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(57) Abrégée/Abstract:

A torque sensor Is provided In which a magnetic body can be easily positioned and fixed, and in which an excessive force Is
prevented from being exerted on a resin or the magnetic body when the magnetic body is press-fitted to a shaft, whereby no resin
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(57) Abrege(suite)/Abstract(continued):
IS damaged, and further stress Is not left at the magnetic body. The torque sensor Is characterized in that a press-fit member to be

press-fitted to a shaft is molded with a resin in a state in which a part thereof is exposed to the outside of the resin, whereby the part
thereof becomes a pressure recelving portion, and the pressure receiving portion Is pressed with an assembly jig when a magnetic

yoke assembly Is Incorporated to a shatft.
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TORQUE SENSOR
ABSTRACT

A torque sensor is provided in which a wmagnetic body
can be eagily .positioned and fixed, and in which an
excessive force is prevented from being exerted on a resin
or the mwmagnetic body when the wagneti¢ body is press-
fitted. to a shaft, whereby no resin 1is damaged, and
further stress is not left at the magnetic body. The
torque sensoxr is characterized in that a presa-fit member.
to.be press-fitted to a shaft is molded with a resin in a
atate in which a part thereof is exposed to the outside of
the resgsin, whereby the part thereof becomes a pressure
receiving portion, and the pressure receiving poxtion is
pressed with an agsembly jig when a magnetic yoké'aeaembly

ia incorporated to a shaft.
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TITLE OF THE INVENTION
TORQUE SENSOR
FIELD OF THE INVENTION

The present invention relates to a torgque sensor

suitable for use in a power steering device.

BACRKGROUND OF THE. INVENTION

FIGS. 21 to 24 show a construction of a torgue sensor
100 of a conventional art (shown in Japanese Patent No.
3094049, for example). FIG. 21 ia a persgspective view in
the vicinity of the torque sensor. FIG. 22 is a partially
enlarged view of FIG. 9. FIG_S._ 23 and 24 are diagrams fbr

explaining the action.

In FIG. 21, the torgque sensor 100 138 provided between
a first shaft 101 and a second shaft 102. At the first
shaft 101, a maé*netism generation portion 103 for
outputting a ma}gneﬁic flux is provided. The magnetism
.generation portion 103 lixas a plurality of magnets 104

provided in the circumferential direction around the first |
sh;f:tft 101. The wmagnets 104 are magnetized toward the axis
core direction (arrow direction) of the firet ashaft 101
and the adjoining magnets 104 are wmagnetized in the
directions opposite to each other, and thus, when the

magnetism generation portion 103 is seen from the second
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shaft 102 side, as shown in FIG. 10, magnetic poles
different from each other are zadjoined, That i1g, 5 poles

and N poles are arranged alternately.

as shown in FIG. 21, the second shaft 102 is provided

with an outer ring 105 and an inner ring 106, and as shown
in FIG. 22, a plurality of outer magnetic path pieces 107
are extended from the outer ring 105, while inner magnetic
path pieces 108 are extended from the inner ring 106 . As
shown in FIG. 22, a clearance 109 is provided between the
outer ring 105 and the inner ring 106, and a magnetic

gengor 110 is arranged in the clearance 109.

Next, action will be described. Suppose that a driver
does not steer a steering wheel. In the case, since the
first shaft 101 1ia not rotated with respect to the second
shaft 102, as shown in FIG, 23, eac¢h outer magnetic path
piece 107 is opposed to the N peole and the S pole of the
| magnet 104 over the same area’ each, . and each dinner
- magnetic pai:h piece 108 iz similaxly opposed to the N pole
and the S8 pole of the magnet 104 over the same area each.
In this case, the magnetic flux is not guided ‘to the outer
magnetic path piece 107 and the inner magnetic path pilece
108, and the magnetic flux outputted from the N pole of
the magnet 104 is inputted to the S8 pole of the magnet 1.04.

Therefore, the magnetic flux sensor 110 does not detect

the magnetic flux.
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Next, suppose that the driver has steered the
steering wheel., In this cése, the first ghaft 101 is
rotated wi'th.reepéct to the second shaft 102, and as shown
in FIG. 24, for example, the outer magnetic path piece 107
is moved to the S pole side, whilé .the inne'f magnetic path-
..piece 108 is moved to the N pole side. In this case, ain‘ce.
the magnetic flux outputted from the N pole of the magnet
104 reaches the ® pole of the magnet 104 via the inner
. magnetic path piece 108, the inner ring 106, the ;nagnetic
sénsor 110 , the outer ring 105 , and the outer magnetic
path piece 107 , a rotation amount of the first shaft 101
with respect t¢ the gsecond shaft 102 , that i1s, a steering
corque of the steering whe.el can be detected based on the
magnetic¢ flux amount detected by the magnetic sensor 110 .

' SUMMARY OF THE INVENTION

In thé above-described Patent document, .however,'
the method of mounting the outer ring 105 and the inner
ring 106 t¢ the second ehaft 102 is not described.
Assuming that the outer ring 105 and the inner ring 106
‘are mounted onto the second shaft 102 by press fitting,

. the following problems arise.

since the outer ring 105 and the inner ring 106 are
wade of a magnetic body; in the case where stresa
. generated when theae outer ring 105 and inner ring 106 are
mounted onto the second shaft 102 remains at these outer

ring 105 and inner ring 106, due to reduction of a
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magnetic permeability or augmentation of retentiveness,
there is a fear that outputs from a gensor acting as a

magnetic sensor are decreased or hysteresis is increased.

Furthermore, in the case where the outer ring 105 and
the inner ring 106 are molded with a resin, there is a
fear of inducing cracks of the yrein when the outer ring
105 and the inner ring 106 are press-fitﬁed to the séconc_l
shaft 102 T | -

In addition, in the above-described Patent Document 1, | |

the method of positioning of the outer ring 105 and the .

inner ring 106 is not described at all.

The present invention was made in view of such

problems of the background art and has an object to
provide a torque sensor in which a mégnetic’: body can be
easily positioned and fixed, as well a8 an excesaive force
13 pravented from exerting on a resin or a magnektic body |
when the magnetic body is press-fitted to a shaft, whereby.
no resin is damaged, and further stress is not left at the -

magnetic body to the utmost.

A torgque sensor according to the present invention is
a torque sensor. comprising a housing in which a magnetic
yoke por?:ion formed of a first_magnetic yoke c;md a second
magnetic yoke for guiding a magnetic flux in the axis core -
direction generated from a magnetism genera‘;:ian portion .

mounted around a  first shaft, 18 provided_ i1 the
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circumferential direction of a second shaft, the first
shaft and the second shaft accommodated in the housing and
connected ‘coaxial‘ly by a torsion bar, and the wmagnetism
generation portion mounted onto. the firet shaft 80 aB to
surround the outer c:.rcumference bf the first ashaft and

. outputting a magnetlc flux in the axis core direction of

the first shaft, in which:

a plurality of wmagnetic yoke portions comprising the
first magnetic vyoke and the sgecond -magnetic vyoke for
.guiding the magnetic flux outputted from the magnetisﬁ.

generation portion are mounted onto the second shaft; and

a torque between the first shaft and the second shaft.
‘i8 detected magnetically by a ‘mag:;netic sensor through
" detection of the magnetic flux in a magnetic gap: between

| -the first magnetic yoke and the second magnetic yoke,

wherein én anﬁular pfess—fi,t member and the i'nagnetig
yoke portion to be press-fitted to the second shaft are
molded with a zresin to form an annular magnetic yoke
aggembly having an insertion hole at the central portion;
ag well as the préés-fit member .is molded with the resin
" in a state in which a part thereof 1s exposed .to the.
outside oOf ,ti‘le rasgin, whereby the part thereof becomes a
pressgure reéeiving portion; .a.nd the pressure receiving
portion is pressed with an assembly jig when the magnet:.c:

yoke aszembly is 1ncorporal:ed to the second ghaft.
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According to the present invention, a‘ part of a-
press-fit member comes to be a pressure rec.eiving portion
to be exposed to the outside of a resin. Therefore, by
pressing the. pressure receiving portion to press-fit the -
press-fit member onto the second shaft, a torque sensor is
mounted onto the second shaft. At that time, not only the-
Fixrst magnetic yoke and the second magnetic yoke are not
- darectly affected by. forces upcn press-fitting, and thus.
 less l'ikel_y to be damaged, but also since l:i.tt.le force .
yemaina as a.stress, the decrease of sensor 6uﬁpﬁts or the
increase of hysteresis can be guppressed, In addition,
since no excegsive force ig exerted on the resin, the

resin is lass likely to be cdamaged.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG, 1 i3 a view showing the principle of a torque

pCllSOY .

FIG. 2 is an exploded pgrgpeétive view of the torque

SEnSor.

FIG. 3 is an exploded’ pefa'pective view of a first .
magnetic yoke, a first magnetic ring, a Bsecond wmagnetic

yoke, a second magnetic ring and a asleeve.

FIG, 4 is a perapective view in a state in which the

first magnetic yoke, the first magnetic ring, the second
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magnetic yoke, the second magnetic ring and the sleeve are
asgembled.

FIG, 5 1s a plan view of a magnetic yoke assembly.
FIG. 6 is %'.VI-VI' sectional view of FIG. 5.

FIG. 7 is § VII-VIi §ect;10na1 view of FIG, 5

FIG. 8 is a VIII-VIII sectional view of FIG. 5.

FIG. 9 ig a t?op view of an output shaf.t.

FIG, IQ is a bottom view of an inpu‘s. shaf.t.

FIG. 11 is a perspective view of an assembly jig.
FIG. | 12 is. a bottom view. f;tf the assembl.y' jig.

FIG. 13 is a perspective view in a state of on the

way of the magnetic yoke assembly being incorporated to
‘the output shaft using the assembly jig.

FIG. 14 is a perspective view in a state of on the
way of a non-magnetized magnetic .-body being incorporated

" to the input shaft.’
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FIG. 15 is a persgpedtive view in a state in which a
nagnetism generation portion 18 provided at the input
shaft,

FIG. 16 is a bottom view of the iriput- shaft in a

state in which the mégneﬁism' generation portion is

provided at the input shaft.

FIG. 17 13 a view taken from above i1 a state in-
which the magnetic yoke assembly iB incorporated to the

output shaft.
FIG, 18 1= a diagram for explaining action.
FIG. 19 is a diagram for e:.cpl.a'.ining a.c'tim'l.'.'
.FIG. 20 is a longitudin'al._ gectional view in ‘a state

in which the torgue sensor according to the embodiment is

applied to an electric power steering device.
FIG. 21 18 &a perspective view of a torque sensor.

FIG. 22 is a partially enlarged perapective view of

the torque SENsor.
FIG. 23 is a diagram for explaining actiom.

FIG. 24 18 a diagram for explaining action.
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DETAILED DESCRIPTION

FIG. 1 shows a principle of a torque sensor according
to an embodiment of the present i1nvention. FIG. Z shows an
eXploded perspective view of the torque sensor according
to the embodiment. FIGS. 1 and 2 explain an example used
when a torque sensor 1 of the present invention 1s applied
to an electric power steering device to detect a torque
between an i1nput shaft 2 and an output shaft 3 . The input
shaft 2 and the output shaft 3 are stored in a housing H.
In the case, a first shaft corresponds to an 1input shaft

and a second shaft corresponds to an ocutput shaftt.

To the input shaft 2, a steering torque 13 given by
the steering wheel. The output shaft 3 gives a steering
assisting force to the steered system side. The 1nput
shaft 2 and the output shaft 3 are connected to each other

by a torsion bar T (shown in FIG. 2).

At the input shaft 2, a magnetism generation portion
4 1s provided. The magnetism generation portion 4 1s 1in

the structure that an annular magnet portion 6 1s provided

ol

at a back voke 5 formed of an annular magnetic body. The
magnet portion 6 is magnetized toward the axis core
direction of the input shaft 2 and in the circumferential
direction of the input shaft 2, magnetized so that N poles

and S poles are arranged alternately.
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At the output shaft 3, a magnetic vyoke portion 9
constructed of a first magnetic vyoke 7 and a second
magnetic yoke 8 1s provided. The magnetic yoke portion 8
13 provided on the outer circumference of the output shaft
3 1n plural toward the circumferential direction. The
first magnetic yoke 7 1is formed of a straight portion 10
and a c¢rossing portion 1l orthogonal to the straight
portion 10 and bent in the L shape. The straight portion
L0 of the first magnetic vyoke 7 1s provided along the
axial direction, and one end of the first magnetic yoke 7
1s faced to the magnet portion 6. Also, the crossing
portion 11 of the first magnetic vyoke 7 is provided in the
radial direction, and the other end of the first magnetic
yoke 7 1s faced outward in the radial direction of the

output shaft 3.

Also, the second magneti¢c yoke 8 1s formed of a
straight portion 12 and a crossing portion 13 orthogonal
to the straight portion 12 and bent in the L shape. The
straight portion 12 of the second magnetlic vyoke 8 1s
provided along the axial direction, and one end of the
second magnetic voke 8 1s faced to the magnet portion o.
Alsoc, the crossing portion 13 of the second magnetic voke
8 1s provided 1n the radial direction, and the other end
of Lthe second magnetic vyoke 7 is faced outward in the
radial direction of the output shaft. The other end of the
first magnetic vyoke 7 and the other end of the second
magnetic yoke 8 are separated from each other 1n the axis

core direction of the output shaft 3.

10
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The other ends of the first magnetic yoke 7 of each
magnetic vyoke portion 9 are connected to each other by a
first magnetic ring 14, while the other ends of the second
nagnetic voke 8 of each magnetic vyoke portion 9 are

connected to each other by a second magnetic ring 1b.

In FIG. 2, the first magnetic vyoke 7, the second
magnetic vyoke 8 , the first magnetic ring 14 , and the
second magnetic ring 15 are formed as a unit of a magnetic

voke assembly 31 in the state of being molded with a resin

S .

Furthermore, opposed to the first magnetic ring 14 ,
a first magnetism collecting ring 17 1s provided at a
housing H. The first magnetism collecting ring 17 1s
formed 1in the shape that a plate material 1s bent in an
annular state. The first magnetism collecting ring 17 1s
mounted onto the 1inner surface of the housing H by means
such as fitting. The width in the axis core direction of
the first magnetism collecting ring 17 1s formed to be

larger than the width in the axls core direction of the

first magnetic ring 14.

Also, opposed to the second magnetic ring 15 , a
second magnetism collecting ring 18 1is provided at the
housing H. The second magnetism collecting ring 18 1s
formed in the shape that a plate material 1s bent 1n the
annular state. The second magnetism collecting ring 18 1is

mounted onto the inner surface of the housing H by means

11
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such as fitting. The width 1n the axis core direction of
the second magnetism collecting ring 18 1s formed to be
larger than the width 1n the axis core direction of the

second magnetic ring 15.

A first magnetism collecting yoke 19 1is provided at
the first magnetism collecting ring 17, while a second
magnetism collecting voke 20 1is provided at the second
magnetism collecting ring 18 . At the first magnetism
collecting vyoke 18 and the second magnetism collecting
yoke 20 , two palrs of projections 21 , 22 , 23 , 24 are
provided so that they are opposed to each other. A
magnetic gap is formed between each pair of projections
2 , 22 , 23 , 24 , and magnetic sensors 25 , 26 are

arranged 1n the magnetic gaps.

FIG. 3 1s an exploded perspective view of the
magnetic yoke assempbly 31. FIG. 4 shows a perspective view
of an arrangement state before components of the magnetic
yoke assembly 31 are molded with the resin S. FIG. 5 shows
top end view. FIG. 6 shows a VI-VI sectional view of FIG.
2. FIG. 7 shows a VII-VII sectional view of FIG. 5. FIG. 8
shows a VIII-VIII sectional view of FIG. 5.

In the case of forming the magnetic yoke assembly 31 ,
as shown 1n FIG. 3, the first magnetic vyoke 7 and the
first magnetic ring 14 are positioned below the second
magnetic yoke 38 and the second magnetic ring 15 , and

further a sleeve R 1is positioned below the first magnetic
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voke 7 and the first magnetic ring 14 . The sleeve R

corresponds to an annular press-fit member described zin.

Next, as shown in FIG. 4, the first magnetic yoke 7

1s inserted into the second magnetic ring 15.

‘Subsequently, using a resin die, the first magnetic
voke 7 and the first magnetic ring 14 , the second
magnetic yoke 8 and the second magnetic ring 15 , and the
sleeve R are molded with the resin S 1in the arrangement
state as shown in FIG. 4, whereby a magnetlc yoke assembly

31 as shown in FIG. 2 has been completed.

Like this, since only in conformity with the shape of
a resin die, the first magnetic yoke 7, the second
magnetic yoke 8 , the first magnetic ring 14 , the secona
magnetic ring 15 and the sleeve R can be molded 1nto one
piece by resin molding while being positioned 1n place, no

additional part such as spacer for positioning 13 reguired.

As shown 1in FIG. 2 and FIGS. © through 8, the
magnetic yoke assembly 31 is in an annular shape having an
insertion hole 31 & at the central portion. The magnetic
voke assembly 31 has a press-fit opening 31 b on tne lower
end side. Moreover, as shown in the same FIGS. © through 3,
the outer circumferential portion of the press-fit opening
31 b of the sleeve R 1s exposed to the outside of the
resin S, thereby being a resin crack-preventing portion R

2 . Furthermore, as shown 1in the same FIGS. 7 and 8, the

13
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upper end of the sleeve R 1s 1n contact with a shoulder 32

of the resin S.

As shown 1n FIG. 5, in the case of viewed from the
top end side of the magnetic yoke assembly 31 , the second
magnetic vyoke 8 1s positioned outside 1in the radial
direction of the first magnetic yoke 7 , as well as the
first magnetic yokes 7 and the second magnetic yokes 8 are

positioned alternately in the circumferential direction.

Moreover, as shown 1n FIGS. 2 and 5, a notch 33 and
concave 34 are alternately yrovided in the circumferential
direction between the first magnetic yokes 7. As shown in
FIG. 5, three notches 33 and three concaves 34 are formed

alternately 1n the cilrcumferential direction respectively.

The notches 33 are portions formed by the 1nner
circumference of the insertion hole 31 a of the magnetic
yoke assembly 31 a being partially notched. As shown 1in
FIGS. 7 and 8, by provision of the notches 33, a part of
the upper end of the sleeve R 15 exposed, and incorporated
as a pressure receiving portion R 1 . In addition, as
shown 1n FIGS. 2 and 5, with the concaves 34 and the
notches 33, the top of each first magnetic vyoke 7 1is

axposed.
The magnetic vyoke assembly 31 1s press-fitted and

1ncorporated to the output shaft 3 by being pressed from

above with an assembly Jig (described later) to be

14
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inserted into the insertion hole 31 a of the magnetic yoke

assenmbly 31.

Now, the shape of the assembly 3Jig 41 for
incorporating the magnetic yoke assembly 31 with the
output shaft 3 is described. Since the assembly 3i1g 41 1s
formed in shape in conformity with the shape of the
magnetic vyoke assembly 31 and the output shatt 3 , the
shape of the output shaft 3 1is described before the shape
of the assembly jig 41 1s described.

As shown in FIG. 2, the output shaft 3 1s formed in a
rod shape, and as shown in FIGS. 2 and 9, formed with a
small-diameter hole 42, a medium-~diameter hole 43 , and a
stopper receiving portion 44 at the top. As shown 1in FIG.
2, the small-diameter hole 42 is a hole 1nto which the
lower end portion of a torsion ar T 1i1s 1nserted O
connect thereto with serrations. The torsion bar T 1s
inserted through the input shaft 2 and connected to the
input shaft 2 with a pin at the top portion thereof. Tne

stopper receiving portion 44 is formed 1n a concave shape.

As shown 1n FIG. 9, when the stopper receiving
portion 44 is viewed from the top in the axial direction
of the output shaft 3, the stopper receiving portion 44 1s
formed 1in a substantially triangular rice-ball shape,
apexes of which are formed to be arc-shaped. Wherepy, a
stopper portion 45 of the input shaft 2 (shown in FIGS. 2

and 10) is fitted to the stopper receilving portion 44

13
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The stopper portion 45 of the input shaft 2 1s formed
to be rather small than the stopper receiving portion 44 ,
as shown in FIG. 2, to be fitted 1in the stopper receiving
portion 44 , thereby regulating the relative angle between
the input shaft 2 and the output shaft 3 at a

predetermined angle.

As shown in FIG. 11, the assenmbly 7j1g 41 1ncludes a
tubular jig body 46 to be inserted into the magnetic yoke
assembly 31. The 7Jjig body 46 has a smaller-diameter
portion 47 at the lower portion, and a larger-~diameter
porticn 48 at the wupper vportion. The smaller-diameter
portion 47 1s inserted into the insertion hole 31 a of the
magnetic vyoke assembly 31. On the underside of the
smaller-diameter portion 47, an output shaft positioning
portion 49 is formed so as to protrude downward. AS shown
in FIG. 12, when the assempbly Jig 41 1i1is viewed from the
underside in the axilis core direction, the output shatt
positioning portion 49 is formed 1n a substantially rice-
ball shape, apexes of which are formed to be arc-shaped.
Whereby, as shown 1in FIG. 13, the assembly Jig 41 1is
shaped such that when the magnetic yoke assembly 31 1s
nress-fitted to the output shaft 3, the smaller-diameter
portion 47 of the Jjig body 46 is inserted in the insertion
hole 31 a of the magnetic yoke assembly 31 from above, and
thus the output shaft positioning portion 49 can pbe fitted
to the stopper receiving portion 44 of the output shaft 3
By the output shaft positioning portion 49 being fitted to

the stopper receiving portion 44 of the output shaft 3 ,

16
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positioning in the circumferential direction of the

assembly ji1g 41 with respect to the output shaft 3 1s made.

The assembly j3ig 41 is formed with a pressing portion
50 and a fit pushing portion 51 by the smaller-dlameter
portion 47 being expanded 1in dliameter. The pressing
portion 50 1s a portion to be 1in contact with the pressure
recelving portion R 1 of the magnetic yoke assembly 31
when the smaller-diameter portion 47 of the assembly 7Jjig
241 1s 1nserted 1into the ainsertion hole 31 a o©f the
magnetic yoke assembly 31 . Furthermore, the fit pushing
portion 51 is a portion to be fitted to the concave 34 of
the magnetic voke assembly 31 when the smaller-diameter
portion 47 of the assembly Jjig 41 1is i1inserted 1n the
1nsertion hole 31 a of the magnetic yoke assembly 31
When the smaller-diameter portion 47 of the assembly 319
41 1s inserted in the 1nsertion hole 31 a ¢of the magnetic
yoke assembly 31 , the portion between these pressing
portion 50 and fit pushing portion 51 comes to an escape
concave 52 , and then the escape concave 52 1is fitted to
the top of the first magnetic yoke 7 ; as well as the
sides of the fit pushing portion 51 act as a positioning
face 53 . Due to that the positioning faces 53 are
contacted to the upper portion of the first magnetic voke
7, positioning between the assembly Jig 41 and the

magnetic yoke assembly 31 1s madce.

Then, in the case where the magnetic yoke assemply 3l

is 1incorporated to the output shaft 3 , first, from the

17
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state shown in FIG. 13, the press-fit opening 31 b of the
sleeve R 1s put on the output shaft 3 . Thereaftter, the
assembly jig 41 is inserted into the insertion hole 31 a
of the magnetic yoke assembly 31 from above. At that time,
the fit pushing portion 51 of the assembly Jig 41 1s
fitted to the concave 34 of the magnetic yoke assembly 31 ,
the escape concave 52 1is fitted to the top of the first
magnetic yoke 7 , and the positioning face 53 1s contacted
with the sides of the upper portion of the first magnetic
voke 7 , whereby positioning between the assembly ji1g 41
and the magnetic voke assembly 31 1s made. Furthermore,
the pressing portion 50 of the assembly Jig 41 1s 1in
contact with the pressure receiving portion R 1 of the

magnetic yoke assembly 31.

Then, from this state, the assembly jig 41 1s pressed
downward while being rotated 1in the circumferential
direction, and thus the output shaft positioning portion
49 of the assembly jig 41 1s made to fit to the stopper
receiving portion 44 of the output shaft 3. Thereafter,
the assembly jig 41 1is pressed downward strongly, and the
pressure receiving portion R 1 of the magnetic yoke
assembly 31 is pressed downward with the pressing portion
50 of the assembly Jig 41 , whereby the sleeve R of the
magnetic vyoke assembly 31 1s press-fitted to the output
shaft 3 . Thus, the magnetic vyoke assembly 31 1s to be

incorporated to a suitable position in the circumferential

direction of the output shaft 3

13
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Furthermore, as shown in FIGS. 2 and 10, due to that
the stopper portion 45 provided on the underside of the
input shaft 2 is formed in such a characteristic shape as
a substantially triangular rice-ball shape, a stopper
surface 55 of the stopper portion 45 can be a reference
when a magnetism generation portion 4 1s magneltized. That
is, as shown in FIG. 14, a ring-like magnetic body not
having been magnetized i1s mounted onto the input shaft 2 ,
and thereafter, as shown in FIG. 15, the magnetic body is
magnetized, thereby enabling to form the magnetism
generation portion 4 . On that occasion, for example, as
shown with alternate long and short dashed lines 1n FIG.
16, the magnetism generation portion 4 1s 350 magnetized
that the boundary line between the S pole and the N pole
1s positioned on the extension line of the stopper surface
55 of the stopper portion 45, or the magnetism generation
portion 4 1is so magnetized that the boundary line between
the S pole and the N pole i1s positioned on the bisector of
the stopper surface 55. Thus, the circumferential position
of the magnetism generation portion 4 can be determined

with letting the stopper surface 55 to be a reference.

On the other hand, as shown 1n FIGS. 2 and 9, due to
that the stopper receiving portion 44 provided at the
output shaft 3 is formed in such a characteristic shape as
a sSubstantially triangular rice-ball shape, a stopper
receiving surface 56 of the stopper receiving portion 44
can be a reference o©of positioning o¢f the magnetic yoke

assembly 31. That is, for example, as shown with alternate

19
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long and short dashed lines in FIG. 17, the magnetic yoke
assembly 31 1s so positioned that the second magnetic yoke
8 is positioned on the extension of the stopper receiving
surface 56 , or the magnetic yoke assembly 31 can be s0
positioned that the second magnetic yoke 8 1s positioned

on the bisector of the stopper receiving surface 5606

Incidentally, as described above, a part of the end
of the sleeve R is extended inward in the radial direction
of the insertion hole 31 a of the magnetic yoke assenmbly
31 to be the pressure receiving portion R 1 . IFurther, by
pressing the pressure recelving portion R 1 with the
assembly jig 41 , the magnetic yoke assembly 31 1s mounted
onto the output shaft 3 . Thus, forces generated upon
press fitting are hardly exerted on a resin S, the first
magnetic vyoke 7, the second magnetic yoke 8 , the first
magnetic ring 14 , and the second magnetic ring 15
Therefore, the forces upon press fitting are hardly letft
as stresses at the first magnetic vyoke 7, the second
magnetic vyoke 8 , the first magnetic ring 14, and the
second magnetic ring 15 . Due to reduction of a magnetic
permeability or augmentation of retentlveness, not only
the decrease of outputs from a sensor acting as a magnetac
sensor or the increase of hysteresis 1s less likeiy €O

occur, but also a resin S is less likely to be damaged.
Furthermore, as shown in FIGS. 6 through 8, the lower

end side of the sleeve R, that 1is the outer clrcumiference

on the press-fitted side acts as a resin crack preventing
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portion R 2 to be provided with no resin S. Therefore,
when the sleeve R 1s press~fitted to the output shaft 3 ,
even 1f the sleeve R is expanded in diameter, the resin S
18 less 1likely to be damaged, and further a diameter
expansicon force at the sleeve R 1s less 1likely to remailn

at the resin S as stress.

Next, action of detecting steering torgques with the
Ctoxque sensor 1 will be described. In the state where the
steering wheel 1s not steered, as shown 1in FIG. 18, the
centers o©of each one end of the first magnetic yoke 7 and
the second magnetic yoke 8 are 1located at the boundary
between the N pole and the S pcle with each one end
extending over the N pole and the 8 pole of the magnet
portion 6 so that each one end is faced to the N pole and

the S pole by the same area.

As shown in FIG. 18, in this state, the magnetic flux
cutputted from the N pole 1s not guided by the first
mnagnetic yoke 7 and the second magnetic vyoke 8 but
rnputted to the 5 pole of the magnet portion 6. Therefore,
the magnetic sensors 25, 26 shown 1n FIGS. 1 and 2 do not

detect the magnetic flux.

Next, suppose that the driver steers the steering
wheel. In this case, since the input shaft 2 is rotated
with respect to the ocutput shaft 3, as shown in FIG. 19,
the center of one end of the first magnetic yoke 7 Ais

moved to the N pole side, the area of the one end facing
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the N pcle of the magnet portion 6 becomes larger than the
area facing the S pole of the magnet portion 6. Also, the
center of one end of the second magnetic yoke 8 1s moved
to the S pole side and the area of the one end facing the
S pole of the magnet portion © becomes larger than the
area facing the N pole of the magnet portion 6. Thus, the
amount of a magnetic flux detected by the magnetic sensors
25 and 26 are changed. Accordingly, based on the amount of
a magnetic flux detected by the magnetic sensors 25 and
206 , the steering torque of a steering wheel rotating the

input shaft 2 can be detected.

In this way, due to that the first magnetic yoke 7
and the second magnetic yvoke 8 are bent in the 1L shape,
the magnetic flux outputted from the magnetism generation
portion 4 can be guided to the outer circumference side of
the output shaft 3 and a magnetism detecting device
provided with the magnetic sensors 25, 26 can be provided
on the outer circumference side of the output shaft 3 , so
that the length o¢f the i1input shaft 2 and the output shatt

3 in the axial direction can be formed short.

In the above embodiment shown in FIGS. 1 and 2, it 1is
possible that the first magnetism collecting ring 17 , the
second magnetism collecting ring 18 , the first magnetism
collecting voke 19 and the second magnetism collecting
voke 20 are eliminated, a space between the first magnetilc

ring 14 and the second magnetic ring 15 13 made as a
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magnetic gap, and the magnetic sensors 25 , 26 can be

provided in the magnetic gap.

However, when 1t 1s constructed as 1in tne above-
described embodiment shown in FIGS. 1 and 2, the following
working effects are exerted. When the first magnetism
collecting ring 17 and the second magnetism collecting
ring 18 are not provided but a magnetic gap 1s provided
between the first magnetic ring 14 and the second magnetic
ring 15 to detect the magnetic flux in the magnetic gap
with the magnetic sensors 25 , 26 , if the first magnetic
ring 14 and the second magnetic ring 15 are not assembled
each other with high accuracy, an interval of the magnetic
gap 1s changed due to change 1n the width of the clearance
between the first magnetic ring l4 and the second magnetic
ring 15 accompanied with rotation of the 1input shaft 2 and
the output shaft 3 , and thus detection of the magnetic
flux is affected thereby. That is, due to the i1influence of
an error in assembling of the first magnetic rang 14 and
the second magnetic ring 15, magnetic detecticon o¢f the
rotation of the output shaft 3 with respect to the 1input

shaft 2 with accuracy beccomes difficult.

On the other hand, in the above embodiment shown in
FIGS. 1 and 2, outside the first magnetic ring 14 and the
second magnetic ring 15 , the first magnetism collecting
ring 17 and the second magnetism collecting ring 18 are

provided in the housing H, the first magnetism collecting

yoke 19 and the second magnetism collecting yoke 20 are
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provided at the first magnetism collecting ring 17 and the
second magnetism collecting ring 18 respectively, and two
palrs of projections 21 to 24 are provided at the first
magnetism collecting yoke 19 and the second magnetism
collecting voke 20 so that spaces between these two palrs

of the projections 21 to 24 are made as the magnetic gaps,

and the first magnetism collecting ring 17 and the second
rnagnetism collecting ring 18 are mounted to the housing H
and fixed. Therefore, the interval of the magnetic gap 1is
not affected by rotation of the input shaft 2 and the
output shaft 3, but constant. That is, 1in the case of the
above empodiment shown in FIG. 1, not affected by the
rotation of the input shaft 2 and the output shaft 3 ,
detection can be made while reducing an error of the

steering force of the steering wheel.

FIG. 20 shows a longitudinal sectional view of an
electric power steering device 60 incorporating the above

torgue sensor 1. Identical reference numeéerals are given tO

‘

the same components as those described 1in FIGS. 1 to 1%

and the descriptions thereof are omitted.

The 1nput shaft 2 and the output shaft 3 are
rotatably supported in the housing H by bearings 61, 62
The input shaft 2 is formed in the cylindrical shape, and
a torsion bar T 1s arranged inside. The {orsion bar T 1s
connected to the input shaft 2 by a pin 63 at the upper

end.
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The lower end side of the torsion bar T 1s connected

to the output shaft 3 through a serration 64.

The magnetism generation portion 4 is formed with a
shaft 1nsertion hole 65 at the central portion, and 1s
mounted onto the input shaft 2. In the housing H, a
magnetism detecting device mounting hole 66 is formed, and
a magnetism detecting device 67 1s mounted 1n the
magnetism detecting device mounting hole 66. The magnetism
detecting device 67 1s provided with the magnetic sensors
25, 26 and incorporates a calculation portion and the like
for calculating a magnetic flux amount based on the output

from the magnetic sensors 25, 26

In the magnetism detecting device mounting hoeole 66 ,
the first magnetism collecting voke 19 1s mounted onto the
first magnetism c¢ollecting ring 17 . Also, the second
magnetism collecting vyoke 20 1is mounted onto the second
magnetism collecting ring 18. At the first magnetism
collecting vyoke 19 and fthe second magnetism collecting
voxe 20, the projections 21, 23 , 22 , 24 (shown in FIG.
1} are provided so as to be opposed to each other. Between
the projections 21, 23 , 22 , 24 opposed to each other,

the magnetic sensors 25 , 26 are arranged.

In the above description, the case where the torque
sensor 1 is applied to the electric power steering device
00 to detect the steering torgue of the steering wheel has

been described, but not limited to the electric power
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steering device 60, it can be widely applied for detection

of a torque between two shafts.

Furthermore, 1n the above description, although a pressure
receiving portion R 1 1is formed on the inside of the
insertion hole 31 a of the magnetic yoke assembly 31 , the
pressure recelving portion may be provided on the outer

circumference side of the magnetic voke assembly 31
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CLAIMS:

1. A torque sensor comprising:

a first shaft having a first shaft central axis;

a second shaft;

a torsion bar connecting the first shaft and the second shaft
together at first and second ends of the torsion bar:;

a magnetism generation portion mounted onto the first shaft so as
to surround an outer circumference of the first shaft, the magnetism
generation portion producing a magnetic flux in a direction of the
central axis of the first shaft;

a first magnetic yoke and a second magnetic yoke, each mounted onto
the second shaft with a magnetic gap between them; and

a nmagnetic sensor operable to detect magnetic flux 1n the magnetic
gap between the first magnetic yoke and the second magnetic yoke;

wherein the first magnetic yoke and the second magnetlc voke are
positioned to guide the magnetic flux 1nto the magnetic gap;

wherein the first magnetic vyoke, the second magnetic voke, and a
sleeve that includes a central sleeve opening from a first end surface
of the sleeve to a second end surface of the sleeve are molded
together with a resin to form a magnetic yoke assembly with a central
insertion hole through the magnetic yoke assembly from a first end of
the magnetic yoke assembly to a second end of the magnetic yoke
assembly;

wherelin the first end surface of the sleeve 1s exposed at the first
end of the magnetic yoke assembly:

wherein the second end surface of the sleeve 1s partially exposed
by at least one notch formed in an inner surface inside the centrail
insertion hole of the magnetic yoke assembly; and

whereln the notch 1s configured to recelve a pressing surtace of an
assembly 3jig, and wherein the pressing surface of the assembly jig 1is
configured to bear against a portion of the second end surface of the

sleeve that 1s exposed inside the notch at a time when the magnetic

yoke assembly 1s press—-fit onto the second shaft.
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2. A torque sensor comprising:

a first shaft having a first shaft central axis;

a second shaft;

a torsion bar c¢onnecting the first shaft and the second shaft
together at first and second ends of the torsion bar;

a magnetism generation portion mounted onto the first shaft so as
to surround an outer cilrcumference of the first shaft, the magnetism
generation portion producing a magnetic flux in a direction of the
central axlis of the first shaft;

a first magnetic yoke and a second magnetic yoke, each mounted onto
the second shaft with a magnetic gap between them; and .

a magnetlc sensor operable to detect magnetic flux 1in the magnetic
gap between the first magnetic yvoke and the second magnetic yoke;

wherein the first magnetic yoke and the second magnetic vyoke are
positioned to guide the magnetic flux into the magnetic gap;

wherein the first magnetic yoke, the second magnetic voke, and a
sleeve that includes a central sleeve opening from a first end surface
0f the sleeve to a second end surface of the sleeve are molded
together with a resin to form a magnetic vyvoke assembly with a central
insertion hole through the magnetic yoke assembly from a first end of
the magnetic vyoke assembly to a second end of the magnetic yoke
assembly;

wherein the first end surface of the sleeve 1s exposed at the first

end of the magnetic yoke assembly;
wnereln the second end surface of the sleeve 15 partially exposed

by at least one notch formed 1n an 1inner surface 1nside the central
insertion hole of the magnetic yoke assembly; '

wherein the first magnetic yoke and the second magnetic yoke each
include elongate end portions that extend 1n a direction generally
parallel to the central axis of the first shaft;

wherein the elongate end portions of the first magnetic yocke extend
beyond the elongate end portions of the second magnetic yoke in a
direction substantially parallel to the central axis of the first
shaft toward the second end of the magnetic yoke assembly;

whereln the elongate end portions of the first magnetic yoke are
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disposed radially nearer the central axis of the first shaft than are
Che elongate end portions of the second magnetic yoke; and

wherein at least one end of at least one of the elongate end
portions of the first magnetic voke 1s exposed inside a concave
structure formed 1n the inner surface 1inside the central insertion

hole of the magnetic yoke assembly.

3. The torque sensor of claim 2, wherein a surface at the elongate
end of the first magnetic vyoke that 1is exposed inside the concave
structure formed 1n the 1inner surface 1nslide the central 1nsertion
hole of the magnetic yoke assembly is configured to bear against a
surface of an assembly Jig at a time when the magnetic voke assembly

1s press—-fit onto the second shaft.
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Fig.14
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Fig.21 (Phion aRT)
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