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permanent magnet (22) and is arranged to output signals indicative of the components of such a magnetic flux. The permanent magnet
(22) is forced to move on a plane (P) extending parallel to and at a distance from the sensor-carrying plate (26). The position detection
system (22, 24, 36, 38, 40) further comprises connection means (36, 38, 40) which connect the permanent magnet (22) to the control
lever (12) and are contigured to convert the tilting movement of the control lever (12) about the first and the second axis of rotation
(x, y) into a movement of the permanent magnet (22) on said plane (P).
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Gear shift control device with a control lever supported by means of a universal joint and

with a position detection svsfem for detecting the position of the control lever

The present invention relates to a gear shift control device for a vehicle gearbox compris-
ing a support body arranged to be rigidly connected to a part of the vehicle passenger com-
partment, for example to the floor or dashboard, a control lever supported by the support
body by means of a uniyersal joint so as to be able both to tilt to the left or to the right
about a first axis of rotation directed longitudinally and to tilt forward and backward about
a second axis of rotation directed transversely to perform the gear selection and engage-
ment moveménts, respectively, and a position detection system for continuously detecting
the .position of the control lever, wherein the position detection system comprises a single
permanent magnet, which is connected to the control lever so as to move as a result of the
tilting of the control lever about the first and the second axis of rotation, and a single Hall
effect magnetic field sensor, which is mounted on a sensor-carrying plate attached to the
support body and is arranged to output signals indicative of the components of the magnet-
ic flux generated by the permanent magnet and applied to the sensor itself, as specified in

the preamble of independent claim 1.

A gear shift control device of the type identified above is known for example from DE 10
2011 119 862. According to this known solution, the permanent magnet of the position de-
tection system is mounted onto the control lever so as to be drivingly connected therewith,
both in the tilting movement about the first axis of rotation and in the tilting movement
about the second axis of rotation. More specifically, the permanent magnet is arranged
with its magnetic axis parallel to, and at a distance from, the first axis of rotation. Conse-
quently, as a result of the tilting of the control lever about the first and the second axis of
rotation, the permanent magnet moves in space, that is, travels along a path extending in
the three dimensions. This makes the measurement, carried out by the sensor, of the com-
ponents of the magnetic flux generated by the permanent magnet more difficult and less

accurate, resulting in reduced accuracy in the detection of the position of the control lever.

It is therefore an object of the present invention to provide a gear shift control device of the

type identified above, wherein the position detection syStem is able to detect the position of
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the control lever with greater accuracy compared to the prior art discussed above.

These and other objects are fully achieved according to the present invention by virtue of a

gear shift control device having the features defined in the appended independent claim 1.

Preferred embodiments of the invention are defined in the dependent claims, whose con-
tent is to be understood as forming an integral and integrating part of the present descrip-

tion.

In summary, the invention is based on the idea of providing a gear shift control device of
the type identified above, wherein the permanent magnet is constrained to move on a plane
extending parallel to and at a distance from the sensor-carrying plate and is connected to
the control lever via connection means configured to convert the tilting movement of the
control lever about the first and the second axis of rotation into a movement of the perma-
nent magnet on said plane. With such a configuration of the position detection system, the
tilting of the control lever about the first and the second axis of rotation results in the '
movement of the permanent magnet on a plane extending parallel to and at a distance from
the sensor-carrying plate. Accordingly, the sensor is able to detect with high accuracy the
position of the permanent magnet on the plane and therefore the position detection system

is able detect the position of the control lever more accurately than the prior art.

According to an embodiment of the invention, the connection means are configured to
convert the tilting movement of the control lever about the first axis of rotation into
movement of the permanent magnet on said plane along a first direction and to convert the
tilting movement of the control lever about the second axis of rotation into movement of
the permanent magnet on said plane along a second direction perpendicular to the first di-

rection.

According to an embodiment of the invention, the permanent magnet is mounted in a in a
- magnet-carrying body and is slidably arranged on a flat sliding surface formed by a further
plate attached to the support body parallel to and at a distance from the sensor-carrying

plate. Preferably, the connection means comprise at least one spring acting directly or indi-
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rectly on the magnet-carrying body so as to keep the permanent magnet permanently in

contact with the flat sliding surface, irrespective of the position of the control lever.

Further features and advantages of the present invention will appear from the following de-
tailed description, given purely by way of a non-limiting example with reference to the ac-
companying drawings, in which:

Figure 1 is a perspective view of a gear shift control device according to an embod-
iment of the present invention;

Figures 2 and 3 are two further perspective views showing in more detail, from two
different points of view, the gear shift control device of Figure 1;

Figure 4 is a perspective view showing the position detection system of the gear
shift control device of Figure 1, sectioned through a first sectional plane passing through
the first axis of rotation of thé_control lever; and

Figure 5 is a perspective view showing the position detection system of the gear
shift control device of Figure 1, sectioned through a second sectional plane passing through

the second axis of rotation of the control lever.

In the following description and claims, terms such as "longitudinal”" and "transverse" as
well as "horizontal” and "vertical" refer to the condition of installation of the control de-
vice on board of the vehicle. Moreover, the term "longitudinal" is used herein to indicate a
direction parallel to the front-back direction (or driving direction) of the vehicle, while the
term "transversal” is used herein to indicate a direction perpendicular to the longitudinal

direction.

With referenée initially to Figures 1 to 3, a gear shift control device for a vehicle gearbox
according to an embodiment of the present invention is generally indicated 10. The control
device 10 basically comprises a control lever 12 through which the driver is able to impart
commands to the vehicle gearbox, a support body 14 arranged to be rigidly connected to
the vehicle compartment, for example to the floor or the dashboard, and a universal joint
16 by meas of which the control lever 12 is supported by the support body 14 so as to be
able to rotate about two perpendicular axes of rotation, i.e. a first axis of rotation x directed

longitudinally and a second axis of rotation y directed transversely, wherein for example
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the first axis of rotation x is a stationary axis, that is, fixed with respect to the support body
14, while the second axis of rotation y rotates about the first axis of rotation x along with
the control lever 12 when the latter is tilted in one direction or the other about the first axis
of rotation x. The control lever 12 comprises, in a per-se-known manner, a rod 18 and a
knob (not shown, but of per-se-known type) mounted at the upper end of rod 18. By rota-
tion about the first axis of rotation x, the control lever 12 tilts in a transverse plane (selec-
tion plane) to the left or to the right to transmit selection commands to the gearbox, while
by rotation about the second axis of rotation y, the control lever 12 tilts in a longitudinal
plane (engagement plane) back and forth to transmit engagement commands to the gear-

box.

The universal joint 16 may be of any known type and will therefore not described herein in
detail. In general terms, the universal joint 16 comprises a fork 20 and a cross (not shown
in the figures). The cross comprises a first shaft which extends in the longitudinal direction
(i.e. in the direction of the first axis of rotation x) and a second shaft which extends in the
transverse direction (i.e. in the direction of the second axis of rotation y). The first shaft is
rotatably supported by the support body 14 for rotation about the first axis of rotation x
(stationary axis of rotation), while the second shaft is drivingly connected with the first
shaft for rotation about the first axis of rotation x and is therefore a movable axis of rota-
tion. The fork 20 is connected to the second shaft of the cross so as to rotate therewith
about the first axis of rotation x and further rotate with respect to the first shaft about the
second axis of rotation y. The rod 18 of the control lever 12 is rigidly connected at the
lower end thereof to the fork 20. The control lever 12 can thus rotate both about the first
axis of rotation x and about the second axis of rotation y for transmitting to the gearbox the

selection and engagement commands, respectively, imparted by the driver.

The selection and engagement commands imparted by the driver via the control lever 12
can be transmitted to the gearbox either mechanically, i.e. through mechanical connection
members, such as for example a pair of push-pull cables, connecting the control lever 12 to
special actuation members provided in the gearbox, or by the so-called shift-by-wire mode,
i.e. by an electronic control unit which generates appropriate control signals for selection

and engagement actuators provided in the gearbox as a function of input signals indicative
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of the position of the control lever 12.

With particular reference to Figures 4 and 5, the gear shift control device 10 further com-
prises a position detection system adapted for continuously detecting the position of the
control lever 12, namely both the angular position about the first axis of rotation x and the
angular position about the second axis of rotation y. The position detection system com-
prises one single permanent magnet 22, which is connected to the control lever 12, in par-
ticular to the fork 20, so as to move as a result of tilting of the control lever 12 about the
first axis of rotation x and the second axis of rotation y, and a Hall effect magnetic field
sensor 24 (in particular made as an integrated chip), which is mounted on a sénsor-carrying
plate 26 attached to the support body 14 so as to be operatively exposed to the magnetic
flux generated by the permanent magnet 22 and is arranged to output signals indicative of

the components of such a magnetic flux.

According to an aspect of the ihvention, the permanent magnet 22 is forced to move on a
plane P extending parallel to and at a distance from the sensor-carrying plate 26. In the
embodiment illustrated herein, the plane P extends above the sensor-carrying plate 26, but
according to alternative embodiments it might also be arranged underneath such a plate.
The plane P is defined for example by a flat sliding surface 28 formed by a plate 30 that is
attached to the support body 14 and extends parallel to and at a distance from the sensor-
carrying plate 26. Preferably, the permanent magnet 22 has a flat lower side 22a adapted to
slide on the flat sliding surface 28.

The permanent magnet 22 is mounted in a magnet-carrying body 32, and is for example

force-fitted in a suitably shaped cavity 34 of the magnet-carrying body 32.

According to another aspect of the invention, the permanent magnet 22 is connected to the
control lever 12 by means of connection means configured to convert the tilting movement
of the control lever 12 about the first axis of rotation x and the second axis of rotation y in-
to a movement of the magnet on the plane P, in particular into a movement of the magnet
along two perpendicular directions. In the proposed embodiment, the connection means are

configured in such a way that the tilting of the control lever 12 about the first axis of rota-
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tion x results in a movement of the permanent magnet 22 on the plane P along a first direc-
tion parallel to the first axis of rotation x, while the tilting of the control lever 12 about the
second axis of rotation y results in a movement of the permanent magnet 22 on the plane P

long a second direction parallel to the second axis of rotation y.

The connection means comprise a connection element 36 (which in the example shown in
Figures 4 and 5 is made as a rod) which on the one side is connected by means a ball-and-
socket joint 38 to the permanent magnet 22; or rather to the magnet-carrying body 32, and
on the other side is slidably mounted into the control lever 12 (in particular, according to
the illustrated example, into rod 18) along a sliding direction z. Preferably, the sliding di-
rection z is directed perpendicular to the plane formed by the first axis of rotation x and by
the second axis of rotation y, in the condition where the control lever 12 is in the neutral

position.

Preferably, the connection means further comprise at least one spring 40 acting on the con-
nection means 36 so as to push the assembly formed by the connection element 36 and the
magnet-carrying body 32 towards the plate 30, and thus keep the permanent magnet 22
permanently in contact with the flat sliding surface 28, irrespective of the position of the

control lever 12.

With such a configuration of the connection means, the permanent magnet 22 moves on
the plane P as a result of the tilting of the control lever 12 about the first axis of rotation x
and the second axis of rotation y. In particular, there is a biunique correspondence between
the position of the permanent magnet 22 on the plane P and the position‘of the control lev-
er 12 (defined by the angular position about the first axis of rotation x and by the angular
position about the second axis of rotation y), whereby each position of the control lever 12
corresponds to one and only one position of the permanent magnet 22 on the plane P and
vice versa. Therefore, detecting the position of the permanent magnet 22 on the plane P
through the sensor 24, the position control system is able to continuously detect the posi-
tion of the control lever 12. The accuracy obtainable with such a position detection system
is higher than that of the prior art, since the permanent magnet 22 is constrained to move

on a plane, namely a plane parallel to the plane of sensor 24.
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Naturally, the principle of the invention remaining unchnaged, the embodiments and man-
ufacturing details may widely vary compared to those described and illustrated purely by
way of a non-limiting example, without thereby departing from the scope of the invention

as defined in the accompanying claims.
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CLAIMS

1. Gear shift control device (10) for a vehicle gearbox, comprising a control lever
(12), a support body (14) arranged to be rigidly connected to the vehicle passenger com-
partment, a universal joint (16) by means of which the control lever (12) is supported by
the support body (14) so as to be rotatable about a first axis of rotation (x) and a second ax-
is of rotation (y) perpendicular to the first axis of rotation (x), and a position detection sys-
tem (22, 24) arranged to detect the position of the control lever (12),

wherein the position detection system (22, 24, 36, 38, 40) comprises one single permanent
mégnet (22), which is connected to the control lever (12) so as to move as a result of the
tilting of the control lever (12) about the first and the second axis of rotation (x, y), and a
Hall effect magnetic field sensor (24), which is mounted on a sensor-carrying plate (26) at-
tached to the support body (14) so as to be operatively exposed to the magnetic flux gener-
ated by the permanent magnet (22) and is arranged to output signals indicative of the com-
ponents of said magnetic flux,

characterized

in that the permanent magnet (22) is forced to move on a plane (P) extending parallel to
and at a distance from the sensor-carrying plate (26), and

in that the position detection system (22, 24, 36, 38, 40) further comprises connection
means (36, 38, 40) which connect the permanent magnet (22) to the control lever (12) and
are configured to convert the tilting movement of the control lever (12) about the first and
the second axis of rotation (x, y) into a movement of the perménent magnet (22) on said

plane (P).

2. Gear shift control device according to claim 1, wherein said connection means (36,
38, 40) are configured to cohvert the tilting movement of the control lever (12) about the
first axis of rotation (x) into a movement of the permanent magnet (22) on said plane (P)
along a first direction and to convert the tilting movement of the control lever (12) about
the second axis of rotation (y) into a movement of the permanent magnet (22) on said plane

(P) along a second direction perpendicular to the first direction.

3. Gear shift control device according to claim 2, wherein said first and second direc-
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tions are parallel to the first axis of rotation (x) and to the second axis of rotation (y), re-

spectively.

4. Gear shift control device according to any of the preceding claims, wherein said
connection means (36, 38, 40) comprise a connection element (36) which on one side is
connected to the permanent magnet (22) by means of a ball-and-socket joint (38) and on

the other side is slidably mounted in the control lever (12) along a.sliding direction (z).

S. Gear shift control device according to claim 4, wherein said sliding direction (z) is
directed perpendicular to the plane formed by the first axis of rotation (x) and by the sec-
ond axis of rotation (y), in the condition where the control lever (12) is in the neutral posi-

tion.

6. Gear shift control device according to any of the preceding claims, wherein the

permanent magnet (22) is mounted in a magnet-carrying body (32).

7. Gear shift control device according to any of the preceding claims, wherein the po-
sition detection system (22, 24, 36, 38, 40) has a flat sliding surface (28) which defines

said plane (P) and on which the permanent magnet (22) is forced to slide.

8. Gear shift control device according to claim 7, wherein said connection means (36,
38, 40) further comprise at least one spring (40) acting directly or indirectly onto the per-
manent magnet (22) so as to keep the permanent magnet (22) permanently in contact with

said flat sliding surface (28).



PCT/IB2017/054033

WO 2018/007947

15




PCT/IB2017/054033

WO 2018/007947

215

¢ 9ld

nmm A

il




WO 2018/007947 PCT/IB2017/054033

315




PCT/IB2017/054033

WO 2018/007947

4/5

t
A rrrr rrrs mrrrrns

v "Old

e O




PCT/IB2017/054033

WO 2018/007947

515

e

0g

S aad

i

G Old



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2017/054033

A. CLASSIFICATION OF SUBJECT MATTER

INV. F16H59/10 F16H59/04
ADD.

F16H59/02

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

B. FIELDS SEARCHED

F16H

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 0 620 385 Al (JAEGER [FR]) 1-8
19 October 1994 (1994-10-19)
figures 1, 3
column 6, lines 4-20
column 7, lines 26-43
X US 20147145712 A1l (NAKAMURA TOKUO [JP] ET 1-3
AL) 29 May 2014 (2014-05-29)
figure 15
paragraphs [0098] - [0100]
X FR 2 638 230 Al (FICHTEL & SACHS AG [DE]) 1-3
27 April 1990 (1990-04-27)
figure 4
X DE 10 2007 032545 Al (CHERRY GMBH [DE]) 1-3
20 November 2008 (2008-11-20)
figures 1-4
_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

28 September 2017

Date of mailing of the international search report

11/10/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Pérez de Unzueta, C

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2017/054033

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

[JP]; TAKIGAWA MAKITO [JP]; YAMADA
YUKIMITSU [JP]) 11 March 2010 (2010-03-11)
figure 2

abstract

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2008 239057 A (TOKAI RIKA CO LTD) 1-3

9 October 2008 (2008-10-09)

figures 2-4
X WO 2010/026947 Al (ALPS ELECTRIC CO LTD 1

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2017/054033
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0620385 Al 19-10-1994  BR 9401470 A 29-11-1994
DE 69408356 D1 12-03-1998
DE 69408356 T2 18-06-1998
EP 0620385 Al 19-10-1994
ES 2113060 T3 16-04-1998
FR 2703958 Al 21-10-1994
US 2014145712 Al 29-05-2014  JP 5936126 B2 15-06-2016
JP 2014107189 A 09-06-2014
US 2014145712 Al 29-05-2014
FR 2638230 Al 27-04-1990 DE 3836145 Al 26-04-1990
FR 2638230 Al 27-04-1990
GB 2224791 A 16-05-1990
DE 102007032545 Al 20-11-2008 AT 520905 T 15-09-2011
AT 522753 T 15-09-2011
CN 101730807 A 09-06-2010
DE 102007032545 Al 20-11-2008
EP 2176569 A2 21-04-2010
JP 5561865 B2 30-07-2014
JP 2010533093 A 21-10-2010
US 2010175494 Al 15-07-2010
WO 2009007449 A2 15-01-2009
JP 2008239057 A 09-10-2008  JP 4806647 B2 02-11-2011
JP 2008239057 A 09-10-2008
WO 2010026947 Al 11-03-2010  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report
	Page 19 - wo-search-report

