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The invention :celates to a bearing support for a drive rootar of a minifan 
accoming to the preanble of cUrlm 1 and to a bearing support for a 
oamutatorless direct rurrent rootor accom:ing to the preanble of claim 2. 

A minifan is e.g. describai :in DE-A-33 40 292. 

The bearing support of the drive rootor shaft :in such fans takes place in 
ball bearings or slide bearings, which are general1y :reta:inErl :in a bearing 
support tube. In particular in the case of long-temi operation, with high 
tatperatu:re differences ariJ./or higher speeds the bearings are subject to 
loosening :in their seats, particular1y in :injection IOOUlded casings, and 
cause an :increasing aoount of operating noise, so that finally either the 
entire fan or at least the bearings nust be replaced. 

This prob1em exists both with meta1 casings maie f:can alloys of zinc (Zanak), 
magnesium, aluniniun ariJ. with plastic casings, i.e. in the case of mater­
ials which are subject to so-called cold fl.ow or which have wide1y diff­
ering thennal expansion coefficients with :respect to the bearing parts, 
i.e. particular1y :in the case of plastics. This p:robl.an is maie worse by 
the heat losses of the rootor. 

It is not possible to produce p:recise1y a1igned bearing seats in plastic 
injection IOOUldings. Due to the limited possible angular displacenent of 
the bearing rings with respect to one another, it is possible to fit ba11 
bearings, rut a satisfactm:y qua1ity is m1y ensw:ei for a :relatively short 
q;>erating time. In the case of slide bearings the poor alignment is not 
ocnpensatErl and the bearing seats have to be :ref:inished. 

GB-A-1 154 812 discloses a fan, in which the bearing tube is maie f:can 
sintered meta1 and is given an extemal dianeter such that it is rigidly 
held by press fit in a support tube. No bracing or spring means are pro­
vided for holding the bearing tube in the support tube. 

Ol-A-623 965 discloses an electric minimotorwith a plastic bearing rush, 
which is inserted in a bearing :receptacle in the :retum imn and is axially 
fixErl by a flange. 

~· The probl.an of the present invention is to so construct the bearing support 
of a drive rootor of a minifan or the bearing support of a ocmnutatorless 
direct current rootor, that there is no need for a machining :refinishing of 
the bearing seats and the pi:eparation for the assanb1y with the sane is 
in itself sjnple and also any axial clearance occurring in operation is 
autanatically ccnpensatErl. 

In the case of a bearing support accoming to the preanble of cla:ims 1 or 
2, this p:robl.an is inventive1y solved by the features contained :in the 
characterizing parts thereof. Advantageous further developnents of the 
invention can be gathered f:can the subcla:ims. 

With the solution of the p:robl.an accoming to the characterizing part of 
cla:i.ms 1 or 2 the me-piece slide bearing unit in the fozm of a sintered 
bearing provides a particularly large :rese:rvoir for lubricating oil. Thus, 
the oil is better :retainErl in the sintered material po:res than in other 
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resez:voirs (e.g. felt, g:r:ease, etc.). In a:liition, m heating, e.g. felts 
lose the oil rruch more rapidly than sintenrl bearings. 

Bnbodiments of the invention are described in greater detail hereinafter 
relative to the drawings, wherein show: 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Figs. 5 
to 8 

An anbodiment of a fan in axial plan view. 

A partial section along the line II-II in fig. 1. 

A l.axger-scale, broken-away sectional view of a first 
anbod.iment of the inventive bearing support for a shaft in 
a fan. 

A l.aJ:ger-scale, broken-away sectional view of a seoond 
anbod.iment of the inventive bearing support for a shaft 
in a fan. 

Four further anbcxUments in a sinple :representation as in 
fig. 3. 

Identical or identically acting parts are given the sane refeJ:ences 
hereinafter. The expressions top, bottan, right and left relate to the 
representation of the particular drawing. 

A fan 1 (figs. 1 and 2) acnprises a casing 2, which fODllS a flow channel 
surrounding an :inpeller and whose webs 3 are connected to a flange 4 m 
which is provided a bearing support tube 5. Preferably the casing 2, the 
webs 3, the flange.4 and the bearing support tube 5 are constructed in one 
piece as a plastic injection 100Ulding, rut in certain cases construction 
as a metal die-cast part is possible. A drive shaft 6 (fig. 2) is fixed 
to the rotor of the drive Irotor. To the rotor is fixed the :inpeller with 
blades 7 (dot-dash line). 

Fig. 3 shows a l.aJ:ger-scale part sectional view of the bearing support for 
the shaft 6. The bearing support tube 5 is omstructed in such a way that 
it is suitable for the use of slide bearings and ball bearings. At its 
upper end 8 the bearing support tube 5 has a first bearing seat 9. This 
is followed towams the lower end 10 by a first shoulder 11, a bore 12 
with a snaller dianeter than the bearing seat 9, at a given, axial spacing 
a seoond. shallder 13 and finally second bearing seat 14, preferably having 
the sane dianeter as the bearing seat 9, so that if necessary ball bearings 
can be inserted (e.g. for very high speeds) • 

A slide bearing in the fcmn of a pxeferably sintexed, me-piece slide 
bearing mit 15 is inserted in the bearing support tube 5, which has a 
through bearing bore 16, which serves as a :running surface for the shaft 6. 
en me face the bearing tmit 15 is provided with an eKtension 17, whose 
eKternal dianeter corresponds to that of the bearing seat 9 of the bearing 
support tube 5, i.e. the eKtension 17 can be fitted with mediun sliding 
fit in the bearing seat 9. The latter rcdially guides the bearing \Bl.it 15. 
en the other face the bearing mit 15 is provided with a flanged-over or 
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upsettable rim 18 (in -broken line fonn) , which after inserting the bearing 
unit 15 in the bearing support tube 5 and inserting a spring element 18, 21 
is flanged-over or upset in the axial direction. 

This centring extension 17 has been placed al the bearing support tube end 
a1.jacent to the s:ide of thebottan of a bell-shaped :rotor 25 of the external 
:rotor rootor, in or:der to absom and a.tppOrt the :rotacy mass with unbalance. 

01.e s:ide i.e. the left-hand s:ide of fig. 3 shows the use of the spring 
element, which is here constructed as a coil spring 19 with a round wire 
cross-section. This coil spring 19 engages with the necessai:y pressure 
axially al the ooe hand al the plane Slrface of the shculder 13 of the 
bearing support tube 5 and al the other oo a disk 20, which is held by the 
rim 18. 

In place of the coil spring 19, al the right-hand s:ide of fig. 3 is prov:ided 
a corresponding ooil spring 21 with a square wire cross-section, which makes 

it possible to econanize al the disk 20. The spring element constituted 
trf the coil spring 19 or 21 axially fixes the bearing mit 15, i.e. the 
spring element is so designed that sa:id unit is ahfays pressed against the 
bearing surface of the shoulder 11, even in the case of a length change of 
the bearing support tube 5 (e.g. due to thennal or rooisture influences). 
This is very jmportant for plastic bearing support tubes, rut this a1.van­
tageous effect is also obtained for metal beai:ing support tubes. 

Fig. 4 shows another anbod.iment of a sl:ide bearing unit 35, which has at 
ale end an extension 37 (corresponding to the extensioo 17 oo the bearing 
unit 15) , whilst at the other end is p:rov:ided a snaller external dianeter 
extension 38. After inserting the bearing unit 35 .in the bearing support 
tube 3, a locking disk 39 is engaged CNer the extension 38 up to the plane 
surface 13 and the inner segments 40 of the locking disk 39 engage in the 
circumferential surface·of the extension 38 and consequently axially fix 
the sl:ide bearing tmi t 35. Thus, here the locking disk 39 acts in the sane 
way as the aforementioned coil springs 19 or 21. 

01.e of the following possibilities can be a1.opted for preventing :rotation: 

\,___,, a) three or roore teeth 41 end face sintered aito the plane surface 22 
(cf. figs. 3 and 4), which a:re pressed in on engaging the bearing unit 
15, 35 in the bearing surface of the shoulder 11, or 

b) s.imilar teeth 42 fitted to the dianeter of the bore 9, or 

c) the bearing surface of the shculder 11 is serrated throughout, so that 
the friction is significantly increased. 

Axially the shaft 6 is secured in one direction by means of a thrust washer 
43 and a retaining ring 44, whereas in the opposite direction the :rotor 25 
of the drive rootor engages on the bearing mit 15, 35. 

Fig. 5 shows another possibility for inventively incorporating a slide 
bearing unit 55 in an injection rooulded casing in such a way that d:imen­
sional changes to said casing (in this case the bearing support tube 5) are 
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autanatically carpensated and that no cutting finishing is necessary with 
respect to the manufacture and installation of the slide bearing mi t. The 
bearing support tube 5 bas a conical bearing seat for injection nnildllig 
reasons. Axially parallel longitudllial ribs 51 provided oo the wall pennit 
a subsequent Galibration for producing a cyliOOrical bearing seat 49, whose 
depth is lJmited by a flange 48. A through-hole 50 is provided for the 
fitting of the shaft 6. After insertion (mediun sliding fit) of the slide 
bearllig mit 55 in the bearing seat 49 up to the flange 48, a locking cap 
45 is so inb:oducErl. into the bearing seat 49, that it is oo the ooe band 
anbedded :in the wall of bearmg seat 49 and thei:ef ore excludes any axial 
displacement at this pollit and en the other hand sprllig projections 46 of 
the locking cap 45 press the slide bearing mit 55 axially against the 
flange 48. 

Fig. 6 shows an inventive enbcxl:iment :in which between the flange 48 and 
cne face of the slide bearing mit 55 a coil spring 19' is so inserted that 
it exerts an axial pressure on the slide bearing mit 55. On the opposite 
face of said slide bearing mit is fitted a locking el.anent 47, which tooth­
engages in the wall of the bearing seat and consequently fixes the mit 55 
fran this side. Hei:e and also :in the aforementioned anbod:iments, the bear­
ing support tube 5 is mcrle fran injection nnildable material, such as e.g. 
plastic, aluniniun or magnesiun alloys, Zanak, etc. 

The :inventive bearing support is a:ivantageous whenever very different expan­
sion coefficients and other factors, such as e.g. shrinkage, cold flow, 
moisture absoz:ption, etc. occur, which is particularly the case with plas­
tic injection rooulded casings. 

Due to the minimum heat losses with plastic casings, i.e. also plastic 
bearllig support tubes, the drive motor is particularly a:ivantageously 
constituted by a camutatorless direct rurrent motor for single or dwble­
pulse cperation with a so-called auxili.acy reluctance llKJllent, which is 
brought about in that the electrodynanic nanent fran the stator windllig 
only has an altemating field and the magnetic.resistance of the magnetic 
circuit in the stator area is so changed over the :rotation position of the 
.in'peller that magnetic ene:cgy is stoxed for as long as thei:e is a pulsewise 
drive of the elect:rodynanic m::ment and in the pulse gaps the stored magnetic 
ene:cgy is freed agalli accmpanied by tozqu.e fonnation through the cooper­
ation of the :rotor pemianent magnets and the stator iron. 

Such motors are described in detail in DE-B-22 25 442 and DE-C-23 46 380 
(= Ol-A-597 715) and :in the joumal "asr-digest", No. 1-2/77, etc. These 
motors are cdvantageously external :rotor motors, in whose :rotor is provided 
a pennanent magnet in the fo:r:m of a pennanent magnet ring or a pennanent 
magnet band bent in circular manner. Magnetization is a:ivantageously 
trapezoidal or appmx.imately trapezoidal over the pole pitch in the case of 
a relatively snail pole gap. However, it is possible :in the sane way to 
use other pe:r:manent magnets, e.g. bonded-in half-shells, etc. The elec­
tronics for regulating such a motor (described in DE-A-30 10 435) requires 
less ocmponents than conventional d.c. motors of this type. It is therefore 
possible to hoose the electronics for switching the motor withlll the 
external d:imensions of the casing 2 of the fan 1 and nanely within the 
motor, particularly m the vicinity of the flange 4. EP-A-84 156 describes 
a camutator circuit with few elanents which can be used to particular 
a:ivantage here. 
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In place of the aforSnentioned dcuble-pulse cafuiitatorless d.c. rootor with 
auxilial:y reluctance manent (cf. DE-C-23 46 380) , it is also possible to 
cperate with a druble-pulse oamutatorless d.c. rootor withrut an auxilia:cy 
reluctance manent (cf. DE-A-27 30 142) • Also in conjunction with such a 
rootor the central bearing tube can be maie fran plastic and can be injec­
tion moo.lded in one piece with the flange, webs and cuter casing. However, 
it is particularly cdvantageous to use a dcuble-pulse auxilial:y reluctance 
manent motor, because its efficiency is particularly high (particularly 
if ooosb:ucted accoming to DE-C-23 46 380) and whose heating is oorres­
pondingfy low, which ensu:res a :relatively high bearing tube stability. An 
even older drive motor is also cdvantageous in conjunction with the present 
invention and also enly requires ene rotor position sensor and which is 
constructed accoming to DE-C-1 276 796. 

Clearly the cuter contour of the fan casing has no influence en the 
bearing support tube stability and the hrusing of the oamutation elec­
tronics within the rootor. Fig. 7 shows a c:iroular casing 2, i.e. the no;t 
general shape. for a point symnetrical cuter contour. A so-called single­
pulse rootor is described in DE-A-22 60 069. 

In fig. 7 the one-piece bearing unit 15 is inserted fran the side of the 
flange 4 so as to abut against the face of the shc:ulder 13 in the bearing 
support tube 5 which, together with the flange 4, the webs, the sun:ounding 
casing 2, as in fig. 8 (and also preferably the.other anbodirnents) is 
injection rooulded in one piece fran plastic. The sliding fit in a cylin­
drical surface 121 extends an either side of the axial centre of the bearing 
unit (sinterErl. body 15) approx.imately over half the total axial length 
the:reof. A cross-sectionally S-shaped coll.Br-like part 119 maie fran spring 
steel or the like centres .the left-hand end of the bearing unit 15 in the 
"bore" 112' and secures the sane against .iru:rlmissibly large axial displace­
ments by hooking its rcrlially inner, sharp edge in a cylindrical surface 
117, i.e. in the relatively soft sinterErl. body metal. 

Fig. 8 shows an anbodiment which is s:irnilar to fig. 7. The bearing support 
tube 5 is connected. in ooe piece to the plastic casing, e.g. via the flange 
4. A stator plate package 105 is located en its cuter face. In the case 
of such me-piece plastic casings (like carpooents 2, 3 and 4 with the 
plastic bearing support tube 5), ball bearings are fundanentally to be 
braced. However, it is decisive that the :cunning surfaces 115 and 116 of 
the shaft 6 or the bearing unit 15 are well aligned, so that the :inprecision 
of the plastic inject~ moo.lded casing has no detrimental effect on the 
bearing quality. m>#1e anbodiment of fig. 8 the bearing unit 15 is inser­
ted in the tube 5 :fron the flange 4. The plastic bearing support tube 5 
has a oootour which is also suitable for the ball bearings. The bearing 
support tube 5 has two faces 9 and 112 offset on the shculders 13 and 11. 
It is here a question of the one-piece sinterErl. bearing body fonning the 
slide bearing unit 15 to be inserted in the cylinder with the face 9 so 
as to tightly engage :in arutting manner on the face 13. Faces 106 and 9 
shculd at least have a certain concentricity with :respect to one another. 
If this is ensured the bearing support of the rotor :in the bearing unit 15 
shculd not cause any p:coblan, at least not :in the case of fans with roc>to:rs 
having a relatively la:cge air gap, e.g. dcuble-pulse reluctance manent 
·roc>to:rs (or other single or druble-pulse oamutatorless d.c. rurrent moto:rs, 
as indicated hereinbefore). The bearing unit 15 is offset. It has an 
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intennediate piece with a cylindrical outer face in its axial centre and 
the :running or cylindrical sliding faces 115 and 116, which can also fonn a 
ttu:otigh sliding bearing face (aligned fnm 115 to 116) • The faces 115, 116 
need not.necessarily be ciligned with cne another, but they should be 

coaxial to cne another to a high degree. The tubular bearing \lllit 15 to 
be iilserted in the bearing tube 5, after striking against the shoulder 13, 
is centred en the other side at the shoulder 11 by a ring 110 (e.g. na:Ie 
fnm PeJ:bt.man) and is th.en secured in spaced manner via an intemtediate 
element 111 in a cylindrical z:ecess fomting the face 112. The intennediate 
elanent 110 could also be an cdditional lnbricant mservoir, i.e. a corres­
poridingly constructed porous ring bcxiy, and also a spring spacing elanent 
which can be purchased fnm the catalogue as a mass p:roduced article and m 
th0 manner shown in f:ig. 7. 

With such a cne-piece sintered bearing/plastic bearing support tube of the 
casing in one piece therewith ( 2 to 4) or also in metal bearing tube casings 
with not cdequately aligned or not aiequately coaxial bearing seats, such a 
cne-piece sintered bearing construction 1eais to an econanic solntion 
aivantageous for mass p:roduction and i:equiring no mechanical working. Due 
to the .injection rooulding procedure the face 12 can be conical, whereas 
faces 9 and 112 can be cylindrical, i.e. they can be na:le aiequately accur­
ately cylindrical by non-cutting calibration as a bearing seat. This is 

particularly easily achieved with the afo:canentioned longitudinal ribs 51 
.in the face 9. The seat face 106 should also be to sane extent concentric. 

The invention is aivantageously generally usable for a cannutatorl.ess d.c. 
motor and specifically such a m:>tor rrounted m plastic bearing parts and is 

not .restricted to a minifan, although the above anbod:irnents relate to such 
a fan. 



. . 

~· 

- 7 -

CIA IMS 

1. Bearing support for the drive rootor of a minifan with a bearing support 
tube ( 5) sei:ving as the rooun t:ing 6upport for the rootor shaft ( 16) , :in which 
(a) the bear:ing support of the shaft (6) is constructed as a bearing unit 
(15, 35, 55) and 
(b) the bearing mpport tube (5) is connected to a retaining flange (4), 
characterized :in that 
( c) at least :in an axial partial region of the bearing support tube ( 5), 
the bearing unit (15, 35, 55) is radially fixed with respect to said part 
of the bearing support tube ( 5) by a sliding fit, 
(d) the bearing support tube ( 5) and the retaining flange ( 4) are produ~ 
:in one piece f:ron :injection roouldable material and 
(e) with the tension of at least one spring element (19, 21, 39, 46), the 
bearing unit ( 15, 35, 55) is w:ged aga:inst a s~ member ( 11, 48). 

2. Bearing support for a oamutatorless direct current rootor with a 
bearing support tube ( 5) sezving as the mount:ing for the shaft ( 16), :in 
which 
(a) the bearing support of the shaft (6) is constructed as a bearing unit 
(15, 35, 55) and 
(b) the bearing support tube ( 5) is connected to a reta:ining flange ( 4) , 
characterized :in that 
( c) at least :in an axial partial region of the bearing mpport tube ( 5) , 
the bearing unit (15, 35, 55) is radially fixed by a sliding fit to this 
part of the bearing support tube ( 5), 
(d) the bearing support tube (5) and the reta:ining flange (4) are produced 
:in one piece f:ron :injection roouldable material and 
(e) with the tension of at least one spring element (19, 21, 39, 46) the 
bearing unit ( 15, 35, 55) is urged against a stop member ( 11, 48 ) • 

3. Bearing support accoming to claim 1, :in which the minifan is con­
structed as an axially canpact fan with the central rootor, particularly a 
camutatorless direct current rootor, secured by means of the retaining 
flange (4) and the bearing support tube (5), and an inpeller (7) fixed 
thereto, th~ fan casing ( 2) fonning a flow duct surrounding the :inpeller ( 7) , 
characterizeCt-m--that the bear:ing unit is constructed as a one-piece slide 
bearing unit ( 15 I 35 I 55) • 

4. Bearing support accom:ing to one of the claims 1 to 3, characterized in 
that the spr:ing element is a ooil spring (21) with square wire cross­
section and engages en the one hand axially against a face (13) of the 
bearing support tube (5) and on the other aga:inst a flanged-over or upset 
rim ( 18) of the bearing unit ( 15) under pressure. 

5 • Bearing support accommg to cla:irn 4 I characterized :in that the coil 
spring (19) has a :cuund wire cross-section and between the rim (18) and the 
coil spring (19) is also p:>sitioned a disk (20). 

6. Bearing support accoming tO ene of the claims 1 to 3, characterized in 
that the spring elanent is a locking disk ( 39), which en the one hand 
engages en the outer wall of the bearing unit (35) and m the other acts 
against the face (13) of the bearing support tube (5) with axial pressure. 

1111\11111111\ 111\1111\1 \I Ill\ 
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7. Bearing support accoming to one of the preceding cla:ims, characterized 
in that the bearing unit (15, 35) has at least ooe raised point (42) with 
respect to the cuter c:irclDlference of a l.a:cger dianeter extension ( 17, 37). 

8. Bearing support acoo:cding to one of the cla:ims 1 to 6, characterized in 
that there are at least three protuberances (41) oo a plane surface (22) 
engaging oo a shoolder (ll) of the bearing unit (15, 35). 

9. Bearing support acoo:cding to one of the cla:ims 1 to 3, characterized in 
that the bearing unit (55) is pressed by means of the spring projections 
(46) of a retaining cap (45) in axial manner against a flange of the bearing 
support tube ( 5) • 

10. Bearing support acco:cding to cla:im 9, · characterized in that the bearing 
unit (55) on the one hand axially engages against a locking element (47) 
and oo the other is subject to the actial of an axially acting spring 
(19, 21), which engages on one side on the flange (48) and oo the other 
side presses against the bearing unit (55). 

11. Bearing support acco:cding to one of the cla:ims 1 to 10, Characterized 
in that the rrotor is a camutatorless direct rurrent IOOtor for smgle or 
dcuble-pulse operation. 

12. Bearing support according to one of the precaiing cla:ims, characterized 
in that the bearing unit (35) is secured against axial displacenent by 
means of a locking element (39), which positively engages ll1 its cuter 
face. 

13. Bearing support according to one of the preceding cla:ims, characterized 
in that the bearing unit ( 35) is fixed agallist axial displacanent by means 
of an elanent ( 39, 119) , which acts radially thereon by means of force 
closure.· 

14. Bearing support acoo:cdmg to one of the precaiing cla:ims, characterized 
in that the axial partial region is located in the vicinity of one end of 
the bearmg support tube (5), which is aijacent to the :impeller lrub, part­
icularly the bottan of a bell-shaped extemal rotor (25). 

15. Bearmg support acoo:cding to cla:im 14, characterized in that the spring 
elements (19, 21, 45, 46) and/or the locking elements (39, 47) are 
provided in the vicmity of the other end of the bearing support tube ( 5) 
and m particular oo the side of the flange ( 4) • 

16. Bearing support acco:cding to ooe of the cla:ims 1 to 13, characterized 
in that the partial region is located about the axial centre of the bearing 
support tube ( 5) • 

17. Bearmg support acco:cding to ooe of the claims 1 to 14, characterized 
in that the spring elements and/or locking elanents (19, 21, 45, 46) are 
provided in the vicinity of the end of the bearing support tube ( 5) 
axially ranote f::can the flange ( 4 ) • 

18. Bearllig support acco:cding to cla:ims 14 or 16, characterized in that 

11111111111111 11111 11111111111 
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the partial region· extends about the centr:e up to the em of the bearing 
support tube (5) axially :ranote f:ron the flange (4). 

v 19. Bearing support accoming to claim 18, characterized .in that at the end 
of the bearing support tube (5) axially :ranote f:ron the flange (4) is pm­
vjded a rcnially .inwamly axterning collar ( 48), en which the bearing unit 
(55) is axially supported, preferably accoopanierl by the .intex:pos:ing of 
the axially acting spr:ing element (19, 21, 45, 46). 

20. Bearing support according to claim 17, characterized in that the partial 
region is p:rovjded in the axial end region of the bearing support tube (5) 
aijacent to the flange (4). 

21. Bearing support according to·cne of the preced:ing cla:ims, characterized 
:in that the bear:ing support tube ( 5) is ocnsb:ucted as a one-piece plastic 
:injection 100Uld:ing with a casing (2) via webs (3) and the flange (4). 

22. Bearing support accoming to one of the claims 1 to 20, characterized 
.in that the bearing support tu.be ( 5) is ocnsb:ucted as a one-piece metal 
die cast part with a casing (29) via webs (3) and the flange (4). 

23. Bearing support accoming to one of the cla:ims 1 to 6, characterized 
in that the bearing surface of a shoulder (11) of the bearing unit is 
serrated throughout. 

24. Bearing support accoming to one of the cla:ims 1 or 2, characterized 
in that the bearing unit (15, 35, 55) has at least one ball bear:ing (fig. 7). 

25. Bearing support accoming to one of the cla:ims 1 or 2, characterized 
in that the bearing unit ( 15, 35, 55) preferably has two ball bearings 
(fig. 7). 
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