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(57) Abstract: A shaft brake (120, 220) for a motor vehicle having a stage-geared gearbox (1). The shaft brake (120, 220) comprises
a first brake element (128) coupled in a rotationally secure manner to the shaft (105), and a corresponding second brake element
& (127, 227) coupled in a rotationally secure manner to a gearbox housing (15, 16), which second brake element is intended to interact
& with the first brake element through axial movement, wherein the friction surfaces, upon contact, brake the shaft (105). The first
N prake element (128) is integrated with and constitutes part of the shaft (105). The cap (221) is integrated with the gearbox housing
or the clutch case (215). A cup spring (230), for returning the piston (222) and separating the friction surfaces, is disposed between
the piston (222) and a rotationally secure part (133) disposed in the gearbox. The shaft brake can brake an intermediate shaft (105)

in the gearbox (1).
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Shaftbrake for stagegeared motbr vehicle gearbox where at a first
brake element is integrated with and constitutes part of the shaft.

TECHNICAL FIELD OF THE INVENTION

The preseﬁt invention relates to a device for use in a
motor vehicle gearbox according to the preamble to
subsequent patent claim 1. The device relates to a
shaft brake for braking the rotation of at least one

shaft disposed in a stage-geared gearbox.

PRIOR ART

Figure 1 shows a longitudinal section of a typical
automatic gearbox 1 for trucks according to the prior
art. This comprises a basic gearbox 2, having several
possible gearings, and an additional gearbox, a so-
called range-change gearbox 3. The latter has a gear
mechanism with high gearing and a gear mechanism with
no gearing, so-called direct drive. The range-change
gearbox 3 doubles, in principle, the number of gears in

the basic gearbox 2.

The basic gearbox 2 comprises an input shaft 4, an
intermediate shaft 5 and a main shaft 6. The input
shaft 4 and the main shaft 6 are provided with a number
of bearing-mounted gearwheels, so-called running wheels
7 and 8, 9, 10 and 11 respectively. Each of the running
wheels 7, 8, 9 and 10 mates with a corresponding
gearwheel which either is connected in a rotationally
secure manner to or is integrated in the intermediate
shaft 5. The running wheel 11 1is used for reverse
gears. It is indirectly engaged with the corresponding
gearwheel on the intermediate shaft 5 via an

intermediate gear (not shown).

Each of the running wheels 7 and 8 can be locked in a
rotationally secure manner to the input shaft 4 by
means of a gear coupling device 12. This gives two
alternative gearings between the input shaft 4 and the

intermediate shaft 5. The running wheels 8, 9, 10 and

PCT/SE2004/000088
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11 can be similarly locked to the main shaft 6 by means

of the gear coupling devices 13 and 14.

According to the example shown in figure 1, the gearbox
housing comprises a clutch case 15, a basic housing 16
and a range-change housing 17. Inside the clutch case
15 gite the clutch 18, which is concentric with the
input shaft 4. On top of the basic housing 16 sits a
regulator unit 19, which, inter alia, attends to the
engagement and disengagement of the gear coupling
devices 12, 13 and 14. The regulator unit 19 contains

an electronic control unit (not shown).

The gear coupling devices can be synchronized, as 12,
or non-synchronized, as 13 and 14. A non-synchronized
gear coupling device generally has smaller extent in
the radial and axial directions than a synchronized
version. In addition, it has markedly lower production
costs. Whenever a gear 1is engaged in the gearbox, a
running wheel is locked to its shaft in a rotationally
secure manner by means of the connecting gear coupling
device. Normally there is a difference in rotation
speed between the running wheel and the shaft at the

start of the engagement process.

A synchronized gear coupling device containsg, on the
one hand, a brake which equalizes the difference in
rotation speed and, on the other hand, a catch which
prevents locking, so-called engagement, before this

speed difference has been equalized.

With a non-synchronized gear coupling device, the speed
difference must generally be equalized differently.
Otherwise a rattling noise is generated upon attempted
engagement, since a rotation speed difference exists.
The gear coupling device might then, moreover, be

damaged.
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In modern trucks, the engines have an electronic
control mechanism. With an automatic gearbox as in
figure 1, the electronic control unit in the regulator
unit 19 can communicate with the control system of the
engine. Whenever a gear is engaged, said difference in
rotation speed can be equalized by adjusting the
rotation speed of the engine to a suitable value. For
reasons of space and cost, modern automatic gearboxes
are therefore provided with non-synchronized gear

coupling devices.

In one important case, adjustment of the engine cannot,
however, be used to equalize the difference in rotation
speed in the engagement of a gear coupling device. This
is where a gear 1s engaged when the wvehicle 1is
stationary, which can be illustrated on the basis of
the gearbox in figure 1. A stationary vehicle is
studied in which the engine is rotating, the clutch 18
is engaged and the gearbox 1 is in neutral position,
which means that none of the gear coupling devices 13
and 14 are engaged. The input shaft 4 rotates in this
case at the speed of the engine. Via one of the running
wheels 7 and 8, depending on the position of the gear
coupling device 12, the intermediate shaft 5 is made to
rotate at a speed which is proportional to that of the
engine. The intermediate shaft 5 makes the other
running wheels 7 or 8, and 9, 10 and 11, rotate
proportionally to the speed of the engine. The main
shaft 6 is locked in a rotationally secure manner to
the drive wheel of the wvehicle and, in the studied case
involving a stationary vehicle, does not rotate. A
difference in rotation speed is thus obtained between
the main shaft 6 and the running wheels 8, 9, 10 and
11.

Whenever a gear is engaged in the basic gearbox 2, the
clutch 18 must first be disengaged in order to brake
the rotationally secure locking between the engine and
the running wheels 8, 9, 10 and 11. Thereafter, the
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rotation speeds of the running wheels 8, 9, 10 and 11
need to be reduced, so that one of them can be
rotation-locked with the main shaft 6 by engagement of
one of the gear coupling device 13 and 14. Friction and
other motional resistance means that the speeds of the
rotating parts in the basic gearbox 2 decrease. It
takes several seconds, however, before a gear can be

engaged, which is an unacceptably long time.

Automatic gearboxes with non-synchronized gear coupling
devices are therefore provided with a so-called gearbox
brake 20 in order to produce a faster gear engagement.
Such a gearbox brake can also be wused to reduce
rotation speeds when changing from one gear to a higher

gear with lower gearing.

In figure 1, the gearbox brake 20 acts wupon the
intermediate shaft 5. When the intermediate shaft brake
20 is applied, the rotation speed of the intermediate
shaft 5 will be reduced, Jjust as for the running

wheels.

Figure 2 ghows the intermediate shaft brake 20 in
enlarged representation. In a cap 21, which is screwed
in place in the clutch case 15, a piston 22 is placed.
When the brake is applied, compressed air is introduced
into a chamber 23 through an opening 24 in the cap 21
from a line (not shown). The thereby increased pressure
in the chamber 23 transports the piston 22 to the
right. The piston 22 will then force a disk assembly 25
against a plate 26. The disk assembly 25 consists
alternately of externally toothed disks 27 and inwardly
toothed disks 28.

Figure 3 shows an externally toothed disk 27 and an
internally toothed disk 28 according to figure 2. The
teeth 27a on the externally toothed disks 27 fit in
corresponding recesses (not shown) in the cap 21. The
externally toothed disks 27 are thereby axially movable
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but cannot rotate. The internal teeth 28a are engaged
with external teeth 29 on the intermediate shaft 5. The
internally toothed disks 28 are thus axially movable
but are locked in a rotationally secure manner to the
intermediate shaft 5. The check pattern in figure 3 on
the internally toothed disks 28 represents a friction
lining. If the intermediate shaft 5 rotates when the
disk assembly 25 is squeezed together between the
piston 22 and the plate 26, tangential friction forces
will be generated between the non-rotary disks 27 and
the rotary disks 28. The friction forces create a
torque which is counter-directed to the rotation of the
intermediate shaft 5. The rotation speed of the
intermediate shaft 5 will therefore be slowed down.

The disk assembly 25 arrangement, whereby a plurality
of non-rotary disks 27 have between them disks 28 which
rotate with the intermediate shaft 5, means that
tangential friction forces are generated at several
locations. For a given application force from the

piston 22, a high braking torque is then obtained.

In the non-applied state, the compressed air is
evacuated from the chamber 23 and a helical spring
device 30 forces back the piston 22, so that the disks
27 and 28 in the disk assembly 25 are no longer pressed
together.

The known disk-type intermediate shaft brake 20
described in figures 2 and 3 works in most respects
satisfactorily. It does, however, have certain
drawbacks, which shall be described in greater detail.
In the first place, the brake consists of many parts.
This results in increased costs and handling problems.
In the second place, the assembly is awkward. The
externally toothed disks 27 must be passed into
recesses in the cap 21 and the intervening internally
toothed disks 28 must be passed into the teeth 29 of
the intermediate shaft 5. In practice, it has proved
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necessary to fit the brake only after the basic gearbox
2 has been fitted and the clutch case 15 has been
screwed in place in the basic housing 16. A pre-fitting
of the gearbox brake 20 in the clutch case 15 has not
been practicable. The cap 21 has therefore been unable
to be integrated into the clutch case 15, which would
have been advantageous. In the third place, a certain
friction torque between rotary disks 28 and non-rotary
disks 27 1is obtained even when the brake is not
applied. This produces power loss and increased fuel
consumption. The friction torqgue can be countered with
devices which separate the disks when the brake is not
applied. Such devices would give rise, however, to
still greater problems of cost and assembly. Friction
torque is also obtained between the helical spring
device 30 and the piston 22, since the helical spring
device 30 rotates with the intermediate shaft 5, whilst.

the piston 22 does not rotate.

The device according to US 3309934 partially eliminates
the above drawbacks. US 3309934 shows an intermediate
shaft brake having conical braking surfaces 80 and 84
instead of disk plates. In cone brakes, high braking
torque is obtained upon application as a result of the
wedging effect, in contrast to having a plurality of
serially coupled friction surfaces, as in the disk
brake described above. This, per se, produces fewer
integral parts in the ©brake itself and simpler
assembly. In addition, it is easier to separate rotary
and non-rotary parts when the brake is not applied. The

power loss can then be kept low.

In US 3309934, the surface 84 1is disposed on a piston
82, which, in turn, is axially displaceable, but non-
rotatable relative to the cap 62. The piston is
prevented from rotating relative to the cap by separate
pins 92 disposed in recesses in the cap 62 and the
piston 82, respectively. The cap 62 is fixedly disposed

on a part 42, which, in turn, is fixedly disposed in a
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base part 44. The base part 44 is fixedly disposed in
the gearbox housing 22. The surface 80 is disposed on a
brake part 68, which, in turn, is fixedly disposed in
an intermediate shaft 26 through the use of a screw 67.
The device according to US3309934 does not have any
spring arrangement which returns the piston 82, but
rather the arrangement works purely on oil pressure in
the chambers 88 and 86 for the advancement and return

of the piston 82.

Although the chambers solution in US 3309934 eliminates
the friction torque which is generated on the basis of
the helical spring arrangement 30 shown in figure 2,
another drawback is acquired in return, namely that a
dual-chambered system requires a more advanced pressure
regulator system. Furthermore, the chambers 88 and 86
are formed by the parts 82, 42, 68, 67 and 62. The
spring arrangement is therefore eliminated, but more
components are instead needed to form the chambers and
regulate the pressure in the two chambers. A large
number of integral parts which make up the pressure
chambers and connecting lines for the
admission/discharge of oil give rise, moreover, to an’

increased risk of oil leakage.

The conclugion is that both the known brake arrangement
shown in figures 1, 2 and 3 and the device according to
US 3309934 contain a relatively large number of parts
and are therefore relatively dear to produce and
assemble. The device according to figures 1, 2 and 3
produces, moreover, a greater risk of frictiom losses.
The device according to US 3309934 gives rise,
moreover, to an increased risk of oil leakage. It can
further be stated that the solutions according to
figures 1, 2 and 3 and US 3309934 can acquire problems
with evacuating quickly enough the friction heat which
is generated in braking. A risk of overheating

therefore exists.
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There is therefore a need for a brake arrangement in
which friction 1losses due to different’ friction
torques, the 1rigsk of overheating, environmentally
harmful oil leakage and the number of integral parts
are minimized and in which, moreover, the assembly of

the brake arrangement is simplified.

SUMMARY OF THE INVENTION

The solution to the problem, accoxrding to the
invention, with due regard to the device according to
the invention, is described in patent c¢laim 1. The
other patent claims describe preferred embodiments and
developments of the device according to the invention
(2 to 8).

The device according to the invention comprises a shaft
brake for a stage-geared motor vehicle gearbox. The
shaft brake comprises a first brake element with
friction surface, which brake element is coupled in a
rotationally secure manner to the shaft, and a
corresponding second brake element coupled in a
rotationally secure manner to a gearbox housing and the
friction surface of which is intended to interact with
the first friction surface by virtue of the first and
second brake elements being movable relative to each
other in the axial direction, which friction surfaces,
upon contact, brake the shaft. The invention is
characterized in that the first brake element is

integrated with and constitutes part of the shaft.

The advantage with this is that the number of integral
components for assembly is reduced. It is possible,
moreover, to reduce the number of machining stages in
the production of the shaft. For example, when a
bearing seat on the shaft is disposed alongside the
first friction surface of the shaft, the friction
surface and the surface for the bearing seat are
machined in the same production stage. Furthermore, a

better dispersion is obtained of the friction heat
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formed during braking, since, relatively speaking,
there is a greater quantity of material available, in
the form of the shaft, in direct connection to where
the friction heat is created. This means that possible

overheating problems in the brake are reduced.

According to a first embodiment of the device according
to the invention, the cap which constitutes the
cylinder of the piston is fixedly disposed directly in
the gearbox housing. The cap can constitute an integral

part of the gearbox housing.

The advantage with this is that the number of integral
components is reduced, at the same time as the assembly
is simplified. The cap and the piston can be fitted
before the shaft is fitted in the gearbox.

According to a second embodiment of the device
according to the invention, a resilient element, for
returning the piston and separating the friction
surfaces, is disposed between the piston and a

rotationally secure part disposed in the gearbox.

The advantage with this is that no friction torque is
generated. The power losses are reduced. Furthermore,
since a spring arrangement is used to return the
piston, no additional pressure chamber is needed for
the piston return, nor the associated extra regulator

arrangement.

According to a third embodiment of the device according
to the invention, the friction surfaces of the first

and the second brake element are conical.

The advantage with a cone shape is that a relatively
large brake torque is obtained when the brake is
applied. The cone shape further offers the possibility
of configuring the shaft brake with fewer integral

parts in the ©brake itself. This produces easier
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assembly. In addition, it is easier to separate rotary
and non-rotary parts when the brake is not applied. The

power loss due to friction torque can then be kept low.

Further embodiments of the invention can be derived

from the contingent patent claims.

BRIEF DESCRIPTION OF THE DRAWINGS FOR THE INVENTION

The present invention will be described in greater
detail below with reference to the appended figure 4,
which shows a longitudinal section of a first
embodiment of the shaft brake according to the
invention, and figure 5, which shows a longitudinal
section of a second embodiment of the shaft brake

according to the invention.

PREFERRED EMBODIMENTS

Figure 4 shows a first embodiment according to the
invention of a shaft brake 120. The piston 122 is
prevented from rotating by external teeth 122a, which
pass into recesses in the cap 21. The first cone
element 128 is a conical part of the shaft 105 close to
the cylindrical part 131 (bearing seat) in which the
bearing 132 is disposed. The parts 128 and 131 can be
formed in the same machining operation. The second cone
element 127 is a conical sleeve with friction lining,
which is fixedly disposed in the piston 122. Few
integral parts reduce production and assembly costs.
The assembly is simplified since the cap 21 with the
piston 122 can be pre-fitted in the clutch case 15.
When the brake is not applied, the cone elements 127
and 128 are separated by means of the spring

arrangement 130, thereby producing low power loss.

Figure 5 shows an alternative embodiment according to
the invention of a shaft brake 220. The second cone
element 227 is here integrated in the piston 222. When
the brake is not applied, the piston 222 is forced back
by a spring arrangement 230, which does not rotate with
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the shaft 105. Friction 1losses in the spring
arrangement are therefore eliminated. In the

illustrated exemplary embodiment, the spring device 230
is constituted by a cup spring 230, which is disposed
between the piston 222 and the outer ring 133 of the
bearing 132. The piston and the outer ring 133 of the
bearing do not rotate relative to each other and
therefore no friction torque, with resultant power
losses, is generated. Another type of spring, for
example a helical spring, can be used instead of a cup
spring. The cap 221 is integrated in the clutch case
215, which further minimizes the number of integral
parts. Alternatively, the cap 221 could be an integral

part of the gearbox housing.

In the embodiments according to figures 4 and 5, the
shaft constitutes one part in a pair of surfaces in a
friction brake. The cone element 128 1is therefore
integrated in the shaft. The shaft is well suited to
integration of the cone element 128, since the shaft
normally is hardened. The integration further reduces
the production costs and simplifies the assembly. The
shaft brake is esgpecially suited to acting wupon an
intermediate shaft in a gearbox, though it is also
conceivable for the shaft brake to act wupon other
shafts in the gearbox 1, such as the input shaft 4 or
the shaft (not shown) of the rear intermediate gear.
Alternatively, 'the brake could act upon any of the

running wheels 7, 8, 9, 10 or 11.

The cone shape of the brake surfaces can be given a
different configuration, for example a plate shape, a
cup shape or variants of truncated cones, including

both plate shape and cone shape.

The invention shall not be considered limited to the
exemplary embodiments described above, but rather a

number of further variants and modifications are
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conceivable within the scope of the subsequent patent

claims.
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Patent claims

1. A shaft brake (120, 220) for a stage-geared motor
vehicle gearbox (1), wherein the shaft brake (120, 220)
comprises a first brake element (128) with friction
surface, which brake element (128) is coupled in a
rotationally secure manner to a shaft (105), and a
corresponding second brake element (127, 227) coupled
in a rotationally secure manner to a gearbox housing
(215, 15, 16) and the friction surface of which is
intended to interact with the first friction surface by
virtue of the first and second brake elements (127,
227, 128) being movable relative to each other in the
axial direction, which friction surfaces, upon contact,
brake the shaft (105), characterized in that the first
brake element (128) is integrated with and constitutes
part of the shaft (105).

2. The shaft brake as claimed in claim 1,
characterized in that the second brake element (127,
227) is fixedly disposed on a piston (122, 222), which
piston (122, 222) runs in a cap (21, 221), which cap
(21, 221) constitutes the cylinder of the piston (122,
222) and is fixedly disposed in the gearbox housing
(215, 15, 16). '

3. The shaft brake as claimed in the preceding
claims, characterized in that the piston (122, 222) and
the cap (21, 221) constitute a pressure chamber (23) in
which a fluid can be pressurized and which fluid
thereby displaces the piston (122, 222) axially toward
the shaft (105), and in that a resilient element (130,
230), for returning the piston (122, 222) and
separating the friction surfaces, is disposed between
the piston (122, 222) and a rotationally secure part
(133) disposed in the gearbox (1).
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4. The shaft brake as claimed in the preceding
claims, characterized in that a cup spring (230)

constitutes the resilient element.

5. The shaft brake as claimed in claim 2,
characterized in that the cap (221) is an integral part
and constitutes part of the gearbox housing (215, 15,
16).

6. The shaft brake as claimed in claim 1,
characterized in that the friction surfaces of the
first and the second brake element (127, 227, 128) are

cone-shaped.

7. The shaft brake as claimed in claim 2,
characterized in that the second brake element (127,
227) is integrated with and constitutes part of the
piston (122, 222).

8. The shaft brake as claimed in any one of the
preceding claims, characterized in that said shaft is

an intermediate shaft (105) in the gearbox (1) .
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