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(57) Abstract: The invention
relates to a porous plain bearing
(5) for engines and gearboxes,
comprising a circular borehole (14)
provided with highly compressed,
at least approximately closed-pore
regions (9) and low-compressed,
open-pore regions (10) which
are alternately distributed over
the circumference, the borehole
diameter of the highly compressed
and low-compressed regions (9,
10) being at least approximately
identical. The invention also relates
to a method and a device for the

production of said porous plain
bearing.

(57) Zusammenfassung:

Die  Erfindung  betrifft ein
Sintergleitlager (5) fiir Motoren
und Getriebe mit einer kreisrunden
Lagerbohrung (14), bei dem
die Lagerbohrung (14) iiber den
Umfang verteilt abwechselnd hoch
verdichtete zumindest anndhernd
geschlossenporige  Bereiche (9)
und niedrig verdichtete, offenporige
Bereiche (10) aufweist, wobei
der Lagerbohrungsdurchmesser
der hoch und niedrig verdichteten
Bereiche (9, 10) zumindest

anndhernd identisch ist sowie ein Verfahren und Vorrichtung zu dessen Herstellung.
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Sintered plain bearing with contilinual

variation of the bore densification

Description

The invention relates to a sintered plain bearing for

motors and gear boxes.

Sintered plain bearings are often used 1in motors and
gear boxes 1in which case these are cost efficient in
production and simple 1n use. The limits of the fields of

F

application of conventional sintered bearings are given by

the maximum radial 1loads 1n which case the radial loads
depend on the other parameters of the bearing such as, for
example, the slntered materials, sliding velocities,
lubricants, operating temperatures, etc. In contrast to
sintered plain bearings, solid plain bearings can as a rule
be used with higher radial loads and sliding velocities since
the lubrication film built up between the shaft and the
pearing can separate the two friction partners also with high
loads. Thils functions with sintered plain bearings only to a
limited extent since the lubricant at sufficiently high
pressures 1s forced into the pores of the sintered material.
This can result in solid contact between bearing and shaft,
to increased friction, increased wear and -‘ultimately to

failure of the sintered plain bearing.

From the prior art a sintered plain bearing according to
DE 199 37 567 1is, among other things, known which has a
bearing bore with alternately distributed over the
circumference, highly densified small-pored sliding surfaces
and axially extending low-densified, open-pored lubricant
depots 1in which case the lébricant depots are formed by
grooved structures with at least two longitudinal grooves.
Such sintered plain bearings are disadvantageous to the
effect that during certain operating conditions this leads to
a comparatively high noise development and pecause during
operation the oil film on the grooves can be stripped off and
due to this supplying the bearing clearance with lubricant is

not ensured any more.
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This also applies to a sintered plaln bearing according
to DE 199 47 462 in which the grooves are 1nclined at an
acute angle to the centre axis of the bearing bore. Also DE

101 07 485 shows a sintered plain bearing with the above-

mentioned disadvantages.

In the case o0f corresponding sintered plaln bearings
according to the prior art, the sliding surfaces have during
operation a so-called hydrodynamic lubrication in which case,
because of the building pressure, a separating lubricant film
forms between the shaft and the bearing. In the area of the
open-pored zones, however, the lubricant film 1s forced into
the open pores of the sintered materlal so that the shaft in
these areas 1s operated 1n the so-called mixed friction
state. 1In thils operating condition both the friction and the
wear of the bearing are, among other things, higher than

during the hydrodynamic operation.

The object of the 1invention 1s to approximate the
advantages of the solid bearing (low friction coefficients,
high load-carrying capacity, high sliding velocities) with
sintered plain bearings while maintaining the advantages of
the sintered plain bearings (life, 1lubrication by the

lubricant deposited in the sintered material).

The problem 1is solved according to the invention by a
sintered plain bearing for motors and gear boxes with a
clircular bearing bore in which the bearing bore has
alternately distributed over the circumference highly
densified, at least approximately closed-pored zones and low-
densified, open-pored zones in which case the diameter of the
bearing bore of the highly and low-densified zones is at
least approximately identical. The highly densified zones

act as track for a shaft or axle carried in the bearing bore.

In the highly densified zones the pores between the powder
particles are nearly or completely <closed so that the
sintered plain bearings according to the invention, similarly
to the solid bearings, can be used at least with higher

radial loads and sliding velocities than conventional
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sintered plain bearings since the lubricant at high pressures
cannot be forced between the pores o0f the sintered material
in the highly densified zones. In contrast to the sintered
plain bearings according to the prior art, hydrodynamic
lubrication 1s reached already at 1low rotational speeds.
Thus, the sintered plaln bearings according to the invention
can be used at low rotational speeds at which known sintered
plain bearings still run 1in the mixed frictional state
whereby greater wear occurs. Solid body contact between
bearing and shaft, which would lead to increased friction,
increased wear and ultimately to the failure of the bearing,
thus 1s prevented. Moreover, 1in contrast to sintered plain

pearings according to the prior art, less viscous o0il can be

used since the o0il 1n the highly densified zones cannot

penetrate the almost closed pores. Due to this, the

suitability of sintered plain bearings in particular for cold
starts 1s 1increased since in the case of low temperatures
around about -40°C and the use of highly viscous oil 1in
standard sintered plalin bearings, good operation 1is not
ensured. In splite of the use of low viscous o0il, sufficient
load-carrying capacity 1is achieved. The existing low or not
densified zones have the advantages of the known sintered
plain bearing that lubricant can penetrate the pores so that
the low densified zones also act as lubricant depots. Thus,
lifetime lubrication 1is made possible by the lubricant
deposited 1n the sintered material. The 1nhomogeneities of
the track with regard to the high or low densification does
not 1mpair the lubricant supply of the bearing clearance and,
above all, these inhomogeneities have no effect on the load
directional neutrality of the bearing. According to the
invention, it 1is provided that the diameter of the bearing
pbore of the highly and low-densified zones 1s at least
approximately identical under which it is to be understood
that no lubricant depots, available from the prior art in the
form of grooves or slots, are provided. Any differences in
the bearing bore diameter of the highly and low-densified
zones result from manufacturing inaccuracies and are within

the range of usual out of roundness. Because the bearing



10

15

20

25

30

35

CA 02519005 2005-09-13

bore diameter 1s almost nearly identical, the lubricant film
cannot be stripped off at one step due to a continual change

of the diameter as can take place in sintered plain bearings

according to the prior art.

In an advantageous embodiment of the invention it 1is
provided that the bearing bore diameter of the highly and
low-densified zones 1s identical. Such an embodiment of the
invention has the advantage that there is no step between
low-densified and highly densified zones so that a strippling
off of the lubricant film at the step or edge between the
sliding surface and the lubricant depot cannot occur. The
operating reliability and the life of the bearing is hereby

lncreased.

In a particularly advantageous embodiment of the

invention 1t is provided that the density over the

circumference of the bearing bore is at least approximately
varied continually between the highly and low-densified
zones. In the low-densified zones the density corresponds at
least approximately to the base density of the bearing. In
the zone of the highest density nearly all pores are closed
so that at the bearing surface nearly the full density of the
material 1s achieved. From the bore outwards the density
decreases again until, after a few tenths of a mm, it reaches
again the value of the base density of the bearing. The
sintered plain bearing according to the invention, has a
continual variation of the densification in the zone of the
pearing bore between the highly and low~densified zones in
which case the variation of the densification depends on the

type of Dbore profile and the extent of the material

displacement. It 1s essential that no sudden change of the
densitification takes place between the highly and low-

densified zones which is the case with the sintered plain

pearings known from the prior art.

In another advantageous embodiment according to the
invention, it is provided that the sintered plain bearing has

at least two highly densified at least approximately closed-
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pored zones. It 1s particularly advantageous if the number
1s determined in such a way that an adequate functionality of
the sintered plain bearing 1is produced for all 1load
directions. The sintered plain bearings according to the
invention, have the advantage that the entire sintered plain
bearing acts as lubricant depot since oil is deposited in the

pores and can emerge in the low-densified zones.

In an advantageous embodiment of the invention it is
provided that the bore, at least over a part of the width of
the bearing, has highly densified at least nearly closed-
pored zones and/or low-densified, open-pored zones. The
highly densified and low-densified zones can extend from one
pearing edge to the opposite bearing edge or only over a part
of the bearing width. The width of the highly densified
zones and thelr distance to one another can be variable. The
distances and widths do not have to be constant in a pearing

elther, but can, for example, be statistically varied.

In a particularly advantageous embodiment of the
invention it is provided that the bore, at least over half of
the bearing width, has highly densified, at least nearly

closed-pored zones and/or low-densified, open-pored zones. A

the bore, zones with different load~-carrying capacity are
formed, that is to say, high carrying capacity in the very
densified zones, somewhat less carrylng capacity in the low-
densified =zones. Due to this, in (sic) depéndence of the
operability of the sintered pbearing on the load-carrying
direction is prevented. 1In regard to so-called edge runners,
1t 1is especially advantageous if the number of the
densification zones is uneven so that non-coaxlially mounted

shafts, at the edge of the pearing, do not rest exclusively
on low-densified zones. It has also been shown that by means
of an wuneven number of densification zones, the noise
performance of the bearing is better than with an even number

0of densification zones.
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In another advantageous embodiment of the invention it

1s provided that the highly densified, at least nearly

closed-pored zones and the low-densified, open-pored zones

are staggered.

In a particularly advantageous embodiment of the
invention 1t 1is provided that 1n each case a low-densified,

open-pored zone 1S arranged axially opposite a highly

densified, at least nearly closed-pored zone. 1In the case of
densification zones staggered 1in the axial direction, in
which case a highly densified =zone 1s opposite a low-
densified zone, a shaft located in the bearing will always

rest on a highly densified zone.

The problem 1s also solved by means of a method for
producing a sintered plain bearing in which case powder is

filled in a die, a green body with a bore with an approximate

sinusoldal profile in the circumferential direction 1is
produced by means of pressing, the green body is sintered and
finally the approximate sinusoidal profile of the bore 1is
formed to a circular bore geometry by means of calibration.
In so doing, it 1is advantageous if no material displacement

takes place in the low-densified zones during the calibration

process. The density in the low-densified zones corresponds
here to the base density of the bearing,' for example,
6.0 g/cm® for an iron pearing. The maximum material
displacement takes place in the area of the highest density
in which case it is the objective to close all pores. Thus,
one obtains at the surface of the bore the almost full
density of the material. From the bore outwards the density
decreases again until, after a few tenths of a mm, it reaches
again the value of the base density of the bearing. In the
case of a sintered plain bearing according to the invention,
with a bore diameter of 8 mm, a material displacement during

the calibration process takes place in the radial direction
by about 100-300 um. These values still can be adapted to
the material or to the bore diameter. By means of the method
according to the invention, a sintered plain bearing 1is

produced with a continual variation of the densification in



10

15

20

25

30

35

CA 02519005 2005-09-13

the area of the bearing bore in which case the variation and
the strength of the densification depend on the type of bore

profile and the extent of the material displacement.

The shaping mandrel according to the invention is of
sinusoldal profile in the circumferential direction and the
upper and lower punch according to the invention have an
ldentical profile. One obtains hereby a bore geometry of the
green body which varies in the circumferential direction.
The sinusoidal profile has in this case at the deepest points
a bottom circle (smallest bearing bore diameter) and at the
highest points a top circle (largest pearing bore diameter).

The difference between the diameter of the bottom circle and
of the top circle of the sinusoidal profile gives the degree
of displacement of the material during the calibration. The
diameter of the calibration mandrel is adapted to the top
circle of the bore profile of the green body by means of the
dimensional variations during the sintering. Thus, those
zones 1n the bore are densified of which the diameter is
smaller than the top circle diameter and a densification does
not take place, or only very slightly, in the area of the
pottom circle. At the location of the highest densification

almost all pores are closed.

In an advantageous embodiment of the invention it is
provided that powder is filled in a die, a green body with a
pore with an approximate sinusoidal profile in the
circumferential direction is produced by means of pressing in

which case a sinusoidal profile, staggered at an angle to the

other sinusoidal profile, is pressed into each half of the

bearing, the green body is sintered and finally the
approximate sinusoidal profile of the bore is formed to a

circular bore geometry by means of calibration.

In a particularly advantageous embodiment of the
invention it is provided that the powder in the low-densified
zones 1s densified approximately to the base density of the
sintered plain bearing and in the highly densified zones

approximately to the density of the bearing material. It is
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hereby obtained that the pores in' the low-densified =zone
remain open so that lubricant can be stored. The
impregnation of the bearing with lubricants can, for example,

take place under vacuum.

In another advantageous embodiment of the invention it
1s provided that the powder is densified in radial direction
by 100 to 300 pm. Hereby an at least approxim.ately complete

closing of the pores in the highly densified zones is

achieved.

The problem 1is also solved by a device for producing a
sintered plain bearing and for implementing the method
according to the invention, in which case a pressing tool is
provided that «consists of a die and a shaping mandrel
profiled on the outer circumference to which an upper and
lower punch with an identical profile are arranged in which
case the profiling of the mandrel and the punch is a

sinusoldal profile in the circumferential direction.

In a particularly advantageous embodiment of the
invention it is provided that a pressing tool is provided
that comprises a die, that it comprises a die and an upper
and lower shaping mandrel profiled on the outer
circumference, to which an upper and lower punch with an
1dentical profile is arranged, in which case the profiling is
a sinusoildal profile in circumferential direction and the
upper shaping mandrel and the wupper punch are arranged,
rotated at an angle, to the lower shaping mandrel and the

lower punch.

The 1invention 1s shown with the aid of schematic

drawings of exemplified embodiments. Here

FF1g. 1 shows a sintered plain bearing according to

the prior art,

Fi1g. 2 shows bearing bore of a sintered plain bearing

according to the invention after the sintering,

Fig. 3 shows bearing bore of a sintered plain bearing
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according to the invention after the calibration,

Fig. 4 shows development of a Dbearing bore with

differently densified zones without axial variations,

Fig. 5 shows development of a bearing bore with

differently densified zones with overlapping axial variation,

Fig. ©6 shows development of a Dbearing bore with
differently densified zones without overlapping axial vari-

ation,

Fig. 7 shows a section through a pressing device

according to the invention 1n the filling state and

Fig. 8 shows a section through a pressing device

according to the invention 1in the ejection state.

Fig. 1 shows a sintered plaln bearing 1 according to the
prior art, for example, DE 199 37 567, DE 199 47 462 and DE
101 07 485, in which case between the highly densified zones
2 and the low-densified zones 3 there 1s a transition with a
step 4 1in which case the step 1s disadvantageous to the
effect that during operation the o1l film can be stripped off
at the step 4 and that then the supply of the bearing

clearance with lubricant 1s not ensured any more.

Fig. 2 shows the bearing bore 14 of the sintered plain
bearing 5 according to the 1invention after the sintering.
The sinusoidal profile 6 of the bearing bore 14 is introduced
in the forming process and has 1n this case at the deepest
points a bottom circle 7 (smallest bearing bore diameter) and
at the highest points a top circle 8 (greatest bearing bore
diameter). The difference between the diameter of the bottom
circle 7 and of the top circle 8 of the sinusoidal profile 6

P

gives the degree of displacement of the material during the

calibration. The diameter of the calibration mandrel 1is
adapted to the top circle 8 of the bore profile of the green
pody by means of the dimensional variations during the
sintering. Thus, those zones 1n the bore are den.sified of

which the diameter 1s smaller than the top circle 8 and a
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densification 1n the area of the bottom circle 7 does not
take place, or only very slightly. At the location of the

greatest densification nearly all pores are closed.

Fig. 3 shows the bearing bore 14 of the sintered plain
bearing 5 according to the invention, after the calibration
in which case the sinusoidal profile 6 of the bearing bore 14
according to Fig. 2 was formed to a circular bearing bore 14

by the calibration.

Fig. 4 shows the development of the bearing bore 14
according to the invention, with differently densified zones
9, 10 1n which case the hatched zones represent the higher
densified zones 10. The low-densified zones 11 are not
hatched. The zones with the different densification extend

from the upper 12 to the lower bearing edge 13.

FF1g. 5 shows the development of the be'aring pore 14

according to the invention, with differently densified zones
9, 10 in which case from half of the bearing width b the
densification zones are rotated at an arbitrary angle towards
one another. It can hereby be ensured that a not shown shaft
located in the bearing 5 always will be resting on a highly

densified zone 9 in a bearing half.

Fig. ©6 shows a development of the bearing bore 14
according to the invention, with differently densified zones
9, 10 in which case, unlike Fig. 5, the highly densified and
low densified zones 9, 10 respectively do not overlap any
more 1n axlial direction. The width of the higher densified
zones 9 and their distance to one another can be variable.
The distances and widths do not have to be constant either in
a bearing 5, but can, for example, be varied statistically.
The minimum width of the low-densified zones 10 is set Dy
production limits. If the number of the zones is increased
and the bore diameter is reduced, more material is displaced
in the zones of low density during the calibration. In the
extreme case this leads to a closing of the pores. It
follows hereby that the minimum width has to be selected in

such a way that in the desired low-densified zones 10 fthe
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pores are not closed 1n order to maintain the functionality
as lubricant depot. For example, with a bore diameter of 8
mm the distance Dbetween two points of the greatest
densification ought to be not less than 3.5 mm in

circumferential direction.

Conditional wupon that no material displacement is to
take place in the low-densified zone during the calibration
process, the density in the low-densified zone 10 corresponds
to base density of the bearing 5, for example, 6.0 g/cm’ for

an iron bearing.

The maximum material displacement occurs in the zone of
highest density 10 in which case the object is that all pores
are closed. As a result of this, the nearly full density of
the used material is achieved at the bore surface. From the
bore inwards the density again decreases until it after a few
tenths of a millimeter again reaches the value of the base
density of the bearing. For example, 1n the é:ase of a bore
diameter of 8 mm a displacement of the material of 100 to 300
Mm takes place in radial direction during the calibration

process.

Fig. 7 shows a section through a pressing device 15
according to the invention in the filling ' state. The
pressing device 15 comprises a die 16 with a hard metal
insert 17. Furthermore, a lower punch 18 and an upper punch
19 are provided in which case the lower punch 18 has a bore
23 and the upper punch 19 a bore 20 with a sinusoidal
profile. The lower punch 18 and the upper punch 19 are
arranged with a shaping mandrel 21 which has an identical
sinusoidal profile. 1In the filling state powder is filled in
the mould space 22 which is formed oy the hard metal insert

17, the lower punch 18 and the shaping mandrel 21.

body which, contingent on the sinusoidal profile of the
shaping mandrel 21, of the lower punch 18 and of the upper

punch 19 has a bearing bore 14 with a corresponding
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sinusoidal profile 6.

Fig. 8 shows a section through a pressing device 15
according to the invention, on ejection of the ready-pressed
green body which has a bearing bore 14 according to Fig. 2.
On ejection, the upper punch 19 is pulled back from the die
and the green body is ejected by means of the lower punch 18.

The green body subsequently is sintered in which case, if

necessary, formed flashes then are removed.

In the manufacture of the green body a bore geometry is
produced with a sinusoidal profile 6 in the circumferential
direction. The bore geometry with the sinusoidal profile in
the circumferential direction allows that after the not shown
sintering process, a circular bore geometry of the bearing
pore 14 with differently densified zones 9, 10 is produced by
means of the calibration process, by calibrating the bearing
pore 14 with the sinusoidal profile 6 by means of a circular
calibration mandrel so that a circular pbearing bore 14
according to Fig. 3 is produced in the sintered plain bearing
5. The degree of densification of the highly densified zone
9 can be set by means of the dimensioning of the shaping
tools such as, for example, upper punch 19 and shaping
mandrel 21. An axial variation of the densification of the
pbearing bore 14 of the sintered plan pearing 5 according to

Fig. 5 or Fig. 6 1is introduced in the bore by means of two

staggered shaping mandrels 21 and punch 19.

According to the invention, a green body is pressed by
means of a compacting tool in which case the shaping mandrel
21 and the shaping punch 18, 19 have a geometry with a
sinusoidal profile in the circumferential direction.
Provided the densification in the pearing bore 14 also is to
vary 1n the axial direction, two staggered shaping mandrels
21 and punches 18, 19 are used. The bearing bore 14 with the
sinusoidal profile 6 in the circumferential direction 1s
calibrated with a circular calibration mandrel for producing
tight tolerances whereby the smooth sliding surface and the
partly highly densified zones 9 of the bearing bore 14 are
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produced. Finally, the bearing 5 1s impregnated with

lubricant under wvacuum.

The sintered plain bearings 5 according to the invention
can be used for the same application purposes as the sintered
plain bearings known from the prior art. They can be used in
particular for all types of electric motors in which case low
viscous o0ils can be used whereby the "cold start" performance
of a motor 1is improved. The sintered blain bearings
according to the invention, run already at low rotational
speeds 1n the hydrodynamic range and by means of the at least
approximately circular bearing bore the stripping off of the

lubricant film at edges of the lubricant depots is avoided.
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Claims

1.) Sintered plain bearing (5) for motors and gear
boxes with a circular bearing bore (14) in which the bearing
bore (14) has alternately distributed over the circumference
highly densified, at least approximately closed-pored zones

(9) and low-densified, open-pored zones (10) in which case

the Dbearing bore diameter of the highly and low-densified

zones (9, 10) is at least approximately identical.

2.) Sintered plain bearing (5) according to claim 1,
characterized in that the bearing bore diameter of the highly

and low-densified zones (9, 10) is identical.

3.) Sintered plain bearing (5) according to claim 1 or
2, cCharacterized in that the density over the circumference
of the Dbearing bore 1is at least approximately varied
continually between the highly and low-densified zones (9,
10) .

4.) Sintered plain bearing (5) according to one of the
claims 1 to 3, characterized in that the sintered plain
bearing (5) has at least two highly densified, at 1least

approximately closed—pored zones (9, 10).

5.) Sintered plain bearing (5) according to one of the

claims 1 to 4, characterized in that the pbearing bore (14)

has at least over part of the pbearing width (b) highly
densified, at least approximately closed-pored zones (9)

and/or low-densified, open-pored zones (10).

6.) Sintered plain bearing (5) according to one of the
claims 1 to 5, characterized in that the bearing bore (14)
has at least over half of the bearing width (b) highly
densified, at least approximately closed-pored zones (9)

and/or low-densified, open-pored zones (10).

/.) Sintered plain bearing (5) according to one of the
claims 1 to 6, characterized in that the highly densified, at
least approximately closed-pored =zones (9) and the low-

densified, open-pored zones (10) are staggered.
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8.) Sintered plain bearing (5) according to one of the
claims 1 to 7, characterized 1in that 1n each case a low-
densified, open-pored zone (10) 1s arranged axially opposite

a highly densified, at least nearly closed-pored zone (9).

9.) Method for producing a sintered plain bearing (5)
according to one of the claims 1 to 8, characterized in that
powder 1s filled in a die, a green body with a bore with an
approximate sinusoidal profile 1n the circumferential
direction 1s produced by means of pressing, the green body 1s
sintered and finally the approximéte sinusoidal profile of
the bore 1s formed to a circular bore geometry by means of

calibration.

10.) Method for producing a sintered plain bearing (5)
according to one of the claims 1 to 9, characterized in that
powder 1is filled in a die, a dgreen body with a bore with an
approximate  sinusoidal profile 1in the circumferential
direction 1s produced by means of pressing, in which case a
sinusoidal profile, staggered at an angle to the other
sinusoidal profile, 1is pressed into each half of the bearing,
the green body 1s sintered and finally the approximate
sinusoidal profile of the bore is formed to a circular bore

geometry by means of calibration.

11.) Method for producing a sintered plain bearing (5)
according to one of the claims 1 to 10, characterized in that
the powder 1in the low-densified =zones (10) 1is densified
approximately to the base density of the sintered plain
bearing (5) and 1n the highly densified 2zones (9)

approximately to the density of the bearing material.

12.) Method for producing a sintered plain bearing (5)
according to one of the claims 1 to 11, characterized in that

the powder 1is densified in the radial direction by 100 to 300
L.

13.) Device for producing a sintered plain bearing (5)
and for implementing the method according to one of the

claims 1 to 12, in which case a pressing tool is provided
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that consists of a die and a shaping mandrel (21), profiled
on the outer circumference, to which an upper (19) and lower
punch (18) with an identical profile are arranged in which
case the profiling of the shaping mandrel (21) and the

punches (18, 19) 1S a sinusoidal profile in the

circumferential direction.

14.) Device for producing a sintered plain bearing (5)
and for 1implementing the method according to one of the
claims 1 to 13, in which case a pressing tool is provided
that consists of a die (16) and an upper and lower shaping
mandrel, profiled on the outer circumference, to which an
upper and lower punch (19, 18) with an identical profile are
arranged in which case the profiling is a sinusoidal profile
1n the circumferential direction and the upper shaping
mandrel and the upper punch are arranged, rotated at an

angle, to the lower shaping mandrel and the lower punch.
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