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Description

MAGNET DEVICE FOR POSITION SENSOR, MAGNET ASSEMBLY
AND SENSING SYSTEM INCLUDING THE MAGNET ASSEMBLY

Technical Field
The invention relates to a magnet device for a position sensor, a magnet assembly including

the magnet device and a sensing system including the magnet assembly.

Background of the invention

With the increasing demands on fuel economy and safety of vehicles, detecting
transmission neutral signals and then judging the running states of a vehicle as well as
controlling corresponding assemblies based on the detected transmission neutral signals so
as to reduce the energy consumption and improve the safety performance of the vehicle are
increasingly concerned. A neutral position sensor is mainly used for detecting whether a
motor vehicle is in neutral or at a gear, so that when the vehicle is in neutral, the state of an

engine is adjusted to fulfill the purposes of energy conservation and emission reduction.

As shown in Fig. 1 and Fig. 2, a conventional position sensor sensing system includes a
position sensor 40 and a magnet assembly, wherein the position sensor includes a magnetic
sensing chip 41, the magnet assembly is installed on e.g. a transmission shaft 50, and the
magnetic sensing chip 41 is installed at one side of the magnet assembly away from the
transmission shaft 50. The magnet assembly and the transmission shaft 50 moves within a
limited measuring length together, and can rotate approximately 25 degrees at each gear
position. The magnet assembly includes a magnet bracket 10 and a magnet 20 arranged in
the magnet bracket 10. The magnet 20 arranged in the magnet bracket 10 in the prior art
generally adopts a cuboid structure. In such an arrangement, magnetic field intensity
components Bz in the magnetizing direction z at two ends of the magnet along the sensing
direction (the axial direction of the shift shaft) y are smaller than the magnetic field

intensity components in the middle of the magnet due to the magnetic field edge effect.
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Consequently, the measuring length L sensed by the magnetic sensing chip 41 is relatively

short (as shown in Fig. 2).

Hence, the magnet 20 should be long enough in the axial direction y of the transmission
shaft to ensure that the magnetic sensing chip 41 can always detect accurate data. Such
requirement results in that the magnet 20 occupies a large space and is high in

manufacturing cost.

Summary of the Invention

(1) Technical Problems to be Solved by the Invention

One aim of the invention is to provide a magnet device for a position sensor, so that the
position sensor is reliable and accurate in detection, wherein the magnet device occupies a

small space and is low in manufacturing cost.

Another aim of the invention is to provide a magnet assembly including the

above-mentioned magnet device.

A further aim of the invention is to provide a sensing system including the

above-mentioned magnet assembly, particularly a neutral position sensor.

(2) Technical Solutions

In order to solve the above-mentioned problems, the present invention provides a magnet
device for use with a position sensor, the magnet device having a magnetizing direction and
having magnetic field intensity components in the magnetizing direction, wherein the
magnet device is provided with a groove recessed in the magnetizing direction, so that the
magnetic field intensity components are substantially equal in the transverse direction of

the magnetizing direction.

Wherein, the magnet device has a sensing direction, in which the magnetic field intensity

components are substantially equal.
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Wherein, the magnet device is provided with a plurality of sensing positions in the sensing
direction, and wherein the magnetic field intensity components are substantially equal at

the plurality of sensing positions.

Wherein, the magnet device has a sensing direction, in which the length of the groove is

shorter than the length of the magnet device.

Wherein, the magnet device has a sensing direction, and wherein the groove is formed in

the middle of the magnet device along the sensing direction of the magnet device.

Wherein, the groove of the magnet device has two ends in the sensing direction (y) and a
bottom, and wherein the two ends of the groove of the magnet device are symmetric about

the bottom of the groove of the magnet device.

Wherein, the groove of the magnet device has two ends and a bottom, and wherein the
respective angles formed by each end and the bottom of the groove of the magnet device

are greater than or equal to 90 degrees and less than 180 degrees.

The present invention further provides a magnet assembly for a position sensor, including a
magnet bracket and the above-mentioned magnet device, wherein the magnet device is

arranged in the magnet bracket.

Wherein, two ends of an upper surface of the magnet bracket in the sensing direction at

least partially cover the magnet device.

Wherein, the magnet assembly further includes two magnetic field concentrating segments,
which are arranged in the magnet bracket and positioned at two sides of the magnet

respectively.
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Wherein, the magnet bracket, the magnet device and the magnetic field concentrating

segments are integrally formed by injection molding.

The present invention further provides a sensing system for a position sensor, including a

position sensor and the above-mentioned magnet assembly.

Wherein, the position sensor includes a magnetic sensing chip, wherein the groove of the
magnet device in the magnet assembly faces the magnetic sensing chip, and wherein the
installation positions of the position sensor and the magnet assembly enable the magnetic
field intensity components sensed by the magnetic sensing chip in the position sensor to be

substantially equal in the transverse direction of the magnetizing direction.

Wherein, the position sensor is a neutral position sensor, wherein in use, the magnet
assembly is installed on a transmission shaft, the magnetic sensing chip is installed at one
side of the magnet assembly away from the transmission shaft and spaced apart from the
magnet assembly, and wherein when the magnet assembly moves in the sensing direction
to shift gears, the installation positions of the position sensor and the magnet assembly
enable the magnetic field intensity components to be substantially equal in the sensing

direction.

(3) Advantageous Effects

In the embodiments of the invention, the structure of the magnet device is improved, so that
the magnet device can provide a target magnetic field of which the magnetic field intensity
components Bz are substantially equal in the transverse direction of the magnetizing
direction z. When the magnet device is used for the sensing system of the position sensor,
the magnet device can provide a target magnetic field of which the magnetic field intensity
components Bz are substantially equal in the transverse direction of the magnetizing
direction z, so that the magnetic sensing chip can accurately detect the magnetic field and
output a signal, and therefore, the sensitivity of the position sensor is improved. Meanwhile,

the length of the magnet device in the axial direction y of the transmission shaft is reduced,
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so that the space taken up by the magnet device is reduced. Moreover, the device is simple

in structure and easy to manufacture.

Brief Description of the Drawings

Fig. 1 illustrates a conventional sensing system having a magnet and a position sensor;

Fig. 2 shows the magnetic field intensity components Bz in the magnetizing direction z and

the effective measuring length of a magnet device in Fig. 1;

Fig. 3 is a schematic structural diagram of a magnet device according to the present

invention;

Fig. 4 is a schematic diagram showing comparison of magnetic field intensity components
Bz in the magnetizing direction z and effective measuring lengths between the magnet in

the prior art and the magnet device according to the present invention;

Fig. 5 shows four sensing positions of the magnet device in the sensing direction y

according to the present invention;

Fig. 6 is a section view of the magnet device according to the present invention;

Fig. 7 is a schematic structural diagram of a magnet assembly according to the invention;

and

Fig. 8 is a schematic diagram of an installation structure of a neutral position sensor

according to the present invention.

Detailed Description of the Embodiments
The specific implementations of the invention will be further described in detail below in

combination with the accompanying drawings and embodiments. The following
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embodiments are used for illustrating the invention, rather than limiting the scope of the

invention.

Fig. 3 shows a preferred embodiment of a magnet device 20’ for a position sensor
according to the present invention. The magnet device 20’ has a magnetizing direction z
and has magnetic field intensity components Bz in the magnetizing direction z; and the
magnet device 20’ is provided with a groove recessed in the magnetizing direction z, so that
the magnetic field intensity components Bz are substantially equal in the transverse
direction of the magnetizing direction z. Preferably, the magnet device 20’ has a sensing
direction y, and the magnetic field intensity components Bz are substantially equal in the
sensing direction y. When the magnet device 20’ is used for a position sensor, the
measuring length L’ of a magnetic sensing chip in the position sensor is increased (as
shown in Fig. 4), so the length of the magnet device 20’ in the sensing direction y is
reduced under the condition that the measuring length remains unchanged. Therefore, the

space occupied by the magnet device 20’ is reduced, and the cost is lowered.

Specifically, the magnet device 20’ is provided with a plurality of sensing positions in the
sensing direction y, and the magnetic field intensity components Bz are substantially equal
at the plurality of sensing positions. Fig. 5 shows four sensing positions P1, P2, P3 and P4,
which are the corresponding positions measured by the position sensor when a transmission
shaft is at the gear 1, gear 3, gear 5 and gear R (reverse gear), respectively. However, the

number of sensing positions may also be different than four, e.g., three, five, etc.

The magnet device 20° has a sensing direction y, in which the groove is shorter than the

magnet device 20’

The magnet device 20’ has a sensing direction y, and the groove is formed in the middle of

the magnet device 20’ along the sensing direction y of the magnet device 20,
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The groove of the magnet has two ends in the sensing direction (y) and a bottom, and the
two ends of the groove are symmetric about the bottom of the groove of the magnet device

20,

The groove of the magnet has two ends and a bottom, and the respective angles o formed
by each end and the bottom of the groove of the magnet device 20’ are greater than or equal

to 90 degrees and less than 180 degrees, as shown in Fig. 6.

Fig. 7 shows a preferred embodiment of a magnet assembly 10 according to the present
invention. The magnet assembly in this embodiment includes a magnet bracket 10 (as
shown in Fig. 1) and the above-mentioned magnet device 20°, wherein the magnet device
20’ is fixed in the magnet bracket 10, and the groove of the magnet device 20’ is upward, so
that the magnet bracket 10 and the magnet device 20’ form an integrated member. For
example, the magnet bracket 10 may be formed by injection molding of plastic on the
magnet device 20°. Preferably, two ends of an upper surface of the magnet bracket 10 in the
sensing direction y at least partially cover the upper surface of the magnet device 20°, so

that the magnet device 20’ is firmly fixed in the magnet bracket 10.

Moreover, the magnet assembly further includes two magnetic field concentrating segments
30, which are also arranged in the magnet bracket 10 and positioned at two sides of the
magnet device 20°, respectively (as shown in Fig. 7). Each of the magnetic field
concentrating segments 30 is a thin layer of soft magnetic material and can concentrate the
magnetic field, thus increasing the intensity of the magnetic field and improving the

signal-to-noise ratio.

Preferably, the magnet bracket 10, the magnet device 20’ and the magnetic field
concentrating segments 30 are integrally formed by injection molding. It should be noted

that, the magnet assembly may also be manufactured by adopting other methods.
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The magnet assembly of the present invention can be used cooperatively with a position
sensor 40 for position measurement. According to a preferred embodiment of the invention,
the position sensor 40 may include a magnetic sensing chip 41, which judges the position
of a measured object by measuring the change of the magnetic field. In addition, the groove
of the magnet in the magnet assembly faces the magnetic sensing chip. After the magnet
assembly and the position sensor 40 are respectively installed, the magnetic field intensity
components Bz are substantially equal in the transverse direction of the magnetizing

direction z.

The invention further discloses a sensing system for a position sensor, particularly a neutral
position sensor, including a position sensor 40, as shown in Fig. 8. Similar to that shown in
Fig. 1, the position sensor 40 of the present invention includes a magnetic sensing chip 41,
e.g., a Hall device. The sensing system further includes the above-mentioned magnet

assembly.

The installation and operation of the present invention will be described in more detail
below in combination with the neutral position sensor assembly. During installation, the
magnet assembly is fixedly installed on a transmission shaft 50, wherein one pole of the
magnet device 20’ in the magnet assembly faces the transmission shaft 50, while the other
pole of the magnet device 20’ faces away from the transmission shaft 50. The position
sensor 40 with the magnetic sensing chip 41 is installed at one side of the magnet device 20’
away from the transmission shaft 50, and the magnetic sensing chip 41 is directly over the
magnet device 20 installed on the transmission shaft 50. The magnetic sensing chip 41 and

the position sensor 40 are spaced apart from the magnet device 20°.

When the transmission shaft 50 performs a gear shifting operation under the control of a
gear shift lever, the magnet device 20’ installed on the transmission shaft S0 moves relative
to the neutral position sensor 40. The magnetic sensing chip 41 in the neutral position
sensor 40 senses the gear, and transmits the sensing results to a controller for signal

processing, in order to judging the gear position of the transmission shaft 50. When the
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transmission shaft 50 moves axially (that is, along the sensing direction y) around its axis
to shift gears, the groove of the magnet enables the magnetic field intensity components Bz
to be substantially equal in the sensing direction y, so that the magnetic sensing chip 41 can
accurately detect the magnetic field and detection errors caused by the edge effect of the
magnetic field are prevented. Therefore, the reliability of the neutral position sensor 40 is

greatly improved.

Preferably, the magnet device 20’ is a permanent magnet. The material of the permanent

magnet device 20’ including neodymium iron boron, samarium cobalt or nickel cobalt.

Moreover, in order to further ensure the detection accuracy, the number of the magnetic

sensing chip 41 is preferably two.

The foregoing descriptions are merely preferred embodiments of the present invention. It
should be pointed out that, many improvements and variations may also be made by those
of ordinary skill in the art without departing from the principle of the present invention, and
these improvements and variations should be regarded as falling within the protection

scope of the invention.
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Claims

1. A magnet device for use with a position sensor, the magnet device having a magnetizing
direction (z) and magnetic field intensity components (Bz) in the magnetizing direction (z),

wherein the magnet device is formed with a groove recessed in the magnetizing
direction (z), so that the magnetic field intensity components (Bz) are substantially equal in

a transverse direction of the magnetizing direction (z).

2. The magnet device of claim 1, wherein the magnet device has a sensing direction (y) in

which the magnetic field intensity components (Bz) are substantially equal.

3. The magnet device of claim 1, wherein the magnet device has a plurality of sensing
positions in the sensing direction (y), and wherein the magnetic field intensity components

(Bz) are substantially equal at the plurality of sensing positions.

4. The magnet device of claim 1, wherein the magnet device has a sensing direction (y) in

which the length of the groove is shorter than the length of the magnet device.

5. The magnet device of claim 1, wherein the magnet device has a sensing direction (y),
and wherein the groove is formed in a middle portion of the magnet device along the

sensing direction (y) of the magnet device.

6. The magnet device of claim 1, wherein the groove of the magnet device has two ends in
the sensing direction (y) and a bottom, and wherein the two ends of the groove of the

magnet device are symmetric about the bottom of the groove of the magnet device.

7. The magnet device of claim 1, wherein the groove of the magnet device has two ends
and a bottom and wherein the respective angles formed by each end and the bottom of the

groove are greater than or equal to 90 degrees and less than 180 degrees.
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8. A magnet assembly for a position sensor, the magnet assembly comprising a magnet
bracket and the magnet device of any of claims 1-7, wherein the magnet device is

supported in the magnet bracket.

9. The magnet assembly of claim 8, wherein two ends of an upper surface of the magnet

bracket in the sensing direction (y) at least partially cover the magnet device.

10. The magnet assembly of claim 8, further comprising two magnetic field concentrating
segments arranged in the magnet bracket and positioned at two sides of the magnet device

respectively.

11. The magnet assembly of claim 8, wherein the magnet bracket, the magnet device and

the magnetic field concentrating segments are integrally formed by injection molding.

12. A sensing system for a position sensor, comprising a position sensor and the magnet

assembly of any of claims 8-11.

13. The sensing system of claim 12, wherein the position sensor comprises a magnetic
sensing chip, wherein the groove of the magnet device faces the magnetic sensing chip, and
wherein the position sensor and the magnet assembly are arranged to enable the magnetic
field intensity components (Bz) sensed by the magnetic sensing chip in the position sensor

to be substantially equal in the transverse direction of the magnetizing direction (z).

14. The sensing system of claim 12, wherein the position sensor is a neutral position sensor.

15. The sensing system of claim 14, wherein in use, the magnet assembly is adapted to be

installed on a transmission shaft, while the magnetic sensing chip is installed at one side of

the magnet assembly away from the transmission shaft and spaced apart from the magnet
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assembly, and wherein when the magnet assembly moves in the sensing direction (y) to
shift gears, the installation positions of the position sensor and the magnet assembly enable
the magnetic field intensity components (Bz) to be substantially equal in the sensing

direction (y).



WO 2016/178165

PCT/IB2016/052552
1/4

B
5
£y
5
S —
iy
1
s
b
1
3
s
H
3
f/ i
©
3
3
20 | L
! i
] 4
3
N
t
H
'
4
3
1
N
N
i
s
[ E—
K
2
B
&
S Fs
~ Ea
r\ e



WO 2016/178165 PCT/IB2016/052552
2/4

s

Fig. 3

* LY
PN
S [ 5
©F ~ s,
<
x hY -
k] Y
W b
L b;F
N
N
s
o
¥ L
N K B
kS N 3
3 - #
B el
T e
L e



WO 2016/178165

......

3/4

PCT/IB2016/052552

g

TS

Fig. 5

Fig. 6



WO 2016/178165 PCT/IB2016/052552

z

r s s,

%

S ed

RUSNRRRRRRRRRRN

%

SuuNeRY

TS

P s



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2016/052552

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO1D5/14
ADD.

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

B. FIELDS SEARCHED

GO1D

Minimum documentation searched {classification system followed by classification symbols)

Documentation searshed 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 intemational 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 0 907 068 Al (BRITAX RAINSFORDS PTY LTD 1-15
[AU]) 7 April 1999 (1999-04-07)
Abstract, Desc. [0008]-[0011], Figs. 1-2
X US 5 831 596 A (MARSHALL STEVEN [GB] ET 1-15
AL) 3 November 1998 (1998-11-03)
Abstract, Desc. col. 9 / 1. 27-67, col. 10
/ 1. 1-33, Figs. 11, 12
X US 20117043195 Al (HINKEL GERHARD [DE] ET 1-15
AL) 24 February 2011 (2011-02-24)
Abstract, Desc. [0034]-[0039], Figs. 1, 3
X US 20137063133 Al (IWATA MASAYOSHI [JP]) 1-15
14 March 2013 (2013-03-14)
Abstract, Desc. [0029]-[0031], Figs. 3a,
3b

D 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" documentwhich 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 sannot 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

14 July 2016

Date of mailing of the international search report

22/07/2016

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Reim, Klaus

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




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

PCT/IB2016/052552
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0907068 Al 07-04-1999 DE 69824103 D1 01-07-2004
DE 69824103 T2 30-06-2005
EP 0907068 Al 07-04-1999
JP H11160010 A 18-06-1999
us 6215299 Bl 10-04-2001

US 5831596 A 03-11-1998 DE 69306941 D1 06-02-1997
DE 69306941 T2 28-05-1997
EP 0634037 Al 18-01-1995
ES 2098729 T3 01-05-1997
us 5831596 A 03-11-1998
WO 9320535 A2 14-10-1993

US 2011043195 Al 24-02-2011 DE 112009000406 A5 18-11-2010
EP 2250467 A2 17-11-2010
JP 5628143 B2 19-11-2014
JP 2011514976 A 12-05-2011
US 2011043195 Al 24-02-2011
WO 2009109177 A2 11-09-2009

US 2013063133 Al 14-03-2013 CN 102997943 A 27-03-2013
EP 2568260 A2 13-03-2013
JP 5607594 B2 15-10-2014
JP 2013060054 A 04-04-2013
US 2013063133 Al 14-03-2013

Form PCT/ISA210 (patent family annex) (April 2005)




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

