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(57) Abstract: Drivetrain for a motor vehicle comprising an engine (1), a gearbox (9) having an intermediate shaft (11) with inter-
mediate shaft brake (17) and a friction clutch (3) coupled between the engine and the gearbox. A torque sensor (19) is provided,
& which detects the input torque to the gearbox. The intermediate shaft brake and the clutch are controlled by a control unit (12), which
& is programmed in predetermined instances, when the gearbox is in the neutral position, the clutch is engaged and the intermediate
shaft brake is released, to measure and store the torque loss from the gearbox and then to set the brake to a predetermined level and
to register and store the torque increase during the setting until constant torque is attained. This is registered and stored in the control
unit together with the time for the torque increase. The control unit is programmed to then deactivate the brake and to register and
g store the torque reduction during deactivation down to the torque loss and the time taken for this.
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Driving arrangement for motor vehicle and method to
determine torque transmitting characteristic for an
intermediate shaft brake in a gearbox included in the

driving arrangement

The present invention relates to a drivetrain for a
motor vehicle, comprising at least one engine having an
output shaft, a gearbox having an input shaft and at
least one intermediate shaft with an intermediate shaft
brake, a friction clutch having a first friction
element connected to the output shaft and a second
friction element connected to the input shaft and an
electronic control unit for controlling the
intermediate shaft brake and the friction clutch as a
function of wvarious control parameters fed into the
control unit.

The invention also relates to a method of determining
the torque transmission characteristic of an
intermediate shaft brake coordinated with at least one
intermediate shaft in a gearbox, which has an input
shaft and can be driven coupled to at least one engine
having an output shaft via a frictiom clutch, which has
a first friction element connected to the output shaft
and a second friction element connected to the input
shaft, said method consisting in control of the
intermediate shaft brake and the friction clutch by
means of an electronic control unit as a function of
various control parameters fed into the control unit
and proceeding on the basis that the engine is started,
the gearbox is in the neutral position, the clutch is
engaged and the intermediate shaft brake is released.

The present invention also relates to a computer
program for performing such a method using a computer.
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The use of intermediate shaft brakes in automatic
stage-geared vehicle gearboxes having at least some
non-synchromesh gear stages and an input shaft coupled
by way of an automatic friction clutch to an output
shaft of an engine is already known. With the aid of a
control computer and the vehicle’s throttle control,
the clutch in a known embodiment is controlled in such
a way that when the vehicle is stationary with the
engine running, and a gear selector coupled to the
control computer is in the neutral position, the clutch
is engaged, which means that the intermediate shaft and
hence also the gear  wheels meshing with the
intermediate shaft gear wheels are rotating.

When the vehicle is to start and the gear selector is
set to a gear position for selecting the starting gear,
the clutch is disengaged. The disengaged gear wheel on
the main shaft, by way of which the torque is to be
transmitted to the selected gear, must first be braked
to a standstill before the gear wheel can be locked to
the shaft. If the selected gear is a synchromesh gear,
the braking is performed with the aid of associated
synchromesh elements, but if the selected gear is a
gear with no synchromesh element the braking is
achieved in that the intermediate shaft is braked to a
standstill by the intermediate shaft brake.

However, an intermediate shaft brake can also be used
for synchronization, either alone or together with an
engine speed adjustment, when shifting between
different gears, especially when shifting up. The time
taken from the initiation of a gear shift, either when
engaging the starting gear or shifting between
different gears, until the gear shift is completed is
to a large extent influenced by the torque transmission
characteristic of the intermediate shaft brake, which
is in turn influenced by factors such as temperature,
brake lining wear and application and release times.
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Insufficient account has hitherto been taken of the
variations * in the torque characteristic of the
intermediate shaft brake as a function of the
aforementioned factors, and this has had an effect on
the gearshift time. The effect of temperature and wear
which results in reduced brake torque have meant that
the synchronization sequence and hence the gearshift
time have been prolonged.

An object of the present invention is to provide a
drivetrain of the type specified in the introductory
part, which makes it possible at predetermined
intervals to create a starting point for reliable
monitoring of the brake torque and reaction times of
the intermediate shaft Dbrake, thereby permitting
adjustment of the derivative action of the application
and release of the intermediate brake shaft and its
application time and in this way achieving optimum
rapidity of the gearshift sequence.

According to the invention this object is achieved in a
drivetrain of the type specified in the introductory
part in that a torque sensor is provided, which detects -
the torque on the input shaft and sends a torque-
dependent signal to the control unit, and that the
control unit is designed, in predefined instances, when
the geafbox is in the neutral position, the clutch is
engaged and the intermediate shaft brake is released,
to register and store the torque measured by the torque
sensor.

The derivative action of the application of the
intermediate shaft brake can now be calculated in that
the control wunit is, according to the invention,
designed from this starting point:
- to set the intermediate shaft brake to a
predetermined level,
- to register and store the torque increase
measured by the torque sensor during the
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setting sequence until the torque Dbecomes
constant and

- to register and store the time for the torque
increase and the constant torque.

The derivative action of the release of the
intermediate shaft brake can be calculated if the
control unit is also, according to the invention,
designed from this starting point:

- to set the intermediate shaft brake to a
predetermined level,

- to release the intermediate shaft brake,

- to register and store the torque reduction
measured by the torque sensor during the
release sequence until the torque is at least
approximately equal to the stored torque upon
release of the intermediate shaft brake and

- to register and store the time for the torque

reduction.

A further object of the invention 1is to provide a
simple and reliable method of establishing a starting
point for determining a torque transmission
characteristic of the intermediate shaft brake in a
drivetrain having a gearbox with intermediate shaft
brake.

According to the invention this is achieved by a method
of the type specified in the introductory part in that
from a starting point in which the engine is started,
the gearbox is in the neutral position, the clutch is
engaged and the intermediate shaft brake is released,
the torgue on the input shaft is measured by means of a
torque sensor and registered and stored in the control

unit.

The derivative action of the application of the

intermediate shaft brake can be calculated by a method
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which according to the invention additionally consists
in:

- setting the intermediate shaft brake to a
predetermined level,

- registering and storing in the control unit the
torque increase measured by the torque sensor
during the setting sequence and until the
torque becomes constant and

- registering and storing in the control unit the
time for the torque increase and the constant
torque.

The derivative action of the release of the
intermediate shaft brake can be calculated by a method
which according to the invention additionally consists
in:

- setting the intermediate shaft brake to a
predetermined level,

- releasing the intermediate shaft brake,

- registering and storing in the control unit the
torque reduction measured by the torque sensor
during the release sequence and until the
torque is at least approximately equal to the
stored torque upon release of the intermediate
shaft brake and

- registering and storing in the control unit the

time for the torque reduction.

The control unit may be programmed to carry out the
procedure described for determining the torque
characteristic and reaction times of the intermediate
shaft brake at certain intervals or each time the
engine is started. In this way, the variations in the
torque characteristic and reaction times, which vary as
a function of the brake 1lining wear, temperature
changes etc., can be fully monitored so that the
swiftest possible synchronization can be achieved for
each instance of a gearshift for each individual type

of gearbox. Individual adjustment to variations
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between different gearboxes of the same type is readily
feasible using the described method according to the
invention.

_The invention is described in more detail with

reference to the exemplary embodiments shown in the
drawings attached, in which

Fig. 1 shows a schematic representation of an
embodiment of a drivetrain according to the
invention,

Fig. 2 shows a diagram illustrating the reaction times
and brake torque of the intermediate shaft and
the intermediate shaft brake when braking, for
example when changing gear, and

Fig. 3 shows an embodiment of the invention.

In Fig. 1, 1 denotes a six-cylinder internal combustion
engine, for example a diesel engine, the crankshaft 2
of which is coupled to a single dry-plate clutch
generally denoted by 3, which is enclosed in a clutch
cover 4. A multi-plate clutch may be used instead of a
single-plate clutch. The crankshaft 2 is rotationally
fixed to the clutch housing 5 of the clutch 3, while
the plate 6 thereof is rotationally fixed to an input
shaft 7, which is rotatably supported in the housing 8
of a gearbox generally denoted by 9. A main shaft 10
and an intermediate shaft 11 are also rotatably
supported in the housing 8.

The gearbox 9 is a known automatic stage-geared vehicle
gearbox, which has a non-synchromesh basic gearbox with
a synchromesh splitter group on the input side and a
synchromesh range group on the output side. Gear
shifting is controlled by an electronic transmission
control unit 12, which comprises a microcomputer, as a

function of signals representing various engine and
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vehicle data fed into the control unit, when a gear
selector 13 coupled to the control unit is in its
automatic position. When the gear selector 13 is in
the manual gearshift position, gearshifts are performed
at the driver’s command. The transmission control unit
12 communicates with an engine control unit 14 and
together with the latter also controls the fuel
injection, that is to say the engine speed, as a
function of the accelerator pedal position and the
pressure medium supply to an operating cylinder, f£for
example a pneumatic piston-cylinder arrangement, by

means of which the clutch is engaged and released.

The transmission control unit 12 is programmed in a
known manner so that it keeps the clutch engaged when
the vehicle is stationary with the engine running and
the gear selector 13 is in the neutral position. This
means that the engine drives the gearbox input shaft 7
and hence also its intermediate shaft 11, whilst the
gearbox output shaft 16 is disengaged. The control
unit 12 is programmed so that when the vehicle is
stationary and the gear selector 13- is moved to a gear
position, either to the automatic position or to a
position with gear selected by the driver, the clutch
is first disengaged and the intermediate shaft 11 then
braked to a standstill by means of a brake arrangement
17, which is co-ordinated with the intermediate shaft
and which may be an intermediate shaft brake known in
the art and controlled by the control unit 12, for
example an electromagnetic brake or a brake which has a
pressure medium-controlled application and release
operating device (not shown in more detail).

The synchronization time when shifting either from
neutral to starting gear when the intermediate shaft 11
is to be braked to a standstill, or from an existing
gear to another gear, for example a higher gear when
the intermediate shaft is to be braked to the speed of
a higher gear for synchronization, naturally depends
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not only on the brake torque of the intermediate shaft
but also on the inevitable activation delay from the
control unit 12 emitting a command signal to apply the
brake to the time that a predetermined brake torque has
been attained, and on the deactivation delay from the
control unit 12 emitting a signal to release the brake
to the time that the brake torque from the intermediate
shaft brake has fallen to zero.

The sequence is illustrated in Fig. 2 in which the line
A marks the time at which the brake is activated and B
marks the time at which a predetermined constant brake
torque was attained. The period of time between A and
B therefore constitutes the activation delay.
Similarly the line C marks the time at which the brake
is deactivated and D marks the time at which the brake
torque dropped to zero. Over the period of time
between B and D the torque is constant, whilst the
period of time between C and D constitutes the
deactivation delay.

The brake torque characteristic of a new brake is known
and with this and other factors as a guide it is
possible to calculate the required derivative action
for activation and deactivation, in order to compensate
for the aforementioned delay. Over time, however, the
brake wears and both the brake torque characteristic
and the delay times vary, which affects the gearshift
quality. A good method of charting and compensating
for these changes and also for temperature variations

has hitherto been unforthcoming.

By using a torque sensor 19 according to the present
invention, which detects the torque transmitted £from
the engine to the input shaft 7 wvia the clutch 3 and
delivers a signal varying as a function of this torque
to the control unit 12, it is easily possible whilst
the vehicle is 1in operation to fully monitor the
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changes in the torque characteristic and reaction times
of the brake and to compensate for these.

Thus in one embodiment the control wunit 12 is
programmed in selected instances, when the engine 1 is
started, the gearbox 9 is in its neutral position, the
clutch 3 is engaged and the intermediate shaft brake 17
is released, to measure and store the torque loss from
the gearbox and then to set the intermediate shaft
brake to a predetermined level, for example to maximum
brake torque, and to register and store the torque
increase measured by the torque sensor 19 during the
setting sequence until constant torque is attained.
This is registered and stored as is the time for the
torque increase. The intermediate shaft brake 17 is
then deactivated and the torque reduction, measured by
the torgque sensor 19 during the deactivation sequence
down to at least approximately the torque loss, 1is
registered and stored together with the time for this.

Through such constant monitoring of the torque
characteristic and reaction times of the intermediate
shaft brake 17 it is ©possible to optimize the
derivative action for activation and deactivation of
the brake as well as the period of time at constant
torgque that is required for swiftest possible
synchronization.

The invention can also be used as a diagnostic aid to
the functioning of the intermediate shaft brake. The
control unit may be designed to emit a signal
indicating a defect in the intermediate shaft brake, if
the brake torque characteristic lies outside predefined

limits stored in the control unit.

Fig. 3 shows an apparatus 500 according to one
embodiment of the invention, comprising a non-volatile
memory 520, a processor 510 and a read/write memory

560. The memory 520 has a first memory part 530, in



WO 2005/102766 PCT/SE2005/000593

10

15

20

25

30

35

- 10 -

which a computer program for controlling the apparatus
500 igs stored. The computer program in the memory part
530 for controlling the apparatus 500 may be an
operating system.

The apparatus 500 may be incorporated into a control
unit, for example, such as the control unit 12. The
data-processing unit 510 may comprise a microcomputer,
for example.

The memory 520 also has a second memory part 540, in
which is stored a program for controlling the clutch,
gearbox and intermediate shaft brake according to the
invention. In an alternative embodiment the program
for controlling the clutch, gearbox and intermediate
shaft brake is stored on a separate, non-volatile data
storage medium 550, such as a CD, for example, or a
replaceable semiconductor memory. The program may be

stored in an executable form or in a compressed state.

Where the data-processing unit 510 is described below
as running a special function, it should be clearly
understood that the data-processing unit 510 runs a
special part of the program that 1is stored in the
memory 540 or a special part of the program that is
stored on the non-volatile recording medium 550.

The data processing unit 510 is adapted for
communication with the memory 550 by means of a data
bus 514. The data processing unit 510 is also adapted
for communication with the memory 520 by means of a
data bus 512. The data processing unit 510 1is
furthermore adapted for communication with the memory
560 by means of a data bus 511. The data processing
unit 510 is also adapted for communication with a data
port 590 by means of a data bus 515.

The method according to the invention can be performed
by the data processing unit 510 in that the data
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processing unit 510 runs the program which is stored in
the memory 540 or the program which is stored on the

non-volatile recording medium 550.
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Claims

1. A drivetrain for a motor vehicle comprising at
least one engine having an output shaft, a gearbox
having an input shaft and at least one intermediate
shaft with an intermediate shaft brake, a friction
clutch with a first friction element connected to the
output shaft and a second friction element connected to
the dinput shaft and an electronic control unit for
controlling the intermediate shaft ©brake and the
friction clutch as a function of wvarious control
parameters fed into the control unit characterized in
that a torque sensor (19) is provided, which detects
the torque on the input shaft (7) and sends a torque-
dependent signal to the control unit (12), and that the
control unit is designed in predefined instances, when
the engine is started, the intermediate shaft brake
(17) is released, the gearbox (9) is in the neutral
position and the clutch (3) is engaged, to register and
store the torque measured by the torgue sensor.

2. The drivetrain as claimed in claim 1,
characterized in that the control unit (12) is designed
in predefined instances, when the intermediate shaft
brake (17) is released:

- to set the intermediate shaft brake to a
predetermined level,

- to register and store the torque increase
measured by the torque sensor (19) during the
setting sequence wuntil the torque becomes
constant and

- to register and store the time for the torque
increase and the constant torque.

3. The drivetrain as claimed in claim 1 or 2,
characterized in that the control unit (12) is designed
in predefined instances, when the intermediate shaft
brake (17) is released:
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- to set the intermediate shaft brake to a
predetermined level,

- to release the intermediate shaft brake,

- to register and store the torgque reduction
measured by the torque sensor (19) during the
release sequence until the torque is at least
approximately equal to the stored torque upon
release of the intermediate shaft brake and

- to register and store the time for the torque
reduction.

4, A method of establishing a starting point for
determining the torque transmission characteristic of
an intermediate shaft brake coordinated with at least
one intermediate shaft in a gearbox, which has an input
shaft and can be driven coupled to at least one engine
having an output shaft via a friction clutch, which has
a first friction element connected to the output shaft
and a second friction element connected to the input
shaft, said method consisting in control of the
intermediate shaft brake and the friction clutch by
means of an electronic control unit as a function of
various control parameters fed.into the control unit,
characterized in that proceeding from the starting
point in which the engine (1) is started, the gearbox
(9) is in the neutral position, the clutch (3) is
engaged and the intermediate shaft brake (17) is
released, the torque on the input shaft is measured by
means of a torque sensor (19) and registered and stored
in the control unit.

5. The method as claimed in claim 4, characterized in
that in predefined instances, when the intermediate
shaft brake (17) is released:
- the intermediate shaft Dbrake is set to a
predetermined level,
- the torque increase measured by the torque
sensor (19) during the setting sequence until
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the torque becomes constant is registered and
stored in the control unit (12),

- the time for the torque increase and the
constant torque are registered and stored in
the control unit,

- the intermediate shaft brake is released.

6. The method as claimed in claim 4 or 5,
characterized in that in predefined instances, when the
intermediate shaft brake (17) is released:

- the intermediate shaft brake is set to a
predetermined level,

- the intermediate shaft brake is released,

- the torque reduction measured by the torque
sensor (19) during the release sequence until
the torque is at least approximately equal to
the stored torque on release of the
intermediate shaft brake is registered and
stored in the control unit,

- the time for the torque reduction is registered
and stored in the control unit.

7. A computer program comprising program code for
performing the method as claimed in any one of claims 4
to 6, when said computer program is executed on a

computer.

8. A computer program product comprising program code
stored on a computer-readable medium for performing the
method as claimed in any one of claims 4 to 6 when said
computer program is executed on the computer.

9. A computer program product directly loadable into
an internal memory of a computer and comprising a
computer program for performing the method as claimed
in any one of claims 4 to 6, when said computer program
on the computer program product 1is executed on the

computer.



WO 2005/102766 PCT/SE2005/000593

13

13

FIG. 1

18— \17k11 \vs

14—



WO 2005/102766 PCT/SE2005/000593

2/3
AB CD ‘
rpm A i I 1 1 retardation proportional
; : ! I tothe brake torque
|1 I
i1\ |
I I
11 |
[ I\1
P
N
———t—+ — -
I T I
torque A L time
1
| ]
| | o
R :
i R time
on 4 } i
Lo time

sl sl
activation delay / \ deactivation delay

FIG. 2



WO 2005/102766 PCT/SE2005/000593

3/3
511 514
510 4—5» 550
512
515
560] \~ | 530
540 ||
7 500
x 520
590

Fig. 3



INTERNATIONAL SEARCH REPORT International application No.
PCT/SE 2005/000593

A. CLASSIFICATION OF SUBJECT MATTER

IPC7: B60K 41/28, F16H 61/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC7: B6OK, F16H

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE,DK,FI,NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-INTERNAL, WPI DATA, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 03095258 Al (VOLVO LASTVAGNAR AB), 1-9
20 November 2003 (20.11.2003)

A WO 03097400 Al (VOLVO LASTVAGNAR AB), 1-9
27 November 2003 (27.11.2003)

A W0 03097401 Al (VOLVO LASTVAGNAR AB), 1-9
27 November 2003 (27.11.2003)

D Further documents are listed in the continuation of Box C. D(] See patent family annex.

% Special categaries of dlted documents #T" later document putllished after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E” earlier zpplication or patent but published on or after the international X" document of particular relevance: the claimed invention cannot be
_— filing date . . . consitiered novel or cannot be considered to involve an inventive
"1.” document which may throw doubts an priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) “Y” document of particular relevance: the clalme%;nvenuon cannot be
"Q"  document referring to an oral disclosure, use, exhibition or other :mﬁ;’;ﬁd‘mﬁ%ﬂv&a‘:gﬁvﬁnﬂ?&e ::gﬁ ﬁlc%ne;t: °$’ége:gr:fm nation
s means being obvious to a person skilled in the art
P”  document putlished prior to the international filing date but later than " .
the priority date claimed &”  document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

20 May 2005 84 -07- 2005

Name and mailing address of the ISA/ Authorized officer

Swedish Patent Office

Box 5055, §-102 42 STOCKHOLM Per-01of Warnbo / JA A
Facsimile No. +46 8 666 02 86 Telephone No.  +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (January 2004)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

01/04/2005 | PCT/SE 2005/000593

WO 03095258 Al  20/11/2003 AU 2003234375 A 00/00/0000
CA 2457677 A 27/02/2003
JP 2004538106 T 24/12/2004
SE 525105 C 30/11/2004
SE 0201456 A 14/11/2003
US 20040267205 A 30/12/2004

WO 03097400 Al 27/11/2003 AU 2003235379 A 00/00/0000
BR 0309973 A 01/03/2005
CA 2458562 A 06/03/2003
EP 1421254 A 26/05/2004
EP 1509419 A 02/03/2005
SE 522153 C 20/01/2004
SE 0201477 A 17/11/2003

W0 03097401 Al 27/11/2003 AU 2003231446 A 00/00/0000
BR 0310078 A 22/02/2005
EP 1507678 A 23/02/2005
SE 522166 C 20/01/2004
SE 0201498 A

18/11/2003

Form PCT/ISA/210 (patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

