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(57) Abrége/Abstract:

The Iinvention relates to a multiple disk in oll bath clutch that comprises a drive element (2) and an output element (3), and first
disks (22) linked with the drive element (2) or the output element (3), and second disks (21) that can be compressed by means
of an actuator (24). The aim of the invention Is to provide a vibration-reduced and long-life tribological system. To this end, the
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(57) Abréege(suite)/Abstract(continued):
first disks (22) consist of steel and their friction surfaces are configured as linings (42) that consist of carbon fibers embedded in

a carbon matrix and channels (43) extending from the interior towards the exterior. The second disks (21) consist of steel and
their friction surfaces are lined with a nickel dispersion layer.
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(54) Bezeichnung: NASSLAUFENDE MEHRSCHEIBENKUPPLUNG FUR EINEN FAHRZEUGANTRIEBSSTRANG, INSBE-
SONDERE FUR EINE DIFFERENZDREHZAHILFUHLENDE KUPPLUNG
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(37) Abstract: The invention relates to a multiple disk in oil
bath clutch that comprises a drive element (2) and an output
element (3), and first disks (22) linked with the drive element
(2) or the output element (3), and second disks (21) that can
be compressed by means of an actuator (24). The aim of the
invention 1s to provide a vibration-reduced and long-life tri-
bological system. To this end, the first disks (22) consist of
steel and their friction surtaces are configured as linings (42)
that consist of carbon fibers embedded 1n a carbon matrix and
channels (43) extending from the interior towards the exterior.
The second disks (21) consist of steel and their friction sur-
faces are lined with a nickel dispersion layer.

(57) Lusammenfassung: Eine nasslaufende Mehrschei-
benkupplung besteht aus einem Antriebsglied (2) und einem
Abtriebsglied (3), sowie mit dem Antriebsglied (2) bzw mit
dem Abtrniebsglied (3) verbundenen ersten Scheiben (22)
und zweiten Scheiben (21), die durch Betédtigungsmittel (24)
zusammenpressbar sind. Um emn schwingungsarmes und
langlebiges Tribosystem zu schatfen, bestehen die ersten
Scheiben (22) aus Stahl und ihre Reibflachen sind Belige
(42) aus in eine Kohlenstoffmatrix gebetteten Kohlenstoff-
fasern mit von mnen nach aussen fithrenden Kanilen (43),
und bestehen die zweiten Scheiben (21) aus Stahl und
ihre Reibfldchen sind mit einer Nickel-Dispersionsschicht
versehen.
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WET MULTI-DISK CLUTCH FOR A VEHICLE DRIVE TRAIN, ESPECIALLY

FOR A COUPLING THAT SENSES A DIFFERENTIAL ROTATIONAL SPEED

The 1invention relates to a wet multi-disk clutch in
part of a vehicle drive and a lubricant for a housing
contalning said clutch, comprising an input member and an
output member, and a number of first disks connected to the
input member and of second disks connected to the output
member, which can be pressed together by actuating means.

Wet multi-disk clutches are used in drive trains of
motor vehicles, predominantly in differential locks, in all-
wheel drive systems for connecting up the additional drive
axle or for changing the torgque distribution between the
axles.

In these applications, the clutch does not function
simply as a selector clutch that can be engaged and
disengaged but also as a control clutch and also operates for
relatively 1long periods 1in slip. In this arrangement,
vibrations occur, though sometimes only in the course of the
clutch's life, and these are perceived as anything from a low
moan to a high-frequency whine. Apart from the fact that this
noise 1is irritating, such vibrations lead to a reduction in
service life.

The cause of these vibrations is probably a negative
gradient in the friction coefficient. This gradient is taken
Lo mean the reduction in the friction coefficient between the

first and second disks as the rotational-speed difference
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increases. Initially, this 1s the transition from static
friction to sliding friction with a relatively low
coefficient of sliding friction; as the rotational-speed
difference increases further, the friction coefficieht can
fall further.

The aim has therefore been to create a tribosystem 1n
which the gradient of the friction coefficient 1s positive or
at least not negative, at least in a certailin range. One known
solution to this is to choose pairs of disks 1in which the
disks are composed of steel sheet and the first disks are
provided with a sintered coating in certain surface patterns.
Another known solution is to use fluids that are particularly
suitable for wet clutches, as in automatic transmissions for
example.

However, 1t has been found that even such
tribosystems cannot reliably prevent the vibrations
described, at least not after a certain time 1n operation,
with the result that the disks soon have to be replaced.
However, .this is disadvantageous, especilially 1in the case of
clutches that are integrated into the wvehicle drive because
changing the disks is generally particularly labor-intensive.

When using such clutches in housings in which other
drive components are also accommodated, another difficulty 1is
that the drive components require o©ils with special
lubricating properties, e.g. hypoid oils, but these are less

suitable for clutches.
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It 1is therefore the object of the inventlon to
propose a tribosystem for friction clutches that prevents the
occurrence of vibrations reliably and for the entire service
life, even under the unfavorable conditions described.

According to the invention, this 1is achieved by
virtue of the fact that the first disks are composed of steel
and have on their friction faces linings composed of carbon
fibers embedded in a carbon matrix, which 1linings are
interrupted by channels leading from the inside outward, and
rhat the second disks are composed of steel and theilr
friction faces are provided with a nickel dispersion layer.

This tribosystem, which solves the problem set', has
been determined in extensive tests. It has furthermore been

found that the nickel dispersion layer 1is particularly

effective if it has a crystalline structure and 1if it

furthermore contains 2 to 5 percent by volume of uniformly

dispersed titanium nitride.

The invention is described and explained below with

reference to figures, of which:

Fig. 1 shows a longitudinal section through a drive

component, in which the invention can be employed by way of

example,

Fig. 2 shows a plan view of the first disks according

to the invention, and

Fig. 3 shows a plan view of the second disks

according to the invention.
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In figure 1, the fixed housing of the drive unit 1is
denoted by 1. A drive housing 2 is driven from a power source
that is not shown. A first output shaft 3 and a second output
shaft 4 are connected in terms of drive to both wheels on one
axle of a vehicle or to two axles of a vehicle, respectively,
although this is not shown. The two output shafts 3, 4 are
driven by the drive housing 2 via a differential 5. A
hydraulic coupling dependent on a differential rotational -
speed is furthermore provided between the drive housing 2 and
the first output shaft 3, comprising a friction clutch 6 and
a hydrostatic displacement machine 7.

The housing 1 is merely indicated. It is bolted to a
sump ring 10 and an end plate 11. In the housing, there is an
oil sump 12. A seal support ring 13 1s seated on the inside
of the end plate 11. The differential 5 comprises a
differential housing 14, which forms part of the drive
housing 2, differential wheels 15 with thelr shaft, a first
output bevel wheel 16, which is firmly connected to the first
output shaft 3, and a second output bevel wheel 17, which 1is
firmly connected to the second output shaft 4.

The friction clutch 6 i1s likewise accommodated in the
differential housing 14, in the inner coupling teeth 20 of
which second disks (outer plates) 21 are arrahged in a
rotationally fixed but axially displaceable manner. First
disks (inner plates) 22 are seated in a rotationally fixed
manner on an inner clutch part 23, which 1s connected 1in a

rotationally fixed manner to the first output bevel wheel 16.
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The friction clutch 6 also comprises a piston 24, which, on
the one hand, exerts pressure on the plates 21, 22 and, on
the other hand, forms a pressure chamber 26 with a wvalve
plate 25 fixed in the differential housing 14.

The displacement machine 7 is accommodated 1n a pump
housing 27 bolted to the differential housing 14 and
esgsentially comprises an inner rotor 28, which 1s connected
in a rotationally fixed manner to the first output shaft 3,
and an eccentric outer rotor 29, which can rotate i1n the pump
housing 27. Formed between the two rotors 28, 29 is a working
space 30, the shape of which 1s determined by the
construction of the displacement machine. At least one
pressure passage leads from the working space 30 1into the
pressure space 26 of the friction clutch, it being possible
for a plurality of pressure passages with corresponding
automatically controlled devices to be provided, depending on
the construction of the displacement machine.

Fig. 2 shows one of the first disks (inner plates),
which is denoted overall by 22. It 1s a steel disk with a
thickness of one millimeter, for example, and 1s 1in the form
of a circular ring with coupling teeth 40 on its inner edge
and holes 41 distributed around the circumference. On both
sides, it has linings 42 that are distributed uniformly over
the circumference and have radial channels 43. The linings
are composed of carbon fibers, which can form an interwoven
structure and are embedded in a matrix of carbon. They are

expediently produced by CVD (chemical vapor deposition). The
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linings 42 are bonded to the steel disk and their thickness
is approximately half that of the steel disk.

In fig. 3, the second disks (outer plates) are
denoted overall by 21. They are steel disks with a nickel
dispersion layer over the entire surface, 1.e. on both sides.
The nickel dispersion layer is preferably applied by
electrodeposition. The layer is between 5 and 25 micrometers
thick while its hardness is within a range of between 400 and
600 HV (Vickers hardness). To further improve its properties,
the nickel dispersion layer can contain equally finely
dispersed titanium nitrides. In the exemplary embodiment
described, the proportion 1is between 2 and 5% by wvolume.
Laminar deposition should be avoided when applying the
dispersion layer since the best characteristics are obtained
with crystalline deposition. To obtalin a further improvement,
nickel can be partially replaced in the nickel dispersion
layer by cobalt up to a ratio of 70% of nickel to 30% of
cobalt. The second disks 21 have coupling teeth 45 on their
outer circumference.

With the tribosystem described, the desired positive
gradient in the friction coefficient and hence the desired
freedom from vibration and noise 1s achieved, even where

operating times are very long.
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PATENT CLAIMS
1. A wet multi-disk clutch i1n part of a wvehicle drive
and a lubricant for a housing containing sald clutch,
comprising an input member (2) and an output member (3), and
a number of first disks (22) and second disks (21), which are
connected to the input member (2) and the output member (3)
respectiVely and can be pressed together by actuating means
(24), wherein
a) the first disks (22) are composed of steel and their
friction faces are 1linings (42) composed of carbon fibers
embedded in a carbon matrix, which are 1i1interrupted by
channels (43) leading from the inside outward, and
b) the second disks (21) are composed of steel and their
friction faces ére provided with a nickel dispersion layer.
2. The wet multi-disk clutch as claimed 1n c¢laim 1,
wherein the nickel dispersion layer has an at least partially
crystalline structure.
3. The wet multi-disk c¢lutch as claimed 1n claim 1,
wherein the nickel dispersion layer of the second disks (21)
contains 2% to 5% by volume of uniformly dispersed titanilium
nitride.
4 . The wet multi-disk clutch as claimed 1n claim 1,
wherein the nickel dispersion layer of the second disks (21)
contains 10% to 35% by volume of uniformly dispersed cobalt.
5. A coupling that senses a differential rotational

speed and has a wet multi-disk clutch (6) as claimed 1n any

of claims 1 to 4.
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FIG. 2
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