bear ings
with a high load car ry ing ca pac ity are se lect ed. A me -
di um  drive  torque and a me di um  speed are tak en as a
ba sis for di men sion ing. The in dex of dy nam ic stress ing
fL  should be 3.5 at  least. Usu al ly it is well  above it. 

Two FAG ta pered roll er bear ings are mount ed  their di -
men sions be ing 230.188 x 317.5 x 47.625 mm and
231.775 x 336.55 x 65.088 mm. They are abun dant ly
di men sioned be cause of the  large  shaft di am e ter. High 
loads due to vi bra tions and  shocks are ac com mo dat ed 

by spe cial ta pered roll er bear ings with re in forced
 pressed cage (re duced num ber of roll ers). 

Both ta pered roll er bear ings are mount ed in O ar range -
ment with lit tle ax ial clear ance (0.2...0.3 mm). When
the  shaft has a max i mum load the cups and cones are
tilt ed by up to 3'  against each oth er. The pro file of the
ta pered roll ers or race ways are mod i fied (slight ly
 crowned) in or der to  avoid edge stress ing. 

Ma chin ing tol er anc es

The cups have cir cum fe ren tial load and an inter fer ence
fit on the  shaft. The cup or the an gle  sleeve in the
hous ing is giv en a  tight fit (per haps a  drive seat). 

Lu bri ca tion, seal ing

The sus pen sion bear ings are lu bri cat ed with a lith i um
soap base  grease of pen e tra tion  class 3 with anti-cor ro -
sion ad di tives. Baf fle  plates hold the  grease at the bear -
ing ( grease stor age).
The re lu bri ca tion inter val is  about 200,000 to 
300,000 km de pend ing on the type of op er a tion.
Lab y rinth gap-type  seals pro tect the bear ing from con -
tam i nants.
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54 Spur gear trans mis sion for the under ground or sub way

The  drive of mod ern sub ur ban ve hi cles  should pro vide
for a high de gree of trav el com fort, low  noise, and be
ec o nom i cal at the same time.  These re quire ments are
ful filled by a new com pact  drive pack age  which is
comp lete ly sup port ed on  springs in the bo gie. 

Op er at ing data

Two step par allel  shaft  drive, hel i cal/dou ble hel i cal
gear ing.  Drive  speed (in put  shaft) nmax = 5,860 min–1,
step-up i = 11.025.

The  drive mo tor is  flanged on to the trans mis sion. A
uni ver sal  joint  coupling trans mits the  torque di rect ly
to the wheel set from the trans mis sion. The gear box
case,  which is  split at axis  height, is made of high-
 strength cast al u min ium. This is 25 % light er than
spher oid al graph ite cast iron.

Bear ing se lec tion 

In put  shaft
The ro tor of the  drive mo tor is firm ly at tached to the
in put  shaft of the trans mis sion. An elas tic  coupling
 which can be sub ject to bend ing,  avoids con strain ing
forc es in the  shaft line  which is sup port ed in  three
posi tions by a lo cat ing-float ing bear ing ar range ment.
The float ing bear ing in the mo tor is a cy lin dri cal roll er
bear ing FAG NU212E (not il lus trat ed). A sec ond
float ing bear ing, a cy lin dri cal roll er bear ing FAG
NJ215E, is at the mo tor end of the in put  shaft. The 
lo cat ing bear ing ar range ment of the in put  shaft is an
an gu lar con tact ball bear ing pair FAG 7215B.UA70 in
X ar range ment. Both an gu lar con tact ball bear ings are
fitted in an an gle  sleeve made of  steel. There fore dif fer -
ent heat ex pan sion co ef fi cients of  steel and  light met al
can not have a di rect ef fect on the bear ings. 
The bear ings ac com mo date high  speeds with a  close
ax ial guid ance at the same time. This  means  tight fits
for the bear ing  rings on the  shaft and in the bore of the 

an gle sleeve. The de mand for a suf fi cient ax ial op er at -
ing clear ance in ad di tion to the  tight fit is met with an -
gu lar con tact ball bear ings in uni ver sal de sign. The ax ial
clear ance of the bear ing pair  prior to mount ing is 
70 mi crons.

Inter me di ate  shaft
A spher i cal roll er bear ing FAG 22218E is mount ed as
the lo cat ing bear ing of the inter me di ate  shaft. Its out er
ring is in a  steel an gle  sleeve. The spher i cal roll er bear -
ing ac com mo dates chief ly ax ial forc es from the gear -
ing. The float ing bear ing, a cy lin dri cal roll er bear ing
FAG NJ2216E.C3, is di rect ly in the  light-met al hous -
ing with the out er ring. The very  tight fit in the hous -
ing ne ces si tates a bear ing with in creased ra di al clear -
ance (C3).

Out put  shaft
The out put  shaft  whose  large spur gear has a dou ble
hel i cal gear ing, is ax ial ly guid ed by the spher i cal roll er
bear ing of the inter me di ate  shaft. The float ing bear ing
ar range ment with two cy lin dri cal roll er bear ings FAG
NUZ1848 is there fore suf fi cient for the out put  shaft.
The NUZ de sign with an ex tend ed in ner ring race way
al lows a  large ax ial dis place ment of the hol low  shaft.

Ma chin ing tol er anc es

An gu lar con tact ball 
bear ing pair  Shaft k5; pair hous ing K6
Spher i cal roll er bear ing  Shaft m5; hous ing K6
Cy lin dri cal roll er bear ing/
inter me di ate  shaft  Shaft m5; hous ing N6
Cy lin dri cal roll er bear ing/
out put  shaft  Shaft n5; hous ing 

N6...P6 

Lu bri ca tion 

All the bear ings of the trans mis sion are lu bri cat ed by
the oil cir cuit of the gear ings.

FAG 76



77 FAG

Antriebs-Hohlwelle

Zwischenwelle
Eingangswelle

54: Spur gear trans mis sion for the under ground or sub way

Output hollow shaft

Intermediate shaft
Input shaft



55 Bev el gear trans mis sion for city trains

With a so- called two-ax led lon gi tu di nal  drive in under -
ground and met ro pol i tan ve hi cles the trac tion mo tor
(usu al ly di rect cur rent mo tor) is ar ranged in the bo gie
in the di rec tion of trav el. A bev el gear trans mis sion is
 flanged onto both  sides of the  motor's face. The  drive
unit firm ly at tached to the bo gie  frame is elas ti cal ly
sup port ed by the  wheel sets. The  drive pow er is trans -
mit ted from the pin ion  shaft to the hol low ring gear
 shaft and then via rub ber  couplings to the driv ing
 wheel  shaft. This  drive de sign  leads to good run ning
be ha vi our and mod er ate stress ing for the trac tion mo -
tor, trans mis sion and  track super struc ture. 

Di men sion ing, bear ing se lec tion

Mean  torques and  speeds (hour ly  torque, hour ly
 speed) are cal cu lat ed from the trac tive  force – sur face
 speed di a gram and the time  shares for the var i ous run -
ning con di tions. By  means of the gear ing data the
 tooth  loads of the hy po id bev el gear step are cal cu lat ed
and, de pend ing on the lev er arms, are dis trib ut ed to
the bear ing loca tions.
A life of 20,000 to 30,000  hours is as sumed for bear ing
di men sion ing. As sum ing an av er age trav el  speed this
cor re sponds to 1.2 – 1.3 mil lion ki lom e ters.
To  check the stat ic safe ty of the bear ings the max i mum
 torque (slip page  torque) is tak en as a ba sis.

Pin ion  shaft
A sin gle-row cy lin dri cal roll er bear ing FAG
NJ2224E.M1A.C3 (120 x 215 x 58 mm) is mount ed
as a float ing bear ing at the pin ion end. It ac com mo -
dates the high ra di al  loads. The ma chined cage of the
bear ing is guid ed at the out er ring. The bear ing has the
in creased ra di al clear ance C3  since the bear ing  rings
have a  tight fit on the  shaft and in the hous ing. Two ta -
pered roll er bear ings FAG 31316 (80 x 170 x 42.5
mm) are used as lo cat ing bear ings. They are mount ed in
 pairs in O ar range ment. The bear ing at the mo tor end
ac com mo dates the ra di al  loads as well as the ax ial  loads
from the gear ing; the oth er ta pered roll er bear ing only
ac com mo dates the ax ial  loads aris ing dur ing a  change
in di rec tion of rotation. A min i mum bear ing  load is a
re quire ment in or der to  avoid harm ful slid ing mo tion
(slip page) and pre ma ture wear. The cups of the 
ta pered roll er bear ings are there fore pre load ed with
 springs.

Ring gear  shaft
 There is a ta pered roll er bear ing with the di men sions
210 x 300 x 54.5 mm at each side of the ring gear.
Both bear ings are ad just ed in X ar range ment.

Ma chin ing tol er anc es

Cy lin dri cal roll er bear ing:  Shaft m6, hous ing M6
Ta pered roll er bear ing/
mo tor end:  Shaft m6,  sleeve M6
Ta pered roll er bear ing
with man tle ring:  Shaft m6, ring R6 (S7)
Ta pered roll er bear ing
of ring gear  shaft:  Shaft n6 – p6

hous ing K6 – M6

The ax ial clear ance of the ta pered roll er bear ing pair
de pends on gear ing and the op er at ing con di tions.

Lu bri ca tion

Oil sump lu bri ca tion pro vides the trans mis sion bear -
ings with lu bri cant. The fling er oil is con veyed via the
ring gear from the oil sump and fed di rect ly to the
trans mis sion bear ings via oil col lect ing  bowls and sup -
ply  ducts. The special driv ing con di tions for city trains
de mand high ly  doped oils  which are re sist ant to heat
and cor ro sion.
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56 –60 Rud der  shafts

The rud ders of  ships make slow inter mit tent slew ing
mo tions. The max i mum slew ing an gle is  about 35° to
both  sides. The rud der  shaft bear ings ac com mo date
the ra di al and ax ial  loads aris ing from the rud der and
the steer ing en gine. The bear ings are also sub ject ed to
the vi bra tions creat ed by the pro pel ler jet.  There are
nu mer ous  types of rud ders the most com mon of  which
are il lus trat ed in figs. a to c. 

Roll ing bear ings are only used for the bear ing po si tions
of the rud ders in side  ships. They are not suit able for
the bear ing po si tions lo cat ed out side the ship due to
mount ing dif fi cul ties and prob lems with seal ing and
lu bri cat ing. For such lo ca tions,  plain bear ings made of
stain less  steel,  bronze, plas tic etc. are used and wa ter or
a mix ture of  grease and wa ter is used for lu bri ca tion.
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56– 57 Spher i cal roll er bear ings as rud der  shaft bear ings

Op er at ing data

Ax ial load 115 kN ( weight of rud der and  shaft), ra di al
load 350 kN (driv ing  force of steer ing en gine and 
rud der).

Bear ing se lec tion, di men sion ing

Due to the  heavy  loads and un avoid a ble mis align ment
spher i cal roll er bear ings are used. They have a high
load car ry ing ca pac ity and are self-align ing. The rud der
 shaft di am e ter de pends on size and  speed of the ship as
well as on the type and size of the rud der used. The
bear ing bore and the size of the bear ing are de ter mined
by the  shaft di am e ter spec i fied. A spher i cal roll er bear -
ing FAG 23052K.MB.R40.90 or FAG 23052K.MB.C2
(ra di al clear ance 150...220 mi crons) is mount ed. Dur -
ing mount ing the bear ing in ner ring is  pressed onto
the ta pered  shaft seat so that the bear ing op er ates
 under a  light pre load. Vi bra tions can thus be ad e quate -
ly ac com mo dat ed. The hy draul ic meth od fa cil i tates
dis mount ing par tic u lar ly in the case of bear ings with
C2 bear ing clear ance. For this pur pose the  shaft must
have oil  ducts and the ta pered seat a cir cu lar  groove.

The hous ings of rud der  shaft bear ings FAG
RS3052KS.1..... or FAG RS3052KW.1..... are made of
weld ed ship build ing  steel  plates. 

The stat ic safe ty of a rud der  shaft bear ing is  checked
be cause of the few slew ing mo tions. An in dex of stat ic
stress ing fs  between 4 and 5 is suit able for spher i cal 
roll er bear ings. 

Ma chin ing tol er anc es

 Shaft ta per 1 : 12, hous ing H7.

Lu bri ca tion, seal ing

Dur ing mount ing, the cav ities of the spher i cal roll er
bear ings and hous ings are com plete ly  filled with lith i -
um soap base  grease of con sis ten cy num ber 2  which con -
tains EP ad di tives.

Rud der  shaft bear ing FAG RS3052KS.1.....
The bear ing is  grease lu bri cat ed. It sits in the pot-like
hous ing  which is at tached to the hous ing base plate by
stur dy webs. A stuff ing box seal is mount ed in this base
plate. Its pack ing runs on a  sleeve of sea wa ter-re sist ant
 steel.
Due to the sep ar a tion  between the  upper half and the
base any  spray wa ter  which  could pen e trate runs  along
the side and does not get into the roll ing bear ing. The
stuff ing box can be in spect ed at any time dur ing op er -
a tion and if nec es sary read just ed. The bot tom end of
the bear ing is pro vid ed with a  spring seal. A felt seal
and V ring suf fice for seal ing at the top end. This bear -
ing ar range ment with stuff ing box seal is main te nance-
free. 

Rud der  shaft bear ing FAG RS3052KW.1.....
Bear ing and seal are in one and the same hous ing and
are lu bri cat ed with  grease. The bear ing ar range ment
can also be be low the wa ter line. Seal ing con sists of
 three sea wa ter- proof  shaft seal ing  rings with an inter -
me di ate  grease cham ber. An au to mat ic  grease pump
 holds the lat ter  under per ma nent pres sure. 
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58–59 Spher i cal roll er  thrust bear ings as rud der car riers

Spher i cal roll er  thrust bear ings are used when the top
bear ing mainly has to take up the  weight of the rud der
and  shaft. This is the case for all rud der  drives not
load ed by lat er al forc es, such as for ro tary vane steer ing
 gears and four-cyl in der en gines,  which do not op er ate
 spade-type rud ders.
The two de signs, N and W, for rud der car riers, dif fer
only in  their seal ing.

Bear ing se lec tion, di men sion ing

The  shaft di am e ter is de ter mined ac cord ing to for mu -
lae of the Clas sifi ca tion So ci eties. Thus the bore di am -
e ter of the roll ing bear ing is  fixed. Due to the high 
ax ial load car ry ing ca pac ity a spher i cal roll er  thrust
bear ing FAG 29284E.MB with the di men sions 420 x
580 x 95 mm is mount ed di rect ly on the  shaft. The
 bearing's in dex of stat ic stress ing fs ≥ 10. 

The weld ed hous ings are ex traor di nar ily flat – they
pro trude just slight ly be yond the deck or mount ing
base. This pro vides ad van tag es es pe cial ly for larg er
steer ing en gines,  since the rud der  shaft ex ten sion can
be kept  short due to the low mount ing and dis mount -
ing  height. 

Pow er ful  springs  under the bear ing out er ring pro vide
a per ma nent pos i tive con tact of roll ers and race ways.
The sup ple men tary  plain bear ing also ac com mo dates
ra di al forc es, if for ex am ple a cyl in der in a four-cyl in -
der steer ing en gine  fails. 

Ma chin ing tol er anc es

 Shaft h7. The hous ing is re lief  turned to en sure ax ial
 spring pre load via the housing washer.

Lu bri ca tion, seal ing

Dur ing mount ing, the cav ities of the spher i cal roll er
 thrust bear ings and hous ings are com plete ly  filled with
lith i um soap base  grease (con sis ten cy num ber 2 with EP
ad di tives). As with ra di al spher i cal roll er rud der bear -
ings,  there are also two de signs (N and W) in the case
of rud der car ri er bear ings. Only the seal dif fers:
FAG RS9284N.1..... rud der car ri er bear ings have felt
 seals, the rud der car ri er bear ings FAG RS9284W.1.....
are  sealed with sea wa ter- proof  shaft seal ing  rings.
Both de signs have a V-ring seal at the hous ing cov er.
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58: Rud der car ri er bear ing FAG RS9284N.1..... 59: Rud der car ri er bear ing FAG RS9284W.1.....



60 Spade-type rud der

De sign

The slew ing mo tion is ac com mo dat ed by a top bear ing
and a bot tom bear ing. Both bear ing lo ca tions are
 equipped with roll ing bear ings  since they are in side the
 ship's hull. The top bear ing or rud der car ri er is de -
signed as the lo cat ing bear ing due to the lo cat ing ring
 between cov er and bear ing out er ring. The bot tom
bear ing is the float ing bear ing. Spher i cal roll er bear -
ings are used at both lo ca tions and the bear ing 
ar range ment is there fore stat i cal ly de fined and not 
af fect ed by mis align ment of hous ing  bores, warp ing of
the  ship's hull and rud der  shaft def or ma tion. Both
spher i cal roll er bear ings are mount ed on adapt er
 sleeves  which are mount ed and dis mount ed by  means
of the hy draul ic meth od. The rel e vant adapt er  sleeves
(HG de sign) have con nect ing  holes and  grooves for
the pres sure oil. 

Op er at ing data

Top bear ing:
Ax ial load 380 kN ( weight of rud der and  shaft).
Ra di al load 1,700 kN (load from rud der and steer ing
en gine).

Bot tom bear ing:
Ra di al load 4,500 kN (load from rud der and steer ing
en gine).

Bear ing se lec tion, di men sion ing, seal ing

Bear ing se lec tion is  based on the spec i fied  shaft di am e -
ter and the giv en  loads.  Since the bear ings only make
slew ing mo tions they are se lect ed ac cord ing to  their
stat ic load car ry ing ca pac ity. An in dex of stat ic stress ing
fs ≥ 4 is a must.

The bot tom spher i cal roll er bear ing, an FAG
230/750K.MB.R60.210 (or 230/750K.MB.C2), is 
lo cat ed on an adapt er  sleeve FAG H30/750HG.  Since
this bear ing is per ma nent ly be low the wa ter line, 
spe cial seal ing must be pro vid ed for the  shaft pas sage. 

The ra di al seal ing  rings run on a  sleeve made of sea -
 wa ter-re sist ant  steel. The lips form a  grease cham ber
per ma nent ly pres sur ized by an au to mat ic  grease pump.
Some of the  grease (lith i um soap base  grease of the con -
sis ten cy num ber 2 with EP ad di tives) pen e trates into
the hous ing keep ing the in itial  grease pack ing  under
con stant pres sure. 

The seal  above the bear ing ( shaft seal ing ring and V
ring) pro tects it  against wa ter  which may ei ther run
down the  shaft or col lect in the rud der  trunk.

The top spher i cal roll er bear ing, an FAG
23188K.MB.R50.130 (or 23188K.MB.C2), is
mount ed on the  shaft with an adapt er  sleeve FAG
H3188HG. The adapt er  sleeve is  fixed ax ial ly; be low
by the  shaft shoul der and  above by a  split hold ing ring
 which is bolt ed into a cir cu lar  groove in the  shaft. This
upper bear ing also  takes up the  weight from rud der
and  shaft as well as the ra di al  loads. A  shaft seal ing ring
is fit ted at the  upper and at the low er  shaft di am e ter
for seal ing pur pos es.  There is also a V ring at the  upper
 shaft pas sage.

When re lu bri cat ing with an au to mat ic  grease  press, the
in itial  grease fill ing is kept  under pres sure and the seal
 rings are lu bri cat ed at the same time.

Ma chin ing tol er anc es

Rud der  shaft h8, cy lin dric ity tol er ance IT5/2 (DIN
ISO 1101). Hous ing H7.

Bear ing clear ance

The bear ings have a par tic u lar ly  small ra di al clear ance:
the low er bear ing has 60 to 210 mi crons or 390 to 570
mi crons and the  upper bear ing has 50 to 130 mi crons
or 230 to 330 mi crons. Dur ing mount ing, the bear -
ings are  pressed onto the adapt er  sleeve so far that they
ob tain a pre load of 20 to 30 mi crons. With  these pre -
load ed bear ings vi bra tions are eas i ly ac com mo dat ed. 
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60:  Spade-type rud der bear ings



61–62 Ship  shaft bear ings and  stern tube bear ings

The pro pel ler  shaft of a ship is car ried by so- called sup -
port bear ings.  Since  length vari a tions of the  shaft are
con sid er able, par tic u lar ly with long  shafts, the bear ings
must have ax ial free dom. The last part of the  shaft sup -
port ing the pro pel ler, runs in the so- called  stern tube
or tail  shaft bear ings.

Op er at ing data

 Shaft di am e ter 560 mm; nom i nal  speed of pro pel ler
 shaft 105 min–1.
Ra di al load from  shaft and  coupling 62 kN, no ax ial
load – the pro pel ler  thrust is tak en up by the pro pel ler
 thrust  block (figs. 63 and 64). With a sup ple men tary
fac tor of 100 % on the ra di al load (fz = 2),  shocks or
oth er dy nam ic forc es are suf fi cient ly tak en into con sid -
er a tion when de ter min ing the bear ing  stress.

Bear ing se lec tion, di men sion ing, seal ing

 Since the di am e ter of the ship  shaft is spec i fied, the
bear ings are over di men sioned for the  loads to be ac com -
mo dat ed. Thus the in dex of dy nam ic stress ing fL rang es
from 4 to 6  and there fore a high nom i nal life (Lh) is ob -
tained. With very good clean li ness in the lu bri cat ing
gap, en du rance  strength is  reached in the ad just ed life cal -
cu la tion (Lhna) for ship  shaft and  stern tube bear ings.
A spher i cal roll er bear ing FAG 239/600BK.MB (di -
men sions 600 x 800 x 150 mm, dy nam ic load rat ing C =
3,450 kN) is used as ship  shaft bear ing. By  means of the
hy draul ic meth od the bear ing is at tached to the  shaft
with an adapt er  sleeve FAG H39/600HG and is lo cat ed
in a plum mer  block hous ing FAG SUC39/600H.1.....
(fig. 61a). The hous ing is made of grey cast iron GG-
25 and con sists of a un split hous ing body with two
 split cov ers. 

The  housing's seal ing is pro vid ed for by the ra di al  shaft
seal ing  rings in the cov er. For  small quan tities, weld ed
hous ings are gen er al ly more ec o nom i cal than cast
hous ings. Fig. 61b is an al ter na tive ship  shaft bear ing
ar range ment made up of a spher i cal roll er bear ing
FAG 23048K.MB with adapt er  sleeve H3048 and a
 split plum mer  block hous ing S3048KBL.1..... 
(ma te ri al GG-25).
The ship  shaft is sur round ed by the  stern tube at the
 stern. Fig. 62  shows a  stern tube bear ing ar range ment,
both bear ings are de signed as float ing bear ings. The tail
bear ing is also load ed by pro pel ler  weight and wave ac -
tion. Spher i cal roll er bear ings are ap plied here also
 whose in ner  rings, with adapt er  sleeves, are at tached to
the  shaft. A spe cial  stern tube seal ing pro tects the bear -
ings from sea wa ter.

Ma chin ing tol er anc es

The in ner  rings car ry cir cum fe ren tial load.
Adapt er  sleeve seat on the  shaft h8. Cy lin dric ity tol er -
ance IT5/2 (DIN ISO 1101); hous ing bore H7. 
 Flanged hous ings are used for the tail  shaft bear ings.

Lu bri ca tion

The bear ings are lu bri cat ed with a non-ag ing oil with
EP ad di tives (vis cos ity 150 to 300 mm2/s at 40°C). The
low er  parts of the sup port bear ing hous ings have view -
ing glass es or oil dip  sticks on  which the per mis sible
max i mum and min i mum oil lev els are  marked. The
 stern tube is  filled with oil. The oil pres sure is kept a
lit tle high er than that of the sur round ing wa ter. 
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61b: Ship  shaft bear ing. Spher i cal roll er bear ing in S30.K hous ing

62:  Stern tube or tail  shaft bear ing ar range ment



63–64 Ship  shaft  thrust  blocks

The  thrust  block is lo cat ed di rect ly be hind a  ship's en -
gine. It trans mits the pro pel ler  thrust to the ship.
 Apart from a  small ra di al load from the  shaft  weight
the bear ing is load ed by a pure ly con cen tric  thrust
load. De pend ing on the di rec tion of ro ta tion of the
pro pel ler, it acts ei ther for ward or back ward. Dur ing
stern way the  thrust load is low er and usu al ly oc curs
only sel dom.  Three bear ing ar range ments are com -
mon ly used for  these re quire ments:

Fig. 63a il lus trates a  thrust  block ar range ment with
two spher i cal roll er  thrust bear ings for  small  shaft di -
am e ters in a SGA plum mer  block hous ing.

Fig. 63b il lus trates a  thrust  block ar range ment with
two spher i cal roll er  thrust bear ings and one ra di al
spher i cal roll er bear ing in an FKA  flanged hous ing.

Both bear ing ar range ments are used when the ax ial
load car ry ing ca pac ity of a ra di al spher i cal roll er bear -
ing is in suf fi cient when stern way is very fre quent. The
spher i cal roll er  thrust bear ings ac com mo date the pro -
pel ler  thrust dur ing for ward mo tion and the pro pel ler
pull dur ing stern way. In 63a the  thrust bear ings ac com -
mo date the  weight also  while in 63b the  weight of
 shaft and pro pel ler is sup port ed by a ra di al spher i cal
roll er bear ing.

Fig. 64  shows ship  shaft  thrust  blocks each with a
spher i cal roll er  thrust bear ing and a ra di al spher i cal
roll er bear ing:
a: – in SGA hous ing, b: – in SUB hous ing

The cur va ture cen tres of the out er ring race ways of the
ra di al and ax ial bear ings co in cide. The bear ings are
there fore self-align ing and thus mis align ment and
bend ing of the  shaft and hull are com pen sat ed for. In
 these  thrust  blocks only the pro pel ler  thrust is ac com -
mo dat ed by the spher i cal roll er  thrust bear ing dur ing
for ward mo tion. The ra di al spher i cal roll er bear ing
trans mits the  weight of the  shaft and the pro pel ler pull
dur ing stern way. The spher i cal roll er  thrust bear ing
not  under  stress is pre load ed by  springs so that it does
not lift dur ing stern way. A con stant ax ial min i mum
load is thus en sured. 

Ma chin ing tol er anc es

Fig. 63a:
Spher i cal roll er  thrust bear ing  Shaft m6; hous ing H7
Fig. 63b:
Spher i cal roll er  thrust bear ing  Shaft n6; hous ing re lief 

 turned
Ra di al spher i cal roll er bear ing  Shaft n6; hous ing F7
Fig. 64a, 64b:
Spher i cal roll er  thrust bear ing  Shaft m6; hous ing re lief 

 turned 
Ra di al spher i cal roll er bear ing  Shaft m6; hous ing H7

Di men sion ing of bear ings

The di am e ter of the  thrust  block  shaft is de ter mined
ac cord ing to the guide lines of the Clas sifi ca tion So ci -
eties. Tak ing the pow er out put into ac count the nom i -
nal life Lh [h] and the re sult ing in dex of dy nam ic stress -
ing fL are cal cu lat ed. An fL val ue of 3 – 4 is rec om -
mend ed for the roll ing bear ings in ship  shaft  thrust
 blocks. Par tic u lar ly with ut most clean li ness in the lu -
bri cat ing gap, ship  shaft  thrust  blocks  reach en du rance
 strength ac cord ing to the ad just ed life cal cu la tion.

De sign

Ship  shaft  thrust  blocks are sup plied as com plete  units
FAG BEHT.DRL. The unit in cludes bear ings, hous ing
with seal ing and  thrust  block  shaft with loose  flange.
The FAG  thrust  block hous ings are sup plied ei ther in
 split de sign SGA (figs. 63a and 64a) or in un split de -
sign FKA (fig. 63b) or SUB (fig. 64b).

Or der ex am ple for unit
FAG BEHT:GRL:110.156680, con sist ing of:
1 Plum mer  block hous ing FAG SGA9322.156678
1  Thrust  block  shaft with loose  flange

FAG DRW110 x 610.156678
2 Spher i cal roll er  thrust bear ings FAG 29322E
1 Lock nut FAG KM26
1 Lock wash er FAG MB26

Oil lu bri ca tion
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Op er at ing data

63a: Ship  shaft  thrust  block 63b: Ship  shaft  thrust  block hous ing 64a, b: Ship  shaft  thrust  block
FAG BEHT.DRL110.1..... with FAG FKA94/600.1 FAG BEHT.DRL.200.1..... with
2 spher i cal roll er  thrust bear ings 2 spher i cal roll er  thrust bear ings 1 spher i cal roll er  thrust bear ing

1 ra di al spher i cal roll er bear ing 1 ra di al spher i cal roll er bear ing

Di am e ter of  thrust  block  shaft 110 mm 600/510 mm 200 mm
Power 320 kW 11,400 kW 1,470 kW
 Speed 800 min–1 150 min–1 500 min–1

 Thrust 55 kN 1,625 kN 170 kN
For ward mo tion 50 % 50 % 95 %
Stern way 50 % 50 % 5 %

Bear ings mount ed 2 x FAG 29322E 1 x FAG 239/600B.MB.C3 1 x FAG 23140B.MB
2 x FAG 294/600E.MB 2 x 29340E

Lu bri ca tion Oil sump lu bri ca tion1) Oil sump lu bri ca tion1) Oil sump lu bri ca tion1)
Seal ing  Shaft seal ing  rings  Shaft seal ing  rings  Shaft seal ing  rings

1) Non-ag ing oil with pres sure ad di tives (vis cos ity 150 to 300 mm2/s at 40°C)

63a: Com plete ship  shaft  thrust  block FAG BEHT.DRL.110.1..... (SGA plum mer  block hous ing)

63b: Ship  shaft  thrust  block with FKA  flanged hous ing
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64a: Com plete ship  shaft  thrust  block FAG BEHT.DRL.200.1..... (SGA plum mer  block hous ing)

64b: Com plete ship  shaft  thrust  block FAG BEHT.DRL.200.1..... (SUB pot- shaped hous ing)



65–72 Paper Ma chines

Mod ern  paper ma chines are ex ten sive  plants  which fre -
quent ly  stretch well be yond 100 m in  length and have
nu mer ous  rolls. The de mand for ut most op er a tion al
re li abil ity is pri or ity num ber one when de sign ing and
di men sion ing bear ing lo ca tions: if trou ble aris es at just
one roll the  whole  plant has to be shut down. For this
rea son the bear ings are de signed for a far long er nom i -
nal life (in dex of dy nam ic stress ing fL = 5...6) than in
oth er in dus tri al equip ment. A high de gree of clean li -
ness in the bear ings is de ci sive for a long ser vice life.
This de mands ut most seal ing re li abil ity, par tic u lar ly
 against mois ture, and de sign di ver sity  based on the
type of roll in ques tion.

Lu bri ca tion also in flu enc es the bear ing life great ly. All
roll bear ings in mod ern  paper ma chines are con nect ed
to an oil cir cu la tion  system for op er a tion al re li abil ity
and main te nance pur pos es. The bear ings in the wet
end sec tion of old er  paper ma chines are  still lu bri cat ed
with  grease (lower environmental temperatures).

In the dry er sec tion, bear ings for rope  sheaves, spread -
er  rolls and some times  guide  rolls are  still lu bri cat ed
with  grease.
Due to high tem per a tures in the area of the dry er roll,
bear ing lu bri ca tion is par tic u lar ly crit i cal. There fore
oils of the vis cos ity  class ISO VG 220 or 320 are used.
Light ly  doped min er al oils and syn thet ic oils are suit able
(high age ing stabil ity),  which cor re spond to the re -
quire ments for dry er roll oils and have prov en them -
selves in the  field or suc cess ful ly  stood dy nam ic test ing
on the FAG test rig FE8.
Lu bri ca tion can be im proved con sid er ably (in creas ing
the op er at ing vis cos ity) by in su lat ing the hol low jour -
nals of the dry er  rolls and thus re duc ing the bear ing
tem per a ture.
The fol low ing ex am ples show the struc ture of some
main bear ing lo ca tions in the  paper in dus try, for ex am -
ple re fin ers, suc tion  rolls,  press  rolls, dry er  rolls, guide
 rolls, ca lend er ther mo  rolls, anti-de flec tion  rolls and
spread er  rolls. 
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65 Re fin ers

Wood  chips from the wood chop per  which have been
sof tened and  steamed by wa ter are brok en down and
 crushed in the re fin er by  means of crush ing  wheels ro -
tat ing in re verse mo tion with  knife sec tions. Tem per a -
tures up to 160 °C re sult from this pro cess ( steamed
wood  chips, crush ing) and can lead to in creased op er -
at ing tem per a tures in bear ings de pend ing on  their
con struc tion.

Op er at ing data

Ax ial load from crush ing pro cess 400 kN;
Ra di al load (ro tor/ shaft) 15 kN per bear ing;
 Speed 600 min–1;
Tem per a ture in lo cat ing bear ing 80 °C, in float ing
bear ing 70 °C.

Bear ing se lec tion, di men sion ing

With the high ax ial  loads  which have to be ac com mo -
dat ed, an at tain able life Lhna ≥ 80,000  hours is re -
quired. A sec ond  thrust bear ing is nec es sary  since the
ax ial load acts main ly in the di rec tion of the lo cat ing
bear ing but can also be act ing in the op po site di rec -
tion. Thus the lo cat ing bear ing ar range ment is made up
of two sym met ri cal ly ar ranged spher i cal roll er  thrust
bear ings FAG 29460E. For the roll ers to re main un dis -
turbed when the ax ial load is "re versed" both bear ings
must be pre load ed with  springs (min i mum load) at the
out er  rings. 
A spher i cal roll er bear ing FAG 23052K.MB is mount -
ed as a float ing bear ing and can eas i ly ac com mo date
 shaft de flec tion. Ther mal  length vari a tions of the  shaft
are com pen sat ed for in  between bear ing out er ring and
hous ing (slid ing fit). The bear ing is mount ed di rect ly
on the ta pered  shaft seat and fas tened with a  locknut
HM3052.
The float ing bear ing reach es a nom i nal life Lh of well
over 200,000  hours. Ex cel lent bear ing lu bri ca tion is
re quired due to slip page haz ard when  loads are low
(P/C ≈ 0.02). 
A nom i nal life of Lh = 50,600 h is cal cu lat ed for the left
lo cat ing bear ing 29460E. With oil cir cu la tion lu bri ca -
tion, good clean li ness and a bear ing tem per a ture of 
70 °C, fac tor a23 is 3.2. An at tain able life Lhna =
162,000 h re sults from the ad just ed life cal cu la tion.

The  right lo cat ing bear ing only has a  slight ax ial load 
( spring pre load). The at tain able life Lhna is over
200,000 h for this bear ing.

Ma chin ing tol er anc es

Float ing bear ing: The in ner ring has cir cum fe ren tial
load and is at tached to the ta pered bear ing seat of the
 shaft.
Round ness tol er ance IT5/2 (DIN ISO 1101);
Ta per an gle tol er ance AT7 (DIN 7178).
Bear ing seat of hous ing bore ac cord ing to G7.

Lo cat ing bear ing: For mount ing rea sons, both  shaft and
hous ing wash er are in  sleeves. The bear ing  seats are
ma chined ac cord ing to k6 and G7 for the  shaft  sleeves
and hous ing  sleeves re spec tive ly.

Lu bri ca tion

A lu bri cat ing oil ISO VG 150 with EP ad di tives is used
for lo cat ing and float ing bear ings.
The ra di al spher i cal roll er bear ing has oil cir cu la tion
lu bri ca tion with 0.8 l/min. Oil jet lu bri ca tion is pro -
vid ed for the spher i cal roll er  thrust bear ings. This en -
sures ad e quate oil con stant ly at the high ly- stressed
con tact ar e as  between roll er face and lip. The oil is 
sup plied  through the side of the bear ing via the spac er
 sleeve. The min i mum oil flow rate for both bear ings is
8 l/min (good heat dissipation from bear ing). The oil
is fil tered in cir u la tion and  cooled back to a tem per a -
ture of 40 °C.

Seal ing

 There are two lab y rinths on the side of the crush ing
 wheel con nect ed to one an other and  filled with  grease
 which pro tect the bear ings from wa ter and con tam i na -
tion and pre vent oil es cap ing from the bear ings. On
the out er side of the lo cat ing bear ing a  shaft seal ing ring
pre vents oil es cape.
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65: Re fin er bear ings 

Locating bearingFloating bearing





67 Cen tral  press  rolls

The  paper web runs  through the  press  rolls on a felt 
 cloth and a  large  amount of wa ter is  pressed out of it.
Mod ern  press sec tions con sist of one cen tral  press roll
 against  which one or more (suc tion)  press  rolls are
 pressed. The cen tral  press roll is sol id, made of gran -
ite/ steel or  steel with a pro tec tive coat ing.

Op er at ing data

Roll  length 8,800 mm; roll di am e ter 1,500 mm;  speed
1,450 m/min;  roll  weight 750 kN. Pres sure by 3  rolls
at 30°, 180° and 210°; bear ing tem per a ture  about 
60 °C. Di rect  drive.

Bear ing se lec tion, di men sion ing

Self-align ing spher i cal roll er bear ings of the se ries 231
or 232 with a very high load car ry ing ca pac ity are cho -
sen due to the high ra di al load and the mis align ment
 which is pos sible  between the bear ing lo ca tions. A low
cross section  height is also im por tant for  these bear ings
 since the  height of the hous ing is re strict ed by the roll
di am e ter. The roll  weight and the load com po nents of
the pres sure  rolls  yield a re sult ing bear ing load Fr = 
300 kN.
A spher i cal roll er bear ing FAG 231/600K.MB.C3 is
mount ed at eve ry bear ing lo ca tion. The bear ings with
ta pered bore (ta per 1:12) are  pressed di rect ly onto the
ta pered  shaft seat by  means of the hy draul ic meth od.
The float ing bear ing at the  operator's end per mits tem -
per a ture-de pend ing  length vari a tions of the roll by
shift ing the out er ring in the hous ing. The lo cat ing
bear ing is at the  drive end.

The nom i nal life cal cu lat ed is Lh > 100,000 h with a
speed of 308 min–1. With good lu bri ca tion (vis cos ity
ra tio � ≈ 3, ba sic fac tor a23II = 3) and im proved clean li -
ness (con tam i na tion fac tor V = 0.5) in the lu bri cat ing
gap Lhna � 100,000 h ac cord ing to the ad just ed rat ing
life cal cu la tion.

Ma chin ing tol er anc es

The in ner ring has cir cum fe ren tial load and is at tached
to the ta pered bear ing seat of the  shaft.
Round ness tol er ance IT5/2 (DIN ISO 1101); ta per
an gle tol er ance AT7 (DIN 7178).
Hous ing  bores ac cord ing to G7  since  there is  point
load at the out er ring.

Lu bri ca tion

The spher i cal roll er bear ings are sup plied with a min i -
mum oil quan tity of 7 l/min by cir cu la tion lu bri ca tion.
A min er al oil of suf fi cient vis cos ity (ISO VG 100) and
EP ad di tives is used. Ad di tives with good anti-cor ro sive
prop er ties and wa ter sep ar a tion abil ity are also re -
quired. An ef fec tive lu bri ca tion is  achieved with an oil
sup ply to the cen tre of the bear ing.
Oil re turns to both  sides of the bear ing via oil col lect -
ing pock ets and con nect ing  holes.

Seal ing

Oil  splash  grooves in the roll jour nal pre vent oil es cap -
ing at the cov er pas sage. 
Non-rub bing and main te nance free gap-type  seals pro -
tect the bear ings from en vi ron men tal in flu enc es.
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68 Dry er  rolls

The re main ing wa ter in the dry er sec tion is evap o rat -
ed. The  paper runs over nu mer ous heat ed dry er  rolls
guid ed by end less dry er  wires (for mer ly dry er  felts).
The dry er  rolls are  steam heat ed (tem per a ture de pends
on the type of  paper, its thick ness and  speed, and on
the num ber of dry er  rolls). The high tem per a tures of
the heat ing  steam trans fer to the bear ing  seats stress ing
the roll ing bear ings ac cord ing ly. To day, the jour nals
 through  which the  steam  flows are in su lat ed in or der
to keep bear ing tem per a tures low. 

Op er at ing data

Work ing  width 5,700 mm; roll di am e ter 1,800 mm;
 paper  speed 1,400 m/min (ro ta tional speed 248 min–1);
heat ing tem per a ture 165 °C (7 bar); roll  weight 90 kN.
Felt pull 4.5 kN/m; wrap an gle 180°; en vi ron men tal
tem per a ture under the dry er sec tion hood ap prox. 
95 °C; in su lat ed jour nal  bores.

Bear ing se lec tion

The bear ing load is cal cu lat ed from the roll  weight, felt
pull and tem po rary wa ter fill. The float ing bear ing is
load ed with 75 kN, the lo cat ing bear ing with 83 kN
tak ing into ac count the  drive  force. Heat ing the dry er
roll  leads to heat ex pan sion  which in turn  leads to con -
sid er able chang es in  length with such long  rolls. Self-
align ing roll ing bear ings are nec es sary due to the mis -
align ment aris ing  between both bear ing lo ca tions.
A dou ble-row cy lin dri cal roll er bear ing of the di men -
sion se ries 31 is pro vid ed as float ing bear ing at the
 operator's end. It eas i ly com pen sates for  length vari a -
tions in the bear ing  between the  rolls and the in ner
ring race way. With its spher i cal slid ing sur face a  plain
spher i cal  bearing's seat ing ring ac com mo dates any
align ment in ac cu ra cy of the jour nal. A dou ble-row
self-align ing cy lin dri cal roll er bear ing FAG
566487K.C5 with the di men sions 200x340x112 mm
is mount ed. A spher i cal roll er bear ing FAG
23140BK.MB.C4 is mount ed as lo cat ing bear ing on
the  drive end.
Both bear ings have  about the same op er at ing clear ance
in or der to  avoid any det ri men tal pre load dur ing the
heat ing-up  stage  which may lead to a max i mum tem -
per a ture dif fer ence of 50 K. The spher i cal roll er bear -
ing has an in creased ra di al clear ance ac cord ing to C4
(260...340 mi crons), the cy lin dri cal roll er bear ing an
in creased ra di al clear ance ac cord ing to C5 (275...330
mi crons).

Both bear ings have a ta pered bore (K 1:12) and are
mount ed by the hy draul ic meth od di rect ly onto the 
ta pered jour nals.

 Since the cy lin dri cal roll er bear ing and the spher i cal
roll er bear ing have the same di men sions un split PMD
plum mer  block hous ings (FAG PMD3140AF or BF)
are ap plied both at the  drive end and at the  operator's
end.

Due to in creased op er at ing tem per a ture, both bear ings
are giv en spe cial heat treat ment (iso temp) and are thus
di men sion al ly  stable up to 200 °C.

Bear ing di men sion ing

An at tain able life Lhna ≥ 250,000  hours is re quired for
dry er roll bear ings. Lu bri ca tion de ci sive ly in flu enc es
the ad just ed rat ing life.  Under an av er age op er at ing
tem per a ture of 100°C the op er at ing vis cos ity � ≈ 
16 mm2/s for a min er al oil with a nom i nal vis cos ity of
220 mm2/s (ISO VG 220). 
The rat ed vis cos ity is de ter mined from the  speed and
the mean bear ing di am e ter dm = (200 + 340)/2 = 
270 mm to �1 = 25 mm2/s.
The vis cos ity ra tio is then:
� = �/�1 = 16/25 = 0.64.
With the val ue K = 1 a ba sic fac tor a23II = 1.1 is ob -
tained for the spher i cal roll er bear ing. 
The val ues K = 0 and a23II = 1.4 ap ply to the cy lin dri -
cal roll er bear ing. 
With nor mal clean li ness (clean li ness fac tor s = 1) the
fac tor a23 = a23II · s
1.1 for the spher i cal roll er bear ing,
1.4 for the cy lin dri cal roll er bear ing. 
The at tain able life Lhna = a1 · a23 · Lh is there fore well
over 250,000 h for both bear ings.

Ma chin ing tol er anc es

The in ner  rings have cir cum fe ren tial load and have a
 tight fit on the ta pered roll jour nal. The jour nals have
oil  ducts so the bear ings can be mount ed and dis -
mount ed by  means of the hy draul ic meth od. Round -
ness tol er ance IT5/2 (DIN ISO 1101), ta per an gle tol -
er ance AT7 (DIN 7178). Bear ing  seats in the hous ing
bore ac cord ing to G7.
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Lu bri ca tion 

The bear ing hous ings are con nect ed to a cen tral oil cir -
cu la tion lu bri ca tion  system so that heat is con stant ly
dissipated from the bear ing. High- grade min er al oils
ISO VG 220 or 320 are used  which must have a high
op er at ing vis cos ity, ther mal stabil ity, good pro tec tion
 against wear, good wa ter sep ar a tion abil ity and a high
de gree of clean li ness. A min i mum oil quan tity of 1.6
l/min is guid ed di rect ly to the cen tre of the bear ing via
a lu bri cat ing  groove and lu bri cat ing  holes in the out er
ring.
The oil can be car ried off at both  sides of the bear ing
with the cen tral oil  system. The dan ger of oil re ten tion

and leak age is min i mized con sid er ably. Any con tam i -
nants or wear par ti cles  which  might pen e trate the
bear ing are im me di ate ly  washed out of it with this
meth od of lu bri ca tion. 

Seal ing

Gap-tape  seals,  which are non-rub bing and main te -
nance-free, are pro vid ed as seal ing for the jour nal pas -
sag es. The oil is  thrown off via  splash  grooves and oil
col lect ing cham bers and  flows back  through re turn
 holes to the two oil cav ities on the hous ing  floor. Cov er
 seals make the hous ing of the  paper ma chine oil  proof.
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69 Guide  rolls

Guide  rolls  guide, as the name in di cates, and turn the
wire and felt  cloth in the wet end and dry er sec tions of
a  paper ma chine. The same bear ings are used for the
 guide  rolls in both ar e as. Lu bri ca tion and seal ing dif fer,
how ev er, de pend ing on the  place of ap pli ca tion. 
In older ma chines the wet end sec tion is usu al ly lu bri -
cat ed with  grease, and the dry er sec tion with oil.
In modern ma chines both sections have oil cir cu la tion
lu bri ca tion. Due to dif fer ent op er at ing con di tions 
sep ar ate oil cir cuits are nec es sary for the wet end and
dry er sec tions. 
The larg er the ma chine the more of ten it is  found to
be fast er. For this rea son the bear ing in ner  rings are
mount ed with a ta pered bore di rect ly on the ta pered
roll jour nal.

Wet end sec tion
De pend ing on the po si tions of the bear ings in the ma -
chine they are sub ject to a  small or  large de gree of
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70 Ca lend er ther mo  rolls

The  paper pass es  through the so -called ca lend er  stack
af ter leav ing the dry er sec tion. Soft ca lend ers  smooth
the sur face of the  paper thus im prov ing its print abil ity.
The ca lend er con sists of two  pairs of  rolls. One ca lend -
er roll ( steel) lies  above a coun ter roll, an other be low
one. The coun ter roll is the so- called anti-de flec tion
roll (elas tic ma te ri al). Soft ca lend er  rolls can be heat ed
by wa ter,  steam, or oil. The gap or the "nip" pres sure
de pends on the type of  paper.

Op er at ing data

Useful  width ap prox. 7 m 
Ro ta tion 350 min–1 ( speed 1,100 m/min) 
Heat ed by oil at 200...250 °C 
In su lat ed roll jour nal 
Op er at ing tem per a ture at bear ing in ner ring 130 °C.

Bear ing se lec tion, di men sion ing

The ra di al bear ing load de pends on the ap pli ca tion of
the ca lend er roll as low er or  upper roll, on the  weight
FG and the var i able pres sure load with per cent age of
time. 

P1 = FG + Fnip min = 600 kN
P2 = FG + Fnip med = 990 kN
P3 = FG + Fnip max = 1,260 kN
P4 = FG – Fnip min = 60 kN
P5 = FG – Fnip med = 390 kN
P6 = FG – Fnip max = 720 kN

Per cent ag es of time: P1, P4 : 10 % each
P2, P3, P5, P6 : 20 % each

The sum of the roll  weight and the nip load acts for
the ap pli ca tion as bot tom roll where as  their dif fer ence
acts for the ap pli ca tion as top roll.

Tak ing the max i mum load for de sign ing the bear ing
 would lead to over di men sion ing (equiv a lent dy nam ic
load P < 0.02 · dy nam ic load rat ing C) in the case of 
ap pli ca tion in the top roll. Slip page may oc cur with
such a low load  which in turn can lead to bear ing dam -
age when lu bri ca tion is in ad e quate. In or der to  avoid
this prob lem, small er bear ings with a small er dy nam ic
load rat ing C  should be se lect ed so that P/C > 0.02.
The risk of break ing  through the lu bri cat ing film
 drops with the small er roll er mass.

Re quire ments with re spect to load car ry ing ca pac ity
and self-align ment are met by spher i cal roll er bear ings.
The cross section  height of the bear ing is lim it ed by
the di am e ter of the roll jour nal and roll  shell. The 
rel a tive ly wide spher i cal roll er bear ings FAG
231/560AK.MB.C4.T52BW are mount ed.
The nom i nal life Lh = 83,000 h with giv en  loads and
per cent ag es of time. 

With a lu bri cat ing oil ISO VG 220 the vis cos ity ra tio
is � = 0.71  under an op er at ing tem per a ture of 130 °C.
An at tain able life Lhna > 100,000 h is ob tained with the
ad just ed rat ing life cal cu la tion ( where fs* > 12; a23II =
1.2; V = 0.5; s = 1.6).

The in creased ra di al clear ance C4 is re quired due to
the dan ger of det ri men tal ra di al pre load in the bear ing
dur ing the heat ing up  phase when the tem per a ture 
dif fer ence is  great. With a  speed in dex n · dm = 
224,000 min–1 · mm we rec om mend bear ings with 
in creased run ning ac cu ra cy ac cord ing to spec ifi ca tion
T52BW.

Ma chin ing tol er anc es

The in ner  rings have cir cum fe ren tial load and are di -
rect ly fit ted on the ta pered roll jour nal. The roll jour -
nals have oil  ducts so that the hy draul ic meth od can be
ap plied for mount ing and dis mount ing the bear ings. 
Round ness tol er ance IT5/2 (DIN ISO 1101), ta per
an gle tol er ance AT7 (DIN 7178).
Bear ing  seats in the hous ing bor ing ac cord ing to F7.

Lu bri ca tion

Oil cir cu la tion lu bri ca tion with a syn thet ic oil ISO VG
220, suit able in qual ity,  which has  stood dy nam ic test -
ing on the FAG test rig FE8.
By sup ply ing a  large  amount of oil to the cen tre of the
bear ing (min i mum flow rate 12 l/min) heat dis si pa tion
is  achieved as well as a low ther mal  stress of the oil.
Any con tam i nants or wear par ti cles are  washed out of
the bear ing. Oil re turns at both  sides of the bear ing via
oil col lect ing pock ets and con nect ing  holes.

Seal ing

An gle  rings at the roll side pre vent di rect oil es cape at
the cov er  holes. Re main ing oil is  thrown off by  splash
 grooves into col lect ing cham bers and di rect ed back.
Cov er  seals make the hous ing oil proof. 
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71 Anti-de flec tion  rolls

Anti-de flec tion  rolls are  found in both the  press sec -
tion and in ca lend ers. They pro vide for an even  paper
thick ness  across the web and a con sis tent ly high  paper
qual ity. The  drive is at the lo cat ing bear ing end. Its
pow er is trans mit ted via gear ing and the  hypoid  teeth
 coupling to the roll  shell.
The ad just ment roll is  pressed  against the mat ing roll
(ca lend er roll)  under very high pres sure. As a re sult the
mat ing roll is bent and the form of the roll  shell
 changed. The  shell of the ad just ment roll must ad just
to this form. 
The anti-de flec tion roll con sists of a sta tion ary axle
and a ro tat ing roll  shell. Con trol ele ments  which can
be pres sure-bal anced sep ar ate ly are pro vid ed on the
axle. They sup port the roll  shell hy dro stat i cal ly and 
ef fect its ad just ment. The roll  shell is  shaped like the
bent mat ing roll by the chang ing pres sure giv ing the
 paper an even thick ness.

Op er at ing data 

Roll  length 9,300 mm; roll di am e ter 1,025 mm; roll
 weight 610 kN;  shell  weight 210 kN; pres sure 700 kN;
cir cum fe ren tial ve loc ity 1,500 m/min (n = 470 min–1);
bear ing tem per a ture 55 °C.

Bear ing se lec tion, di men sion ing

A ser vice life of > 100,000 h is re quired. The bear ing
only has a guid ance func tion when in op er a tion (with
pres sure and  closed gap). 
Spher i cal roll er bear ings FAG 23096MB.T52BW 
(dy nam ic load rat ing C = 3,800 kN) are used. 

Due to the dan ger of slip page bear ings of the se ries
239 with a low load rat ing  should be se lect ed. 
The bear ings are pro duced with a reduced ra di al run -
out (spec ifi ca tion T52BW),  since run ning in ac cu ra cy
of the ro tat ing roll  shell in flu enc es the qual ity of the
 paper web.

Ma chine tol er anc es 

Bear ing  seats on the axle ac cord ing to f6 due to  point
load for the in ner  rings.
The out er  rings have cir cum fe ren tial load and a  tight fit;
the bear ing  seats in the hous ings are ma chined to P6.

Lu bri ca tion

When dy nam ic mis align ment and/or slip page may 
oc cur, a very good lu bri cation system must al ways pro -
vide a load-car ry ing lu bri cat ing film. The bear ings are
supplied with the lu bri cat ing oil used for the hy draul ic
 system (ISO VG 150 with EP ad di tives). The oil is fed
lat er al ly to the bear ings via  holes. In new de signs and
par tic u lar ly with heat ed  rolls, the lu bri cat ing oil is fed
via lu bri cat ing  holes in the in ner ring di rect ly to the
bearing con tact ar e as.
The deep  groove ball bear ings of the trans mis sion ar -
ranged at the lo cat ing bear ing side are sup plied with oil
via a sep ar ate oil cir cuit. 

Seal ing

The bear ings are  sealed ex ter nal ly with a  shaft seal. To
the roll  side a baf fle  plate pro vides for an oil res er voir
in the bear ing area. 
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72 Spread er  rolls

Paper webs trans port ed in length wise di rec tion tend to
creasing. Spread er  rolls  stretch or ex pand in  cross di -
rec tion the webs run ning over them. They flat ten
creas es and any mid dle or end  parts of the web  which
are  loose. Spread er  rolls con sist of a sta tion ary axle
 which is bent sym met ric to its lon gi tu di nal axis, and
 around  which the roll  shell ro tates. Tube- shaped sec -
tions make up the roll  shell and are ar ranged to ro tate
free ly and have an gu lar free dom. The sec tions ad just to
one an other in such a way that the bend ing form of
the axle is re flect ed on the  shell sur face. De pend ing on
the case of ap pli ca tion – wet end sec tion, dry er sec tion,
or sub se quent pro cess ing – the sec tions are made of
stain less  steel or pro vid ed with a flex ible coat ing (e.g.
rub ber).

Op er at ing data

Roll  length 8,300 mm, con sist ing of 22 sec tions;
 weight/sec tion plus wire or  paper web pull at 30° wrap
an gle 2 kN/m; a ra di al load of just 0.5 kN per bear ing
re sults there from.
Ro ta tion of roll  shell 1,160 min–1.
Op er at ing tem per a ture in the wet end sec tion 40 °C;
in the dry er sec tion and in sub se quent pro cess ing with
in frared dry ing tem per a tures can  reach 120 °C. 

Bear ing se lec tion, di men sion ing

With ro tat ing out er ring, ex treme ly  smooth run ning is
re quired from the bear ings  since the sec tions in the wet
end sec tion and in the dry er sec tion or sub se quent pro -
cess ing are only driv en by the wire ten sion and the
 paper web re spec tive ly.
High op er a tion al re li abil ity is also nec es sary  since the
fail ure of one bear ing  alone  means that the  whole
spread er roll has to be dis mount ed. 

FAG 61936.C3 deep  groove ball bear ings are se lect ed.
The in creased ra di al clear ance C3 per mits easy ad just -
ment of the sec tions. With the low load, the bear ings
have a nom i nal life Lh of well over 100,000  hours.

Ma chin ing tol er anc es

As the out er ring of the bear ing ro tates with the roll
 shell it is giv en a  tight fit with M6 tol er ance and is se -
cured ax ial ly by a snap ring.
The in ner ring has  point load and is fit ted to the  shaft
 sleeve with h6. Due to the bent roll axle and for as sem -
bly rea sons the  sleeve is loose ly fit ted and ax ial ly at -
tached with a  screw.

Lu bri ca tion 

The bear ings are  greased for life, i.e. no re lu bri ca tion is
pro vid ed for. The se lec tion and fill ing quan tity of lu -
bri cat ing  grease is de ter mined by the de mand for
 smooth run ning as well as a ser vice life of up to five
 years (8,000 op er at ing  hours per year). Low-fric tion
greas es (e.g. greas es of  class LG10 for the wet end sec -
tion) are ad van ta geous with high  speeds and low  loads. 

Seal ing

Non-rub bing dust  shields are used for seal ing due to
the  smooth run ning re quired. They are  stuck to the
bear ing out er ring on both  sides so the base oil cen tri -
fuged from the lu bri cat ing  grease can not es cape.  Round
cord seals also pro vide for oil tight ness.
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73 Run  wheel of a ma te ri al rope way

Op er at ing data

 Speed n = 270 min–1; ra di al load Fr = 8 kN.  Thrust
 loads as guid ance  loads only, considered by 20 % of
the ra di al load: Ka = 1.6 kN.

Bear ing se lec tion

Each run  wheel is sup port ed by two ta pered roll er
bear ings FAG 30306A. The bear ings are as sem bled in
O ar range ment  which pro vides for a wid er bear ing
 spread than an X ar range ment. The wid er the  spread,
the low er the ad di tion al bear ing load from  thrust load
Ka.

Bear ing di men sion ing

As  thrust load Ka acts at the  wheel cir cum fer ence, it
gen er ates ra di al re ac tion forc es at the bear ing lo ca -
tions.

Thus,
FrA/Y = 6.1/1.9 = 3.2;  FrB/Y = 1.9/1.9 = 1 and 
con se quent ly FrA/Y > FrB/Y

The sec ond con di tion prov en is
Ka > 0.5 · (FrA/Y – FrB/Y) = 0.5 (3.2 – 1) = 1.1
For cal cu la tion of bear ing A the fol low ing  thrust load
FaA must, there fore, be tak en into ac count:
FaA = Ka + 0.5 · FrA/Y = 1.6 + 0.5 · 1.9/1.9 = 2.1 kN

Con se quent ly, the equiv a lent dy nam ic load PA of bear -
ing A is:

PA = 0.4 · FrA + Y Fa = 0.4 · 6.1 + 1.9 · 2.1 = 6.45 kN
With this load, the in di cat ed dy nam ic load rat ing and
the  speed fac tor fn = 0.534 (n = 270 min–1) the in dex of
dy nam ic stress ing.

fL = C/PA · fn = 60/6.45 · 0.534 = 4.97

This val ue cor re sponds to a nom i nal rat ing life of more
than 100,000  hours.  Since this cal cu la tion is  based on
the most un fa vour able load con di tions, the  thrust load
act ing con stant ly at its max i mum and only in one di -
rec tion, the bear ing is ad e quate ly di men sioned with re -
gard to fa tigue life. The ser vice life will prob ably be ter -
mi nat ed by wear, es pe cial ly  under ad verse op er at ing
con di tions (high hu mid ity,  heavy con tam i na tion).
The load car ry ing ca pac ity of bear ing B does not need
to be  checked  since its load ing is much less than that
of bear ing A.

Ma chin ing tol er anc es

The run  wheel mount ing is a so- called hub mount ing,
i.e. the run  wheel, with the two cups, ro tates  about a
sta tion ary  shaft. The cups car ry cir cum fe ren tial load
and are thus  tight-fit ted. The  shaft is ma chined to h6,
the hub bore to M6.

Lu bri ca tion, seal ing

The bear ings and the free spac es have to be  filled dur -
ing mount ing with  grease, e. g. FAG roll ing bear ing
 grease Ar ca nol L186V. The  grease fill ing will last for
ap prox i mate ly one year.

In the ex am ple  shown, the bear ings are  sealed by
 spring  steel  seals (Ni los  rings).
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Bear ing A:
FrA = Fr/2 + Ka · (D/2)/l = 4 + 1.6 · 125/95 = 6.1 kN
The  thrust load Ka = 1.6 kN acts to ward bear ing A.
Bear ing B:
FrB = Fr/2 – Ka · (D/2)/l = 4 – 1.6 · 125/95 = 1.9 kN

Ra di al  loads act ing on a  shaft sup port ed on two ta -
pered roll er bear ings gen er ate ax ial re ac tion  loads
 which have to be con sid ered in the cal cu la tion of the
equiv a lent dy nam ic load.  These inter nal  loads to geth er
with the ex ter nal  thrust  loads  should, there fore, be tak -
en into ac count for life cal cu la tion (see FAG cat a logue
WL 41 520, chap ter "Ta pered roll er bear ings").

Data for ta pered roll er bear ings FAG 30306A (des ig -
na tion to DIN ISO 355: T2FB030):
dy nam ic load rat ing C = 60 kN,
 Thrust fac tor Y = YA = YB = 1.9.
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73: Run  wheel of a ma te ri al rope way
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74 Rope re turn  sheaves of a pas sen ger rope way

In this ex am ple of a pas sen ger rope way,  eight  sheaves
are in stalled at the moun tain sta tion and an other  eight
at the val ley sta tion in clud ing the  sheaves in the val ley
sta tion ten sion ing  weight pit. The  sheave di am e ters are
2.8 and 3.3 me ters.

Bear ing se lec tion, di men sion ing

The val ley sta tion  sheaves and the ten sion ing  weight
 sheaves are fit ted with spher i cal roll er bear ings FAG
22234E. The  sheaves at the moun tain sta tion are sup -
port ed by spher i cal roll er bear ings FAG 22240B.MB.

The load on the bear ings FAG 22234E in stalled in the
ten sion ing  weight  sheaves is P = 65 kN each; with a 
dy nam ic load rat ing C = 1,100 kN and a  speed fac tor
fn = 0.838, cor re spond ing to a  speed of 60 min–1, the 
in dex of dy nam ic stress ing:

fL = C/P · fn = 1,100/65 · 0.838 = 14.2.

This  shows that the bear ings are more than ad e quate ly
di men sioned with re gard to fa tigue life.

The one- piece  sleeve car ry ing the bear ings al lows con -
ven ient chang ing of the rope  sheaves.

Ma chin ing tol er anc es 

The out er  rings car ry cir cum fe ren tial load and re quire,
there fore, a  tight fit. To safe guard the spher i cal roll er
bear ings  against det ri men tal ax ial pre load ing, the de -
sign is of the float ing mount ing type. The out er  rings
are se cure ly  locked via the two cov ers by  means of a
spac er ring. The cen tre lip of  sleeve H is slight ly nar -
row er than the spac er so that the  sheave can  float ax ial -
ly on the  sleeve via the loose ly fit ted in ner  rings. The
 sleeve is  locked to pre vent it from ro tat ing with the in -
ner  rings.

 Sleeve to g6; hub bore to M6;

The  sleeve has a slid ing fit on the  shaft.

Lu bri ca tion, seal ing

 Grease lu bri ca tion with FAG roll ing bear ing  grease 
Ar ca nol L186V. Re lu bri ca tion by  means of lu bri cat ing
 holes in the  shaft.

A  shaft seal ring in the cov ers pro vides ad e quate pro -
tec tion  against con tam i na tion.
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75 Rope  sheave (under ground min ing)

These  sheaves are ar ranged in the head  frames of the
pits. The rope fas tened to the cage runs from the  drive
 sheave or the drum of the  hoist into the mine by pass -
ing over the rope  sheaves.

Op er at ing data

Stat ic rope load 452 kN;  weight of rope  sheave and
 shaft 75 kN; rope  sheave di am e ter dS = 6.3 m; haul age
 speed v = 20 m/s; wrap an gle 140°. 

Ac cel er a tion forc es are tak en into ac count by as sum ing
10 % of the stat ic rope load.

The rec om mend ed in dex of dy nam ic stress ing fL is
4...4.5. With 4.5, the nom i nal rat ing life is  about
75,000  hours. It  should be  borne in mind that only in
rare cas es the rope  sheave bear ings fail due to ma te ri al
fa tigue; usu al ly  their ser vice life is ter mi nat ed by wear.

Thus, the re quired dy nam ic load rat ing C for the spher -
i cal roll er bear ing is cal cu lat ed as fol lows:

C = fL/fn · P = 4.5/0.838 · 500 = 2,680 kN

Spher i cal roll er bear ings FAG 23252BK.MB with a 
dy nam ic load rat ing C = 2,900 kN were cho sen.

The bear ings fea ture a high load car ry ing ca pac ity and
com pen sate for po ten tial hous ing mis align ments,  shaft
de flec tions and def or ma tions of the head  frame.

Ma chin ing tol er anc es

One bear ing acts as the lo cat ing bear ing, the oth er one
as the float ing bear ing. Both bear ings have a ta pered
bore (K 1:12). They are mount ed on the  shaft jour nal
with with draw al  sleeves (FAG AH2352H). Mount ing
and dis mount ing is sim pli fied by us ing the hy draul ic
meth od. For this pur pose the with draw al  sleeves fea -
ture oil  grooves and ducts. The spher i cal roll er bear -
ings are sup port ed by FAG plum mer  block hous ings
FS3252AHF and FS3252AHL.

 Shaft jour nal to h6, cy lin dric ity tol er ance IT5/2 (DIN
ISO 1101). 
Hous ing to H7.

Lu bri ca tion, seal ing

 Grease lu bri ca tion with FAG roll ing bear ing  grease 
Ar ca nol L186V. 
A mul ti ple lab y rinth pro tects the bear ings  against 
con tam i na tion. Re plen ish ment of lab y rinth  grease is
ef fect ed  about eve ry 4...6  weeks.
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Bear ing se lec tion, di men sion ing

From the par allel o gram of forc es the re sul tant load is
ap prox i mate ly 1,000 kN.  Since the two bear ings are
sym met ri cal ly ar ranged, the ra di al load per bear ing is 
P = 500 kN.

 Speed n = v · 60/(dS · π) = 20 · 60/(6.3 · 3.14) = 
60 min–1; this  yields a  speed fac tor fn = 0.838.

452 kN452 kN

Additional load 10 %

Additional load 10 %

Sheave and
shaft 75 kN

1000 kN
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76 Rope  sheave of a pul ley  block

In pul ley  blocks it is cus to mary to ar range sev er al
 sheaves on a com mon  shaft. To  achieve min i mum
over all pul ley  block  width, the  sheaves and  their bear -
ings  should, there fore, be as com pact as pos sible.

Bear ing se lec tion

For the rope  sheaves of pul ley  blocks the wrap an gle is
180°. Thus the ra di al load on the bear ing is  twice the
rope pull.  Thrust  loads, re sult ing from a pos sible in -
clined rope pull, and the mo ments  caused by them are
low and can be ne glect ed for bear ing life cal cu la tion.
Ad e quate bear ing  spread for load ac com mo da tion is
 achieved by mount ing ei ther two bear ings or one 
dou ble-row bear ing. Deep  groove ball bear ings are 
sat is fac to ry for ac com mo dat ing the  loads in this ap pli -
ca tion.
The bear ings are mount ed on a  sleeve, form ing a
 ready-to- mount unit with the  sheave  which can be 
eas i ly re placed.

Op er at ing data and bear ing di men sion ing

Rope pull S 40 kN
Bear ing load
F = 2 · S 80 kN
 Speed n 30 min–1

 Speed fac tor fn 1.04
Bear ings mount ed 2 deep  groove ball bear ings

FAG 6220
Dy nam ic load rat ing C  = 2 x 122 kN
Equiv a lent dy nam ic load P  = F/2 = 40 kN
In dex of dy nam ic stress ing fL = C/P · fn

= 122/40 · 1.04 = 3.17
Nom i nal rat ing life Lh = 16,000 h

Usu al ly, an in dex of dy nam ic stress ing fL = 2.5...3.5 is
used for rope  sheaves. This cor re sponds to a nom i nal
rat ing life of 8,000 to 20,000  hours.
Thus the bear ings are ad e quate ly di men sioned com -
pared with es tab lished  field ap pli ca tions.

Ma chin ing tol er anc es 

The mount ing is a so- called hub mount ing, i.e. the
pul ley, with the out er  rings, ro tates  about a sta tion ary
 shaft. The out er  rings car ry cir cum fe ren tial load and are
 press-fit ted: hub to M7.
The in ner  rings car ry  point load al low ing a  loose fit or
slid ing fit:  shaft  sleeve to g6 or h6. 

Lu bri ca tion, seal ing

The  sheave bear ings are lu bri cat ed with lith i um soap
base  grease of pen e tra tion  class 3 (Ar ca nol L71V). High
 loads (load ra tio P/C > 0.15) re quire a lith i um soap
base  grease of pen e tra tion  class 2 and EP-ad di tives
(Ar ca nol L186V). One  grease fill ing nor mal ly  lasts for
sev er al  years.

The rope  sheave in this ex am ple is  sealed by  spring
 steel  seals (Ni los  rings).
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76: Rope pul leys with deep  groove ball bear ings



77–78 Gant ry of a float ing  crane

Float ing  cranes are used in har bours for trans por ta tion
of  heavy and  bulky  goods, in ship yards for re pair work
and for ship out fit ting. Due to  their mo bil ity they are
an  ideal com ple ment to sta tion ary  cranes.

The pil lar of the  crane de scribed is at tached to the
ship. The slew ing gant ry with the  crane super struc ture
is sup port ed on the  crane pil lar. The bear ing mount ing
has to take up the  weight of the super struc ture and the
pay load.  Since the com mon cen tre of grav ity of pay -
load and gant ry is out side the pil lar axis, a tilt ing mo -
ment is pro duced caus ing hor i zon tal re ac tion forc es in
the bear ings at the  upper and low er pil lar end.

At the  upper pil lar end the gant ry runs on the so- called
pil lar bear ing mount ing. It con sists ei ther of one sin gle
spher i cal roll er  thrust bear ing or one spher i cal roll er
bear ing com bined with one spher i cal roll er  thrust
bear ing, de pend ing on the  amount of ra di al load ing.

At the pil lar foot the gant ry is sup port ed on a roll er-
 track as sem bly (see ex am ple no. 79).
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77 Crane pil lar mount ing with a spher i cal roll er  thrust bear ing

Op er at ing data

 Thrust load ( crane super struc ture and pay load) Fa =
6,200 kN; ra di al load (re ac tion forc es re sult ing from
tilt ing mo ment and wind pres sure) Fr = 2,800 kN;
 speed n = 1 min–1.

Bear ing se lec tion, di men sion ing

The  thrust load, con sist ing of the  weight of the slew -
ing super struc ture and the pay load, is much high er
than the ra di al load re sult ing from the tilt ing mo ment
and wind pres sure. There fore, the  crane pil lar bear ing
must have a high  thrust load car ry ing ca pac ity. More -
over, the bear ing must be self-align ing to com pen sate
for mis align ment and elas tic def or ma tion un avoid a ble
on  these  crane struc tures. Due to the low  speed of 
1 min–1 the bear ing is cho sen with re gard to its stat ic
load car ry ing ca pac ity.
A spher i cal roll er  thrust bear ing FAG 294/630E.MB
with a stat ic load rat ing of C0 = 58,500 kN; fac tor X0 =
2.7 is se lect ed.

For spher i cal roll er  thrust bear ings  under com bined
load the ra tio Fr/Fa must be  small in or der to en sure
that most of the roll ers trans mit  loads. Con di tion:
Fr/Fa ≤ 0.55.

In this ex am ple

Fr/Fa = 2,800/6,200 = 0.45

Thus the equiv a lent stat ic load

P0 = Fa + X0 · Fr = Fa + 2.7 · Fr
= 6,200 + 2.7 · 2,800 = 13,800 kN

The in dex of stat ic stress ing 

fs = C0/P0 = 58,500/13,800 = 4.24

Thus, the re quire ment fs ≥ 4 for spher i cal roll er  thrust
bear ings (FAG cat a logue WL 41 520)  whose hous ing
and  shaft wash ers – as in this ex am ple – are ful ly sup -
port ed is met.

With fs val ues ≥ 4...≤ 6 the  shaft wash er and the hous -
ing wash er must be ful ly sup port ed ax ial ly, and good
ra di al sup port of the hous ing wash er must also be pro -
vid ed.

Ma chin ing tol er anc es 

 Shaft wash er to j6; hous ing wash er to K7

Lu bri ca tion, seal ing

Oil bath lu bri ca tion, with the roll ers ful ly im mersed in
oil. The oil lev el  should be main tained to the  upper
edge of the  shaft wash er and is con trolled by  means of
an oil lev el in di ca tor.

Due to ad verse am bi ent con di tions ex ist ing for float -
ing  crane ap pli ca tions, high-ef fi cien cy  seals must be
pro vid ed (oil- filled lab y rinths). The in ner and the 
out er lab y rinth are inter con nectd by oil  holes. The oil
lev el in the lab y rinths is also  checked with an oil lev el
in di ca tor.
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Crane pil lar mount ing with a spher i cal roll er  thrust bear ing 78 and a spher i cal roll er bear ing

Op er at ing data

 Thrust load ( crane super struc ture and pay load) Fa =
1,700 kN; ra di al load (re ac tion forc es re sult ing from
tilt ing mo ment and wind pres sure) Fr = 1,070 kN;
 speed n = 1 min–1.

Bear ing se lec tion, di men sion ing

In this case Fr/Fa > 0.55. The ra di al load is rel a tive ly
high. There fore, it is ac com mo dat ed by an ad di tion al
ra di al bear ing, a spher i cal roll er bear ing. The two bear -
ings are mount ed so that  their piv ot ing cen tres co in -
cide. Thus an gu lar align abil ity is en sured. A  thrust
wash er in sert ed  between the two bear ings pre vents ex -
ces sive ra di al load ing on the  thrust bear ing. The spher i -
cal roll er bear ing size de pends on that of the spher i cal
roll er  thrust bear ing. The out side di am e ter of the 
ra di al bear ing must be larg er than the hous ing wash er
of the  thrust bear ing. To en sure  close guid ance of the
 crane super struc ture, the re duced ra di al clear ance C2 is
pro vid ed for the ra di al bear ing.
 Crane pil lar mount ings with one spher i cal roll er bear -
ing and one spher i cal roll er  thrust bear ing pro vide
com pact de signs. They re quire, how ev er, a wid er
mount ing  space than mount ings with one sin gle
spher i cal roll er  thrust bear ing.
The mount ing fea tures a spher i cal roll er  thrust bear ing
FAG 29440E with the stat ic load rat ing C0 = 8,500 kN
and a spher i cal roll er bear ing FAG 23056B.MB.C2
with the stat ic load rat ing C0 = 3,000 kN.
For cal cu lat ing the equiv a lent stat ic load for the spher i -
cal roll er  thrust bear ing it is as sumed that the fric tion
at the  thrust wash er, act ing as a ra di al load, is 150 kN.
Thus Fr/Fa < 0.55 for the spher i cal roll er  thrust bear -
ing.

Equiv a lent stat ic load:

P0 = Fa + X0 · Fr = Fa + 2.7 · Fr for Fr ≤ 0.55 Fa
= 1,700 + 2.7 · 150 = 2,100 kN

For the spher i cal roll er bear ing:
P0 = Fr = 1,070 kN
 Hence the in di ces of stat ic stress ing fs = C0 / P0 are:
Spher i cal roll er  thrust bear ing = 8,500 / 2,100 = 4.05
Spher i cal roll er bear ing = 3,000 / 1,070 = 2.8
 These val ues show that the bear ings are safe ly di men -
sioned.
The  shaft wash er and hous ing wash er of spher i cal roll -
er  thrust bear ings with fs val ues of ≥ 4...≤ 6 must be
ful ly sup port ed ax ial ly; good ra di al sup port of the
hous ing wash er is also re quired.

Ma chin ing tol er anc es

Spher i cal roll er  thrust bear ing:
 Shaft wash er to j6,
hous ing wash er to K7
Spher i cal roll er bear ing:
 shaft to j6; hous ing to J7

Lu bri ca tion, seal ing

The bear ing hous ing is  filled with oil be yond the  upper
edge of the spher i cal roll er bear ing, i.e. the bear ings
run in an oil bath. Thus they are well pro tect ed  against
con den sa tion wa ter and cor ro sion.
Out er seal ing is pro vid ed by lab y rinths. In view of the
ad verse am bi ent con di tions an ad di tion al, rub bing seal
with elas tic lip is pro vid ed. In ner seal ing is ef fect ed by
the tube communicating with the hous ing, and a lab y -
rinth.
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79 Roll er  track as sem bly

The ra di al bear ing mount ing at the pil lar foot con sists
nor mal ly of sev er al roll ers trav el ling on a cir cu lar  track.
Each of  these roll ers is sup port ed by two bear ings, the
 upper bear ing be ing the lo cat ing bear ing, the low er one
the float ing bear ing.

Op er at ing data

The max i mum load on one roll er is 2,200 kN. Thus,
each bear ing is load ed with P0 = 1,100 kN.

Bear ing se lec tion, di men sion ing

The roll ers trans mit only the hor i zon tal  loads re sult ing
from the tilt ing mo ment. To ca ter for the mis align -
ment con di tions in her ent in struc tu ral steel work and
for  wheel axle de flec tion, self-align ing bear ings have to
be pro vid ed.

Spher i cal roll er bear ings FAG 23230ES.TVPB with
stat ic load rat ing C0



Crane run  wheels

Bear ings in  crane run  wheels have to ac com mo date the
 heavy  loads re sult ing from the dead weight of the  crane
and the pay load, and ax ial and ra di al re ac tion  loads 

re sult ing from the ax ial guid ing  loads  between  wheel
 flange and rail.  
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80 Crane run  wheel

Op er at ing data

 Wheel load R = 180 kN; op er at ing  speed 
n = 50 min–1;  wheel di am e ter d1 = 630 mm;
bear ing cen tres l = 186 mm.

Bear ing di men sion ing

The  weight of the  crane and the max i mum pay load are
 known. The  thrust act ing  between  wheel and rail can,
how ev er, only be es ti mat ed. The equiv a lent dy nam ic
load P act ing on the bear ings is cal cu lat ed in ac cor -
dance with DIN 15 071; this stan dard spec i fies the
 thrust re sult ing from fric tion  between  wheel and rail to
be 10 % of the ra di al load. The bear ing  loads PI (bear -
ing I) and PII (bear ing II) are:

PI = X · [R/2 + 0.1 · R · d1 / (2 · l)]

PII = X · [R/2 – 0.1 · R · d1 / (2 · l)] + Y · 0.1 · R

With the ra di al fac tor X = 1 and e = 0.24 for Fa/Fr ≤ e
the  thrust fac tor Y = 2.84.

Thus PI = 90 + 18 · 630/372 = 120.5 kN = Pmax

PII = 90 – 30.5 + 2.84 · 18 = 110.6 kN = Pmin

As sum ing that the bear ing  loads vary lin e ar ly  between
Pmin and Pmax,

P = (Pmin + 2 · Pmax)/3 = (110.6 + 241)/3 = 117.2 kN

With the dy nam ic load rat ing C = 360 kN and the
 speed fac tor fn = 0.885 (n = 50 min–1) the in dex of 
dy nam ic stress ing

fL = C/P · fn = 360/117.2 · 0.885 = 2.72

With the gen er al ly rec om mend ed val ue for  crane run
 wheels fL = 2.5...3.5, the bear ing mount ing is ad e -
quate ly di men sioned.

Ma chin ing tol er anc es 

The bear ing out er  rings,  which car ry cir cum fe ren tial
load, are  tight fits. The hub is ma chined to M7, the
 sleeve to g6, thus pro vid ing for a  slide fit for the in ner
 rings. This pre vents det ri men tal ax ial pre load ing and
sim pli fies bear ing mount ing and dis mount ing.

Lu bri ca tion, seal ing

The bear ings are lu bri cat ed with a lith i um soap base
 grease with EP ad di tives (FAG roll ing bear ing  grease
Ar ca nol L186V). The re lu bri ca tion inter val is ap prox i -
mate ly one year.
Gap-type  seals or sim ple rub bing  seals are in most cas es
sat is fac to ry.
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Bear ing se lec tion

The bear ings fit ted in run  wheels are of ten de signed as
hub mount ings. The run  wheel ro tates, to geth er with
the bear ing out er  rings,  about a sta tion ary  shaft.
Spher i cal roll er bear ings are used be cause of  their very
high load car ry ing ca pac ity. 

The bear ings fit ted are two spher i cal roll er bear ings
FAG 22220E. The dis tance  between the two bear ings
 should not be too  small in or der to keep the bear ing
re ac tion  loads re sult ing from the  wheel-rail con tact
with in rea son able lim its. 
This bear ing ar range ment is standardized by DIN 
15 071. The two spher i cal roll er bear ings run on a
 sleeve to al low for rap id re place ment of the com plete
run  wheel unit. It is a float ing bear ing ar range ment, the
in ner  rings be ing dis place able on the  sleeve. De pend -
ing on the  thrust load di rec tion, ei ther the left-hand or
the  right-hand bear ing  abuts the  sleeve col lar. This 
ar range ment al lows op ti mum bear ing load ing,  since
the bear ing  which ac com mo dates the ad di tion al  thrust
 loads is re lieved of ra di al load due to the tilt ing 
mo ment from the  thrust load.

0.1 R

0.1 R

0.1 R

0.1 R
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81 Crane hook

The load sus pend ed from a  crane hook of ten has to be
swiv elled be fore be ing low ered. There fore, the  hooks
of  heavy-duty  cranes are de signed for  these swiv el ling
mo tions.

Bear ing se lec tion, di men sion ing

 Since the  weight of the pay load acts ver ti cal ly down -
ward, the load is pure  thrust. There fore,  loose ra di al
guid ance of the  shaft in the cross head is sat is fac to ry.

The load car ry ing ca pac ity of the bear ing is  based on
its stat ic load rat ing. A  thrust ball bear ing FAG
51152FP with a stat ic load rat ing C0 = 1,020 kN is
mount ed.  Based on the max i mum hook load of 
1,000 kN plus a safe ty mar gin of 10 %, the in dex of
stat ic stress ing fs = C0/P0 = 1,020 / 1,100 = 0.93; i. e.,
per ma nent def or ma tion oc curs at max i mum load.
How ev er, it is so  small that it does not inter fere with
the swiv el ling of the load.

The bear ing is ad just ed  against the col lar at the hook
 shaft by  means of a lock nut. This pre vents the  shaft
wash er from sep ar at ing when the  crane hook is set on
the  ground.

Ma chin ing tol er anc es

The bear ing  seats are ma chined to j6 (wash er) and to
H7 (hous ing).

Lu bri ca tion, seal ing

The bear ing as sem bly is  packed to ca pac ity with 
lith i um soap base  grease with EP ad di tives (FAG roll ing
bear ing  grease Ar ca nol L186V). Main te nance of the
bear ing is not re quired.  Above the  crane hook nut a
 sheet  steel cap is pro vid ed  which pro tects the bear ing
 against con tam i na tion.
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82 Mast guid ance bear ings of a fork lift  truck

The fork lift car riage must run smooth ly in or der to
han dle the live  loads ef fi cient ly. This re quire ment is
sat is fied by mast  guide roll ers and  chain re turn
 sheaves.
Mast  guide roll ers (HMFR) and  chain  sheaves (KR) of
mod ern fork lift  trucks are large ly fit ted with dou ble-
row an gu lar con tact ball bear ings.

Bear ing se lec tion, bear ing de sign

Mast  guide roll ers
FAG HMFR30x75x20.75 are pref er ably used for fork
car ri er and lift ing  frame. They can ac com mo date ra di -
al  loads,  thrust  loads and the mo ments re sult ing from
 these. The mast  guide roll ers fea ture  thick- walled out er
 rings and can, there fore, ac com mo date even high,
 shock-type  loads.
The pro file and di men sions of the out er ring are large -
ly dic tat ed by the stan dard ized U-beam di men sions.

 Chain  sheaves
 Chain  sheaves FAG KR30x75x28/27 are at tached to
the hy draul i cal ly ac tu at ed  upper sec tion of the mast
and  serve to de flect the pull  chain.

Due to  their rel a tive ly  thick- walled out er ring, the
bear ings can ac com mo date high ra di al  loads made up
of the dead weight of the fork lift car riage, in clud ing
fork and live load. The out er ring pro file is dic tat ed by
the pull  chain used; lat er al guid ance is pro vid ed by the
two lips. The dis tance  between the two ball rows, to -
geth er with the con tact an gle, pro vides for a wide  spread
so that the re turn  sheaves can also ac com mo date tilt ing
forc es and ax ial guid ing forc es. 
Roll er mount ing is sim ple; they are sim ply  placed on
the pin; ax ial pre load ing by a  screw is not re quired.
 Chain re turn  sheaves are ax ial ly  locked.

Ma chin ing tol er anc es 

The in ner  rings of der mast  guide roll ers and re turn
 sheaves car ry  point load, thus a  loose fit is sat is fac to ry.
The pin is ma chined to j6.

Lu bri ca tion, seal ing

The bear ings are lu bri cat ed for life with a lith i um soap
base  grease (EP ad di tives).
Seal ing is pro vid ed by sin gle- or dou ble-lip RSR  seals.
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82: Mast  guide roll er and  chain re turn  sheave for a fork lift  truck



83 Head pul ley of a belt con vey or

One head pul ley is not suf fi cient for very long  belts,
steep ly in clined  belts or heav i ly load ed  belts. In such
cas es sev er al head pul leys are mount ed in tan dem. In
this ap pli ca tion, two head pul leys are ar ranged at the
 drive sta tion.  Three iden ti cal driv ing mo tors are used:
the  first pul ley is driv en from both ends, the sec ond
one from one end only.

With an in dex of dy nam ic stress ing fL ≈ 4 the bear ings
are ad e quate ly di men sioned com pared to  field-prov en
bear ing ar range ments. Of ten the bear ing life is lim it ed
by wear on roll ing ele ments and race ways and is gen er -
al ly short er than the nom i nal rat ing life (ap prox.
50,000 h), cal cu lat ed with the in dex of dy nam ic stress -
ing fL. Im proved clean li ness dur ing mount ing and op -
er a tion, and a suit able lu bri cant, re duce wear, thus in -
creas ing the bear ing life.  These in flu enc es are tak en
into ac count in the ad just ed rat ing life cal cu la tion by
the fac tor a23.

Ma chin ing tol er anc es 

The bear ing in ner  rings car ry cir cum fe ren tial load.
They are fit ted on the  shaft with adapt er  sleeves FAG
H3264HG.
 Shaft to h8 and cy lin dric ity tol er ance (DIN ISO
1101) IT5/2; hous ing bore to H7.

Lu bri ca tion, seal ing

 Grease lu bri ca tion with a lith i um soap base  grease of
pen e tra tion  class 2 with EP ad di tives (FAG roll ing bear -
ing  grease Ar ca nol L135V or L186V).

The hous ing cov ers and  rings on the  shaft form non-
rub bing lab y rinth  seals.  These mul ti ple lab y rinths are
 filled with the same  grease as the bear ings and pre vent
pen e tra tion of for eign mat ter. In very  dusty en vi ron -
ments re lu bri ca tion at  short inter vals is re quired.
 Grease is in ject ed into the bear ing un til some of the
 spent  grease es capes from the lab y rinths.
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Op er at ing data

Pow er con sump tion 3 x 430 kW; belt  width 
2,300 mm; belt  speed 5.2 m/s; con vey ing ca pac ity
7,500 m3/h; pul ley di am e ter 1,730 mm.

Bear ing se lec tion, di men sion ing

The  shaft of the head pul ley is sup port ed on plum mer
 blocks. The  shaft di am e ter is dic tat ed by  strength con -
sid er a tions, thus de ter min ing the bear ing bore and
hous ing size. Spher i cal roll er bear ings FAG
23264K.MB are mount ed. The one- piece plum mer
 block hous ings FAG BND3264K are made of cast
 steel GS-45. One of the plum mer  blocks acts as the 
lo cat ing bear ing, the oth er one as the float ing bear ing.
To sim pli fy mount ing and dis mount ing hy draul ic
 sleeves are used.
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83: Head pulley bearing arrangement of a belt conveyor
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84: Internal bearings for the tension / take-up pulley of a belt conveyor

a

b



Belt con vey or id lers

Many in dus tries use belt con vey ors for trans port ing
bulk ma te ri als. The con vey ors run on id lers and may
ex tend over many  miles; thus the num ber of id lers
need ed may be very  large. Con se quent ly, bear ing
mount ing de sign is dic tat ed by cost-sav ing con sid er a -
tions.

Id ler ar range ment
 
Small belt con vey or  systems fea ture id lers rig id ly
 linked to a  frame.  Large belt con vey or  systems fea ture
id ler gar lands  linked to each oth er by flex ible  joints.
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85 Rig id id lers

Op er at ing data

Ca pac ity Im = 2,500 t/h; De sign:  troughed belt with
 three id lers per sta tion; the two out er id lers are ar -
ranged at an an gle of 30° to the hor i zon tal; dis tance
 between two id ler sta tions lR = 1,200 mm; id ler di am e -
ter d = 108 mm, belt  weight GG



86 Id ler gar land

Gen er al ly, the ser vice life of a bear ing is not ter mi nat ed
by fa tigue but by wear in race ways and on roll ing ele -
ments as a re sult of con tam i na tion. In creased clean li -
ness dur ing mount ing and ef fi cient seal ings in crease
the bear ing life. The aj dust ed rat ing life cal cu la tion is
used for com par ing dif fer ent seal de signs. 
New id ler bear ings fea ture ut most clean li ness (V =
0.3). How ev er, in the  course of op er a tion the lu bri cant
gets heav i ly con tam i nat ed by par ti cles (V = 3).
As the bear ings in belt con vey or  systems fail as a re sult
of wear, the val ues ob tained by the ad just ed rat ing life
cal cu la tion (Lhna) usu al ly are not equiv a lent to the ac tu -
al ly at tain able  lives.

Ma chin ing tol er anc es 

The two deep  groove ball bear ings are mount ed onto
the id ler  shaft in a float ing bear ing ar range ment. As the
in ner  rings are sub ject ed to  point load the  shaft is ma -
chined to h6 or js6. The out er  rings are sub ject ed to
cir cum fe ren tial load and are  pressed, there fore, into the
id ler end with an M7 inter fer ence fit.

Lu bri ca tion, seal ing and main te nance

The deep  groove ball bear ings FAG 6209.2ZR.C3 are
 packed, at the man u fac tur ing  plant, with a lith i um
soap base  grease of pen e tra tion  class 2  which is suf fi -
cient for the en tire bear ing service life. Such a  grease is
also used for the seal ing.
With id ler bear ings, both the at tain able life and the lu -
bri cant ser vice life may be con sid er ably re duced by
 grease con tam i na tion dur ing op er a tion so that the seal -
ing se lect ed is de ci sive. Figs. 85a...c show var i ous  types
of seal ing for belt con vey or id lers.
Sim ple  seals (figs. 85a and b) are used for  clean en vi -
ron ments. Fig. 85c  shows an id ler seal for  brown coal
open pit min ing.

In ad di tion to the rig id ly  troughed belt con vey ors the
gar land type belt con vey ors are be ing in creas ing ly
used. The id lers of each sta tion are  linked to each oth er
by flex ible  joints.  These  joints may con sist of a wire
rope, a  chain link (flat  chain,  round  chain),  hinge or
sim i lar.
Id ler gar lands ac com mo date im pacts elas ti cal ly; in the
 event of prob lems with a roll er the in di vid u al gar land
is low ered and can be re placed rel a tive ly eas i ly if nec es -
sary.
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Fig. 86  shows id ler gar lands con nect ed by  chain  links.
 These id lers are part of a con vey ing in stal la tion for
rock phos phate. The bear ings fit ted are deep  groove
ball bear ings FAG 6303.2ZR.C3.

Ma chin ing tol er anc es 

Id ler ends to M7,  shaft to h6 or js6.

Lu bri ca tion, seal ing, main te nance

The deep  groove ball bear ings (de sign .2ZR) are  sealed
by dust  shields on both  sides and  filled with FAG roll -
ing bear ing  grease, a lith i um soap base  grease of pen e -
tra tion  class 2. The  grease fill ing suf fic es for id ler ser -
vice life. A  grease cham ber with a non-rub bing lab y -
rinth seal is pro vid ed at the out board end. The sec ond,
ad ja cent cham ber is  closed by a  shield  pressed into the
hub bore. A baf fle  plate pro tects the bear ing  against
 coarse par ti cles.

86: Id lers con nect ed by  chain link



87 Buck et  wheel  shaft of a buck et  wheel ex ca va tor

Buck et  wheel ex ca va tors are main ly used for  brown
coal open pit min ing. The buck et  wheel  shaft car ries
the buck et  wheel, the bull gear and the trans mis sion
hous ing. It is sup port ed in the boom ends.

Op er at ing data

In put pow er 3 x 735 kW; theo ret i cal con vey ing ca pac -
ity 130,000 m3 / day; buck et  wheel  speed 3 min–1.

Bear ing se lec tion

The bear ings of the buck et  wheel  shaft are sub ject ed to
high  shock-type  loads. More over,  shaft de flec tions and
mis align ments must be ex pect ed. For this rea son, only
self-align ing roll er bear ings are suit able for sup port ing
the  shaft. At both  shaft ends, spher i cal roll er bear ings
FAG 239/900K.MB with with draw al  sleeves FAG
AH39/900H are mount ed as lo cat ing bear ings. Ther -
mal  length vari a tions of the  shaft are com pen sat ed for
by the elas tic sur round ing struc ture. The ra di al clear -
ance of the spher i cal roll er bear ings is elim i nat ed dur -
ing mount ing by press ing in the with draw al  sleeves.
Only a  split bear ing can be pro vid ed on the buck et
 wheel side of the trans mis sion box due to the  solid 
forged  shaft  flange to  which the bull gear is at tached. If
an un split bear ing were to be pro vid ed on the op po site
side of the trans mis sion box it  could only be re placed
af ter dis mount ing the spher i cal roll er bear ing  first. 

For this pur pose the en tire buck et  wheel  shaft  would
have to be re moved from the boom. This is avoid ed by
us ing a  split FAG cy lin dri cal roll er bear ing of di men -
sions 1,000 x 1,220 x 170/100 mm on this side as
well. The in creased ax ial clear ance of the two cy lin dri -
cal roll er bear ings  yields a float ing bear ing ar range ment.
Each bear ing ac com mo dates ax ial guid ing  loads in
only one di rec tion. The in ner ring  halves are at tached
to the  shaft by  means of sep ar ate lock ing  rings. The
cal cu lat ed nom i nal rat ing life of all bear ings is over
75,000  hours.

Ma chin ing tol er anc es

All in ner  rings are sub ject ed to cir cum fe ren tial load.
The spher i cal roll er bear ings FAG 239/900K.MB are
hy draul i cal ly fas tened to the  shaft (ma chined to h8) by
 means of with draw al  sleeves FAG AH39/900H. The
 split cy lin dri cal roll er bear ings sit di rect ly on the  shaft
 which is ma chined to m6 in this  place. All out er ring
 seats are tol er anced to H7.

Lu bri ca tion, seal ing

The spher i cal roll er bear ings are oil-bath lu bri cat ed.
The  split cy lin dri cal roll er bear ings are sup plied by the
drain ing oil from gear wheel lu bri ca tion.
The seal ing is a com bi na tion of lab y rinth and rub bing
seal. The lab y rinths at the spher i cal roll er bear ings can
be re lu bri cat ed.
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87: Buck et  wheel mount ing



88 Bot tom sprock et of a buck et  chain dredg er

Buck et  chain dredg ers per form dredg ing work in 
wa ter ways. The buck ets are car ried by a con tin u ous
 chain from the bot tom sprock et to the top sprock et
over a  large num ber of sup port  rolls and back.

shaft call for self-align ing bear ings. The bear ings used
are spher i cal roll er bear ings FAG 22240B.MB. Both
bot tom sprock et  shaft bear ings are de signed as lo cat ing
bear ings. How ev er, the bear ings are not  nipped ax ial ly,
the hous ing be ing mount ed with clear ance in its lad der
yoke seat. For easi er bear ing dis mount ing the  shaft
jour nal is pro vid ed with oil ways and  grooves for hy -
draul ic dis mount ing.

Ma chin ing tol er anc es

Cir cum fe ren tial load on the in ner ring.
 Shaft jour nal to m6; hous ing to J7.

Lu bri ca tion, seal ing

The  grease in the bear ing (FAG roll ing bear ing  grease
Ar ca nol L186V) is re newed at inter vals of 1 1/2 to 2
 years co in cid ing with the gen er al over haul pe ri od of
the dredg er. 
The bot tom sprock et is con stant ly im mersed in wa ter.
This re quires wa ter proof seal ing. Each bear ing lo ca tion
is, there fore, fit ted with two rub bing  seals ( shaft  seals
with  bronze gar ter  spring) and, in ad di tion, with two
pack ing  rings (stuff ing box). The  shaft  seals run on a
bush of sea wa ter-re sist ant ma te ri al. The stuff ing box
can be re tight ened by  means of a cov er.  Grease is reg u -
lar ly  pumped into the lab y rinth  between the  shaft  seals
and pack ing  rings. 
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Op er at ing data

Lad der  length 32 m; num ber of buck ets 44; max i mum
dredg ing  depth ap prox i mate ly 14 m; ra di al load on
bot tom sprock et ap prox i mate ly 250 kN.

Bear ing se lec tion 
Rugged op er a tion and un void able mis align ment
 between the hous ings at both ends of the sprock et 

88: Bot tom sprock et of a buck et  chain dredg er



89 Drive unit of a fin ished  goods el e va tor

Fin ished- goods el e va tors are used, for ex am ple, for
charg ing salt gran u lat ing  plants. The ma te ri al is 
con veyed in buck ets at tached to a  chain. The  chain is
driv en by the tum bler sit u at ed at the  upper end.

Op er at ing data
 
Input pow er 22 kW;  speed 13.2 min–1; ra di al bear ing
load 90 kN.

Bear ing se lec tion

As  shaft de flec tions and mis align ments have to be ex -
pect ed the  drive  shaft is sup port ed on self-align ing
bear ings. Se lect ing  split spher i cal roll er bear ings FAG
222SM125T en sures that the  heavy  drive unit with
the  torque arm does not have to be dis mount ed in the
 event of re pair. 
As a re sult, the down times of the  plant and the cost of
pro duc tion loss are con sid er ably low er than they
 would be with one- piece bear ings. To lim it the va rie ty
of bear ings used, a  split spher i cal roll er bear ing was
pro vid ed at the free  shaft end as well.
 Split spher i cal roll er bear ings have a cy lin dri cal bore.
In ner ring, out er ring and cage with roll er set are  split
into  halves. 

The  split in ner ring  halves are  braced to geth er by
 means of four dowel  screws and at tached to the  shaft.
Both out er ring  halves are fit ted to geth er with out a gap
by  means of two dowel  screws.
The  drive-end bear ing is mount ed with two lo cat ing
 rings and acts as the lo cat ing bear ing; the bear ing at the
op po site end is the float ing bear ing.  Split spher i cal roll -
er bear ings FAG 222SM125T are de signed in such a
way that they can be mount ed into  split se ries hous -
ings FAG SNV250 in stead of one- piece spher i cal roll er
bear ings with an adapt er  sleeve. Out side di am e ter, out -
er ring  width and  shaft seat di am e ter are iden ti cal.
The theo ret i cal fa tigue life Lh of the bear ings is over
100,000  hours.

Ma chin ing tol er anc es 
 
Shaft to h6...h9;
hous ing to H7

Lu bri ca tion, seal ing

The bear ings are lu bri cat ed with  grease. The hous ings
are con nect ed to a cen tral lu bri cat ing  system so that
con tin u ous re lu bri ca tion is en sured.
The  shaft open ings on both  sides of the hous ing are
each  sealed by a two-lip seal.
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89:  Drive unit of a fin ished  goods el e va tor



90 Driv ing axle of a con struc tion ma chine

Mod ern con struc tion ma chines fea ture plan e tary  gears
in the  wheel hub. This  yields a con sid er able step-down
ra tio in a lim it ed  space, in the ex am ple  shown ig =
6.35. As the con sid er able  drive  torque is gen er at ed im -
me di ate ly at the  wheel, a  light  drive  shaft is suf fi cient.

Plan et  wheel bear ing ar range ment

The plan et  wheel bear ings must pro vide a high load
car ry ing ca pac ity in a lim it ed  space. This is  achieved
by  means of as sem blies  where the out er ring race way is
in te grat ed in the plan et  wheel. The self-align ing spher i -
cal roll er bear ing se lect ed in the ex am ple smooth ly
com pen sates for  small mis align ments re sult ing from
the de flec tion of the can ti lev er bear ing jour nal  under
load. This  yields a uni form con tact pat tern for the
gear ing,  which is in dic a tive of an op ti mal gear mesh.
In the ex am ple  shown the inter nal de sign of spher i cal
roll er bear ing FAG 22309E.TVPB is used.
 

Wheel mount ing 

As a rule, the  wheel mount ing on rig id ax les of con -
struc tion ma chines con sists of two ta pered roll er bear -

ings  which are ax ial ly ad just ed  against each oth er in O
ar range ment (larg er  spread ) and with pre load. In this
way, def or ma tions and tilt ing of the plan e tary gear are
min i mized and im per mis sible plas tic def or ma tions
(bri nell ing  marks) re sult ing from ad verse op er at ing
con di tions avoid ed.
The  wheel bear ings are ta pered roll er bear ings FAG
32021X (in ac cor dance with DIN ISO 355:
T4DC105) and FAG 32024X (T4DC120). 

Ma chin ing tol er anc es 

The ro tat ing out er  rings of the  wheel mount ing are
sub ject ed to cir cum fe ren tial load, the sta tion ary in ner
 rings to  point load, there fore: jour nal to k6; hub to N7.

Lu bri ca tion, seal ing

Roll ing bear ings and gear ing are  washed  around in the
re volv ing  wheel hub by the trans mis sion oil.
Ra di al  shaft  seals pro tect the bear ings from dirt and
 splash wa ter.
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90: Driv ing axle of a con struc tion ma chine



91 Vi brat ing road roll er

The vi bra tions of such road roll ers are pro duced by an
ec cen tric  shaft.

Op er at ing data

 Speed of ec cen tric  shaft n = 1,800 min–1; ra di al load 
Fr = 238 kN; num ber of bear ings z = 4; re quired nom i -
nal rat ing life Lh ≥ 2,000  hours.

Bear ing se lec tion, di men sion ing

The cen trif u gal  force from the im bal ance  weights on
both  sides of the roll are ac com mo dat ed by two bear -
ings each. The equiv a lent dy nam ic load per bear ing is:

P = 1/z · Fr = 1/4 · Fr = 59.5 kN

For the  above con di tions, an in dex of dy nam ic stress ing
fL = 1.52 and a  speed fac tor of fn = 0.302 are ob tained.
The ad verse dy nam ic stress ing is tak en into ac count by
in tro duc ing a sup ple men tary fac tor fz = 1.2. Thus, the
re quired dy nam ic load rat ing of one bear ing

C = fL/fn · P · fz = 1.52/0.302 · 59.5 · 1.2 = 359.4 kN

On each side of the im bal ance  weights a cy lin dri cal
roll er bear ing FAG NJ320E.M1A.C4 (dy nam ic load
rat ing C = 380 kN) is mount ed. Due to the vi bra to ry
 loads the bear ings are fit ted with an out er ring rid ing
ma chined  brass cage (M1A). The mis align ment
 between the two bear ing lo ca tions from hous ing 
ma chin ing in ac cu ra cies is less than that per mis sible for
cy lin dri cal roll er bear ings.

Ma chin ing tol er anc es 

In view of the vi bra tions it is ad vis able to pro vide  tight
fits for both the bear ing in ner and out er  rings. Ax ial
guid ance of the ec cen tric  shaft is pro vid ed by the lips
of the cy lin dri cal roll er bear ings. 
Ec cen tric  shaft to k5, hous ing bore to M6.

Lu bri ca tion, seal ing

The bear ings are lu bri cat ed by the oil  splashed off from
the im bal ance  weights. Ad di tion al  guide  plates im -
prove lu bri cant sup ply to the bear ings. Min er al oils
with EP ad di tives and anti-cor ro sion ad di tives have
 proved to be suit able.
Inter nal seal ing is pro vid ed by  shaft  seals, ex ter nal seal -
ing by O-ring  seals.
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9 1: Vi brat ing road roll er



92 Dou ble tog gle jaw crush er

Dou ble tog gle jaw crush ers have a  large  mouth open -
ing. They are used, for ex am ple, as pri mary crush ers to
pre pare bal last for road build ing. The  coarse crush ing
is fol lowed by fur ther crush ing op er a tions un til an ag -
gre gate of the size and  shape re quired, e.g. grav el or
grit,  is ob tained.

Op er at ing data

 Input pow er 103 kW;  speed of ec cen tric  shaft 
n = 210 min–1;  mouth open ing 1,200 x 900 mm; 
ec cen tric ra di us 28 mm.

Bear ing se lec tion, di men sion ing

The pit man is fit ted to the ec cen tric part of the hor i -
zon tal  shaft and ac tu ates the  swing jaw  through a dou -
ble tog gle lev er  system. The in ner bear ings sup port ing
the pit man must ac com mo date  heavy crush ing  loads.
The out er bear ings trans mit, in ad di tion to  these
 loads, the fly wheel  weight and the cir cum fe ren tial
 loads re sult ing from the  drive. Due to the high load ing
and the  rugged op er a tion, spher i cal roll er bear ings are
cho sen. Spher i cal roll er bear ings FAG 23260K.MB are
mount ed as out er bear ings and FAG 23176K.MB as
in ner bear ings. The pit man bear ing ar range ment is of
the float ing bear ing type. The out er bear ing ar range -
ment fea tures a lo cat ing bear ing at the  drive side and
the float ing bear ing at the op po site side. With an in dex
of dy nam ic stress ing fL ≈ 4.5 the bear ing ar range ment is
safe ly di men sioned with re gard to nom i nal rat ing life.

Ma chin ing tol er anc es 

The bear ings are mount ed on the  shaft with adapt er
 sleeves FAG H3260HGJ and FAG H3176HGJ, re -
spec tive ly. The bear ing  seats on the  shaft are ma chined
to h7 with a cy lin dric ity tol er ance IT5/2 (DIN ISO
1101), and the  bores of hous ing and pit man to H7.

Lu bri ca tion, seal ing
 
Grease lu bri ca tion with a lith i um soap base  grease of
pen e tra tion  class 2 wit EP ad di tives (FAG roll ing bear -
ing  grease Ar ca nol L186V). The re lu bri ca tion inter val
for the bear ings is 2...3  months.
The bear ings are  sealed by mul ti ple lab y rinths. Once or
 twice a week,  fresh  grease is in ject ed into the lab y -
rinths.
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92: Bear ing mount ing of a dou ble-tog gle jaw crush er
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93 Ham mer mill

Ham mer  mills are main ly used for crush ing ores, coal,
and  stone.

Op er at ing data

Hour ly through put 90...120 t of iron ore; in put pow er
280 kW; ro tor  speed 1,480 min–1, ro tor  weight in clud -
ing ham mers ap prox i mate ly 40 kN; bear ing cen tre dis -
tance 2,000 mm. 

Bear ing se lec tion

Due to the high  loads and  rugged op er a tion, ham mer
mill ro tors are mount ed on spher i cal roll er bear ings.
This self-align ing bear ing type can com pen sate for mis -
align ments of the two plum mer  block hous ings, and
pos sible ro tor de flec tions. Two spher i cal roll er bear ings
FAG 23228EASK.M.C3 are mount ed, one act ing as
the lo cat ing bear ing, the oth er one as float ing bear ing.
The in creased ra di al clear ance C3 was se lect ed be cause
of the high  speed. The bear ing in ner  rings heat up
more than the out er  rings, caus ing the bear ing clear -
ance to be re duced dur ing op er a tion.

Bear ing di men sion ing

The ro tor  weight im pos es a ra di al load on the bear ings.
Add ed to this are un bal anced  loads and  shock  loads
 whose mag ni tude can only be es ti mat ed.  These  loads
are in tro duced in the nom i nal rat ing life cal cu la tion by
mul ti ply ing the ro tor  weight GR with a sup ple men tary
fac tor fz of 2.5...3, de pend ing on the op er at ing con di -
tions. The  thrust  loads act ing on the bear ings are so
 small they need not be tak en into ac count in the life
cal cu la tion.
With the dy nam ic load rat ing C = 915 kN, the  speed
fac tor fn = 0.32 (n = 1,480 min–1) and the ro tor  weight 

GR = 40 kN, the in dex of dy nam ic stress ing fL for one
bear ing:

fL = C · fn / (0.5 · GR · fz) = 915 · 0.32 / (20 · 3) = 4.88

An fL val ue of 3.5...4.5 is usu al ly ap plied to ham mer
 mills. Thus the bear ings are ad e quate ly di men sioned
with re gard to nom i nal rat ing life (Lh ap prox i mate ly
100,000 h). 

Bear ing mount ing

The bear ings are mount ed on the ro tor  shaft with
withdrawal  sleeves FAG AHX3228. They are fit ted
into plum mer  block hous ings MGO3228K. Both
hous ings (open de sign) are avail able for lo cat ing bear -
ings (de sign BF) and for float ing bear ings (de sign BL).
The  split hous ings of se ries MGO were es pe cial ly de -
vel oped for mill ap pli ca tions. They are de signed for oil
lu bri ca tion and fea ture par tic u lar ly ef fec tive  seals.

Ma chin ing tol er anc es 

For mount ing with  sleeves, the  shaft  seats are ma chined
to h7, with a cy lin dric ity tol er ance IT5/2 (DIN ISO
1101). The hous ing  bores are ma chined to G6. Thus
the re quire ment that the out er ring of the float ing bear -
ing must be dis place able with in the hous ing is met.

Lu bri ca tion, seal ing

For re li able op er a tion at high  speeds, the bear ings are
oil bath lu bri cat ed.  Grease- packed lab y rinths pre vent
the in gress of for eign mat ter. To in crease the seal ing
ef fi cien cy,  grease is re plen ished fre quent ly. Fling er
 grooves on the  shaft, and oil col lect ing  grooves in the
hous ing cov ers re tain the oil with in the hous ing.
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94 Dou ble- shaft ham mer crush er

Dou ble- shaft ham mer crush ers are a spe cial type of
ham mer crush ers or ham mer  mills. They fea ture two
con tra-ro tat ing  shafts to  which the ham mers are at -
tached. This type is es pe cial ly suit able for crush ing
 large- sized ma te ri al with a high hour ly through put and
op ti mum size re duc tion.

Op er at ing data

Hour ly though put 350...400 t of iron ore; in put pow -
er 2 x 220 kW; ro tor  speed 395 min–1, ro tor  weight in -
clud ing ham mers 100 kN; bear ing cen tre dis tance
2,270 mm. 

Bear ing se lec tion

Due to the  rugged op er a tion, spher i cal roll er bear ings
are mount ed  which can com pen sate for mis align ment
 between the two plum mer  blocks and for  shaft de flec -
tions.

Bear ing di men sion ing

In ad di tion to the  loads re sult ing from the ro tor
 weight, the bear ings have to ac com mo date  loads re -
sult ing from im bal anc es and  shocks. They are tak en
into ac count by mul ti ply ing the ro tor  weight GR by
the sup ple men tary fac tor fz = 2.5.  Small  thrust  loads
need not be tak en into ac count in the life cal cu la tion.
The  shaft di am e ter at the bear ing lo ca tions de ter mines
the use of one spher i cal roll er bear ing FAG
23234EASK.M at each side. For the mod er ate  speeds
of this ap pli ca tion nor mal ra di al clear ance CN is sat is -
fac to ry.
With the dy nam ic load rat ing C = 1,370 kN, the  speed
fac tor fn = 0.476 (n = 395 min–1) and the ro tor  weight
GR = 100 kN, the in dex of dy nam ic stress ing fL per bear -
ing:

fL = C · fn/(0.5 · GR · fz) = 1,370 · 0.476/(50 · 2.5) = 5.2

With this fL val ue,  which cor re sponds to a nom i nal rat -
ing life Lh of ap prox i mate ly 120,000  hours, the bear -
ings are very ad e quate ly di men sioned. 

Bear ing mount ing

The bear ings are mount ed on the ro tor  shaft with
with draw al  sleeves FAG AH3234 and mount ed in
FAG plum mer  block hous ings BNM3234KR.132887.
One of the plum mer  blocks is de signed as the float ing
bear ing ( closed on one side, de sign AL), the oth er one
as the lo cat ing bear ing (con tin u ous  shaft, de sign BF).
The unsplit hous ings of se ries BNM were de vel oped
es pe cial ly for ham mer  mills and crush ers. They were
de signed for  grease lu bri ca tion ( grease  valve) and 
fea ture par tic u lar ly ef fec tive  seals.

Ma chin ing tol er anc es 

The  shaft  seats are ma chined to h7, with a cy lin dric ity
tol er ance IT5/2 (DIN ISO 1101).
The hous ing  bores are ma chined to H7; this al lows the
out er ring of the float ing bear ing to be ax ial ly dis -
placed.

Lu bri ca tion, seal ing
 
Grease lu bri ca tion with FAG roll ing bear ing  grease 
Ar ca nol L71V is sat is fac to ry for the  speeds in this 
ex am ple. Re lu bri ca tion is re quired at cer tain inter vals.
A  grease  valve pro tects the bear ing  against over-lu bri ca -
tion. Due to the ad verse am bi ent con di tions a dou ble-
pas sage lab y rinth seal is pro vid ed. Fre quent  grease re -
plen ish ment to the lab y rinths im proves seal ing ef fi -
cien cy.
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95 Ball tube mill

Tube  mills are most ly used in the met al lur gi cal, min -
ing and ce ment in dus tries. The tube mill de scribed is
used in an Aus tra lian gold mine for grind ing au rif er -
ous min er als ( grain siz es 4...30 mm) into grit by  means
of grind ing bod ies ( balls). The  grain size of the ma te ri -
al de pends on the num ber of  balls and the quan tity of
add ed wa ter. The grind ing drum,  which re volves
 around its hor i zon tal axis, is  lined with  chilled-cast
iron  plates.  Charged with the grind ing  stock, it is very
 heavy.

Op er at ing data

Drum: di am e ter 5,490 mm,  length 8,700 mm; input
pow er 3,850 kW;  speed 13.56 min–1; drum mass when
load ed 400 t; max i mum ra di al load per bear ing Fr =
1,962 kN; max i mum  thrust load Fa = 100 kN; bear ing
dis tance 11,680 mm, through put 250 t/h.

Bear ing se lec tion

Trun nion bear ings
As the drum ro tates, the bear ings have to ac com mo -
date, in ad di tion to the  heavy  weight, con stant  shock-
type  loads  caused by the grind ing bod ies. Both drum
trun nions are sup port ed on spher i cal roll er bear ings of
se ries 239, 248 or 249. The bear ings com pen sate for
stat ic and dy nam ic mis align ments that can be  caused
by mis align ments of the bear ing  seats ( large bear ing
dis tance) or drum de flec tions. In this ex am ple, spher i -
cal roll er bear ings with a ta pered bore (K 1:30), FAG
248/1500BK30MB are mount ed both as the lo cat ing
bear ing at the  drive end and as the float ing bear ing at
the feed end. The bear ings are mount ed on the trun -
nion with a  wedge  sleeve.
 
Drive pin ion bear ings
The  drive pin ion is sup port ed on two spher i cal roll er
bear ings FAG 23276BK.MB with adapt er  sleeve 
FAG H3276HG, in plum mer  block hous ings with
Tac on ite- seals FAG SD3276TST.

Bear ing di men sion ing

The di men sion ing of the drum bear ings is  based on
half the  weight of the load ed drum

(400/2 · 9.81 = 1,962 kN). 

The  shock  loads are tak en into ac count by a  shock fac -
tor fz = 1.5. The re quired nom i nal rat ing life is 
100,000 h; this cor re sponds to an in dex of dy nam ic
stress ing fL = 4.9. 

The equiv a lent dy nam ic load

P = fz · Fr + Y · Fa = 2 · 1.5 · 1,962 + 4.5 · 100 = 
3,393 kN

With a dy nam ic load rat ing C = 12,900 kN the in dex of
dy nam ic stress ing:

fL = C/P · fn = 
12,900/3,393 · 1.31 = 4.98 (Lh > 100,000 h).

The bear ings are very safe ly di men sioned with re gard
to nom i nal rat ing life.

The bear ings are mount ed in  split FAG plum mer
 block hous ings SZA48/1500HF (lo cat ing bear ing) and
SZA48/1500HL (float ing bear ing). The out er  rings are
tight ly fit ted into  shell  sleeves (e.g. made of grey-cast
iron) in the low er hous ing half. They fa cil i tate com -
pen sa tion of ax ial  length vari a tions. The slid ing ef fect
is en hanced by  grease in ject ed into the  shell
 sleeve/hous ing  joint.

Ma chin ing tol er anc es 

The cir cum fe ren tial ly load ed in ner  rings are  press-fit ted
on the trun nion. This is eas i ly  achieved by mount ing
them hy draul i cal ly on  wedge  sleeves. The ra di al clear -
ance re duc tion and the ra di al clear ance of the mount ed
bear ing have to be ob served (see ta ble in FAG cat a -
logue WL 41 520, chap ter on spher i cal roll er bear -
ings).

The trun nions are ma chined to h9, with a cy lin dric ity
tol er ance IT5/2 (DIN ISO 1101); the hous ing  bores
to H7.  

Lu bri ca tion, seal ing
 
Grease lu bri ca tion with a lith i um soap base  grease of
pen e tra tion  class 2 with EP ad di tives, e. g. FAG roll ing
bear ing  grease Ar ca nol L186V. Con tin u ous re plen ish -
ment (ap prox. 5 g/h per bear ing) en sures ad e quate lu -
bri ca tion.

The bear ings are  sealed by mul ti ple lab y rinths. Due to
the ex treme am bi ent con di tions, the lab y rinths are
pre ced ed by dirt baf fle  plates and rub bing  seals (V-
 rings). This com bi na tion is also re ferred to as Tac on ite
seal ing. The lab y rinths are also con tin u ous ly re plen -
ished with ap prox. 5 g/h per lab y rinth.
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96 Sup port roll er of a ro tary kiln

Ro tary  kilns for ce ment pro duc tion can ex tend over a
 length of 150 m or more. The sup port roll ers are
 spaced at  about 30 m inter vals.

Op er at ing data

Kiln out side di am e ter 4.4 m; sup port roll er di am e ter
1.6 m; sup port roll er  width 0.8 m; ra di al load per 
sup port roll er 2,400 kN;  thrust load 700 kN.  Speed 
5 min–1; mass of sup port roll er and hous ing 13 t.

Bear ing se lec tion, di men sion ing

For such ro tary  kilns FAG of fers com plete as sem blies
con sist ing of a twin hous ing SRL, the sup port roll er
with axle LRW, and the bear ings. In this ex am ple the
two sup port-roll er bear ings are mount ed into  split
plum mer  block hous ings with a com mon base ( frame)
made of grey-cast iron. Spher i cal roll er bear ings FAG
24184B (dy nam ic load rat ing C = 6,200 kN) are
mount ed in a float ing bear ing ar range ment, i. e. the 

 shaft can be dis placed rel a tive to the hous ing by a de -
fined ax ial clear ance.
In ad di tion to the ra di al  loads, the spher i cal roll er
bear ings ac com mo date  thrust  loads re sult ing from dis -
place ments of the ro tary kiln.
With an in dex of dy nam ic stress ing fL = 4.9, cor re spond -
ing to a nom i nal rat ing life Lh = 100,000 h, the bear -
ings are ad e quate ly de signed.

Ma chin ing tol er anc es 

 Shaft to n6 (cir cum fe ren tial load on in ner ring); hous -
ing bore to H7.

Lu bri ca tion, seal ing

 Grease lu bri ca tion with a lith i um soap base  grease with
EP ad di tives (e. g. roll ing bear ing  grease Ar ca nol
L186V).
At the roll er side the bear ings are  sealed with felt  strips
and  grease- packed lab y rinths.
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Vi brat ing ma chines

Vi brat ing  screens are used for con vey ing and grad ing
bulk ma te ri al. They op er ate in  mines, quar ries,  stone
crush ing  plants and foun dries, in the food stuff and
chem i cal in dus tries, and in many oth er prep ar a tion
and pro cess ing  plants.
The main vi brat ing  screen  types are: two-bear ing
 screens with cir cle  throw, two-bear ing  screens with
 straight-line mo tion, and four-bear ing  screens.
Vi bra tor mo tors and vi brat ing road roll ers also come
 under the cat e go ry of vi brat ing ma chines.

Se lec tion of bear ing type and bear ing de sign

Roll ing bear ings in vi brat ing  screens are  stressed by
high, most ly  shock-type  loads. To com pound mat ters,
the bear ings,  while ro tat ing  about  their own axis, per -
form a cir cu lar, el lip ti cal or lin e ar vi brat ing mo tion.
This re sults in high ra di al ac celer a tions (up to 7 g)
 which ad di tion al ly  stress the bear ings, and es pe cial ly
the cag es. High op er at ing  speeds, usu al ly with in ac cu -
rate ly  aligned bear ing lo ca tions, and pro nounced  shaft
de flec tions are ad di tion al re quire ments  which are best
met by spher i cal roll er bear ings. 

For  these ad verse op er at ing con di tions FAG spher i cal
roll er bear ings with re duced bore and out side di am e ter
tol er anc es and an in creased ra di al clear ance are used:
The FAG stan dard de sign E.T41A is used for  shaft di -
am e ters of 40...150 mm. The cen trif u gal forc es of the
un load ed roll ers are ac com mo dat ed by two  pressed-
 steel, win dow-type cag es and ra di al ly sup port ed by a
cage guid ing ring in the out er ring.
 Shafts with di am e ters of 160 mm and more are sup -
port ed on vi brat ing  screen bear ings A.MA.T41A.
 These bear ings have a  fixed cen tre lip on the in ner ring
and re tain ing lips on both  sides. The  split ma chined
 brass cage is of the out er-ring rid ing type.

Bear ing di men sion ing

Vi brat ing  screen bear ings  which are com par able with
 field-prov en bear ings can be di men sioned on the ba sis
of the in dex of dy nam ic stress ing fL, pro vid ed that the
boun dary con di tions are com par able as well. fL val ues
 between 2.5 and 3 are  ideal. 
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97 Two-bear ing  screen with cir cle  throw

Op er at ing data
 
Screen box  weight G = 35 kN; vi bra tion ra di us r = 
0.003 m;  speed n = 1,200 min–1; num ber of bear ings 
z = 2 ; ac celer a tion due to grav ity g = 9.81 m/s2.

Bear ing di men sion ing

Two-bear ing  screens work be yond the crit i cal  speed;
thus the com mon cen troid al axis of the  screen box and
the un bal anced load does not  change dur ing ro ta tion.
The bear ing load due to the  screen box cen trif u gal
 force is:

Fr = 1/z · G / g · r · (π · n/30)2 =
= 1/2 · 35 / 9.81 · 0.003 · (3.14 · 1,200/30)2 = 84.5 kN

To al low for the un fa vour able dy nam ic stress ing, the
bear ing load  should be mul ti plied by the sup ple men -
tary fac tor fz = 1.2. Thus, the equiv a lent dy nam ic load

P = fz · Fr = 1.2 · 84.5 = 101.4 kN

With the in dex of dy nam ic stress ing fL = 2.72 (Lh =
14,000 h) and the  speed fac tor fn = 0.34 (n = 
1,200 min–1) the re quired dy nam ic load rat ing

C = fL/fn · P = 2.72/0.34 · 101.4 = 811.2 kN

The rec om mend ed in dex of dy nam ic stress ing fL for 
vi brat ing  screens is 2.5...3, cor re spond ing to a nom i nal
fa tigue life Lh of 11,000 to 20,000  hours. Spher i cal
roll er bear ings FAG 22324ED.T41A with a dy nam ic
load rat ing of 900 kN are cho sen.

Ma chin ing tol er anc es 

The ec cen tric  shaft fea tures two spher i cal roll er bear -
ings, one as the lo cat ing bear ing, the oth er as float ing
bear ing. The in ner  rings are  point load ed and mount ed
with a  shaft tol er ance of g6 or f6. The out er  rings are
cir cum fe ren tial ly load ed and fit ted tight ly in the hous -
ing bore to P6.

Lu bri ca tion, seal ing

Cir cu lat ing oil lu bri ca tion. Min er al oils with a min i -
mum vis cos ity of 20 mm2/s at op er at ing tem per a ture
are rec om mend ed. The oil  should con tain EP ad di tives
and anti-cor ro sion ad di tives.
Out er seal ing is pro vid ed by a  grease- filled, re plen ish -
able lab y rinth. A fling er ring with an oil col lect ing
 groove pre vents oil leak age. A V-ring is pro vid ed
 between fling er ring and lab y rinth to sep ar ate oil and
 grease.
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98 Two-bear ing  screen with  straight-line mo tion

Ba si cal ly, a two-bear ing  screen with  straight-line 
mo tion con sists of two con tra-ro tat ing, syn chro nous
cir cu lar  throw  systems.

Op er at ing data
 
Screen box  weight G = 33 kN; im bal ance  weight G1 =
7.5 kN; am pli tude r = 0.008 m;  speed n = 900 min–1;
num ber of bear ings z = 4 ; ac cel er a tion due to grav ity 
g = 9.81 m/s2.

Bear ing di men sion ing

The bear ing  loads of a lin e ar mo tion  screen vary  twice
 between the max i mum val ue  Frmax and the min i mum
val ue  Frmin dur ing one rev o lu tion of the ec cen tric
 shafts.

For cal cu la tion of  these  loads, the dis tance R  between
the cen tres of grav ity of im bal ance  weight and the per -
ti nent bear ing axes is re quired.  Weights G and G1, am -
pli tude of lin e ar vi bra tion r and dis tance R have the
fol low ing re la tion ship:

G · r = G1 · (R – r)

In this ex am ple R = 0.043 m

When the cen trif u gal forc es act per pen dic u lar to the
di rec tion of vi bra tion, the max i mum ra di al load  Frmax
is cal cu lat ed as fol lows: 
Frmax = 1/z · G1 / g · R · (π · n/30)2 =
= 1/4 · 7.5 / 9.81 · 0.043 · (3.14 · 900/30)2 = 73 kN

The ra di al load is at its min i mum ( Frmin) when the 
di rec tions of cen trif u gal forc es and vi bra tion co in cide.
The ra di al load is then
 Frmin = 1/4 · G1/g · (R - r) · (π · n/30)2 =
= 1/4 · 7.5/9.81 · 0.035 · (3.14 · 900/30)2 = 59.4 kN

 Since the ra di al load var ies  between the max i mum and
min i mum ac cord ing to a si nu soid al pat tern, the 
equiv a lent dy nam ic load P with the sup ple men tary 
fac tor fz = 1.2 is thus:

P = 1.2 · (0.68 ·  Frmax + 0.32 ·  Frmin) =
= 1.2 · (0.68 · 73 + 0.32 · 59.4) = 82.4 kN

With the in dex of dy nam ic stress ing fL = 2.53 (Lh =
11,000 h) se lect ed for vi brat ing  screens and the  speed
fac tor fn = 0.372 (n = 900 min–1) the re quired dy nam ic
load rat ing 

C = fL/fn · P = 2.53/0.372 · 82.4 = 560.4 kN

The spher i cal roll er bear ing FAG 22320ED.T41A
with a dy nam ic load rat ing of 655 kN is cho sen.

Ma chin ing tol er anc es 

The lo cat ing bear ings of the two ec cen tric  shafts are at
the gear end, the float ing bear ings at the  drive end. The
in ner  rings ( point load ) are have  loose fits, i. e. the
 shaft is ma chined to g6 or f6. The out er  rings are cir -
cum fe ren tial ly load ed and tight ly fit ted in the hous ing
bore (P6).

Lu bri ca tion, seal ing

Oil lu bri ca tion. For lu bri cat ing the spher i cal roll er
bear ings at the lo cat ing end, the oil  thrown off by the
gear suf fic es. A fling er ring is pro vid ed for this pur pose
at the op po site end. Baf fle  plates (A) at the hous ing
fac es main tain an oil lev el reach ing  about the cen tre
 point of the low est roll ers. The oil lev el is such that the
low er gear and the fling er ring are part ly sub merged.
The oil lev el can be  checked with a  sight  glass.
A fling er ring and a V-ring in the lab y rinth pro vide
seal ing at the  drive  shaft pas sage.
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99 Four-bear ing  screen

The vi bra tion ra di us of a four-bear ing  screen is a func -
tion of the  shaft ec cen tric ity. It is not var i able; there -
fore  these  screens are also  called rig id  screens.

Op er at ing data
 
Screen box  weight G = 60 kN; ec cen tric ra di us r =
0.005 m;  speed n = 850 min-1; num ber of in ner bear -
ings z = 2; ac cel er a tion due to grav ity g = 9.81 m/s2.

Bear ing di men sion ing

In ner bear ings
For the two in ner bear ings of a four-bear ing  screen,
 which are sub ject ed to vi bra tion, the equiv a lent dy -
nam ic load P is the same as for the two-bear ing  screen
with cir cu lar  throw

P = 1.2 · Fr = 1.2/z · G/g · r · (π · n/30)2 =
= 1.2/2 · 60/9.81 · 0.005 · (3.14 · 850/30)2 = 145.4 kN

The re quired dy nam ic load rat ing 

C = fL/fn · P = 2.93/0.378 · 145.4 = 1,127 kN

Spher i cal roll er bear ings FAG 22328ED.T41A 
(dy nam ic load rat ing C = 1,220 kN) are cho sen.

Out er bear ings
The sta tion ary out er bear ings are only light ly load ed
 since the cen trif u gal forc es of the  screen box are bal -
anced by coun ter weights. Gen er al ly spher i cal roll er 

bear ings of se ries 223 are also used. The bear ing size is
dic tat ed by the  shaft di am e ter so that the load car ry ing
ca pac ity is high and fa tigue life cal cu la tion un nec es sary.
 Since  these bear ings are not sub ject ed to vi bra tion, the
stan dard de sign with nor mal clear ance is sat is fac to ry.
In the ex am ple  shown spher i cal roll er bear ings FAG
22320EDK (dy nam ic load rat ing C = 655 kN) are 
cho sen.

Ma chin ing tol er anc es 

In ner bear ings
The in ner bear ings (a lo cat ing-float ing bear ing ar range -
ment ) fea ture  point load on the in ner  rings: The  shaft
is ma chined to g6 or f6. The bear ings are fit ted tight ly
into the hous ing (P6).

Out er bear ings
The out er bear ings – also a lo cat ing-float ing bear ing 
ar range ment – are mount ed on the  shaft with with -
draw al  sleeves. The  shaft is ma chined to h8, the hous -
ing bore to H7.

Lu bri ca tion, seal ing
 
Grease lu bri ca tion with a lith i um soap base  grease of
pen e tra tion  class 2 with anti-cor ro sion and ex treme
pres sure ad di tives.  Grease sup ply  between the roll er
rows  through lu bri cat ing  holes in the out er  rings.
Seal ing is pro vid ed by  grease- packed, re lu bri cat able
lab y rinths.

FAG 142

99: Four-bear ing  screen

Locating bearing Floating bearing

Counterweight



100 Vibrator motor

The vi bra tions of vi brat ing equip ment are gen er at ed
by one or sev er al ac ti va tors. An  electric mo tor with an
im bal ance ro tor is an ex am ple of such an ac ti va tor. It is
re ferred to as a "vi bra tor mo tor". Vi bra tor mo tors are
pri mar i ly mount ed in ma chin ery for mak ing pre fab ri -
cat ed con crete  parts, in vi brat ing  screens and vi brat ing
 chutes.

Op er at ing data

In put pow er N = 0.7 kW,  speed n = 3,000 min–1.
The bear ings are load ed by the ro tor  weight and the
cen trif u gal forc es re sult ing from the im bal anc es: max i -
mum ra di al load on one bear ing Fr = 6.5 kN.

Bear ing se lec tion, di men sion ing

Due to the high cen trif u gal forc es, the load car ry ing
ca pac ity of the deep  groove ball bear ings usu al ly used
for me di um- sized  electric mo tors is not suf fi cient for
this ap pli ca tion. Vi brat or mo tors are, there fore, sup -
port ed on cy lin dri cal roll er bear ings. The ar range ment
 shown in cor po rates two cy lin dri cal roll er bear ings
FAG NJ2306E.TVP2.C4; the dy nam ic load rat ing of
the bear ings is 73.5 kN.
The ad verse dy nam ic bear ing stress ing by the cen trif u -
gal forc es is tak en into ac count by a sup ple men tary
fac tor fz = 1.2. Con sid er ing this sup ple men tary fac tor,
the equiv a lent dy nam ic load

P = 1.2 · Fr = 7.8 kN.

With the  speed fac tor fn = 0.26 (n = 3,000 min–1), the
in dex of dy nam ic stress ing

fL = C/P · fn = 73.5/7.8 · 0.26 = 2.45

This fL val ue cor re sponds to a nom i nal rat ing life of
10,000 h. Thus the bear ings are cor rect ly di men sioned.

Ma chin ing tol er anc es 

 Shaft to k5; hous ing to N6.
The bear ing out er  rings car ry cir cum fe ren tial load and
are, there fore,  tight fits.  Since the in ner  rings are sub -
ject ed to os cil lat ing  loads, it is ad vis able to fit them
tight ly onto the  shaft as well. With non-sep a ra ble bear -
ings this re quire ment  would make bear ing mount ing
and dis mount ing ex treme ly com pli cat ed. There fore,
sep a ra ble cy lin dri cal roll er bear ings of de sign NJ are
used.

Bear ing clear ance

The in itial ra di al clear ance of the bear ings is re duced
by  tight fits. Fur ther ra di al clear ance re duc tion re sults
from the dif fer ent ther mal ex pan sion of in ner and 
out er  rings in op er a tion. There fore, bear ings of ra di al
clear ance  group C4 (i. e. ra di al clear ance larg er than
C3) are mount ed.
To pre vent det ri men tal ax ial pre load ing, the in ner
 rings are as sem bled so that an ax ial clear ance of
0.2...0.3 mm ex ists  between the roll er sets of the two
bear ings and the lips (float ing bear ing ar range ment ).

Lu bri ca tion, seal ing

Both bear ings are lu bri cat ed with  grease. Lith i um soap
base greas es of pen e tra tion  class 2 with EP ad di tives
have  proved suc cess ful. Re lu bri ca tion af ter ap prox i -
mate ly 500  hours.
 Since the vi bra tor mo tor is  closed at both ends, gap-
type  seals with  grooves are sat is fac to ry.
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101–103  Large ca pac ity con vert ers

Con vert ers per form swing ing mo tions and are occ ca -
sion al ly ro tat ed up to 360˚. Bear ing se lec tion is, there -
fore,  based on stat ic load car ry ing ca pac ity. Im por tant
cri te ria in bear ing se lec tion are,  besides a high stat ic
load rat ing, the com pen sa tion of ma jor mis align ments
and  length vari a tions. Mis align ment in var i ably re sults
from the  large dis tance  between the bear ings and from
trun nion ring dis tor tion and de flec tion. The con sid er -
able  length vari a tions are due to the  large dif fer enc es in
con vert er tem per a ture as the con vert er is heat ed up
and  cools down.

Bear ing se lec tion

Ex am ple 101 – show ing the con ven tion al de sign – fea -
tures one spher i cal roll er bear ing each as lo cat ing bear -
ing and as float ing bear ing. The hous ing of the float ing
bear ing is fit ted with a  sleeve. This sim pli fies ax ial dis -
place ment of the spher i cal roll er bear ing. To min i mize
the fric tion al re sis tance, the bore of the  sleeve is
 ground and coat ed with dry lu bri cant (mo lyb de num
dis ul phide).
For  thrust load cal cu la tion a co ef fi cient of fric tion of 
μ = 0.1...0.15 is used.

Ex am ple 102  shows two spher i cal roll er bear ings
mount ed in the hous ings as lo cat ing bear ings. Ax ial dis -
place ment is per mit ted by two co llat er al ly ar ranged
lin e ar bear ings (roll ers)  which pro vide sup port for one
of the two hous ings. With this de sign the  amount of
fric tion to be over come dur ing ax ial dis place ment is
lim it ed to the roll ing con tact fric tion oc cur ring in the
lin e ar bear ings (co ef fi cient of fric tion μ ≈ 0.05).

Bear ing di men sion ing

For con vert ers, the in dex of stat ic stress ing fs = C0/P0
 should be more than 2; see cal cu la tion ex am ple.
C0 = stat ic load rat ing of the bear ing
P0 = equiv a lent stat ic load

Op er at ing data

Cal cu la tion ex am ple: two spher i cal roll er bear ings and
two lin e ar bear ings (ex am ple 102).
Lo cat ing bear ing: Ra di al load FrF = 5,800 kN;
Float ing bear ing: Ra di al load FrL = 5,300 kN;
 Thrust load from  drive Fa = 800 kN and from ax ial
dis place ment 0.05 · FrL = 265 kN; 
trun nion di am e ter at bear ing seat 900 mm.

Two spher i cal roll er bear ings FAG 230/900K.MB
(stat ic load rat ing C0 = 26,000 kN,  thrust fac tor 
Y0 = 3.1) are mount ed.

Lo cat ing bear ing
P0 = FrF + Y0 · (Fa + 0.05 · FrL)

= 5,800 + 3.1 · (800 + 265) = 9,100 kN

In dex of stat ic stress ing fs = 26,000 / 9,100 = 2.85

Float ing bear ing
P0 = FrL + Y0 · 0.05 · FrL

= 5,300 + 3.1 · 265 = 6,120 kN

In dex of stat ic stress ing fs = 26,000 / 6,120 = 4.24

Both bear ings are thus safe ly di men sioned. Five cy lin -
dri cal roll ers (80 x 120 mm) each are re quired for the
two lin e ar bear ings. The hard ness of the  guide  rails
(race ways) is 59...65 HRC.

Ma chin ing tol er anc es 

Bear ings with a cy lin dri cal bore: trun nion to m6.
Bear ings with a ta pered bore and hy draul ic  sleeve:
trun nion to h7. The trun nions are ma chined with a
cy lin dric ity tol er ance IT5/2 (DIN ISO 1101).
The sup port  bores in the hous ing have H7 tol er ance.
Tight er fits  should not be used in or der to pre vent
bear ing oval ity  which  might oth er wise re sult from the
 split hous ing. 

Lu bri ca tion, seal ing

Con vert er bear ings are lu bri cat ed with  grease. Lith i um
soap base greas es of pen e tra tion  class 2 with EP and
anti-cor ro sion ad di tives (e. g. FAG roll ing bear ing
 grease Ar ca nol L186V) are a good  choice. Ef fi cient
seal ing is  achieved by graph it ed pack ing  rings.

 Split roll ing bear ings
 
Steel  mills of ten de mand that the bear ing at the con -
vert er  drive end are re place able with out dis mount ing
the  drive unit. This re quire ment is sat is fied by  split
spher i cal roll er bear ings (ex am ple 103).
For cost rea sons,  split bear ings are usu al ly used as re -
place ment bear ings.
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101: Con vert er bear ings
(two spher i cal roll er bear ings)
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Locating bearing Floating bearing

Locating bearing Floating bearing

102: Con vert er bear ings
(two spher i cal roll er bear ings,
two lin e ar bear ings)

103: Lo cat ing bear ing end with  split
spher i cal roll er bear ing



Roll bear ings of a 104 four-high cold roll ing  stand for al u min ium

Op er at ing data

Back-up  rolls: roll di am e ter 1,525 mm
roll body  length 2,500 mm

Work  rolls: roll di am e ter 600 mm
roll body  length 2,500 mm

Max i mum roll ing load 26,000 kN
Max i mum roll ing  speed 1,260 m/min

Se lec tion of the back-up roll bear ings (fig. 104a)

Ra di al bear ings
The high ra di al  loads are best ac com mo dat ed, in a lim -
it ed mount ing  space and at high  speeds, by cy lin dri cal
roll er bear ings. One four-row cy lin dri cal roll er bear ing
FAG 527048 (di men sions 900 x 1,220 x 840 mm) is
mount ed at each roll end. The bear ings fea ture pin-
type cag es and  reach a dy nam ic load rat ing of 
C = 31,500 kN. 

The in creased ra di al clear ance C4 is re quired as the in -
ner  rings are fit ted tight ly and heat up more in op er a -
tion than the out er  rings.

Ma chin ing tol er anc es:
Roll neck +0.350 / +0.440 mm,  chock to H7.

 Thrust bear ings
 Since  thrust  loads in  strip roll ing  stands are low,  thrust
bear ings are used that are  small com pared to the ra di al
bear ings. The back-up roll is sup port ed at both ends by
a dou ble-row ta pered roll er bear ing FAG 531295A (di -
men sions 400 x 650 x 240 mm) with a dy nam ic load
rat ing C of 3,450 kN.

Ma chin ing tol er anc es:  Shaft to f6.

The cups are not sup port ed ra di al ly; ax ial ly, they are
ad just ed by  means of hel i cal  springs.
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104a: Back-up roll mount ing of a four-high cold roll ing  stand for al u min ium (iden ti cal bear ing ar range ments at  drive end and op er at ing end)



Se lec tion of the work roll bear ings (figs. 104b, c)

Ra di al bear ings
Each roll end is sup port ed on two dou ble-row cy lin -
dri cal roll er bear ings FAG 532381.K22 (di men sions
350 x 500 x 190 mm). The bear ings fea ture re duced
tol er anc es so that all roll er rows are even ly load ed, 
ma chined  brass cag es and an in creased ra di al clear ance
C3.
Ma chin ing tol er anc es
Roll neck to p6;  chock bore to H6.

 Thrust bear ings
Lo cat ing bear ing end (op er at ing end): two an gu lar con -
tact ball bear ings FAG 7064MP.UA in X ar range ment.
Any two bear ings of uni ver sal de sign UA can be
 matched in X or O ar range ment, yield ing a bear ing pair 

with a nar row ax ial clear ance. The an gu lar con tact ball
bear ings ac com mo date the  thrust  loads from the  rolls.
Float ing bear ing end ( drive end): a deep  groove ball
bear ing FAG 61972M.C3 mere ly pro vides ax ial guid -
ance for the  chock.
Ma chin ing tol er anc es:  Sleeve to k6; out er  rings not ra -
di al ly sup port ed.

Lu bri ca tion

All bear ings sup port ing the back-up  rolls and work
 rolls are oil-mist lu bri cat ed. A high-vis cos ity oil with EP
ad di tives is used as the cy lin dri cal roll er bear ings – es -
pe cial ly at the back-up  rolls – are heav i ly load ed and
have to ac com mo date op er at ing tem per a tures of up to
70 ˚C.
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104b: Work roll bear ings, op er at ing end

104c: Work roll bear ings,  drive end



Work  rolls for the fin ish ing sec tion of a 105 four-high hot wide  strip mill

Work roll bear ings are of ten ex posed to  large  amounts
of wa ter or roll cool ant. In ad di tion, con sid er able
 amounts of dirt have to be ac com mo dat ed in hot roll -
ing  mills. There fore, the bear ings must be ef fi cient ly
 sealed. As a rule, they are lu bri cat ed with  grease,  which
im proves seal ing ef fi cien cy. Op er a tors of mod ern roll -
ing  mills en dea vour to re duce  grease con sump tion and
dam age to the en vi ron ment  caused by es cap ing  grease-
wa ter emul sion.

Op er at ing data

Roll body di am e ter 736 mm; roll body  length 
2,235 mm; roll ing  speed 3.5...15 m/s.

Bear ing se lec tion, di men sion ing

Four-row ta pered roll er bear ings have  proved to be a
good  choice for work  rolls. They ac com mo date not
only high ra di al  loads but also  thrust  loads, and they
re quire only lit tle mount ing  space. The bear ings have a
slid ing fit on the roll neck, al low ing rap id roll chang es.
In the ex am ple  shown,  sealed four-row ta pered roll er
bear ings FAG 563681A (di men sions 482.6 x 615.95 
x 330.2 mm) are used.

The ser vice life of work roll bear ings is main ly dic tat ed
by the  loads, roll ing  speed, lu bri ca tion and clean li ness. 
Open bear ings, as a rule, do not  reach  their nom i nal
rat ing life due to ad verse lu bri cat ing and clean li ness
con di tions. On the oth er hand, the mod i fied life cal cu -
la tion for  sealed bear ings usu al ly  yields a23 fac tors > 1, 
i. e. the at tain able life ex ceeds the nom i nal rat ing life.
In  spite of the low er load rat ing, the val ue is gen er al ly
high er than that  reached by an open bear ing of the
same size.

Lu bri ca tion, seal ing

The bear ings are  filled with rel a tive ly  small  amounts of
high-qual ity roll ing bear ing  grease. On each side they
fea ture a dou ble-lip rub bing seal. The in ner lip pre -
vents  grease es cape from the bear ing; the out er lip pro -
tects the bear ing from mois ture that  might have pen e -
trat ed into the  chock. No re lu bri ca tion is re quired dur -
ing roll ing op er a tion and roll  change. The  amount of
 grease pro vid ed dur ing as sem bly usu al ly suf fic es for the
du ra tion of one  chock re grind ing cy cle, i. e. for
1,000...1,200  hours of op er a tion. The  chocks are fit ted
with the con ven tion al ex ter nal  seals (col lar  seals).
 These are  filled with a mod er ate ly  priced, en vi ron men -
tal ly com pat ible seal ing  grease.
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105: Work roll mount ing for the fin ish ing sec tion of a four-high hot wide  strip mill



Roll mount ings of a two-high in got slab  stand 106 or in got bil let  stand

Op er at ing data

Roll di am e ter 1,168 mm (46");  roll body  length
3,100 mm (122"); roll ing  speed 2.5...5 m/s; year ly
out put of 1 mil lion tons. The mill op er ates as a re vers -
ing  stand, i.e. the  rolled ma te ri al  moves back and
 forth, and the  sense of ro ta tion of the  rolls al ter nates
from pass to pass.

Roll bear ings

The work  rolls in this ex am ple are also sup port ed on
mul ti-row ta pered roll er bear ings.  These bear ings re -
quire rel a tive ly lit tle mount ing  space and ac com mo -
date high ra di al and  thrust  loads. The  rolls are sup -
port ed at each end on a four-row ta pered roll er bear ing
FAG 514433A (di men sions 730.25 x 1,035.05 
x 755.65 mm).

The bear ing  rings are loose ly fit ted on the roll neck
and in the  chocks for easy mount ing and dis mount ing.
The  cones  creep on the roll neck in cir cum fe ren tial di -
rec tion. To re duce wear and heat gen er a tion, the fit ting
sur fac es are usu al ly sup plied with  grease  through a hel i -
cal  groove in the bear ing bore.

Lu bri ca tion

The ta pered roll er bear ings are lu bri cat ed with  grease
 which is con tin u al ly sup plied  through  grooves in the
fac es of cone and spac er ring.

Ex cess  grease es capes  through the  bores in the cen tral
cup and in the spac ers.
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106: Roll mount ing of a two-high in got slab  stand or in got bil let  stand



107 Com bined re duc tion and cog ging  wheel gear of a bil let mill

Op er at ing data

The bil let mill is de signed for a month ly out put of
55,000 tons. The mill com pris es a rough ing and a fin -
ish ing sec tion, each with two ver ti cal and two hor i zon -
tal  stands in al ter nate ar range ment. The  drive of the
ver ti cal  stands is on top; with this ar range ment the
foun da tions are not as deep as for a bot tom  drive; on
the oth er hand, the top  drive in volves a great er over all
 height.

Rat ed horse pow er 1,100/2,200 kW;
mo tor  speed 350/750 min–1.

Bear ing se lec tion, di men sion ing

Ra di al  loads and  thrust  loads are ac com mo dat ed sep ar -
ate ly: the ra di al  loads by cy lin dri cal roll er bear ings, the
 thrust  loads by an gu lar con tact ball bear ings and four
 point bear ings. Cy lin dri cal roll er bear ings of fer the
best ra di al load car ry ing ca pac ity in a lim it ed mount -
ing  space, thus keep ing the dis tance  between the gear
 shafts to a min i mum. One de ci sive fac tor in the se lec -
tion of the bear ing size is the di am e ter of the in di vid u -
al gear  shafts de ter mined in the  strength cal cu la tion.
The two larg est cy lin dri cal roll er bear ings of the gear
are sit u at ed on the cog ging  wheel side and have the
fol low ing di men sions: 750 x 1,000 x 250 mm. Ax ial
lo ca tion of the four gear  shafts is pro vid ed by one four
 point bear ing each  which are dou ble di rec tion an gu lar
con tact ball bear ings. 

Com pared to two an gu lar con tact ball bear ings, a four
 point bear ing of fers the ad van tage of small er  width
and, com pared to a deep  groove ball bear ing, the ad -
van tage of small er ax ial clear ance and high er  thrust car -
ry ing ca pac ity. The use of four  point bear ings is, how -
ev er, lim it ed to ap pli ca tions  where the  thrust load is
not con stant ly re vers ing. The bev el gear  shafts fea ture
the small est pos sible ax ial clear ance to en sure per fect
mesh ing of the spi ral- toothed  gears. This is  achieved
by one du plex pair of an gu lar con tact ball bear ings
each on the pin ion  shaft and on the bev el  shaft. They
also ac com mo date the  thrust load where as the ra di al
load is tak en up by cy lin dri cal roll er bear ings. 

Ma chin ing tol er anc es

Cy lin dri cal roll er bear ings:  Shaft to p6; hous ing to
H6/H7.

Four  point bear ings and an gu lar con tact ball bear ings:
 Shaft to f6; hous ing to D10.

The out er  rings of the four  point bear ings and an gu lar
con tact ball bear ings are fit ted into the hous ing with
clear ance to re lieve them of ra di al  loads; thus, they ac -
com mo date only  thrust  loads.

Lu bri ca tion

Cir cu lat ing oil lu bri ca tion. The bear ings and  gears
 share the same lu bri ca tion  system. The oil is di rect ly
sup plied to the bear ings via an oil fil ter  which pre vents
con tam i na tion of the bear ings by par ti cles abrad ed
from the  gears. 
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107: Com bined re duc tion and cog ging  wheel gear of a bil let mill



108 Work  rolls of a sec tion mill

The roll  stand  frames ex pand  under the in flu ence of
high roll ing  loads,  which can have a neg a tive ef fect on
the qual ity of the  rolled ma te ri al. This is usu al ly pre -
vent ed by  means of elab orate roll ad just ment mech a -
nisms. An other way to com pen sate for the neg a tive 
ef fect of the  material's elas tic ity is to hy draul i cal ly pre -
load the  chocks  which sup port the  rolls and  their bear -
ing mount ings  against each oth er via the roll  stands
(see sche mat ic draw ing).

9 of the 13 in-line  stands of a sec tion mill are fit ted
with such hy draul i cal ly pre load ed  chocks. Five of the
nine pre load ed  stands can also op er ate as uni ver sal
 stands. For this pur pose they are  equipped with two
ver ti cal ly ar ranged roll sets.

Roll neck mount ings 

The hor i zon tal  rolls are sup port ed by mul ti-row cy lin -
dri cal roll er bear ings and ta pered roll er bear ings. The
cy lin dri cal roll er bear ings at the  drive end com pen sate
for the  length vari a tions  caused by heat ex pan sion.
Com pen sa tion of  length vari a tions  through the  chock
ax ial ly float ing in the  stand at the  drive end is not pos -
sible with pre load ed  chocks.

The hor i zon tal  rolls in the rough ing  stands,  which are
load ed with 3,150 kN, are sup port ed in four-row cy -
lin dri cal roll er bear ings and four-row ta pered roll er
bear ings of 355.6 x 257.2 x 323.8 mm (fig. a). The
bear ings have a  loose fit on the roll neck (e7),  which
sim pli fies mount ing.

No  loose fit can be pro vid ed in  those  stands  where sec -
tion  steels are fin ish- rolled as the re quired qual ity can
only be  achieved with ac cu rate ly guid ed  rolls. For this
rea son cy lin dri cal roll er bear ings and ta pered roll er
bear ings with a ta pered bore were se lect ed and  press-
fit ted onto the ta pered roll neck. The hy draul ic meth -
od used sim pli fies mount ing and dis mount ing. Due to
the low er roll ing load (2,550 kN), the hor i zon tal  rolls
in this case are sup port ed by dou ble-row cy lin dri cal
roll er bear ings and ta pered roll er bear ings of 220.1 
x 336.6 x 244.5 mm (fig. b).

The ver ti cal  rolls are each sup port ed by a ta pered roll er
bear ing pair (di men sions 165.1 x 336.6 x 194.2 mm)
in O ar range ment (fig. a). The bear ings sit di rect ly on
the  rolls. As the roll ing  stock en ters, the ver ti cal  rolls
and  their bear ings are ac cel er at ed to op er at ing  speed
very quick ly. The ta pered roll er bear ings are pre load ed
to en sure that the roll ing ele ments al ways main tain con -
tact with the race ways at  these  speeds. This is  achieved
by match ing the tol er anc es of the bear ings and bear ing
 seats in such a way that the bear ings af ter mount ing
have the  right pre load with out any fit ting work.
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3  Pis ton ram
4  Low er  chock
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108a: Bear ing mount ing of hor i zon tal  rolls in the pre load ed rough ing  stands 
and bear ing mount ing of the vert i cal  rolls 

108b: Bear ing mount ing of hor i zon tal  rolls for  stands in  which sec tion  steel is fin ish- rolled



Two-high  rolls of a dress ing  stand 109 for cop per and  brass  bands

On this dress ing  stand cop per and  brass  bands with
 widths  between 500 and 1,050 mm are  rolled. The
max i mum in itial thick ness is 4 mm, and the min i mum
fi nal thick ness is 0.2 mm.

"Coun ter bend ing" is one spe cial fea ture of this  stand.
The roll ing forc es  cause an elas tic de flec tion of the
 rolls. This de flec tion is hy draul i cal ly com pen sat ed for
by coun ter bend ing forc es. The coun ter bend ing forc es
are ap plied to the roll  necks on both  sides and out side
the roll neck mount ing via spher i cal roll er bear ings.
This coun ter bend ing en sures a uni form band thick -
ness over the en tire band  width.

Op er at ing data

Two-high roll di am e ter 690/650 mm; roll body  length
1,150 mm; max i mum roll ing  speed 230 m/min; max i -
mum roll ing  force 8,000 kN; max i mum coun ter bend -
ing  force 1,300 kN per roll neck.

Coun ter bend ing bear ings 

The coun ter bend ing forc es are ap plied via spher i cal
roll er bear ings FAG 24068B.MB.
Ma chin ing tol er anc es: roll neck to e7, hous ing to H6.

Ac com mo da tion of ra di al  loads
One four-row cy lin dri cal roll er bear ing FAG 547961
(di men sions 445 x 600 x 435 mm) is mount ed at each
end. The cy lin dri cal roll er bear ings are fit ted with pin-
type cag es con sist ing of two side wash ers to  which the
pins pass ing  through the roll ers are fas tened.  Grooves
in the in ner ring fac es fa cil i tate dis mount ing.
Ma chin ing tol er anc es: 
roll neck +0.160 / +0.200 mm,  chock H6.

Ac com mo da tion of  thrust  loads 
At the op er at ing end the ax ial forc es are ac com mo dat -
ed by two O ar ranged an gu lar con tact ball bear ings
FAG 507227.N10BA (di men sions 400 x 600 
x 90 mm).
At the  drive end the  chock is lo cat ed on the roll neck
by a deep  groove ball bear ing FAG 6080M.C3.
Ma chin ing tol er anc es: roll neck to f6, out er ring 
ra di al ly re lieved.

Lu bri ca tion

The cy lin dri cal roll er bear ings, like the oth er bear ings,
are lu bri cat ed with a lith i um soap base  grease with EP
ad di tives. They can eas i ly be lu bri cat ed  through lu bri -
cat ing  holes and lu bri cat ing  grooves in the out er  rings
and spac ers.
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109: Two-high  rolls of a dress ing  stand

Drive end

Operating end

Counterbending bearing Roll bearings



110 Straight en ing  rolls of a rail straight en er

Rails for rail way  track  systems or for crane ways are hot
 rolled in roll ing  mills. Af ter roll ing the  rails cool down
on cool ing beds but not uni form ly, re 



Lu bri ca tion, seal ing

In  spite of the high  loads and the low  speeds it  would
be pos sible to lu bri cate the cy lin dri cal roll er bear ings
with  grease. How ev er, the spher i cal roll er  thrust bear -
ings must be oil-lu bri cat ed. There fore, all bear ings are
sup plied with oil by  means of a cen tral lu bri cat ing  

system. The oil flow rate per straight en ing roll unit is
 about 10 l/min. 

At the spher i cal roll er  thrust bear ing end the unit is
 closed by a cov er. At the  shaft open ing in the di rec tion
of the straight en ing roll two lat er al ly re versed,  grease-
lu bri cat ed seal  rings pre vent oil es cape and pen e tra tion
of con tam i nants into the bear ings.
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110: Horizontal straight en ing  rolls 



111 Disk  plough

In a disk  plough the usu al sta tion ary  blades are re -
placed by re volv ing  disks fit ted to the  plough  frame.
The work ing  width of the  plough is de ter mined by the
num ber of  disks.

Bear ing se lec tion

Dur ing plough ing both ra di al and ax ial  loads are im -
posed on the bear ings. Bear ing  loads de pend on soil
con di tions and can not, there fore, be ex act ly de ter -
mined. For safe ty rea sons roll er bear ings with the max -
i mum pos sible load car ry ing ca pac ity are used. One 
ta pered roll er bear ing FAG 30210A (T3DB050 *) and
one FAG 30306A (T2FB030 *) are in stalled in O 
ar range ment and ad just ed, via the cone of the small er
bear ing, with zero clear ance. This cone must, there -
fore, be able to  slide on the jour nal.

 *) Des ig na tion to DIN ISO 355

Ma chin ing tol er anc es 

on the jour nal:
– j6 for the small er bear ing,
– k6 for the larg er bear ing;
in the hous ing: N7.

Lu bri ca tion, seal ing
 
Grease lu bri ca tion (FAG roll ing bear ing  grease Ar ca nol
L186V). The bear ings are ad e quate ly pro tect ed from
dirt and at mos pher ic in flu enc es by  means  spring  steel
 seals and an ad di tion al lab y rinth seal.
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111: Disk  plough



112 Plane sift er

Sift ers are used in  flour  mills to seg re gate the dif fer ent
con stit u ents (e.g.  groats,  grits,  flour). The  plane sift er
de scribed in this ex am ple con sists of four sec tions,
each com pris ing 12  sieves fas tened to a  frame. An 
ec cen tric  shaft in duc es cir cu lar vi bra tions in the  frame-
 sieve as sem bly.

Op er at ing data

Start ing pow er 1.1 kW, op er at ing pow er 0.22 kW;
 speed 220...230 min–1; to tal  weight of bal anc ing 
mass es 5.5 kN; dis tance  between cen tre of grav ity of
bal anc ing mass es and axis of ro ta tion 250 mm; to tal
 weight of  frame and  sieves plus ma te ri al to be sift ed
20...25 kN.

Bear ing se lec tion

The  drive  shaft with the bal anc ing mass es is sus pend ed
from the top bear ing. The sup port ing bear ing must be
self-align ing in or der to  avoid pre load ing. The bear ings
mount ed are a self-align ing ball bear ing FAG 1213 
(65 x 120 x 23 mm) and a  thrust ball bear ing FAG
53214 (70 x 105 x 28,8 mm). The spher i cal hous ing
wash er FAG U214 com pen sates for mis align ment 
dur ing mount ing.

The  thrust bear ing has to ac com mo date the  weight of
the  drive  shaft and bal anc ing mass es. The ec cen tric
 shaft of the sift er  frame is sup port ed by a spher i cal roll -
er bear ing FAG 22320ED.T41A. This bear ing ac com -
mo dates the high cen trif u gal forc es re sult ing from the
cir cu lar  throw of the sift er  frame and  sieves.  Sleeve B is
a  loose fit on the ec cen tric  shaft; thus the spher i cal
roll er bear ing is ax ial ly dis place able to geth er with the
 sleeve and can not be sub mit ted to det ri men tal ax ial
pre load ing.

Ma chin ing tol er anc es

– Self-align ing ball bear ing. 
Hol low  shaft to k6, pul ley bore to J6.

– Spher i cal roll er bear ing.
 Sleeve to k6,  frame hous ing bore to K6.

Lu bri ca tion

The ball bear ings at the top mount ing run in an oil
bath. The spher i cal roll er bear ing at the bot tom
mount ing is lu bri cat ed by cir cu lat ing oil. A  thread cut
in the ec cen tric  shaft  feeds the oil up ward  through
 sleeve B. From the top the oil pass es  through the
spher i cal roll er bear ing and back into the oil bath.

FAG 160

Lay out of a  plane sift er



161 FAG

112:  Plane sift er

Pulley

1

2



Print ing press es

Print ing qual ity is creat ed in the  heart of a print ing
 press, the print ing  group with its main cyl in ders.  Plate
cyl in ders, blan ket cyl in ders and im pres sion cyl in ders
are, there fore, guid ed in roll ing bear ings  which are par -
tic u lar ly low in fric tion and  which have a high de gree
of run ning ac cu ra cy and ra di al ri gid ity.

FAG has de signed a num ber of high ly ef fi cient lo cat -
ing/float ing bear ing ar range ments for the main cyl in der
bear ings rang ing from so lu tions with cy lin dri cal roll er
bear ings, ta pered roll er bear ing  pairs and spher i cal roll -
er bear ings to  triple-ring ec cen tric bear ing  units.
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113 Im pres sion cyl in ders of a news pa per ro tary print ing  press

De pend ing on the spe cif ic ap pli ca tion, a va rie ty of so -
lu tions can be adopt ed for sup port ing im pres sion cyl -
in ders in a news pa per ro tary print ing  press. Of ten the
float ing bear ing at the op er at ing end is a cy lin dri cal
roll er bear ing and the lo cat ing bear ing ar range ment at
the  drive end con sists of a spher i cal roll er bear ing or a
ta pered roll er bear ing pair. The float ing bear ing ac com -
mo dates only ra di al  loads where as the lo cat ing bear ing
 takes up both ra di al and  thrust  loads. Dif fer ing  spring
 rates (elas tic def or ma tion of roll ing ele ments and race -
ways) and  loads act ing on the bear ings can re sult in a
dif fer ing vi bra tion be ha vi our at each end of the cyl in -
ders (neg a tive ef fect on print ing qual ity).

Op er at ing data

The forc es act ing on im pres sion cyl in ders in ro tary
print ing press es are safe ly ac com mo dat ed by FAG roll -
ing bear ings. In news pa per ro tary print ing press es a
 paper web,  which may be up to 1,400 mm wide, is fed
into the ma chine via au to mat ic  wheel  stands at a  speed
of 9.81 m/s. At a max i mum  speed of the im pres sion
cyl in ders of 35,000 rev o lu tions per hour and dou ble
pro duc tion, the ro tary print ing  press pro duc es 7,000
cop ies per hour with a vol ume of up to 80 pag es.

The cir cum fer ence and  width of the im pres sion cyl in -
ders are adapt ed to the re quired news pa per siz es (e.g.
cyl in der di am e ter 325 mm,  speed 583.3 min–1, mass
1,100 kg, op er at ing tem per a ture 50...60 °C, av er age
time in op er a tion 7,000  hours per year).

Bear ing se lec tion

To rule out dif fer enc es in vi bra tion be ha vi our FAG has
sep ar at ed the ac com mo da tion of the ra di al and ax ial
 loads from the im pres sion cyl in ders.
At each end the ra di al  loads are ac com mo dat ed by a
dou ble-row cy lin dri cal roll er bear ing FAG
NN3024ASK.M.SP. A deep  groove ball bear ing pair 
2 x FAG 16024.C3 pro vides ax ial guid ance for the im -
pres sion cyl in der. The out er  rings are ra di al ly re lieved
so that the ball bear ings ex clu sive ly ac com mo date ax ial
guid ing forc es in both di rec tions. By pro vid ing iden ti -
cal bear ing ar range ments on both  sides of the im pres -
sion cyl in der iden ti cal  spring  rates are ob tained. 

The sep ar a tion of ra di al and  thrust  loads  means that
the ra di al ly sup port ing bear ings are sym met ri cal ly
load ed. This pro duc es a uni form vi bra tion be ha vi our
on both  sides of the im pres sion cyl in der.

Bear ing clear ance and ad just ment

The low-fric tion pre ci sion bear ings are ac com mo dat ed
on both  sides by ec cen tric bush es  which  serve to con -
trol the "im pres sion on" and "im pres sion off" move -
ments of the dif fer ent im pres sion cyl in ders in de pen -
dent ly of each oth er. This re quires a high guid ing ac cu -
ra cy and a min i mal ra di al clear ance. Heat de vel op ment
with in the bear ing is low,  which  helps  achieve the re -
quired op ti mal guid ing ac cu ra cy. The bear ing clear -
ance of 0...10 μm is ad just ed via the ta pered bear ing
seat. The tem per a ture-re lat ed  length com pen sa tion
 takes  place in the cy lin dri cal roll er bear ings  between
the roll ers and the out er ring race way so that the out er
ring can be fit ted tight ly in  spite of the  point load.



The deep  groove ball bear ings are fit ted in X ar range -
ment with zero clear ance (Tech ni cal Spec ifi ca tion
N13CA). The C3 ra di al clear ance en sures a con tact 
an gle  which is fa vour able for ac com mo dat ing the ax ial
guid ing forc es.

Ma chin ing tol er anc es

Cy lin dri cal roll er bear ings
In ner ring: Cir cum fe ren tial load; inter fer ence fit on 
ta pered  shaft 1:12.
Out er ring:  Point load; hous ing bore to K6.

Deep  groove ball bear ings
 Shaft to j6 (k6),
out er ring ra di al ly re lieved in the hous ing.

Lu bri ca tion, seal ing

The bear ings are au to mat i cal ly sup plied with lu bri -
cant.  Through a cir cum fe ren tial  groove and lu bri cat -
ing  holes in the out er ring the lu bri cant is fed di rect ly
into the bear ings. At the op er a tor end the sup ply  lines
are usu al ly con nect ed to a cen tral  grease lu bri ca tion
 system. V-ring  seals pre vent both  grease es cape and dirt
in gresss. The bear ings at the  drive end are sup plied
with oil from the trans mis sion oil lu bri ca tion  system
via feed  ducts. The oil  first  flows  through the cy lin dri -
cal roll er bear ing and then  through the deep  groove
ball bear ing pair. At the cyl in der end a pres sure-
re lieved  shaft seal re tains the oil in the lu bri cat ing
 system.
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114 Blan ket cyl in der of a  sheet-fed off set  press 

To date it was com mon prac tice to in te grate cy lin dri cal
roll er bear ings, nee dle roll er bear ings or oth er de signs
in a slid ing bear ing sup port ed  sleeve and to ac cu rate ly
fit this com plete unit into an opening in the side wall
of the ma chine  frame; this re quired an elab orate tech -
nol o gy and was cost ly. Both the con sid er able cost and
the risk of the  sleeve get ting  jammed dur ing the "im -
pres sion on" and "im pres sion off" move ments of the
blan ket cyl in der are elim i nat ed by us ing a new  triple-
ring ec cen tric bear ing unit. It of fers the ben e fit of ab -
so lute zero clear ance  which is not pos sible with the
con ven tion al unit as the  sleeve al ways re quires some
clear ance. An other sig nif i cant ad van tage is the ad just -
able pre load  which al lows its ra di al ri gid ity to be con -
sid er ably in creased com pared to bear ings with clear -
ance.

Bear ing ar range ment 

The FAG  triple-ring ec cen tric bear ing  units (float ing
bear ings) are avail able both with a cy lin dri cal and with
a ta pered bore. The  ready-to- mount unit is  based on
an NN cy lin dri cal roll er bear ing de sign  which is used
as a low-fric tion pre ci sion bear ing in ma chine  tools, and
a dou ble-row nee dle roll er bear ing  which  guides the
ec cen tric ring. Ax ial guid ance of the cyl in der is pro vid -
ed by an gu lar con tact ball bear ings (FAG 7207B) in X
ar range ment, or by a  thrust ball bear ing.

Op er at ing data

Roll  weight;  press-on  force; nom i nal  speed

Bear ing di men sio ning

An in dex of dy nam ic stress ing fL of 4...4.5  would be
 ideal. This cor re sponds to a nom i nal life Lh of 50,000 –
80,000  hours.  Under the giv en con di tions the bear ings
are ad e quate ly di men sioned so that an ad just ed rat ing
life cal cu la tion is not re quired.

Ma chin ing tol er anc es

The in ner  rings are sub ject ed to cir cum fe ren tial load. A
 tight fit is ob tained by ma chin ing the cyl in der jour nal
to k4 (k5). With a ta pered bear ing seat, an inter fer ence
fit is also ob tained by ax ial dis place ment.
The out er ring is mount ed with a K5 or K6 fit or re -
duced tol er anc es (with a  slight inter fer ence).

Lu bri ca tion, seal ing

The ec cen tric  units can be lu bri cat ed both with  grease
and with oil.  Thanks to the fa vour able am bi ent con di -
tions, the lu bri cant is only very slight ly  stressed so that
long  grease re lu bri ca tion inter vals and thus a long 
ser vice life are pos sible. A non-rub bing gap-type seal
pre vents  grease es cape. 
With oil lu bri ca tion, the oil  flows to the bear ing roll ers
 through feed  ducts. Via col lect ing  grooves and re turn
 holes the oil re turns to the oil cir cuit.
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115 Cen trif u gal pump

Op er at ing data

In put pow er 44 kW; de liv ery rate 24,000 l/min; 
de liv ery head 9 m;  speed n = 1,450 min–1; ax ial  thrust
7.7 kN.

Bear ing se lec tion, di men sion ing

The im pel ler is over hung. The  coupling end of the im -
pel ler  shaft is fit ted with a du plex pair of con tact ball
bear ings FAG 7314B.TVP.UA mount ed in X ar range -
ment. The suf fix UA iden ti fies bear ings  which can be
uni ver sal ly mount ed in tan dem, O and X ar range ment.
When mount ed in O or X ar range ment, if the  shaft is
ma chined to j5 and the hous ing to J6, the bear ings
have a  slight ax ial clear ance. The bear ing pair acts as
the lo cat ing bear ing and ac com mo dates the  thrust 
Fa = 7.7 kN. The ra di al load Fr is ap prox. 5.9 kN.
 Since Fa/Fr = 1.3 > e = 1.14, the equiv a lent dy nam ic
load P of the bear ing pair

P = 0.57 · Fr + 0.93 · Fa = 10.5 kN

Thus the in dex of dy nam ic stress ing 

fL = C/P · fn = 186/10.5 · 0.284 = 5.03

The nom i nal life  amounts to ap prox i mate ly 60,000
 hours. The  speed fac tor for ball bear ings fn = 0.284 
(n = 1,450 min–1) and the dy nam ic load rat ing of the
bear ing pair

C = 1.625 · Cin di vid u al bear ing = 1.625 · 114 = 186 kN.

The im pel ler end of the  shaft is fit ted with a cy lin dri -
cal roll er bear ing FAG NU314E.TVP2 act ing as the
float ing bear ing. This bear ing sup ports a ra di al load of
ap prox i mate ly 11 kN. Thus, the in dex of dy nam ic
stress ing 

fL = C/P · fn = 204/11 · 0.322 = 5.97

cor re spond ing to a nom i nal rat ing life of more than
100,000  hours.

With the  speed fac tor for roll er bear ings fn = 0.322 
(n = 1,450 min–1), the dy nam ic load rat ing of the bear -
ing C = 204 kN.

The rec om mend ed fL val ues for cen trif u gal  pumps are
3 to 4.5. The bear ings are, there fore, ad e quate ly di -
men sioned with re gard to fa tigue life. The ser vice life is
short er if for ma tion of con den sa tion wa ter in the bear -
ings or pen e tra tion of con tam i nants is ex pect ed.

Lu bri ca tion, seal ing

Oil bath lu bri ca tion. The oil lev el  should be no high er
than the cen tre  point of the low est roll ing ele ment. The
bear ings are  sealed by  shaft  seals. At the im pel ler end of
the  shaft a lab y rinth pro vides ex tra seal ing pro tec tion.
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116 Ax ial pis ton ma chine

Cyl in der  block A ac com mo dates a num ber of pis tons
B sym met ri cal ly ar ranged  about the ro ta tion al axis.
Pis ton rods C trans mit the ro ta tion of  drive  shaft D to
the cyl in der  block. They also pro duce the re cip ro cat -
ing mo tion of the pis tons, pro vid ed that the ro ta tion al
axis of cyl in der  block and  drive  shaft are at an an gle to
each oth er.
 
Fluid in take and dis charge are con trolled via two kid -
ney- shaped open ings E in pump hous ing F. Bore G es -
tab lish es con nec tion from each cyl in der to open ings E.
Dur ing one ro ta tion of the cyl in der  block, each bore
 sweeps once over the in take (suc tion) and dis charge
(pres sure) open ings. The dis charge open ing is sub ject -
ed to high pres sure. Con se quent ly, the pis tons are act -
ed upon by a  force. This  force is car ried by the pis ton
rods to the  drive  shaft and from  there to the  drive  shaft
bear ings.

Bear ing se lec tion

At rel a tive ly high  speeds, bear ings H and J have to 
ac com mo date the re ac tions from the cal cu lat ed re sul -
tant load. The bear ing mount ing  should be sim ple and
com pact.
 
These re quire ments are met by deep  groove ball bear -
ings and an gu lar con tact ball bear ings. Bear ing lo ca -
tion H fea tures a deep  groove ball bear ing FAG 6208,
bear ing lo ca tion J two uni ver sal an gu lar con tact ball
bear ings FAG 7209B.TVP.UA in tan dem ar range ment.
Suf fix UA in di cates that the bear ings can be uni ver sal -
ly mount ed in tan dem, O or X ar range ment.

Bear ing di men sion ing

As sum ing that half of the pis tons are load ed, pis ton
load 

FK = z/2 · p · dK
2 . π/4 = 3.5 · 10 · 400 · 3.14/4 =

= 11,000 N = 11 kN

For de ter mi na tion of the bear ing  loads the pis ton load
FK is re solved into tan gen tial com po nent FKt and
 thrust load com po nent FKa:

FKt = FK · sin � = 11 · 0.4226 = 4.65 kN

FKa = FK · cos � = 11 · 0.906 = 9.97 kN

The two com po nents of the pis ton load pro duce ra di al
 loads nor mal to each oth er at the bear ing lo ca tions.
The fol low ing bear ing  loads can be cal cu lat ed by
 means of the load di a gram:

Bear ing lo ca tion J

FJx = FKa · e/l = 9.97 · 19.3/90 = 2.14 kN

FJy = FKt · (l + t)/l = 4.65 · (90 + 10)/90 = 5.17 kN

FrJ = √ FJx
2 + FJy

2 = √ 4.58 + 26.73 = 5.59 kN
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In ax ial pis ton ma chines only some of the pis tons are
pres sur ized (nor mal ly half of all pis tons). The in di vid -
u al forc es of the load ed pis tons are com bined to give a
re sul tant load  which acts ec cen tri cal ly on the  swash
 plate and/or  drive  flange.

Op er at ing data

Rat ed pres sure p = 100 bar = 10 N/mm2; max.  speed
nmax = 3,000 min–1, op er at ing  speed  nnom = 
1,800 min–1; pis ton di am e ter dK = 20 mm, pis ton
 pitch cir cle = 59 mm, an gle of in cli na tion � = 25°,
num ber of pis tons z = 7; dis tance  between load line
and ro ta tion al axis e = 19.3 mm.



In ad di tion to this ra di al load FrJ, bear ing lo ca tion J 
ac com mo dates the  thrust load com po nent of the pis -
ton load:

FaJ = FKa = 9.97 kN

Thus, the equiv a lent dy nam ic load with Fa/Fr =
9.97/5.59 > e = 1.14 and X = 0.35 and Y = 0.57.

P = 0.35 · FrJ + 0.57 · FaJ = 
= 0.35 · 5.59 + 0.57 · 9.97 = 7.64 kN

With the dy nam ic load rat ing C = 72 kN and the  speed
fac tor fn = 0.265 (n = 1,800 min–1) the in dex of dy nam -
ic stress ing

fL = C/P · fn = 72/7.64 · 0.265 = 2.5

Here the load rat ing C of the bear ing pair is tak en as
dou ble the load rat ing of a sin gle bear ing.

Bear ing lo ca tion H

FHx = FKa · e/l = 9.97 · 19.3/90 = 2.14 kN

FHy = FKt · t/l = 4.65 · 10/90 = 0.52 kN

FrH = √ FHx
2 + FHy

2 = √ 4.58 + 0.27 = 2.2 kN

The equiv a lent dy nam ic load for the deep  groove ball
bear ing  equals the ra di al load:

P = FrH = 2.2 kN

With the dy nam ic load rat ing C = 29 kN and the  speed
fac tor fn = 0.265 (n = 1,800 min–1) the in dex of dy nam -
ic stress ing

fL = C/P · fn = 29/2.2 · 0.265 = 3.49

The in dex fL for ax ial pis ton ma chines se lect ed is
 between 1 and 2.5; thus the bear ing mount ing is ad e -
quate ly di men sioned.  Loads oc cur ring with gear wheel
 drive or V-belt  drive are not tak en into ac count in this
ex am ple.

Ma chin ing tol er anc es

Seat Deep groove Angular contact
ball bearing ball bearing

Shaft j5 k5

Housing H6 J6
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117 Ax ial pis ton ma chine

Op er at ing data

Rat ed pres sure p = 150 bar; max i mum  speed 
nmax = 3,000 min–1, op er at ing  speed  nnom = 
1,500 min–1; pis ton di am e ter dK = 25 mm, pis ton
 pitch cir cle = 73.5 mm; an gle of in cli na tion � = 25°;
num ber of pis tons z = 7; dis tance  between load line
and ro ta tion al axis e = 24 mm.

Bear ing se lec tion, di men sion ing

The bear ing  loads are de ter mined as in ex am ple 116.

Bear ing lo ca tion H: Deep  groove ball bear ing 
FAG 6311
In dex of dy nam ic stress ing fL = 2.98

Bear ing lo ca tion J: An gu lar con tact ball bear ing 
FAG 7311.TVP
In dex of dy nam ic stress ing fL = 1.19

In ex am ples 116 and 117 the ax ial load is ac com mo -
dat ed by an gu lar con tact ball bear ings mount ed near
the  drive  flange end. Coun ter guid ance is pro vid ed by a
deep  groove ball bear ing. 

To min i mize  shaft tilt ing due to the ra di al clear ance of
the deep  groove ball bear ing, Belle ville spring wash ers
keep the bear ing  under  light ax ial pre load, thus en sur -
ing zero clear ance. A com par i son of the fL val ues de ter -
mined for the two  pumps  shows that the pump de -
scribed in ex am ple 117 is de signed for only a  short 
op er at ing life (rat ing fa tigue life 850 h). This life span
is, how ev er, suf fi cient for many ap pli ca tions (e.g.
dump  trucks).

Lu bri ca tion, seal ing

The bear ings are lu bri cat ed by leak age oil from the
pump. A  shaft seal is sat is fac to ry.

Ma chin ing tol er anc es

Seat Deep groove Angular contact
ball bearing ball bearing

Shaft h6 j5

Housing J6 J6
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118 Ex haust er

The ex haust er is of the dou ble-flow type; ro tor  weight
22 kN;  speed 1,200 min–1; ex haust gas tem per a ture
ap prox. 180 °C.

Bear ing se lec tion, di men sion ing

The use of plum mer  blocks for mount ing the ro tor
 shaft is sim ple and ec o nom i cal. The  shaft di am e ter is
dic tat ed by  strength con sid er a tions, and de ter mines
plum mer  block and bear ing size.

The  shaft is mount ed on spher i cal roll er bear ings FAG
22226E.C3 fit ted in hous ings FAG LOE226BF and
FAG LOE226AL. Due to the ex haust gas tem per a ture
of +180 °C and the rel a tive ly high ex haust er  speed, the
bear ings fea ture an in creased ra di al clear ance C3. This
pre vents the bear ings from run ning  under pre load
when  there are ma jor tem per a ture dif fer enc es  between
in ner and out er ring. In ad di tion, cool ing  discs are re -
quired to lim it the bear ing tem per a ture. The plum mer
 block at the  drive end is de signed as the lo cat ing bear -
ing with a  shaft open ing (de sign BF), and that at the
op po site end as the float ing bear ing with end cap (de -
sign AL). 

With the spec i fied op er at ing data the cal cu lat ed in dex
of dy nam ic stress ing fL ≈ 10; an fL val ue of 4...5 (cor re -
spond ing to 55,000...100,000 h)  would be ad e quate.
Thus, the bear ings are very safe ly di men sioned with re -
gard to fa tigue life. How ev er, pre ma ture wear can be
 caused by slip page, end ing the ac tu al ser vice life of the
bear ings be fore the cal cu lat ed fa tigue life has been
 reached.
The plum mer  blocks are made of grey cast iron. The
hous ing bod ies are  split to sim pli fy mount ing.

Ma chin ing tol er anc es 
 
Shaft to m6; hous ing to G6.

Lu bri ca tion, seal ing

The LOE hous ings fea ture an oil bath. A ring oil er
sup plies the bear ings with oil. The de sign of the lat er al
hous ing cov ers (oil col lect ing pock ets and re turn
 ducts) al lows ex cess oil to re turn to the sump.
A  grease cham ber is pro vid ed as an ad di tion al seal ing
 between cov er and lab y rinth ring; the cham ber is re -
plen ished with  grease at reg u lar inter vals.
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119 Hot gas fan

Gas tem per a ture 150 °C;  thrust 3 kN; op er at ing  speed
3,000 min–1.

Bear ing se lec tion

The im pel ler of  small and me di um- sized fans is gen er -
al ly over hung. A par tic u lar ly sim ple and ec o nom i cal
ar range ment is  achieved by pro vid ing a one- piece
hous ing in cor po rat ing two bear ing mount ings. The
over hung im pel ler ar range ment pro duc es, how ev er, a
tilt ing mo ment from the im pel ler  weight and un bal -
anced forc es act ing at the im pel ler. The ra di al  loads re -
sult ing from this mo ment can be min i mized by pro -
vid ing a  large dis tance  between the bear ing lo ca tions
in re la tion to the dis tance  between the im pel ler and
the  first bear ing lo ca tion. This re quire ment is sat is fied
by plum mer  block hous ings of se ries FAG VR(E)
(grease lu bri ca tion) or FAG VOS (oil lu bri ca tion)  which
were es pe cial ly de vel oped for fan ap pli ca tions.  Since
the op er at ing  speed is rel a tive ly high, bear ings with a
high  speed suit abil ity are used, e.g. cy lin dri cal roll er
bear ings for ac com mo dat ing the ra di al  loads and an gu -
lar con tact ball bear ings for com bined (i.e. ra di al and
 thrust)  loads. The  shaft di am e ter, dic tat ed by  strength
con sid er a tions, is 85 mm.

The mount ing con sists of a plum mer  block hous ing
(se ries VOS) for oil lu bri ca tion FAG VOB317. At the
im pel ler end a cy lin dri cal roll er bear ing FAG
NU317E.M1.C3 acts as the float ing bear ing, at the
 drive end two uni ver sal an gu lar con tact ball bear ings
FAG 7317B.MP.UA are mount ed in O ar range ment.
Suf fix UA iden ti fies bear ings  which can be uni ver sal ly
mount ed in tan dem, O or X ar range ment; the X and O
ar range ments fea ture a  small ax ial clear ance. The ax ial
clear ance com bined with oil lu bri ca tion pre vents over -
heat ing of the bear ings and thus pre load ing.

Ma chin ing tol er anc es 

Cy lin dri cal roll er bear ing:  Shaft to m5; hous ing to K6.
An gu lar con tact ball 
bear ings:  Shaft to k6; hous ing to J6.

Lu bri ca tion, seal ing

Oil lu bri ca tion. The oil sump in the hous ing con tains
ap prox i mate ly 4 l of oil. Fling er  rings feed the oil to the
bear ings. The  sleeves mount ed on the  shaft fea ture
fling er  grooves. Oil col lect ing  grooves and re plen ish able
 grease cham bers are pro vid ed in the hous ing cov ers.
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120 Fresh air blow er

Weight of im pel ler 0.5 kN,  weight of  shaft 0.2 kN,
 thrust 0.3 kN;  speed 3,000 min–1.

Bear ing se lec tion
 
Since a sim ple and ec o nom i cal mount ing is re quired, a
plum mer  block FAG SNV120.G944AA with a self-
align ing ball bear ing FAG 2311K.TV.C3 is ar ranged at
ei ther side of the im pel ler. Self-align ing bear ings are
nec es sary be cause of the dif fi cul ty in align ing two sep -
ar ate ly mount ed hous ings so ac cu rate ly that the  bores
are ex act ly  aligned.

The hous ing is suit able for  grease re plen ish ment (suf fix
G944AA). A  grease nip ple is pro vid ed at the hous ing
cap and a  grease es cape bore at the op po site side of the
hous ing base.

As long as the im pel ler is sat is fac tor i ly bal anced the in -
ner  rings of the bear ings are cir cum fe ren tial ly load ed.

They are mount ed on the  shaft with adapt er  sleeves
FAG H2311. How ev er, when the im bal ance forc es ex -
ceed the  weight of im pel ler and  shaft the cir cum fe ren -
tial load is trans mit ted to the out er ring.

Cal cu la tion of the rat ing fa tigue life  shows that the
bear ings are more than ad e quate ly di men sioned.

The SNV hous ings are made of grey-cast iron. The
hous ing bod ies are  split to sim pli fy mount ing.

Ma chin ing tol er anc es 
 
Shaft to h9, cy lin dric ity tol er ance IT6/2 (DIN ISO
1101); hous ing to H7.

Lu bri ca tion, seal ing

The bear ings are lu bri cat ed with FAG roll ing bear ing
 grease Ar ca nol L71V.
The hous ing is  sealed on each side by an FSV felt seal.
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121 Op ti cal tele scope

Op er at ing data

The tele scope is ap prox i mate ly 7 m high, 8 m long and
 weighs  about 100 kN. The mir ror di am e ter is 1 m.
Due to the ex treme ly low  speed of ro ta tion of the yoke
axle (1 rev o lu tion in 24  hours), a very low and uni form
bear ing fric tion is re quired. More over, the yoke must
be guid ed rig id ly and with ab so lute zero clear ance. De -
flec tion of the yoke axle  under the ef fect of the over -
hang ing load must also be tak en into ac count.

Bear ing se lec tion

The lo cat ing bear ing at the  upper end of the yoke sup -
port is a high-pre ci sion dou ble-row an gu lar con tact
ball bear ing with  split out er ring. Its di men sions are
600 x 730 x 98 mm. The gap  width  between the two
out er  rings is such that, when ad just ing the bear ing 
ax ial ly, a pre load of 35 kN is ob tained. The low er end
of the yoke axle is sup port ed by a cy lin dri cal roll er
bear ing FAG NU1044K.M1.P51 act ing as the float ing
bear ing. 

Bear ing as sem bly

De spite the  large di am e ter of the yoke axle, the de flec -
tion  still ex ist ing  would re sult in in creased fric tion in
the pre load ed an gu lar con tact ball bear ing un less suit -
able coun ter meas ures were tak en. The prob lem was
 solved by mount ing the cy lin dri cal roll er bear ing in
two out er  shroud  rings  whose in side di am e ters are ec -
cen tric to the out side di am e ter.  These  shroud  rings are
ro tat ed in op po site di rec tions dur ing mount ing (D)
un til the  shaft de flec tion at the an gu lar con tact ball
bear ing lo ca tion is equal ized. The  crowned in ner ring
race way of the cy lin dri cal roll er bear ing al lows for
 slight mis align ments and  shaft de flec tions.

Lu bri ca tion, seal ing
 
Grease lu bri ca tion (FAG roll ing bear ing  grease Ar ca nol
L186V). The cy lin dri cal roll er bear ing is fit ted with a
gap-type seal with  grease  grooves, the an gu lar con tact
ball bear ing is  sealed by a lab y rinth. 
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Ma chin ing tol er anc es

Bearing Seat Diameter Form tolerance Axial run-out tolerance of
tolerance (DIN ISO 1101) abutment shoulder

Shaft j5 IT2/2 IT2Angular contact ball bearing
Housing J6 IT3/2 IT2

Shaft, tapered taper 1 : 12 IT2/2 IT2Cylindrical roller bearing
Housing K6 IT3/2 IT2

Telescope mass
2,500 kg

Yoke mass
2,500 kg

Locating bearing

Floating bearing
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121: Op ti cal tele scope

Floating bearing Locating bearing

Bending moment

Shroud rings



122–124 Ra dio tele scope

For ra dio as tron o my high ly sen si tive ra dio tele scopes are
used for pick ing up ra dio  waves from the uni verse. 
The ra dio tele scope an ten na is a huge re flec tor in the
form of a par a bo loid. The re flec tor is slew able  about
an axis par allel to the  earth sur face, the el e va tion axis.
The  whole tele scope  slews  about the ver ti cal axis, the
az i muth axis.

Op er at ing data

To tal mass of the ra dio tele scope 3,000 tons (load 
ap prox i mate ly 30,000 kN); re flec tor di am e ter 100 m,
re flec tor mass 1,600 tons (load ap prox i mate ly 
16,000 kN);  speed of  track roll ers nmax = 8 min–1, 
nmin = 0.01 min–1;  track di am e ter 64 m.
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A Re flec tor
B Az i muth axis
C El e va tion axis
D King pin bear ing
E Trav el ling gear ( track roll ers)
F Data  wheel



122 El e va tion axis

The re flec tor is sup port ed on two spher i cal roll er bear -
ings FAG 241/850BK30.P62 (stat ic load rat ing C0 =
49,000 kN). Each of the two bear ings has to ac com -
mo date a ra di al load of 8,000 kN. Add ed to this are
the  loads re sult ing from the ef fects of wind and snow
on the re flec tor. Max i mum  loads in the hor i zon tal di -
rec tion may be 5,500 kN, in the ver ti cal di rec tion
3,000 kN. Bear ing cen tre dis tance is 50 m. The bear -
ings fea ture tol er ance  class P6 and ra di al clear ance C2
(small er than nor mal clear ance CN). The bear ings are
mount ed onto the jour nals with ta pered  sleeves by
 means of the hy draul ic meth od. Dur ing mount ing the
ra di al clear ance is elim i nat ed by driv ing in the  sleeves.

Ma chin ing tol er anc es

Jour nal to h7 / hous ing to H6

Lu bri ca tion, seal ing

The spher i cal roll er bear ings are lu bri cat ed with FAG
roll ing bear ing  grease Ar ca nol L135V.

The bear ings are  sealed by a rub bing seal.
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123 Az i muth axis ( track roll er and king pin bear ings)

The ra dio tele scope with its com plete super struc ture is
sup port ed on a cir cu lar  track of 64 m di am e ter. The
roll er  track as sem bly, com pris ing four  groups of  eight
roll ers each, trans mits the  weight of ap prox i mate ly
30,000 kN. 
Eve ry sec ond roll er of a roll er  group is driv en. Each
roll er is sup port ed on two spher i cal roll er bear ings
FAG 23060K.MB.C2. The bear ings are mount ed on
the jour nal with with draw al  sleeves FAG AH3060H.
In the most ad verse case one bear ing has to ac com mo -
date ap prox i mate ly 800 kN. With the stat ic load rat ing
C0 = 3,550 kN the bear ings are safe ly di men sioned. 
The out er  rings of the bear ings are mount ed into the
hous ings with ax ial clear ance so that a float ing bear ing
ar range ment is ob tained.  Since low fric tion is re quired
the roll ers to not in cor po rate  wheel flang es. Thus it is
nec es sary to ra di al ly  guide the super struc ture on a king
pin bear ing. The FAG cy lin dri cal roll er bear ing pro -
vid ed for this pur pose has the di men sions 1,580 x

2,000 x 250 mm. The cy lin dri cal roll er out side di am e -
ters are slight ly  crowned in or der to  avoid edge stress -
ing. By mount ing the bear ing with a ta pered  sleeve the
ra di al clear ance can be elim i nat ed, thus pro vid ing ac -
cu rate ra di al guid ance.

Ma chin ing tol er anc es
 
Track roll ers: Hous ing to H7 
King pin: Jour nal to h7/ hous ing to M7

Lu bri ca tion, seal ing

The spher i cal roll er bear ings in the  track roll ers are 
lu bri cat ed with FAG roll ing bear ing  grease Ar ca nol
L135V. The cy lin dri cal roll er bear ing for the king pin
fea tures cir cu lat ing oil lu bri ca tion.
Seal ing by mul ti ple lab y rinths.
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123a: Roll er  track as sem bly

123b: King pin bear ing



124 Data  wheel

The data  wheel is sup port ed on a clear ance-free FAG
four- point bear ing with the di men sions 1,300 x 1,500
x 80 mm. 
Ra di al run out < 10 μm, 
Ax ial run out < 25 μm.

Ma chin ing tol er anc es

The four- point bear ing is fit ted ac cord ing to the ac tu al
bear ing di men sions.

Lu bri ca tion, seal ing

The four-point bear ing is ful ly im mersed in oil.

Seal ing by a mul ti ple lab y rinth.
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Ad di tives

Ad di tives are oil-sol u ble sub stanc es add ed to min er al
oils or min er al oil prod ucts. By chem i cal or phys i cal
ac tion, they  change or im prove lu bri cant prop er ties
(ox i da tion stabil ity, EP prop er ties, foam ing, vis cos ity-
tem per a ture be ha vi our, set ting  point, flow prop er ties,
etc.). Ad di tives are also an im por tant fac tor in cal cu lat -
ing the at tain able life (cp. also Fac tor K).

Ad just ed bear ing ar range ment/ Ad just ment

An ad just ed bear ing ar range ment con sists of two sym -
met ri cal ly ar ranged an gu lar con tact bear ings or  thrust
bear ings. Dur ing mount ing, one bear ing ring (for an O
ar range ment, the in ner ring; for an X ar range ment, the
out er ring) is dis placed on its seat un til the bear ing ar -
range ment has the ap pro pri ate ax ial clear ance or the re -
quired pre load. This  means that the ad just ed bear ing
ar range ment is par tic u lar ly suit able for  those cas es
 where a  close ax ial guid ance is re quired, for ex am ple,
for pin ion bear ing ar range ments with spi ral  toothed
bev el  gears.

Align ment

Self-align ing bear ings are used to com pen sate for mis -
align ment and tilt ing.

An gu lar con tact bear ings

The term "an gu lar con tact bear ing" is col lec tive ly used
for sin gle-row bear ings  whose con tact  lines are in clined
to the ra di al  plane. So, an gu lar con tact bear ings are an -
gu lar con tact ball bear ings, ta pered roll er bear ings and
spher i cal roll er  thrust bear ings. Ax ial ly load ed deep
 groove ball bear ings also act in the same way as an gu lar
con tact bear ings.

Ar ca nol (FAG roll ing bear ing greas es)

FAG roll ing bear ing greas es Ar ca nol are  field-prov en
lu bri cat ing greas es.  Their  scopes of ap pli ca tion were de -
ter mined by FAG by  means of the lat est test meth ods
 under a  large va rie ty of op er at ing con di tions and with
roll ing bear ings of all  types. The  Ar ca nol greas es list ed
in the ta ble on page 179 cov er al most all de mands on
the lu bri ca tion of roll ing bear ings. 

At tain able life Lna, Lhna

The FAG cal cu la tion meth od for de ter min ing the at -
tain able life (Lna, Lhna) is  based on DIN ISO 281 (cp.
Mod i fied life). It  takes into ac count the in flu enc es of
the op er at ing con di tions on the roll ing bear ing life and
in di cates the pre con di tions for reach ing en du rance
 strength.
Lna = a1 · a23 · L    [106 rev o lu tions]
and
Lhna= a1 · a23 · Lh [h]
a1 fac tor a1 for fail ure prob abil ity

(DIN ISO 281); 
for a nor mal (10%) fail ure prob abil ity a1 = 1.

a23 fac tor a23 (life ad just ment fac tor)
L nom i nal rat ing life [106 rev o lu tions] 
Lh nom i nal rat ing life [h]
If the quan tities in flu enc ing the bear ing life (e. g. load,
 speed, tem per a ture, clean li ness, type and con di tion of
lu bri cant) are var i able, the at tain able life (Lhna1, 
Lhna2, ...)  under con stant con di tions has to be de ter -
mined for eve ry op er at ing time q [%]. The at tain able
life is cal cu lat ed for the to tal op er at ing time us ing the
for mu la

Lhna = 100
q1 + q2 + q3

Lhna1 Lhna2 Lhna3

FAG 178

Ad just ed bear ing ar range ment 
(O ar range ment)

Ad just ed bear ing ar range ment 
(X ar range ment)

Ad just ed rat ing life cal cu la tion

The nom i nal life L or Lh de vi ates more or less from the
real ly at tain able life of roll ing bear ings. 
There fore, the ad just ed rat ing life cal cu la tion  takes
into ac count, in ad di tion to the load, the fail ure prob -
abil ity (fac tor a1) and oth er sig nif i cant op er at ing con -
di tions (fac tor a23 in the FAG pro ce dure for cal cu lat ing
the at tain able life).
Cp. also Mod i fied life in ac cor dance with DIN ISO 281.
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Ar ca nol roll ing bear ing greas es ·  Chemo-phys i cal data · Di rec tions for use

Ar ca nol Thick en er Base oil Con sis ten cy Tem per a ture  Main char ac ter is tics
Base oil vis cos ity NLGI-  range Typ i cal ap pli ca tions

at 40°C  Class

mm2/s DIN 51818 °C

L12V Calcium/poly urea 130 2 -40...+160 Spe cial  grease for high tem per a tures
Min er al oil

Couplings,  electric ma chines 
(mo tors, gen er a tors)

L71V Lith i um soap ISO VG 3 -30...+140 Stan dard  grease for bear ings with O.D.s > 62 mm
Min er al oil 100

Large  electric mo tors, 
 wheel bear ings for mo tor ve hi cles, ven ti la tors

L74V Spe cial soap ISO VG 2 -40...+100 Spe cial  grease for high  speeds and low tem per a tures
Syn thet ic oil 22

Ma chine  tools, spin dle bear ings, in stru ments

L78V Lith i um soap ISO VG 2 -30...+140 Stan dard  grease for bear ings with O.D.s ≤ 62 mm
Min er al oil 100

Small  electric mo tors, ag ri cul tu ral and con struc tion ma chin ery, 
house hold ap pli anc es

L79V PTFE 400 2 -40...+260 Spe cial  grease for ex treme ly high tem per a tures ( please ob serve 
Syn thet ic oil safe ty data  sheet)

chem i cal ly ag gres sive en vi ron ments

Track roll ers in bak ery ma chines,
pis ton pins in com pres sors, 
kiln  trucks, chem i cal  plants 

L135V Lith i um soap 85 2 -40...+150 Spe cial  grease for high  loads, 
with EP ad di tives high  speeds, high tem per a tures 
Min er al oil

Roll ing  mills, con struc tion ma chin ery,
mo tor ve hi cles, rail ve hi cles, spin ning and grind ing spin dles

L166V Lith i um soap 170 3 -30...+150 Spe cial  grease for high  tem per a tures, 
with EP ad di tives  high loads, oscillating movements
Min er al oil

Rotor blade adjusting mechanisms for wind power stations,  
packaging machinery

L186V Lith i um soap ISO VG 2 -20...+140 Spe cial  grease for ex treme ly high  loads, 
with EP ad di tives 460  me di um  speeds, me di um tem per a tures
Min er al oil

Heav i ly  stressed min ing ma chin ery, 
con struc tion ma chin ery, ma chines with os cil lat ing move ments

L195V Polyurea ISO VG 2 -35...+180 Spe cial  grease for high temperatures, high  loads
with EP ad di tives 460
Synthetic oil Continuous casting plants

L215V Lith i um/calcium ISO VG 2 -20...+140 Spe cial  grease for high  loads, wide speed range, high humidity
soap 220
with EP ad di tives
Mineral oil Rolling mill bearings, rail vehicles

L223V Lith i um/calcium ISO VG 2 -20...+140 Spe cial  grease for ex treme ly high  loads, low  speeds 
soap 1000
with EP ad di tives Heav i ly  stressed min ing ma chin ery, con struc tion ma chin ery, 
Mineral oil par tic u lar ly for im pact  loads and  large bear ings
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Ax ial clear ance

The ax ial clear ance of a bear ing is the to tal pos sible ax -
ial dis place ment of one bear ing ring meas ured with out
load.  There is a dif fer ence  between the ax ial clear ance
of the un mount ed bear ing and the ax ial op er at ing clear -
ance ex ist ing when the bear ing is mount ed and run -
ning at op er at ing tem per a ture.

Base oil

is the oil con tained in a lu bri cat ing  grease. The  amount
of oil var ies with the type of thick en er and the  grease
ap pli ca tion. The pen e tra tion num ber and the fric tion al
be ha vi our of the  grease vary with the  amount of base
oil and its vis cos ity.

Ba sic a23II val ue

The ba sic a23II val ue is the ba sis for de ter min ing fac tor
a23, used in at tain able life cal cu la tion. 

Bear ing life

The life of dy nam i cal ly  stressed roll ing bear ings, as de -
fined by DIN ISO 281, is the op er at ing time un til fail -
ure due to ma te ri al fa tigue (fa tigue life). 
By  means of the clas si cal cal cu la tion meth od, a com -
par i son cal cu la tion, the nom i nal rat ing life L or Lh, is
de ter mined; by  means of the re fined FAG cal cu la tion
pro cess, the at tain able life Lna or Lhna is de ter mined (see
also fac tor a23).

Cage

The cage of a roll ing bear ing pre vents the roll ing ele -
ments from rub bing  against each oth er. It  keeps them
even ly  spaced and  guides them  through un load ed sec -
tions of the bear ing cir cum fer ence.
The cage of a nee dle roll er bear ing also has to  guide
the nee dle roll ers par allel to the axis. In the case of sep -
a ra ble bear ings the cage re tains the roll ing ele ment set,
thus fa cil i tat ing bear ing mount ing. Roll ing bear ing
cag es are clas si fied into the cat e go ries  pressed cag es and
ma chined/mould ed cag es.

Cir cum fe ren tial load

If the ring  under con sid er a tion ro tates in re la tion to
the ra di al load, the en tire cir cum fer ence of the ring is,
dur ing each rev o lu tion, sub ject ed to the max i mum

load. This ring is cir cum fe ren tial ly load ed. Bear ings
with cir cum fe ren tial load must be mount ed with a
 tight fit to  avoid slid ing (cp.  Point load, Os cil lat ing 
load ).
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Clean li ness fac tor s

The clean li ness fac tor s quan ti fies the ef fect of con tam -
i na tion on the at tain able life. The prod uct of s and the
ba sic a23II fac tor is the fac tor a23.
Con tam i na tion fac tor V is re quired to de ter mine s. 
s = 1 al ways ap plies to nor mal clean li ness (V = 1).
With im proved clean li ness (V = 0.5) and ut most
clean li ness (V = 0.3) a clean li ness fac tor s > 1 is ob -
tained from the  right di a gram (a) on page 181,  based
on the  stress in dex fs* and de pend ing on the vis cos ity 
ra tio �. 
s = 1 ap plies to � < 0.4.
With V = 2 (mod er ate ly con tam i nat ed lu bri cant) to 
V = 3 (heav i ly con tam i nat ed lu bri cant), s < 1 is ob -
tained from di a gram (b).

Com bined load

This ap plies when a bear ing is load ed both ra di al ly and
ax ial ly, and the re sult ing load acts, there fore, at the
load an gle �.
De pend ing on the type of load, the equiv a lent dy nam ic
load P or the equiv a lent stat ic load P0 is de ter mined
with the ra di al com po nent Fr and the  thrust com po -
nent Fa of the com bined load.

Cir cum fe ren tial
load on in ner
ring

Cir cum fe ren tial
load on outer
ring

Weight

Imbalance

Imbalance

Weight

Rotating inner ring
Constant load direction

Rotating outer ring
Constant load direction

Stationary inner ring
Direction of load rotating
with outer ring

Stationary outer ring
Direction of load rotating
with inner ring
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Con sis ten cy

Meas ure of the re sis tance of a lu bri cat ing  grease to 
be ing de formed.
Con sis ten cy clas sifi ca tion to NLGI, cp. Pen e tra tion.

Con tact an gle �

The con tact an gle � is the an gle  formed by the con tact
 lines of the roll ing ele ments and the ra di al  plane of the
bear ing. �0 re fers to the nom i nal con tact an gle, i.e. the
con tact an gle of the load-free bear ing. 
 Under ax ial  loads the con tact an gle of deep  groove ball
bear ings, an gu lar con tact ball bear ings etc. in creas es.
 Under a com bined load it chang es from one roll ing ele -
ment to the next.  These chang ing con tact an gles are
tak en into ac count when cal cu lat ing the pres sure dis -
tri bu tion with in the bear ing. 
Ball bear ings and roll er bear ings with sym met ri cal roll -
ing ele ments have iden ti cal con tact an gles at  their in ner
 rings and out er  rings. In roll er bear ings with asym met -
ri cal roll ers the con tact an gles at in ner ring and out er
ring are not iden ti cal. The equi lib ri um of forc es in
 these bear ings is main tained by a  force com po nent
 which is di rect ed to wards the lip.
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Con tact line

The roll ing ele ments trans mit  loads from one bear ing
ring to the oth er in the di rec tion of the con tact  lines.

Di a gram for de ter min ing the clean li ness fac tor s

a Di a gram for im proved to ut most clean li ness
b Di a gram for mod er ate ly con tam i nat ed lu bri cant and heav i ly con tam i nat ed lu bri cant

A cleanliness factor s > 1 is attainable for full-
complement bearings only if wear in roller/roller
contact is eliminated by a high-viscosity lubricant
and utmost cleanliness (oil cleanliness according
to ISO 4406 at least 11/7).
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Con tam i na tion fac tor V

The con tam i na tion fac tor V in di cates the de gree of
clean li ness in the lu bri cat ing gap of roll ing bear ings
 based on the oil clean li ness class es de fined in ISO 4406. 
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If the major part of foreign particles in the oil samples
is in the life-reducing hardness range, which is the case
in many technical applications, the cleanliness class de-
termined with a particle counter can be compared di-
rectly with the values of the table on page 182. If, how-
ever, the filtered out contaminants are found, after
counting, to be almost exclusively mineral matter as,
for example, the particularly harmful moulding sand
or abrasive grains, the measured values must be in-
creased by one or two cleanliness classes before deter-
mining the contamination factor V. On the other
hand, if the greater part of the particles found in the
lubricant are soft materials such as wood, fibres or
paint, the measured value of the particle counter
should be reduced correspondingly.
A defined filtration ratio �x should exist in order to
reach the oil cleanliness required. The filtration ratio is
the ratio of all particles > x μm before passing the filter
to the particles > x μm which have passed the filter. For
example, a filtration ratio �3 ≥ 200 means that in the
so-called multi-pass test (ISO 4572) only one of 200
particles ≥ 3 μm passes the filter.
A filter of a certain filtration ratio is not automatically
indicative of an oil cleanliness class.
According to today’s knowledge the following cleanli-
ness scale is useful (the most important values are in
boldface):

V = 0.3 utmost cleanliness
V = 0.5 improved cleanliness
V = 1 normal cleanliness
V = 2 moderately contaminated lubricant
V = 3 heavily contaminated lubricant

Preconditions for utmost cleanliness (V = 0.3):
- bearings are greased and protected by seals or 

shields against dust by the manufacturer. The life of 
fail-safe types is usually limited by the service life of 
the lubricant.

- grease lubrication by the user who fits the bearings 
into clean housings under top cleanliness conditions, 
lubricates them with clean grease and takes care that 
dirt cannot enter the bearing during operation

- flushing the oil circulation system prior to the first 
operation of the cleanly fitted bearings (fresh oil to 
be filled in via superfine filters) and taking care that 
the oil cleanliness class is ensured during the entire 
operating time

Preconditions for normal cleanliness (V = 1):
- good sealing adapted to the environment
- cleanliness during mounting
- oil cleanliness according to V = 1
- observing the recommended oil change intervals

Possible causes of heavy lubricant contamination (V = 3):
- The cast housing was inadequatly cleaned (foundry 

sand, particles from machining left in the housing.
- Abraded particles from components which are subject 

to wear enter the circulating oil system of the machine.
- Foreign matter penetrates into the bearing due to 

unsatisfactory sealing.
- Water which entered the bearing, also condensation 

water, caused standstill corrosion or deterioration of 
the lubricant properties.

Coun ter guid ance

An gu lar con tact bear ings and sin gle-di rec tion  thrust 
bear ings ac com mo date ax ial forc es only in one di rec tion.
A sec ond, sym met ri cal ly ar ranged bear ing must be used
for “coun ter guid ance”, i.e. to ac com mo date the ax ial
forc es in the oth er di rec tion.

Cur va ture ra tio

In all bear ing  types with a  curved race way pro file the ra -
di us of the race way is slight ly larg er than that of the roll -
ing ele ments. This cur va ture dif fer ence in the ax ial  plane
is de fined by the cur va ture ra tio �. The cur va ture ra tio
is the cur va ture dif fer ence  between the roll ing ele ment
ra di us and the slight ly larg er  groove ra di us.

curvature ratio � = groove radius – rolling element radius
rolling element radius
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Dy nam ic load rat ing C

The dy nam ic load rat ing C (see FAG cat a logues) is a
fac tor for the load car ry ing ca pac ity of a roll ing bear -
ing  under dy nam ic load. It is de fined, in ac cor dance
with DIN ISO 281, as the load a roll ing bear ing can
theo ret i cal ly ac com mo date for a nom i nal life L of 106

rev o lu tions (fa tigue life).
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Dynamic stressing/dynamic load

Rolling bearings are dynamically stressed when one
ring rotates relative to the other under load. The term
„dynamic“ does not refer, therefore, to the effect of the
load but rather to the operating condition of the bear-
ing. The magnitude and direction of the load can re-
main constant. 

When calculating the bearings, a dynamic stress is as-
sumed when the speed n amounts to at least 10 min-1

(see Static stressing).

Endurance strength

Tests by FAG and field experience have proved that,
under the following conditions, rolling bearings can be
fail-safe:
- utmost cleanliness in the lubricating gap 

(contamination factor V = 0.3)
- complete separation of the components in rolling 

contact by the lubricating film (viscosity ratio
� ≥ 4)

- load according to stress index fs* ≥ 8

EP ad di tives

Wear-re duc ing ad di tives in lu bri cat ing greas es and lu bri -
cat ing oils, also re ferred to as ex treme pres sure lu bri -
cants.

Equiv a lent dy nam ic load P

For dy nam i cal ly load ed roll ing bear ings op er at ing
 under a com bined load, the cal cu la tion is  based on the
equiv a lent dy nam ic load. This is a ra di al load for ra di al
bear ings and an ax ial and cen tri cal load for ax ial bear -
ings, hav ing the same ef fect on fa tigue as the com bined
load. The equiv a lent dy nam ic load P is cal cu lat ed by
 means of the fol low ing equa tion:

P = X · Fr + Y · Fa [kN]

Fr ra di al load [kN]
Fa ax ial load [kN]
X ra di al fac tor (see FAG cat a logues)
Y thrust fac tor (see FAG cat a logues)

Equiv a lent stat ic load P0

Stat i cal ly  stressed roll ing bear ings  which op er ate  under a
com bined load are cal cu lat ed with the equiv a lent stat ic
load. It is a ra di al load for ra di al bear ings and an ax ial and
cen tric load for  thrust bear ings, hav ing the same ef fect

with re gard to per ma nent def or ma tion as the com bined
load. The equiv a lent stat ic load P0 is cal cu lat ed with
the for mu la:

P0 = X0 · Fr + Y0 · Fa [kN]

Fr ra di al load [kN]
Fa ax ial load [kN]
X0 ra di al fac tor (see FAG cat a logues)
Y0 thrust fac tor (see FAG cat a logues)

Fac tor a1

Gen er al ly (nom i nal rat ing life L10), 10 % fail ure prob -
abil ity is tak en. The fac tor a1 is also used for fail ure
prob abil ities  between 10 % and 1 % for the cal cu la -
tion of the at tain able life, see fol low ing ta ble.

Fail ure 
prob abil ity % 10 5 4 3 2 1

Fa tigue
life L10 L5 L4 L3 L2 L1
Fac tor a1 1 0.62 0.53 0.44 0.33 0.21

Fac tor a23 (life ad just ment fac tor)

The a23 fac tor is used to cal cu late the at tain able life.
FAG use a23 in stead of the mu tu al ly de pen dent ad just -
ment fac tors for ma te ri al (a2) and op er at ing con di tions
(a3) in di cat ed in DIN ISO 281.

a23 = a2 · a3

The a23 fac tor  takes into ac count ef fects of: 
–  amount of load ( stress in dex fs*), 
– lu bri cat ing film thick ness (vis cos ity ra tio �), 
– lu bri cant ad di tives (val ue K), 
– con tam i nants in the lu bri cat ing gap (clean li ness 

fac tor s),
– bear ing type (val ue K).

The di a gram on page 185 is the ba sis for the de ter mi -
na tion of the a23 fac tor us ing the ba sic a23II val ue. The
a23 fac tor is ob tained from the equa tion a23II · s (s be -
ing the clean li ness fac tor).

The vis cos ity ra tio � = �/�1 and the val ue K are re quired
for lo cat ing the ba sic val ue. The most im por tant zone
(II) in the di a gram ap plies to nor mal clean li ness 
(s = 1).

The vis cos ity ra tio � is a meas ure of the lu bri cat ing film
de vel op ment in the bear ing.
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Fatigue life

The fatigue life of a rolling bearing is the operating time
from the beginning of its service until failure due to ma-
terial fatigue. The fatigue life is the upper limit of service
life.
The classical calculation method, a comparison calcula-
tion, is used to determine the nominal life L or Lh; by
means of the refined FAG calculation process the attain-
able life Lna or Lhna is determined (see also a23 factor).

Fits

The tolerances for the bore and for the outside diame-
ter of rolling bearings are standardized in DIN 620
(cp. Tolerance class). The seating characteristics re-
quired for reliable bearing operation, which are depen-
dent on the operating conditions of the application,
are obtained by the correct selection of shaft and hous-
ing machining tolerances. For this reason, the seating
characteristics of the rings are indicated by the shaft
and housing tolerance symbols. 
Three factors should be borne in mind in the selection
of fits:

1. Safe re ten tion and uni form sup port of the bear ing  rings
2. Sim plic ity of mount ing and dis mount ing
3. Ax ial free dom of the float ing bear ing

The sim plest and saf est  means of ring re ten tion in the
cir cum fe ren tial di rec tion is  achieved by a  tight fit. 
A  tight fit will sup port the  rings even ly, a fac tor  which
is in dis pens able for the full util iza tion of the load car -
ry ing ca pac ity. Bear ing  rings ac com mo dat ing a cir cum -
fe ren tial load or an os cil lat ing load are al ways fit ted
tight ly. Bear ing  rings ac com mo dat ing a  point load may
be fit ted loose ly.
The high er the load the tight er  should be the inter fer -
ence fit pro vid ed, par tic u lar ly for  shock load ing. The
tem per a ture gra di ent  between bear ing ring and mat ing
com po nent  should also be tak en into ac count. Bear ing
type and size also play a role in the se lec tion of the cor -
rect fit.

Float ing bear ing

In a lo cat ing/float ing bear ing ar range ment the float ing
bear ing com pen sates for ax ial ther mal ex pan sion.
Cy lin dri cal roll er bear ings of NU and N de signs, as well
as nee dle roll er bear ings, are  ideal float ing bear ings. Dif -
fer enc es in  length are com pen sat ed for in the float ing
bear ing it self. The bear ing  rings can be giv en  tight fits.
Non-sep a ra ble bear ings, such as deep  groove ball bear -
ings and spher i cal roll er bear ings, can also be used as
float ing bear ings. In such a case one of the two bear ing

 rings is giv en a  loose fit, with no ax ial mat ing sur face
so that it can  shift free ly on its seat.

Float ing bear ing ar range ment

A float ing bear ing ar range ment is an ec o nom i cal so lu -
tion  where no  close ax ial  shaft guid ance is re quired.
The de sign is sim i lar to that of an ad just ed bear ing 
ar range ment. In a float ing bear ing ar range ment, how -
ev er, the  shaft can  shift rel a tive to the hous ing by the
ax ial clear ance s. The val ue s is de ter mined de pend ing
on the re quired guid ing ac cu ra cy in such a way that
det ri men tal ax ial pre load ing of the bear ings is pre vent -
ed even  under un fa vour able ther mal con di tions.
In float ing bear ing ar range ments with NJ cy lin dri cal
roll er bear ings,  length vari a tions are com pen sat ed for in
the bear ings. In ner and out er  rings can be fit ted tight ly. 
Non-sep a ra ble ra di al bear ings such as deep  groove ball
bear ings, self-align ing ball bear ings and spher i cal roll er
bear ings can also be used. One ring of each bear ing –
gen er al ly the out er ring – is giv en a  loose fit.
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s

Grease,  grease lu bri ca tion

cp. Lu bri cat ing  grease

 Grease ser vice life

The  grease ser vice life is the pe ri od from  start-up un til
the fail ure of a bear ing as a re sult of lu bri ca tion break -
down. The  grease ser vice life is de ter mined by the 
–  amount of  grease 
– grease type (thick en er, base oil, ad di tives) 
– bear ing type and size 
– type and  amount of load ing 
– speed in dex
– bear ing tem per a ture 

In dex of dy nam ic stress ing fL

The val ue rec om mend ed for di men sion ing can be ex -
pressed, in stead of in  hours, as the in dex of dy nam ic
stress ing fL. It is cal cu lat ed from the dy nam ic load rat -
ing C, the equiv a lent dy nam ic load P and the  speed 
fac tor fn.
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The fL value to be obtained for a correctly dimen-
sioned bearing arrangement is an empirical value ob-
tained from field-proven identical or similar bearing
mountings.
The values indicated in various FAG publications take
into account not only an adequate fatigue life but also
other requirements such as low weight for leight-
weight constructions, adaptation to given mating
parts, higher-than-usual peak loads, etc. The fL values
conform with the latest standards resulting from tech-
nical progress. For comparison with a field-proven
bearing mounting the calculation of stressing must, of
course, be based on the same former method.
Based on the calculated fL value, the nominal rating life
Lh in hours can be determined.

Lh = 500 · fL
p [h]

p = 3   for ball bear ings

p = 10  for roll er bear ings and nee dle roll er bear ings
3                    

In dex of stat ic stress ing fs

The in dex of stat ic stress ing fs for stat i cal ly load ed bear -
ings is cal cu lat ed to en sure that a bear ing with an ad e -
quate load car ry ing ca pac ity has been se lect ed. It is cal -
cu lat ed from the stat ic load rat ing C0 and the equiv a -
lent stat ic load P0.

fs = C0

P0

The in dex fs is a safe ty fac tor  against per ma nent def or -
ma tions of the con tact ar e as  between race way and the
most heav i ly load ed roll ing ele ment. A high fs val ue is
re quired for bear ings  which must run smooth ly and
par tic u lar ly quiet ly. Small er val ues suf fice  where a
mod er ate de gree of run ning quiet ness is re quired. The
fol low ing val ues are gen er al ly rec om mend ed:

fs = 1.5...2.5 for a high de gree
fs = 1...1.5 for a nor mal de gree
fs = 0.7...1 for a mod er ate de gree
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 Val ue K1

4

3

2

1

0
0 2 4 6 8 10 12

a

K1

fs*

b

c

d

a ball bearings
b tapered roller bearings, cylindrical roller bearings
c spherical roller bearings, spherical roller thrust bearings3), cylindrical roller thrust 

bearings1), 3)

d full complement cylindrical roller bearings1), 2)

1) Attainable only with lubricant filtering corresponding to V < 1, otherwise 
K1 ≥ 6 must be assumed.

2) To be observed for the determination of �: the friction is at least twice the value 
in caged bearings. This results in higher bearing temperature.

3) Minimum load must be observed.

Val ue K2

K2 equals for 0 for lubricants with additives with a corresponding suitability proof.

** With � � 0.4 wear dominates unless eliminated by suitable additives.

K value

The K value is an auxiliary quantity needed to deter-
mine the basic a23II factor when calculating the attain-
able life of a bearing.

K = K1 + K2

K1 depends on the bearing type and the stress index fs*,
see diagram. 

K2 depends on the stress index fs* and the viscosity ra -
tio �. The values in the diagram (below) apply to lu -
bricants without additives and lubricants with additives
whose effects in rolling bearings was not tested.

With K = 0 to 6, the basic a23II value is found on one of
the curves in zone II of diagram 3 on page 185 (cp.
factor a23).

fL = C · fnP        
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Life
Cp.  also Bearing life.

Limiting speed

The limiting  speed is in di cat ed in the FAG cat a logues
also for bear ings for  which – ac cord ing to DIN 732 –
no ref er ence  speed is de fined. 
De ci sive cri te ria for the limiting  speed are e.g. the  strength
lim it of the bear ing com po nents or the per mis sible slid ing
ve loc ity of rub bing  seals. The limiting  speed can be
 reached, for ex am ple, with
– spe cial ly de signed lu bri ca tion
– bear ing clear ance adapt ed to the op er at ing 

con di tions
– ac cu rate ma chin ing of the bear ing  seats
– spe cial re gard to heat dis si pa tion

Load an gle

The load an gle � is the an gle  between the re sul tant 
ap plied load F and the ra di al  plane of the bear ing. It is
the re sul tant of the ra di al com po nent Fr and the ax ial
com po nent Fa:

tan � = Fa/Fr

Locating/floating bearing arrangement

With this bearing arrangement the locating bearing
guides the shaft axially in both directions; the floating
bearing compensates for the heat expansion differential
between shaft and housing. Shafts supported with
more than two bearings are provided with only one lo-
cating bearing; all the other bearings must be floating
bearings.
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Load rat ing

The load rat ing of a bear ing re flects its load car ry ing
ca pac ity. Eve ry roll ing bear ing has a dy nam ic load rat -
ing (DIN ISO 281) and a stat ic load rat ing (DIN ISO
76). The val ues are in di cat ed in the FAG roll ing bear -
ing cat a logues.

Lo cat ing bear ing

In a lo cat ing/float ing bear ing ar range ment, the bear ing
 which  guides the  shaft ax ial ly in both di rec tions is re -
ferred to as lo cat ing bear ing. All bear ing  types  which
ac com mo date  thrust in ei ther di rec tion in ad di tion to
ra di al  loads are suit able. An gu lar con tact ball bear ing
 pairs (uni ver sal de sign) and ta pered roll er bear ing  pairs
in X or O ar range ment may also be used as lo cat ing
bear ings.

Lubricating grease

Lubricating greases are consistent mixtures of thicken-
ers and base oils. The following grease types are distin-
guished:
- metal soap base greases consisting of metal soaps as 

thickeners and lubricating oils,
- non-soap greases comprising inorganic gelling 

agents 
or organic thickeners and lubricating oils

- synthetic greases consisting of organic or inorganic 
thickeners and synthetic oils.

Lubricating oil

Rolling bearings can be lubricated either with mineral
oils or synthetic oils. Today, mineral oils are most fre-
quently used. 

Lubrication interval

The lubrication interval corresponds to the minimum
grease service life of standard greases (see FAG publica-
tion WL 81 115). This value is assumed if the grease
service life for the grease used is not known.

Machined/moulded cages

Machined cages of metal and textile laminated pheno-
lic resin are produced in a cutting process. They are
made from tubes of steel, light metal or textile lami-
nated phenolic resin, or cast brass rings. Cages of
polyamide 66 (polyamide cages) are manufactured by
injection moulding. Like pressed cages, they are suit-
able for large-series bearings.
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Machined cages of metal and textile laminated pheno-
lic resin are mainly eligible for bearings of which only
small series are produced. Large, heavily loaded bear-
ings feature machined cages for strength reasons. Ma-
chined cages are also used where lip guidance of the
cage is required. Lip-guided cages for high-speed bear-
ings are often made of light materials, such as light
metal or textile laminated phenolic resin to minimize
the inertia forces. 

Mineral oils

Crude oils and/or their liquid derivates.
Cp. also Synthetic lubricants.

Mod i fied life

The stan dard Norm DIN ISO 281 in tro duced, in ad -
di tion to the nom i nal rat ing life L10, the mod i fied life
Lna to take into ac count,  apart from the load, the 
in  flu ence of the fail ure prob abil ity (fac tor a1), of the
ma te ri al (fac tor a2) and of the op er at ing con di tions
(fac tor a3). 
DIN ISO 281 in di cates no fig ures for the fac tor a23 (a23
= a2 · a3). With the FAG cal cu la tion pro cess for the at -
tain able life (Lna, Lhna), how ev er, op er at ing con di tions
can be ex pressed in  terms of fig ures by the fac tor a23.

NLGI  class

Cp. Pen e tra tion.

Nom i nal rat ing life

The stan dard ized cal cu la tion meth od for dy nam i cal ly
 stressed roll ing bear ings is  based on ma te ri al fa tigue (for -
ma tion of pit ting) as the  cause of fail ure. The life for -
mu la is:

L10 = L = ( C )p
[106 revolutions]

P     

L10 is the nom i nal rat ing life in mil lions of rev o lu tions
 which is  reached or ex ceed ed by at  least 90 % of a  large
 group of iden ti cal bear ings.
In the for mu la,

C dy nam ic load rat ing [kN]
P equiv a lent dy nam ic load [kN]
p life ex po nent
p = 3 for ball bear ings
p = 10/3 for roll er bear ings and nee dle roll er bear ings. 
Where the bear ing  speed is con stant, the life can be ex -
pressed in  hours. 

Lh10 = Lh = L · 106
[h]

n · 60            

n  speed [min–1]

Lh can also be de ter mined by  means of the in dex of dy -
nam ic stress ing fL. 
The nom i nal rat ing life L or Lh ap plies to bear ings
made of con ven tion al roll ing bear ing  steel and the usu -
al op er at ing con di tions (good lu bri ca tion, no ex treme
tem per a tures, nor mal clean li ness).
The nom i nal rat ing life de vi ates more or less from the
real ly at tain able life of roll ing bear ings. In flu enc es such
as lu bri cat ing film thick ness, clean li ness in the lu bri -
cat ing gap, lu bri cant ad di tives and bear ing type are
tak en into ac count in the ad just ed rat ing life cal cu la tion
by the fac tor a23.

O ar range ment

In an O ar range ment (ad just ed bear ing mount ing) two
an gu lar con tact bear ings are mount ed sym met ri cal ly in
such a way that the pres sure cone apex of the left-hand
bear ing  points to the left and the pres sure cone apex of
the  right-hand bear ing  points to the  right.
With the O ar range ment one of the bear ing in ner
 rings is ad just ed. A bear ing ar range ment with a  large
 spread is ob tained  which can ac com mo date a con sid er -
able tilt ing mo ment even with a  short bear ing dis -
tance. A suit able fit must be se lect ed to en sure dis -
place abil ity of the in ner ring.

189 FAG

Oil/oil lu bri ca tion

see Lu bri cat ing oil.

Op er at ing clear ance

 There is a dis tinc tion made  between the ra di al or ax ial
clear ance of the bear ing  prior to mount ing and the ra -
di al or ax ial clear ance of the mount ed bear ing at op er -
at ing tem per a ture (op er at ing clear ance). Due to  tight
fits and tem per a ture dif fer enc es  between in ner and
out er ring the op er at ing clear ance is usu al ly small er
than the clear ance of the un mount ed bear ing.
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Op er at ing vis cos ity �

Kin e mat ic vis cos ity of an oil at op er at ing tem per a ture.
The op er at ing vis cos ity � can be de ter mined by  means
of a vis cos ity-tem per a ture di a gram if the vis cos ities at
two tem per a tures are  known. The op er at ing vis cos ity
of min er al oils with av er age vis cos ity-tem per a ture be ha -
vi our can be de ter mined by  means of di a gram 1 (page
185).
For eval u at ing the lu bri cat ing con di tion the vis cos ity
ra tio � (op er at ing vis cos ity �/rat ed vis cos ity �1) is  formed
when cal cu lat ing the at tain able life.

Os cil lat ing load

In se lect ing the fits for ra di al bear ings and an gu lar con -
tact bear ings the load con di tions have to be con sid ered.
With rel a tive os cil la to ry mo tion  between the ra di al
load and the ring to be fit ted, con di tions of "os cil lat -
ing load" oc cur. Both bear ing  rings must be giv en a
 tight fit to  avoid slid ing (cp. cir cum fe ren tial load ).

Pen e tra tion

Pen e tra tion is a meas ure of the con sis ten cy of a lu bri cat -
ing  grease.  Worked pen e tra tion is the pen e tra tion of a
 grease sam ple that has been  worked,  under ex act ly de -
fined con di tions, at 25 °C. Then the  depth of pen e tra -
tion – in  tenths of a mil li met re – of a stan dard cone
into a  grease- filled ves sel is meas ured.

Pen e tra tion of com mon roll ing bear ing greas es

NLGI  class  Worked pen e tra tion
(Pen e tra tion class es) 0.1 mm

1 310...340
2 265...295
3 220...250
4 175...205

 Point load

In se lect ing the fits for the bear ing  rings of ra di al bear -
ings and an gu lar con tact bear ings the load con di tions
have to be con sid ered. If the ring to be fit ted and the
ra di al load are sta tion ary rel a tive to each oth er, one
 point on the cir cum fer ence of the ring is al ways sub -
ject ed to the max i mum load. This ring is  point-load ed.
 Since, with  point load, the risk of the ring slid ing on
its seat is mi nor, a  tight fit is not ab so lute ly nec es sary.
With cir cum fe ren tial load or os cil lat ing load, a  tight fit
is im per a tive.

Poly amide cage

Mould ed cag es of  glass fi bre re in forced poly amide
PA66-GF25 are made by in jec tion mould ing and are
used in nu mer ous  large-se ries bear ings. 
In jec tion mould ing has made it pos sible to re al ize cage
de signs with an es pe cial ly high load car ry ing ca pac ity.
The elas tic ity and low  weight of the cag es are of ad van -
tage  where  shock-type bear ing  loads,  great ac cel er a -
tions and de cel er a tions as well as tilt ing of the bear ing
 rings rel a tive to each oth er have to be ac com mo dat ed.
Poly amide cag es fea ture very good slid ing and dry run -
ning prop er ties.
Cag es of  glass fi bre re in forced poly amide 66 can be
used at op er at ing tem per a tures of up to 120 °C for 
ex tend ed pe ri ods of time. In oil-lu bri cat ed bear ings,
ad di tives con tained in the oil may re duce the cage life.
At in creased tem per a tures, aged oil may also have an
im pact on the cage life so that it is im por tant to ob -
serve the oil  change inter vals.

Pre ci sion bear ings/pre ci sion de sign
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 Pressed cage

 Pressed cag es are usu al ly made of  steel, but some times
of  brass, too. They are light er than ma chined met al 
cag es.  Since a  pressed cage bare ly clos es the gap
 between in ner ring and out er ring, lu bri cat ing  grease
can eas i ly pen e trate into the bear ing. It is  stored at the
cage.

Pres sure cone apex

The pres sure cone apex is that  point on the bear ing
axis  where the con tact  lines of an an gu lar con tact bear -
ing inter sect. The con tact  lines are the gen e ra tric es of
the pres sure cone.
In an gu lar con tact bear ings the ex ter nal forc es act, not
at the bear ing cen tre, but at the pres sure cone apex.
This fact has to be tak en into ac count when cal cu lat -
ing the equiv a lent dy nam ic load P and the equiv a lent
stat ic load P0.

The ra di al clear ance  group CN (nor mal) is such that
the bear ing,  under nor mal fit ting and op er at ing con di -
tions, main tains an ad e quate op er at ing clear ance. The
oth er clear ance  groups are:
C2 ra di al clear ance less than nor mal
C3 ra di al clear ance larg er than nor mal
C4 ra di al clear ance larg er than C3.

Rat ed vis cos ity �1

The rat ed vis cos ity is the kin e mat ic vis cos ity at trib ut ed
to a de fined lu bri cat ing con di tion. It de pends on the
 speed and can be de ter mined with di a gram 2 (page
185) by  means of the mean bear ing di am e ter and the
bear ing  speed. The vis cos ity ra tio � (op er at ing vis cos ity
�/rat ed vis cos ity �1) al lows the lu bri cat ing con di tion to
be as sessed (see also fac tor a23).

Reference speed

The (thermal) reference speed is a new index of the
speed suitability of rolling bearings. In DIN 732-1
(draft 1994-12), it is defined as the speed at which the
reference temperature of 70 °C is established. In FAG
catalogue WL 41 520 the standardized reference con-
ditions are indicated which are similar to the normal
operating conditions of the current rolling bearings
(exceptions are, for example, spindle bearings, four-
point bearings, barrel roller bearings, thrust ball bear-
ings). Contrary to the past (limiting speeds), the refer-
ence speed values indicated in the FAG catalogue WL
41 520 now apply equally to oil lubrication and grease
lubrication.
For applications where the operating conditions devi-
ate from the reference conditions, the thermally permis-
sible operating speed is determined.
In cases where the limiting criterion for the attainable
speed is not the permissible bearing temperature but,
for example, the strength of the bearing components
or the sliding velocity of rubbing seals the limiting
speed has to be used instead of the reference speed.

Re lu bri ca tion inter val

Pe ri od af ter  which the bear ings are re lu bri cat ed. The
re lu bri ca tion inter val  should be short er than the lu bri -
ca tion inter val.

Roll ing ele ments

This term is used col lec tive ly for  balls, cy lin dri cal roll -
ers, bar rel roll ers, ta pered roll ers or nee dle roll ers in
roll ing con tact with the race ways.
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Ra di al bear ings

Ra di al bear ings are  those pri mar i ly de signed to ac com -
mo date ra di al  loads; they have a nom i nal con tact an gle
�0 ≤ 45°. The dy nam ic load rat ing and the stat ic load
rat ing of ra di al bear ings re fer to pure ra di al  loads (see
 Thrust bear ings).

Ra di al clear ance

The ra di al clear ance of a bear ing is the to tal dis tance
by  which one bear ing ring can be dis placed in the 
ra di al  plane,  under zero meas ur ing load.  There is a dif -
fer ence  between the ra di al clear ance of the un mount ed
bear ing and the ra di al op er at ing clear ance of the
mount ed bear ing run ning at op er at ing tem per a ture.

Ra di al clear ance  group

The ra di al clear ance of a roll ing bear ing must be adapt -
ed to the con di tions at the bear ing lo ca tion (fits, tem -
per a ture gra di ent,  speed). There fore, roll ing bear ings
are as sem bled into sev er al ra di al clear ance  groups, each
cov er ing a cer tain  range of ra di al clear ance.
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 Seals/Seal ing

On the one hand the seal ing  should pre vent the lu bri -
cant (usu al ly lu bri cat ing  grease or lu bri cat ing oil ) from
es cap ing from the bear ing and, on the oth er hand, pre -
vent con tam i nants from en ter ing into the bear ing. It
has a con sid er able in flu ence on the ser vice life of a bear -
ing ar range ment (cp. Wear, Con tam i na tion fac tor V ).
A dis tinc tion is made  between non-rub bing  seals (e.g.
gap-type  seals, lab y rinth  seals,  shields) and rub bing
 seals (e.g. ra di al  shaft  seals, V- rings, felt  rings, seal ing
wash ers).

Self-align ing bear ings

Self-aligning bearings are all bearing types capable of
self-alignment during operation to compensate for mis-
alignment as well as shaft and housing deflection.
These bearings have a spherical outer ring raceway.
They are self-aligning ball bearings, barrel roller bear-
ings, spherical roller bearings and spherical roller
thrust bearings.
Thrust ball bearings with seating rings and S-type
bearings are not self-aligning bearings because they can
compensate for misalignment and deflections only
during mounting and not in operation.

Separable bearings

These are rolling bearings whose rings can be mounted
separately. This is of advantage where both bearing
rings require a tight fit. 
Separable bearings include four-point bearings, cylin-
drical roller bearings, tapered roller bearings, thrust
ball bearings, cylindrical roller thrust bearings and
spherical roller thrust bearings. 
Non-separable bearings include deep groove ball bear-
ings, single-row angular contact ball bearings, self-
aligning ball bearings, barrel roller bearings and spheri-
cal roller bearings.

Ser vice life

This is the life dur ing  which the bear ing op er ates re li ably.
The fa tigue life of a bear ing is the  upper lim it of its serv -
ice life. Of ten this lim it is not  reached due to wear or lu -
bri ca tion break down (cp.  Grease ser vice life).

 Speed fac tor fn

The aux il iary quan tity fn is used, in stead of the  speed 
n [min–1], to de ter mine the in dex of dy nam ic stress ing, fL.

fn =
p

√ 33 1/3
n         

p = 3 for ball bearings

p = 10 for roller bearings and needle roller bearings
3

Speed in dex n · dm

The prod uct from the op er at ing  speed n [min–1] and
the mean bear ing di am e ter dm [mm] is main ly used for
se lect ing suit able lu bri cants and lu bri cat ing meth ods. 

dm = D + d [mm]
2                

D bear ing out side di am e ter [mm]
d bear ing bore [mm]

Speed suit abil ity

Gen er al ly, the max i mum at tain able  speed of roll ing
bear ings is dic tat ed by the per mis sible op er at ing tem -
per a tures. This lim it ing cri ter ion  takes into ac count the
ref er ence  speed. It is de ter mined on the ba sis of ex act ly
de fined, uni form cri te ria (ref er ence con di tions) in ac -
cor dance with DIN 732-1, ( draft 1994-12). 
In cat a logue WL 41 520 “FAG Roll ing Bear ings” a ref -
er ence is made to a meth od  based on DIN 732-2 (draft
1994-12), for de ter min ing the ther mal ly per mis sible op -
er at ing  speed on the ba sis of the ref er ence  speed for cas es
 where the op er at ing con di tions (load, oil vis cos ity or
per mis sible tem per a ture) de vi ate from the ref er ence
con di tions. 
The limiting  speed is in di cat ed also for bear ings for
 which – ac cord ing to DIN 732 – no ref er ence  speed is
de fined, e. g. for bear ings with rub bing  seals.

Spread

Gen er al ly, the  spread of a ma chine com po nent sup -
port ed by two roll ing bear ings is the dis tance  between
the two bear ing lo ca tions.  While the dis tance  between
deep  groove ball bear ings etc. is meas ured  between the
bear ing cen tres, the  spread with sin gle-row an gu lar
con tact ball bear ings and ta pered roll er bear ings is the
dis tance  between the pres sure cone apex es.
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Static load/static stressing

Static stress refers to bearings carrying a load when sta-
tionary (no relative movement between the bearing
rings).
The term „static“, therefore, relates to the operation of
the bearings but not to the effects of the load. The 
magnitude and direction of the load may change. 
Bearings which perform slow slewing motions or ro -
tate at a low speed (n < 10 min-1) are calculated like
statically stressed bearings (cp. Dynamic stressing).

Static load rating C0

The static load rating C0 is that load acting on a statio-
nary rolling bearing which causes, at the centre of the
contact area between the most heavily loaded rolling
element and the raceway, a total plastic deformation of
about 1/10,000 of the rolling element diameter. For
the normal curvature ratios this value corresponds to a
Hertzian contact pressure of about 
4,000 N/mm2 for roller bearings,
4,600 N/mm2 for self-aligning ball bearings and
4,200 N/mm2 for all other ball bearings.
C0 values, see FAG rolling bearing catalogues.

Stress index fs*

In the attainable life calculation the stress index fs* re-
presents the maximum compressive stress occurring in
the rolling contact areas.

fs* = C0/P0*

C0 static load rating [kN]
P0* equivalent bearing load [kN]
P0* = X0 · Fr + Y0 · Fa [kN]
Fr dynamic radial force [kN]
Fa dynamic axial force [kN]
X0 radial factor (see catalogue)
Y0 thrust factor (see catalogue)

Syn thet ic lu bri cants/syn thet ic oils

Lu bri cat ing oils pro duced by chem i cal syn the sis;  their
prop er ties can be adapt ed to meet spe cial re quire -
ments: very low set ting  point, good V-T be ha vi our,
 small evap o ra tion loss es, long life, high ox i da tion
stabil ity.

Tan dem ar range ment

A tan dem ar range ment con sists of two or more an gu lar
con tact bear ings  which are mount ed ad ja cent to each
oth er fac ing in the same di rec tion, i.e. asym met ri cal ly.
In this way, the ax ial  force is dis trib ut ed over all bear -
ings. An even dis tri bu tion is  achieved with uni ver sal-
de sign an gu lar con tact bear ings.

Ther mal ly per mis sible op er at ing  speed

For ap pli ca tions  where the  loads, the oil vis cos ity or the
per mis sible tem per a ture de vi ate from the ref er ence
con di tions for the ref er ence  speed the ther mal ly per mis -
sible op er at ing  speed can be de ter mined by  means of
di a grams.
The meth od is de scribed in FAG cat a logue WL 41 520.

Thick en er

Thick en er and base oil are the con stit u ents of lu bri cat -
ing greas es. The most com mon ly used thick en ers are
met al  soaps (e. g. lith i um, cal cium) as well as poly urea,
PTFE and mag ne sium al u min ium sil i cate com pounds.

 Thrust bear ings

Bear ings de signed to trans mit pure or pre dom i nant ly
 thrust load ing, with a nom i nal con tact an gle �0 > 45°,
are re ferred to as  thrust bear ings.
The dy nam ic load rat ing and the stat ic load rat ing of
 thrust bear ings re fer to pure  thrust  loads (cp. Ra di al
bear ings).

Tol er ance  class

In ad di tion to the stan dard tol er ance (tol er ance  class
PN) for roll ing bear ings  there are also the tol er ance
class es P6, P6X, P5, P4 and P2 for pre ci sion bear ings.
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The stan dard of pre ci sion in creas es with de creas ing
tol er ance num ber (DIN 620).
In ad di tion to the stan dard ized tol er ance class es FAG
also pro duc es roll ing bear ings in tol er ance class es P4S,
SP (su per pre ci sion) and UP ( ultra pre ci sion).

Uni ver sal de sign

Special design of FAG angular contact ball bearings.
The position of the ring faces relative to the raceway
bottom is so closely toleranced that the bearings can be
universally mounted without shims in O, X or tandem
arrangement.
Bearings suffixed UA are matched together in such a
way that unmounted bearing pairs in O or X arrange-
ment have a small axial clearance. Under the same con-
ditions, bearings suffixed UO feature zero axial clear-
ance, and bearings suffixed UL a light preload. If the
bearings are given tight fits the axial clearance of the
bearing pair is reduced or the preload increased. 

Vis cos ity

Vis cos ity is the most im por tant phys i cal prop er ty of a
lu bri cat ing oil. It de ter mines the load car ry ing ca pac ity
of the oil film  under el as to hy drod y nam ic lu bri cat ing
con di tions. Vis cos ity de creas es with ris ing tem per a ture
and vice-ver sa (see V-T be ha vi our). There fore it is nec -
es sary to spec i fy the tem per a ture to  which any giv en
vis cos ity val ue ap plies. The nom i nal vis cos ity �40 of an
oil is its kin e mat ic vis cos ity at 40 °C. 
SI  units for the kin e mat ic vis cos ity are m2/s and
mm2/s. The for mer ly used unit Cen ti stoke (cSt) cor re -
sponds to the SI unit mm2/s. The dy nam ic vis cos ity is
the prod uct of the kin e mat ic vis cos ity and the den sity
of a  fluid (den sity of min er al oils: 0.9 g/cm3 at 15 °C).

Vis cos ity ra tio �

The vis cos ity ra tio, be ing the quo tient of the op er at ing
vis cos ity � and the rat ed vis cos ity �1, is a meas ure of the
lu bri cat ing film de vel op ment in a bear ing, cp. fac tor a23.

Vis cos ity-tem per a ture be ha vi our (V-T be ha vi our)

The term V-T be ha vi our re fers to the vis cos ity vari a -
tions in lu bri cat ing oils with tem per a ture. The V-T be -
ha vi our is good if the vis cos ity var ies lit tle with chang -
ing tem per a tures.

Wear

The life of roll ing bear ings can be ter mi nat ed,  apart
from fa tigue, as a re sult of wear. The clear ance of a
worn bear ing gets too  large. 
One fre quent  cause of wear are for eign par ti cles  which
pen e trate into a bear ing due to in suf fi cient seal ing and
have an abra sive ef fect. Wear is also  caused by  starved
lu bri ca tion and when the lu bri cant is used up. 
There fore, wear can be con sid er ably re duced by pro -
vid ing good lu bri ca tion con di tions (vis cos ity ra tio
� > 2 if pos sible) and a good de gree of clean li ness in
the roll ing bear ing.  Where � ≤ 0.4 wear will dom i nate
in the bear ing if it is not pre vent ed by suit able ad di -
tives (EP ad di tives).

X ar range ment

In an X ar range ment, two an gu lar con tact bear ings are
mount ed sym met ri cal ly in such a way that the pres sure
cone apex of the left-hand bear ing  points to the  right

and that of the  right-hand bear ing  points to the left.
With an X ar range ment, the bear ing clear ance is ob -
tained by ad just ing one out er ring. This ring  should be
sub ject ed to  point load be cause, be ing dis place able, it
can not be fit ted tight ly (Fits). There fore, an X ar range -
ment is pro vid ed  where the out er ring is sub ject ed to
 point load or  where it is easi er to ad just the out er ring
than the in ner ring. The ef fec tive bear ing  spread in an
X ar range ment is less than in an O ar range ment.
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