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(54) Controller for steering apparatus

(57) It is an object of the present invention to provide
a controller for a steering apparatus having easy opera-
tion of an adjustment of a tilting angle.

The steering apparatus (1) comprises a tilting mech-
anism adjusting a tilting angle of a steering wheel (2),
and an electrical motor (31) driving the tilting mechanism.
The controller (231) for the steering apparatus (1) detects
the tilting angle based on a rotational angle of the screw
shaft (18). The controller (231) defines the predetermined
supplying current according to the detected amount of
the tilting angle as the supplying current to the electrical
motor (23).
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Description

BACKGROUND OF THE INVENTOIN

1. Field of the Invention

[0001] The present invention relates to a controller for
a steering apparatus having a tilting mechanism adjust-
ing a tilting angle of a steering wheel and an electrical
motor driving the tilting mechanism to control a current
supplied to the electrical motor.

2. Description of the Related Art

[0002] It is well known in the prior art a controller for a
steering apparatus adjusting a tilting angle by driving an
electrical motor in accordance with an operation of the
tilting switch by Japanese laid-open publication Tokkai
2010-840.
[0003] In general, an amount of force applying the tilt-
ing mechanism by rotation of the electrical motor is var-
iable depending on a tilting angle. Therefore, there is a
difference between an operating velocity of the tilting
mechanism at the beginning of adjusting the tilting angle
by a driver and an operating velocity of the tilting mech-
anism during adjusting after that.
[0004] The driver tends to stop the adjustment of the
tilting angle when the driver feels to reach to a desired
tilting angle at the tilting adjustment. However because
of the previous-mentioned differences it is difficult to stop
instruction of the adjustment for the tilting angle at an
instance of the desired tilting angle when the operating
velocity of the tilting mechanism is increased.

SUMMARY OF THE INVENTION

[0005] In view of the previously mentioned circum-
stances, it is an object of the present invention to provide
a controller for a steering apparatus having easy opera-
tion of an adjustment of a tilting angle.
[0006] In order to achieve the above and other objects,
one aspect of the present invention provides a controller
for a steering apparatus wherein the steering apparatus
comprises a tilting mechanism adjusting a tilting angle of
a steering wheel and an electrical motor driving the tilting
mechanism, the controller includes an arithmetic mem-
ber defining a predetermined relationship between the
tilting angle and a supplying current to the electrical mo-
tor, and the controller controls the supplying current to
the electrical motor by using the arithmetic member.
Since the present invention controls the motor current of
the electrical motor by using the predetermined relation-
ship between the tilting angle and the motor current of
the electrical motor, it can control the operating velocity
of the tilting mechanism in accordance with the tilting
angle. By the way that it decides the predetermined re-
lationship not so as to generate any variation of the op-
erating velocity of the tilting mechanism which causes

any difficulty to be adjusted, it can achieve easy operation
to adjust the tilting angle. Since it controls the motor cur-
rent of the electrical motor on a basis of the predeter-
mined relationship, it can reduce calculating load calcu-
lating by the electronic controller in comparison with the
construction of the prior art controlling a motor current of
an electrical motor by a feedback control.
[0007] The second aspect of the present invention pro-
vides a controller for the steering apparatus according to
the first aspect, wherein the arithmetic member includes
a map defining predetermined relationship between the
tilting angle and a supplying current to the electrical mo-
tor. According to the second aspect, it can calculate the
supplying current of the electrical motor by applying the
tilting angle to the motor current map every instance.
Therefore, it can reduce the calculating load calculating
by the electronic controller in comparison with the con-
struction of the prior art calculating a supplying current
of an electrical motor by using an arithmetic equation.
[0008] The third aspect of the present invention pro-
vides a controller for the steering apparatus according to
the second aspect, wherein the arithmetic member in-
cludes arithmetic equation calculating the supplying cur-
rent to the electrical motor on a basis of the tilting angle.
According to the third aspect, the controller can calculate
the supplying current by applying the instance tilting an-
gle to the arithmetic equation. Thereby, the memory area
of the controller can be reduced in comparison with the
construction to register the supplying current map previ-
ously and to calculate the supplying current.
[0009] The fourth aspect of the present invention pro-
vides a controller for the steering apparatus according to
the third aspect, wherein the steering apparatus includes
a supporting member supporting said steering wheel,
and a restricting member restricting a possible adjusting
range of the tilting angle as a rotational angle of the sup-
porting member, the controller for said steering appara-
tus defines each angle at both ends of the possible ad-
justing range of the tilting angle within the possible ad-
justing range as first limit angle or second limit angle,
defines as an adjacent limit area a range where a differ-
ence of the tilting angle from the first limit angle or the
second limit angle is under a predetermined amount, and
defines a range other than the adjacent limit areas within
the possible adjusting range as a normal adjusting range,
and the arithmetic member defines the operating velocity
where the tilting angle is within the adjacent limit areas
as an operating velocity VA and defines the operating
velocity where the tilting angle is within the normal ad-
justing range as an operating velocity VB, and includes
such a predetermined relationship between the tilting an-
gle and the supplying current to the electrical motor that
the operating velocity VA is under the operating velocity
VB. In general, there would be the large possibility of the
deformation of the screw shaft by a mechanical restriction
of its movement. However according to the fourth aspect,
the controller for the steering apparatus of the present
invention can have a small possibility to deform the screw
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shaft 18 because the operating velocity of the tilting
mechanism is set to be small where the tilting angle is
within the adjacent limit areas.
[0010] The fifth aspect of the present invention pro-
vides a controller for the steering apparatus according to
the fourth aspect, wherein the controller learns the tilting
angle as a reference tilting angle when the current is sup-
plied to the electrical motor and it is continued that a
period where the tilting angle is not varied exceeds a
predetermined period. In general, the tilting angle recog-
nized by the controller intends to be shifted from the ac-
tual existing tilting angle because of any accumulation of
mechanical shifts of tilting mechanism and aged deteri-
oration in the steering apparatus. When the operation of
the tilting mechanism is restricted by contacting with oth-
er mechanisms, it is continued that the tilting angle is not
changed even though by supplying the current to the
electrical motor. Based on this phenomenon, the control-
ler according to the fifth aspect learns the reference tilting
angle. Therefore, there is high possibility that the shift of
the tilting angle recognized by the controller based on
the reference tilting angle from the actual tilting angle is
eliminated.
[0011] The sixth aspect of the present invention pro-
vides a controller for the steering apparatus according to
the fifth aspect, wherein the tilting angle is assumed
based on an induced voltage of the electrical motor. Ac-
cording to the sixth aspect, since it calculates the tilting
angle based on the induced voltage, thereby, the con-
troller can decide the supplying current supplied to the
electrical motor without using the rotational angle sensor
detecting the tilting angle in the steering apparatus not
having any sensor detecting the tilting angle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Various other objects, features and many of the
attendant advantages of the present invention will be
readily appreciated as the same becomes better under-
stood by reference to the following detailed description
of the preferred embodiments when considered in con-
nection with the accompanying drawings, in which:
[0013]

Fig. 1 is a schematic diagram of one example of a
steering apparatus relating to the present invention;
Fig. 2 is a schematic cross-sectional diagram of main
parts of the steering apparatus;
Fig. 3 is a schematic cross-sectional diagram of the
main parts of the steering apparatus viewed from
another angle;
Fig. 4 is a schematic diagram of another example of
a steering apparatus relating to the present inven-
tion;
Fig. 5 is a schematic diagram of the other example
of a steering apparatus relating to the present inven-
tion;
Fig. 6A is a kinematics diagram of a steering appa-

ratus of one embodiment of the present invention to
show a component force in a force of a screw shaft
when a tilting angle is at a lowest end, and Fig. 6B
is a kinematics diagram of the steering apparatus of
one embodiment of the present invention to show a
component force in a force of the screw shaft when
the tilting angle is at an upper end;
Fig. 7 is a graph showing a relationship of a compo-
nent force of the screw shaft and the tilting angle in
the steering apparatus of one embodiment of the
present invention;
Fig. 8 is a graph showing a relationship of the tilting
angle and an operating velocity thereof in the steer-
ing apparatus of one embodiment of the present in-
vention;
Fig. 9 is a map showing a relationship of the tilting
angle and a motor current in the controller of the
steering apparatus of one embodiment according to
the present invention;
Fig. 10 is a flow chart showing a motor current de-
ciding process executed by the controller of the
steering apparatus of one embodiment according to
the present invention;
Fig. 11 is a flow chart showing a reference rotational
angle learning process executed by the controller of
the steering apparatus of one embodiment accord-
ing to the present invention;
Fig. 12A is a map showing a relationship of a motor
current and the tilting angle registered in the control-
ler of the steering apparatus of another embodiment
according to the present invention, and Fig. 12B is
a graph showing a relationship of the tilting angle
and an operating velocity thereof in the controller of
the steering apparatus of another embodiment ac-
cording to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0014] A preferred embodiment of a controller for a
steering apparatus according to the present invention will
be described in referring to Fig. 1 to Fig. 12. The controller
for the steering apparatus according to the present in-
vention controls a current supplied to an electrical motor
driving a tilting mechanism to adjust a tilting angle of a
steering wheel of the steering apparatus. The tilting
mechanism will be explained at first hereinafter in refer-
ring to Fig. 1 to Fig. 5.
[0015] Fig.1 shows a schematic diagram of the tilting
mechanism of the steering apparatus 1. The steering ap-
paratus 1 includes a steering member 2 of a steering
wheel etc., a steering mechanism 3 of a rack and pinion
mechanism etc., a steering shaft 5 connected to the
steering member 2 to transmit a rotation of the steering
member 2 through an intermediate shaft 5 to the steering
mechanism 3, and a hollow cylindrical steering column
6 supporting rotatably the steering shaft 5 through an un-
illustrated bearings.
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[0016] The steering column 6 includes an upper tube
7, an intermediate tube 8 fitted into an outer peripheral
surface of the upper tube 7, and a housing 10 formed as
a whole with a lower tube 9 fitted into an outer peripheral
surface of the intermediate tube 8. The steering appara-
tus 1 includes an un-illustrated power assisted mecha-
nism as a power steering apparatus. In the housing 10
is accommodated an un-illustrated transmitting mecha-
nism of a warm gear mechanism etc. transmitting power
from an un-illustrated electrical motor of the power steer-
ing mechanism to the steering shaft 5.
[0017] The steering apparatus 1 includes an electrical
tilting mechanism adjusting a tilting position of the steer-
ing member 2. The steering apparatus 1 also includes
an electrical telescoping mechanism adjusting a tele-
scoping position of the steering member 2 and the tele-
scoping mechanism is not illustrated.
The steering column 6 is rotatably supported around a
tilting axis P for the tilting movement at a lower part of
the steering column 6 along an axial direction X1. A sup-
ported portion 11 of the steering column 6 extending from
the housing 10 is rotatably supported through a pivot
shaft 14 by a fixing bracket 13 anchored on a vehicle
body 12 for the tilting movement. Therefore, a center line
of the pivot shaft 14 is the tilting axis P.
[0018] The steering column 6 is connected at its middle
part through a connecting mechanism 16 to a fixed brack-
et 15 anchored to the vehicle body 12. The connecting
mechanism 16 includes a cradle 17, a screw shaft 18 as
a first member, and a nut 19 as a second member en-
gaging in mesh with the screw shaft 18. The screw shaft
18 as the first member engages with the nut 19 as the
second member along a common axis K1. The common
axis K1 extends to intersect with the axis X1 of the steer-
ing column 6.
[0019] The cradle 17 is swing-ably connected to the
steering column 6 around a first axis R parallel to the
tilting axis P. The first axis R corresponds to an axis of
first supporting shafts 21 attached to the lower tube 9 of
the steering column 6 at both ends of the lower tube 9
and penetrating through the cradle 17.
The first supporting shafts 21 are screwed into screw
holes 41 of the cradle 17 and are made of a bolt, cylin-
drical portions of tops of which are fit into supported por-
tions 41 formed at both ends of the lower tube 9. The
cradle 17 is connected with the lower tube 9 in a pivoting
way through the first supporting shafts 21.
[0020] The screw shaft 18 as the first member is rotat-
ably supported around the common axis K1 without axial
movement along the common axis K1. The screw shaft
18 is swing-able around the first axis R with the cradle
17 in accordance with the swing of the cradle 17. The
axial movement of the screw shaft 18 is restricted along
the common axis K1 relatively to the cradle 17.
The nut 19 as the second member is swing-ably support-
ed by the fixing bracket 15 around a second axis S parallel
to the tilting axis P. The second axis S is corresponded
to a center axis of second supporting shafts 22 mounted

on the fixing bracket 15.
[0021] The second supporting shafts 22 are screwed
into a pair of screw holes 34 formed in the fixed bracket
15 and are made of a bolt, cylindrical portions of tops of
which are penetrated through the fixing bracket 15 and
are fit into a supporting portion formed at both ends of
the nut 19. The nut 19 is connected with the fixed bracket
15 in a pivoting way through the second supporting shafts
22.
The nut 19 is restricted by the second supporting shafts
22 to rotate around the common axis K1. And also the
second supporting shaft 22 operates as a second restrict-
ing member to restrict an axial movement of the nut 19
along the common axis K1.
[0022] Electrical tilting function of the steering appara-
tus 1 will be performed as follows. Rotating drive force
of the electrical motor 23 fixed to the lower tube 9 of the
steering column 6 is transmitted through an switching
mechanism 24 fixed to the lower tube 9, a flexible drive
transmitting tube 25, a reduction mechanism 25 support-
ed by the cradle 17 to the screw shaft 18 to rotate the
screw shaft 18. The screw shaft 18 is moved along the
common axis K1 in accordance with the rotation of the
screw shaft 18 with respective to the nut 19, thereby
changing a distance between the first supporting shaft
21 and the second supporting shaft 22. It changes the
distance between the first supporting shaft 21 and the
second supporting shaft 22 corresponding to a distance
between the first axis R and the second axis S. By this
way the tilting angle of the steering column 6 is adjusted
to achieve the tilting adjustment.
[0023] The switching mechanism 24 achieves function
to switch the drive force of the electrical motor 23 to the
screw shaft 18 achieving the electrical tilting function or
to the telescopic mechanism achieving the un-illustrated
electrical telescopic function selectively.
The reduction mechanism 25 includes a driving gear 26
supported rotatably by the cradle 17, and a driven gear
27 connected to the screw shaft 18 at its middle part to
be rotated with the screw shaft 18 as a whole. The driving
gear 26 and the driven gear 27 may be a pair of bevel
gears intermeshed with each other.
[0024]  As shown in Fig.2, the fixing bracket 15 includes
a top board 28 fixed to the vehicle body 12, a pair of side
boards 29, 30 extending downwardly from the top board
28, and a bottom board 31 connecting each of low ends
of the pair of side boards 29, 30. The lower tube 9 of the
steering column 6 is penetrated between the sides of the
pair of side boards 29, 30 of the fixing bracket 15.
The nut 19 as the second member has a pair of parallel
plane side parts 191, 192. One side part 191 of the nut
19 is opposite to an end surface of a boss 32 mounted
on the one side board 29 of the fixing bracket 15 and the
other side part 192 of the nut 19 is opposite to an end
surface of a boss 33 mounted on the bottom board 31 of
the fixing bracket 15.
[0025] Each of the second shafts 22 is constructed with
a bolt having a screw portion 22a screwed into a screw
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hole 34 in each of the bosses 32, 33, and a cylindrical
portion 22b extending from the screw portion 22a to a
top end side. Each of cylindrical portion 22b penetrates
through each of bosses 32, 33 to be entered into a sup-
ported hole 35 mounted in each of side parts 191, 192.
A bush 36 is fit into an outer peripheral surface of the
cylindrical portion 22b and an inner surface of the sup-
ported hole 35 respectively. The nut 19 is therefore con-
nected swing-ably around the second axis S of the sec-
ond supporting shafts 22 to the fixed bracket 15 through
the bush 36 and the second supporting shafts 22. Since
flanges 36a mounted on one end of bushes 36 are ex-
erted between end surfaces of the bosses 32, 33 corre-
sponding to each of side parts 191, 192 of the nut 19,
rotating resistance of the nut 19 against the second sup-
porting shafts 22 is reduced more so that the nut 19 can
rotate smoothly around the second axis S.
[0026] The cradle 17 includes a main body 37 support-
ing the screw shaft 18, and a pair of side boards 38, 39
extending from both sides of the main body 37 to corre-
sponding sides 91, 92 of the lower tube 9. The screw
hole 40 is formed in each of the side boards 38, 39. The
supported hole 41 is formed in each of sides 91, 92 of
the lower tube 9. Each of the first supporting shafts 21 is
constructed with a bolt having the screw portion 21a
screwed into the screw hole 40 of each of the side boards
38, 39, and the cylindrical portion 2 1 b extending from
the screw portion 21a to the top end side and being fit
into the supported hole 41 of the corresponding sides 91,
92 of the lower tube 9.
[0027] In the main body 37 of the cradle 17 is formed
a penetrating hole 42 extending along the common axis
K1 of the screw shaft 18. The penetrating hole 42 includes
a bearing supporting portion 44 having a small diameter,
a bearing supporting portion 46 having a medium diam-
eter, and a driven gear accommodating portion 47 having
a large diameter. The small bearing supporting portion
44 holds a thrust bearing 43 such as a thrust ball bearing
supporting the screw shaft 18 to a thrust direction. The
medium bearing supporting portion 46 holds a radial
bearing 45 such as a radial ball bearing supporting the
screw shaft 18 rotatably. The large driven gear accom-
modating portion 47 accommodates the driven gear 27
rotating with the screw shaft 18 as a whole.
[0028] A tightening nut 48 is screwed on a screw por-
tion formed on an outer peripheral surface of a small shaft
portion 183 in one end 181 of the screw shaft 18. The
nut 19 for tilting is fit on other end 182 of the screw shaft
18. The tightening nut 48 push the thrust bearing 43
against a positioning step 50 formed on an end of the
bearing supporting portion 44. A cylindrical portion 51 of
the screw shaft 18 is fit into an inner race 52 of the radial
bearing 45 to be rotated therewith. An outer race 53 of
the radial bearing 45 is pressed into an inner periphery
of the bearing supporting portion 46.
[0029]  The outer race 53 of the radial bearing 45 en-
gages with a positioning step 54 formed on an end of the
bearing supporting portion 46. Thereby, the outer race

53 is restricted its axial movement to an upper direction
toward the thrust bearing 43 shown in Fig. 2. The inner
race 52 engages with a positioning step 55 of the screw
shaft 18 adjacent to the cylindrical portion 51 of the screw
shaft 18. Thereby, the inner race 52 is restricted its axial
movement to a lower direction toward the driven gear 27
in Fig. 2.
[0030] The thrust bearing 43 and the radial bearing 45
receive the force to a direction approaching each other
in accordance with tightening by the tightening nut 48.
Thereby, since a predetermined portion of the cradle 17
existing between both bearings 43, 45 are supported be-
tween the bearings 43, 45, the screw shaft 18 is restricted
its axial movement. The predetermined portion of the cra-
dle 17 corresponds to an annular projection 42a formed
between the bearing supporting members 44 and 46
within the inner peripheral surface of the penetrating hole
42. The tightening nut 48, the thrust bearing 43 and the
radial bearing 45 perform the function as a first restricting
member restricting the movement of the screw shaft 18
along the common axis K1.
[0031] Since the bearings 43, 45 receive predeter-
mined value of pressurization in accordance with tight-
ening by the tightening nut 48, it is restricted for a lash
or a back-lash of the screw shaft 18 to axial and radial
directions relatively to the cradle 17.
A serration portion 56 of the screw shaft 18 is fit into an
inner peripheral surface of the driven gear 27 to be ro-
tated therewith. A cover 57 seals a lower portion of a
driven gear accommodating portion 47 of the penetrating
hole 42 of the main portion 37. The screw shaft 18 pen-
etrates through a penetrating hole 58 of the cover 57.
[0032] The other end 182 of the screw shaft 18 pene-
trates through an undercut portion 59 of the bottom por-
tion 31 as shown in Fig. 2 and Fig. 3.
In referring to Fig. 3, the main body 37 of the cradle 17
includes an extending hollow cylinder 60 extending along
a transversal direction to the common axis K1 of the pen-
etrating hole 42 through which the screw shaft 18 is pen-
etrated. In the extending hollow cylinder 60 are installed
the driving gear 26 engaging with the driven gear 27 and
a supporting shaft 61 for the driving gear 26. A cup mem-
ber 62 is fixed to an opening end of the extending hollow
cylinder 60.
[0033] The supporting shaft 61 is rotatably supported
through a bush 64 by a hollow cylindrical portion 63 ex-
tending from the cup member 62. An end of the support-
ing shaft 61 is exposed to outside from an opening of the
cup member 62. At the end of the supporting shaft 61 is
formed a connecting hole 65 connected one end of a
flexible power transmitting tube Tu for driving the power
of the motor 23 by controlling by a controller for the steer-
ing apparatus according to the present invention de-
scribed herein later.
Since the screw shaft 18 as a first member and the nut
19 as the second member for the tilting adjustment are
rotate-able around the first axis R and the second axis S
respectively parallel to the tilting axis P, a distance D1
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(see in Fig. 1) between the tilting axis P and the first axis
R is not changeable in accordance with the change of
the distance between the first axis R and the second axis
S.
[0034] It is well known a steering apparatus with elec-
trical tilting mechanism to adjust a height position of a
steering wheel by tilting a steering column supported
swing-ably around a tilting axis by the way of an electrical
motor as shown in Japanese laid open publication Tokkai
2000-2503. A lower end of the steering column of the
above-identified well known steering apparatus is swing-
ably supported at a vehicle body around a tilting axis. An
upper portion of the steering column is tilted in electrical
box supported rotatably by a fixed bracket. A screw shaft
is supported rotatably in its rotating direction and non-
movably in its axial direction and is engaged in mesh with
an adjustable nut fixed to the steering column. The ad-
justable nut is moved along its axis in a way of driving
the screw shaft by an electrical motor in order to tilt the
steering column.
[0035] A locus of the tilting movement of the steering
column is an arc around the tilting axis, on the other hand
a locus of the movement of the screw shaft is a linear
along a centerline of the screw shaft. Because of the
difference between these locus, since a distance be-
tween the tilting axis and the adjusting nut is constant in
the well known steering apparatus, there is possibility to
make load of the electrical motor in tilting larger, thereby
making a size of the electrical motor larger.
[0036] Based on these possibilities, it may improve for
the well known steering apparatus to construct the lower
tube of the steering column as a pair of tubes fit one into
the other in a condition to move relatively each other in
accordance with the tilting adjustment. However, it still
remains the load of the electrical motor to make it lager
because of frictional force generated between both tubes
at the tilting adjustment. Therefore, it is an object of the
steering apparatus 1 to make the electrical motor 23
small.
[0037] On the other hand against the well known steer-
ing apparatus, the steering apparatus 1 having the
above-mentioned construction has an effect that it can
eliminate the both tubes of the steering column relatively
movable along the center axis in the well known steering
apparatus at lower portion of the steering column 6 along
the axial direction X1. The steering apparatus 1, there-
fore, makes its construction simple because of the single
lower tube 9 without expanding and retracting. And also,
since there is no frictional force in accordance with the
relative movement at tilting adjustment, the load to the
electrical motor is reduced to be able to make the size
of the electrical motor 23 small.
[0038] The steering apparatus 1 can achieve the swing
mechanism around the first axis R and the swing mech-
anism around the second axis S to be more simple be-
cause of the simple structure having the first shafts 21
penetrated through the cradle 17 and connected to the
sides 91, 92 of the lower tube 9 and the second shafts

22 penetrated through the fixing bracket 15 to be con-
nected to the side parts 191, 192 of the nut 19.
Next, it will be explained another embodiment of the
steering apparatus 1A in referring to Fig. 4. Main differ-
ences of the another construction from that in Fig. 1 are
next points. A lower tube 9A of a steering column 6A
includes first column tube 101 connected with the first
supporting shaft 21, and second column tube 102 fit into
the end of the first column tube 101 and formed with a
housing 10A as a whole.
[0039] Both of the column tubes 101, 102 are normally
prevented from relative axial movement by being pressed
into with a predetermined value of pressure especially in
a tilting adjustment, therefore the second embodiment of
the steering apparatus is completely different from the
well known steering apparatus having the pair of tubes.
However the first column tube 101 of the steering appa-
ratus 1A moves to enter into the second column tube 102
at a collision of the vehicle in order to absorb energy by
the collision. A numeral of a constructive part in Fig. 4
same to a numeral of a constructive part in Fig. 1 shows
same construction each other.
[0040] According to the above-mentioned another con-
struction of the steering apparatus 1A, since the lower
tube 9A having the extending portion extending down-
wardly from the first supporting shafts 21 is divided into
the first tube 101 and the second tube 102 to absorb the
collision energy, it can expand various type of designs.
There is no need to move the first tube 101 and the sec-
ond tube 102 at the tilting adjustment without generating
the friction, thereby not to increase the load of the elec-
trical motor 23.
[0041] Next, it will be explained the other embodiment
of the steering apparatus 1B in referring to Fig. 5. In each
construction in Fig. 1 and Fig. 4 the first member sup-
ported by the cradle 17 is the screw shaft 18, and the
second member supported by the fixing bracket 15 is the
nut 19. On the other hand in the steering apparatus 1B,
the first member supported by the cradle 17 is the nut
19B, and the second member supported by the fixing
bracket 15 is the screw shaft 18B.
[0042] In detail, the nut 19B as the first member is fixed
to the cradle 17B by welding portion 66. With the nut 19B
is meshed the other end 182 of the screw shaft 18B as
the second member. The welding portion 66 achieves a
function as a first restricting member restricting axial
movement of the nut 19B on the common axis K1 rela-
tively to the cradle 17B.
A supporting member 67 is rotatably supported around
the second axis S by the supporting shafts 22 screwed
into the screw holes 34 of the bosses 32, 33. One end
181 of the screw shaft 18B as the second member is
rotatably supported in rotational direction and non-mov-
ably in axial direction by the supporting member 67. A
supported hole 68 is formed at both end parts 671, 672
of the supporting member 67. A cylindrical portion 22b
of the supporting portion 22 is inserted into the supported
hole 68 through a bush 36 covered over the cylindrical
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portion 22b.
[0043] In the supporting member 67 is formed a pen-
etrating hole 72 extending along the common axis K1 of
the screw shaft 18B. The penetrating hole 72 includes a
bearing holding member 74 with a small diameter holding
a thrust bearing 73 such as thrust ball bearing to support
the screw shaft 18B to a thrust direction, and a bearing
holding member 76 with a medium diameter holding a
radial bearing 75 such as a radial ball bearing to support
the screw shaft 18B rotatably.
[0044] A tightening nut 78 is engaged in mesh with a
screw portion on outer peripheral surface of a cylindrical
portion 183 of the one end 181 of the screw shaft 18B.
The tightening nut 78 pushes the thrust bearing 73
through a washer 79 against the positioning step 50
mounted on the middle portion of the screw shaft 18B. A
cylindrical portion 51 at the middle of the screw shaft 18B
is fit into an inner race 82 of the radial bearing 75 to be
rotated with the inner race 82 as a whole. An outer race
83 of the radial bearing 75 is fit into an inner peripheral
surface of the bearing holding member 76.
[0045] The outer race 83 of the radial bearing 75 is
abutted to a positioning step 84 mounted on an end por-
tion of the bearing holding member 76. Thereby, axial
movement of the outer race 83 is restricted downwardly
in Fig. 5 to a side of the thrust bearing 73. On the other
hand, the inner race 82 is abutted to a positioning step
55 mounted adjacent to the cylindrical portion 51 of the
screw shaft 18B. Thereby, axial movement of the inner
race 82 is restricted upwardly in Fig. 5 to a side of the
driving gear 27.
[0046] According to the above-mentioned other con-
struction of the steering apparatus, the thrust bearing 73
and the radial bearing 75 receive force to an approaching
direction each other through the screw shaft 18B in ac-
cordance with the tightening of the tightening nut 78.
Thereby, since a predetermined portion of the supporting
member 67 existing between both bearings 73, 75 are
supported between the bearings 73, 75, the screw shaft
18B is restricted its axial movement. The predetermined
portion of the supporting member 67 corresponds to an
annular projection 72a formed between the bearing sup-
porting members 74 and 76 within the inner peripheral
surface of the penetrating hole 72. The tightening nut 78,
the thrust bearing 73 and the radial bearing 75 perform
the function as a second restricting member restricting
the movement of the screw shaft 18B along the common
axis K1 relatively to the supporting member 67.
[0047] It can be reduced the load to the electrical motor
for the construction of the steering apparatus 1B in Fig.
5 same as that in Fig. 1, thereby reducing the size of the
electrical motor.
[0048] The construction of the steering apparatus is
described according to the above-mentioned construc-
tion, however it may be constructed that the electrical
motor for the tilting adjustment and the electrical motor
for the telescopic movement are different.
[0049] The above-mentioned steering apparatus 1,

1A, 1B are summarized as follows. The first aspect of
the steering apparatus comprising a fixing bracket an-
chored to a vehicle body; a steering column supporting
a steering shaft rotatably and supported swing-ably by
said vehicle body around a tilting axis; a connecting
mechanism connecting said fixing bracket and said steer-
ing column; said connecting mechanism includes a cra-
dle connected to said steering column swing-ably around
a first axis parallel to said tilting axis, a first member sup-
ported by said cradle swing-ably around said first axis in
accordance with a swing of said cradle, and a second
member supported by said fixing bracket swing-ably
around a second axis parallel to said tilting axis; either
one or the other of said first member and said second
member is a screw shaft or a nut to be rotated relatively
each other on a common axis intersecting both of said
first axis and said second axis by being rotated by an
electrical motor in order to achieve an tilting adjustment;
a first restricting member restricting movement of said
first member relatively to said cradle along said common
axis; and a second restricting member restricting move-
ment of said second member relatively to said fixing
bracket along said common axis.
[0050] The second aspect of the steering apparatus
according to the first aspect, wherein said steering col-
umn includes a lower tube; said connecting mechanism
includes a fist supporting shaft penetrated through said
cradle and connected to a side part of said lower tube,
and a second supporting shaft penetrated through said
fixing bracket and connected to a side part of said second
member; said first axis is a center axis of said first sup-
porting shaft; and said second axis is a center axis of
said second supporting shaft.
[0051] Third aspect of the steering apparatus accord-
ing to the second aspect, wherein said lower tube in-
cludes a first tube to which said first shaft is connected,
and a second tube fitting into a lower end of said first
tube, in order to absorb energy by at collision of a vehicle.
[0052] Next, it will be explained a controller for the
steering apparatus according to the present invention
controlling the operation of the above-mentioned steer-
ing apparatus 1. At first, additional construction to the
steering apparatus 1 will be explained hereinafter.
[0053] The screw shaft 18 has a screw portion on a
cylindrical surface of the screw shaft 18, thereby moves
in relative to the nut 19 along the common axis K1 from
one end to the other end of the screw portion in order to
adjust the tilting angle θt of the steering column 6 and
the steering wheel 2 from a lowest end to an upper end.
In other words, the movement of the screw shaft 18 is
restricted by un-illustrated restricting member to restrict
the adjustment of the tilting angle θt from the lowest end
to the upper end.
[0054] An un-illustrated rotational angle sensor is
mounted to detect a rotational angle of the screw shaft
18. The rotational sensor detects the rotational angle θk
of the screw shaft 18 around the common axis K1 within
0 degree to 359 degrees.
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[0055] The electrical motor 23 is controlled on a basis
of a signal output from the rotational angle sensor of the
screw shaft 18 and a signal output from an electronic
controller 231. The electronic controller 231 includes an
un-illustrated memory registering a lot of information. To
the electronic controller 231 is connected a operation
panel 232 having an increasing bottom instructing to in-
crease a tilting angle θt and a decreasing bottom instruct-
ing to decrease the tilting angle θt. When the driver push-
es the increase bottom an instruction signal Ss is gener-
ated to increase the tilting angle θt. When the driver push-
es the decrease bottom the instruction signal Ss is gen-
erated to decrease the tilting angle θt.
[0056] A symbol Q in Fig. 1 shows an intersectional
point of a center line of the column 6 and a perpendicular
to the center line passed through the tilting axis P. The
tilting angle θt will be explained in a way that the tilting
angle θt is increased when the steering wheel 2 and the
steering column 6 are rotated upwardly in a gravity di-
rection around the tilting axis P and the tilting angle θt is
decreased when the steering wheel 2 and steering col-
umn 6 are rotated downwardly in the gravity direction
around the tilting axis P in Fig. 1.
[0057] It is explained here the operation of the control-
ler of the steering apparatus 1.
When the driver pushes the increasing bottom of the op-
eration panel 232 to generate the instruction signal Ss
increasing the tilting angle θt, the electronic controller
231 supplies plus (+) motor current Im to the electrical
motor 23. On the other hands, when the driver pushes
the decreasing bottom of the operation panel 232 to gen-
erate the instruction signal Ss decreasing the tilting angle
θt, the electronic controller 231 supplies minus (-) motor
current Im to the electrical motor 23.
[0058] The electrical motor 23 rotates in clockwise di-
rection by receiving the plus motor current Im and rotates
in counter-clockwise direction by receiving the minus mo-
tor current Im. Rotational torque τ from the electrical mo-
tor 23 is transmitted through the switching mechanism
24, the flexible tube Tu and the reduction mechanism 25
to the screw shaft 18. When the electrical motor 23 is
rotated in clockwise direction the screw shaft 18 is rotated
in clockwise direction viewed from the center line of the
column 6 to the screw shaft 18. When the electrical motor
23 is rotated in counter-clockwise direction the screw
shaft 18 is rotated in counter-clockwise direction. Upon
the rotation of the screw shaft 18 relative to the nut 19,
the torque τ is transformed to axial force Jf.
[0059] The screw shaft axial force Jf moves the screw
shaft 18 along the common axis K1 to an upward direction
in Fig. 1 to raise the steering column 6 and the steering
wheel 2. Upon the movement of the screw shaft 18, the
reduction mechanism 25, the steering column 6, the
steering shaft 5 and the steering wheel 2 are rotated
around the tilting axis P as a whole to change the tilting
axis θt. A geometrical relationship between an amount
of the axial movement of the screw shaft 18 and the tilting
angle θt is expressed by a predetermined arithmetic

equation. Upon the clockwise rotation of the screw shaft
18 an amount of the tilting angle θt is decreased, and the
amount of the tilting angle θt is increased upon the coun-
ter-clockwise rotation of the screw shaft 18. It is called
the tilting angle θt as a reference tilting angle θts of zero
degree when the screw shaft 18 is moved to the lowest
end along the common axis K1.
[0060] It will be explained a relationship of the tilting
angle θt relative to component force Ef of the screw shaft
axial force Jf to normal direction in referring to Fig. 6 and
Fig. 7. Symbols P, Q, R, S shown in Fig. 6A and Fig. 6B
correspond to symbols P, Q, R, S in Fig. 1 respectively.
Symbols PQ, QR, RS shown in Fig. 6A and Fig. 6B cor-
respond to symbols PQ, QR, RS in Fig. 1 respectively.
The reference tilting angle θts lies on an axis Kj shown
in Fig. 6A and Fig. 6B. Symbol Sj shown in Fig. 6A and
Fig. 6B represents a horizontal axis.
[0061] Fig. 6A shows a state where the screw shaft 18
reaches to the lowest end and the tilting angle θt is the
reference tilting angle θts. Fig. 6B shows a state where
the screw shaft 18 reaches to the upper end and the tilting
angle θt is increased from the state of the reference tilting
angle θts of zero. Since it is increased an amount of an
angle θf of the screw shaft axial force Jf relative to the
horizontal axis Sj upon increasing the tilting angle θt, the
normal component force Ef is increased as shown in Fig.
6B. Therefore, the ratio of the normal component force
Ef to the screw shaft axial force Jf becomes larger in
accordance with increasing of the tilting angle θt as
shown in Fig. 7. On a basis of the phenomena, if the
screw shaft axial force Jf is reduced, it can reduce the
increase of the normal component force Ef.
[0062] The screw shaft axial force Jf at reduction of the
tilting angle θt is affected by a dropping force Kf due to
total weight of members supported by the screw shaft 18
to the gravitational direction. Where the screw shaft axial
force Jf in reducing the tilting angle θt is made small in
comparison to the screw shaft axial force Jf in increasing
the tilting angle θt, it reduce the variation of the normal
component force Ef in exchanging the operations of the
increase of the tilting angle θt and the decrease of the
tilting angle θt.
[0063] Next it will be explained a current map of the
motor current in referring to Fig. 8 and Fig. 9. The un-il-
lustrated memory of the electronic controller 231 regis-
ters first current map Ip1 and second current map Ip2
shown in Fig. 9 and the maps Ip1, Ip2 are previously
determined the motor current in accordance with the tilt-
ing angle θt so that the normal component force Ef is
constant with respect to the tilting angle θt and an oper-
ating velocity V of the tilting mechanism is constant as
shown in Fig. 8. The first current map Ip1 is a map used
for increasing the tilting angle θt and the second current
map Ip2 is a map used for decreasing the tilting angle θt.
The motor current Im defined by the second current map
Ip2 is smaller than the motor current Im defined by the
first current map Ip1.
[0064] An operation of the controller for the steering
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apparatus according to the present invention will be ex-
plained.
The electronic controller 231 receives the instruction sig-
nal Ss from the operation panel 232. And also, the elec-
tronic controller 231 receives the rotational angle θk from
the un-illustrated rotational angle sensor. The electronic
controller 231 defines a variable amount of the tilting an-
gle θt at the clockwise rotation of the screw shaft 18 as
the plus displacement amount and the variable amount
of the tilting angle θt at the counter-clockwise rotation of
the screw shaft 18 as the minus displacement amount.
The rotational angle θk relative to the lowest tilting angle
θt is registered as a reference rotational angle θs in the
un-illustrated memory. The electronic controller 231 cal-
culates a total rotational angle θd of the screw shaft 18
around the common axis K1 by calculating a total amount
of the plus displacement amount or the minus displace-
ment amount of the rotational angle θk from the reference
rotational angle θs.
[0065] The electronic controller 231 calculates the ax-
ial movement amount of the screw shaft 18 on a basis
of the total rotational angle θd. The electronic controller
231 measures the tilting angle θt in accordance with the
axial movement amount and the geometrical relationship
of the screw shaft 18. The electronic controller 231 se-
lects one of the first current map Ip1 and the second
current map Ip2 in accordance with the instruction signal
Ss received from the operation panel 232. The electronic
controller 231 decides the motor current Im relative to
the measured amount of the tilting angle θt in the selected
current map as the current supplied to the electrical motor
23.
[0066] The electronic controller 231 also operates to
learn as the reference rotational angle θs the rotational
angle θk when a non-variable period of the rotational an-
gle θk from a switching time to change to decrease the
tilting angle θt by supplying the minus motor current Im
to the electrical motor 23 exceeds a predetermined pe-
riod tx.
[0067] Next a flow of a motor current deciding process
in the electronic controller 231 will be explained based
on a chart shown in Fig. 10. The electronic controller 231
executes to repeat the operation deciding the motor cur-
rent at a predetermined frequency shown in Fig. 10.
[0068] In a step S11 it judges whether the instruction
signal Ss is generated or not by the operation panel 232.
When the judgment in the step S11 is NO, the motor
current deciding process is end. When the judgment in
the step S11 is YES, it measures the tilting angle θt on
a basis of the rotational angle θk detected by the un-il-
lustrated rotational angle sensor in a step S12.
[0069] In a step S13, it decides the motor current Im
corresponding to the measured amount of the tilting an-
gle θt in the step S12 by referring to the current map
selected in accordance with the instruction signal Ss.
In a step S14, it supplies the motor current Im decided
in the step S13 to the electrical motor 23.
[0070]  A flow of a reference rotational angle learning

process by the electronic controller 231 will be explained
in referring to Fig. 11. The electronic controller 231 exe-
cutes the reference rotational angle learning process
shown in Fig. 11 periodically and repeatedly in parallel
with the motor current deciding process.
[0071] In a step S21, it judges whether the non-variable
period of the rotational angle θk exceeds the predeter-
mined period tx or not after the motor current Im is started
to be supplied. When the judgment is NO in the step S21,
the reference rotational angle learning process is end.
[0072] When the judgment is YES in the step S21, it
judges in a step S22 whether the time after the non-var-
iable period exceeds the predetermined period tx is a
time after the tilting angle θt starts to decrease. When
the judgment in the step S22 is YES, it sets again the
rotational angle θk detected by the un-illustrated rotation-
al angle sensor as the reference rotational angle θs.
When the judgment is NO in the step S22, it progresses
to a step S24. The current supply of the motor current Im
is stopped in the step S24.
[0073] The controller of the steering apparatus 1 ac-
cording to the present invention has next effects.

1. The steering apparatus 1 provides the electronic
controller 231 defining the predetermined relation-
ship between the tilting angle θt and the motor cur-
rent Im of the electrical motor 23 and controls the
motor current Im of the electrical motor 23 by the
electronic controller 231.

[0074] Because of this construction, since the present
invention controls the motor current Im of the electrical
motor 23 by using the predetermined relationship be-
tween the tilting angle θt and the motor current Im of the
electrical motor 23, it can control the operating velocity
V of the tilting mechanism in accordance with the tilting
angle θt. By the way that it decides the predetermined
relationship not so as to generate any variation of the
operating velocity V of the tilting mechanism which caus-
es any difficulty to be adjusted, it can achieve easy op-
eration to adjust the tilting angle θt. Since it controls the
motor current Im of the electrical motor 23 on a basis of
the predetermined relationship, it can reduce calculating
load calculating by the electronic controller 231 in com-
parison with the construction of the prior art controlling a
motor current of an electrical motor by a feedback control.
[0075]

2. The electronic controller 231 includes the map de-
fining the predetermined relationship between the
tilting angle θt and the motor current Im of the elec-
trical motor 23.
By this construction, it can calculate the motor cur-
rent Im of the electrical motor 23 by applying the
tilting angle θt to the motor current map every in-
stance. Therefore, it can reduce the calculating load
calculating by the electronic controller 231 in com-
parison with the construction of the prior art calcu-
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lating a motor current of an electrical motor by using
a arithmetic equation.

[0076]

3. The electronic controller 231 learns or recognizes
the tilting angle θt as the reference tilting angle θs
when the motor current Im is supplied so as to reduce
the tilting angle θt and the period where the tilting
angle θt in a state of being not variable is continued
for the predetermined period tx.

[0077] The tilting angle θt recognized by the electronic
controller 231 intends to be shifted from the actual exist-
ing tilting angle θt because of any accumulation of me-
chanical shifts of tilting mechanism and aged deteriora-
tion in the steering apparatus. When the operation of the
tilting mechanism is restricted by contacting with other
mechanisms, it is continued that the tilting angle θt is not
changed even though by supplying the motor current Im
to the electrical motor 23. The electronic controller 231
learns the reference tilting angle θt based on this phe-
nomenon. Therefore, there is high possibility that the shift
of the tilting angle Ot recognized by the electronic con-
troller 231 based on the reference tilting angle θt from
the actual tilting angle θt is eliminated.
[0078]

4. The electronic controller 231 stops the motor cur-
rent Im when the period where the amount of the
rotational angle θk is not varied exceeds the prede-
termined period tx even though the motor current Im
is continued to be supplied to the electrical motor 23
in order to vary the tilting angle θt.

[0079] Next two stages are corresponded to the phe-
nomenon when the period where the amount of the ro-
tational angle θk is not varied exceeds the predetermined
period tx even though the motor current Im is supplied
to the electrical motor 23;

(A) The screw shaft 18 reaches to the lowest end
even when the electrical motor 23 is driven to de-
crease the tilting angle θt.
(B) The screw shaft 18 reaches to the upper end
even when the electrical motor 23 is driven to in-
crease the tilting angle θt.

[0080] The controller for the steering apparatus can
inhibit any possible deformation of the screw shaft 18 at
the upper or the lowest ends by stopping the electrical
motor 23 at each of the above-identified stages (A) and
(B).
[0081] While the invention has been described in detail
with reference to the preferred embodiment, it will be ap-
parent to those skilled in the art that the invention is not
limited to the present embodiment, and that the invention
may be realized in various other embodiments within the

scope of the claims.
[0082]  For example, while the motor current Im in ac-
cordance with the tilting angle θt is decided referred to
the motor current map in Fig. 10, however the electronic
controller 231 may register an arithmetic equation calcu-
lating the motor current Im of the electrical motor 23 on
a basis of the tilting angle θt. The electronic controller
231 can calculate the motor current Im by applying the
instance tilting angle θt to the arithmetic equation. There-
by, the memory area of the electronic controller 231 can
be reduced in comparison with the construction to regis-
ter the motor current map previously and to calculate the
motor current Im.
[0083] While the amount of the motor current Im is de-
cided by using single motor current map and the screw
shaft 18 is mechanically restricted at the upper or lowest
end of its axial movement, however it may be decided
electrically by using first limit angle θx1 and second limit
angle θx2 each of which is defined as extreme end of the
possible adjusting range of the tilting angle θt as shown
in Fig. 12A and Fig. 12B. A normal adjusting range of the
tilting angle θt is decided from other than two adjacent
limit areas, each of the two adjacent limit areas is defined
by an area where the difference of the tilting angle θt from
the first limit angle θx1 or the second limit angle θx2 is
under a predetermined amount. In this example, the op-
erating velocity V is defined as an operating velocity VA
where the tilting angle θt is within the adjacent limit areas
and the operating velocity V is defined as an operating
velocity VB where the tilting angle θt is within the normal
adjusting range. The electronic controller 231 registers
a motor current map having three different curves as
shown in Fig. 12A which is a predetermined relationship
between the tilting angle θt and the motor current Im to
keep the operating velocity VA under the operating ve-
locity VB. Therefore, according to this example, the con-
troller for the steering apparatus of the present invention
can have a small possibility to deform the screw shaft 18
because the operating velocity of the tilting mechanism
is set to be small where the tilting angle θt is within the
adjacent limit areas in comparison with the mechanical
restriction against the screw shaft 18 having the large
possibility of the deformation of the screw shaft 18.
[0084] While the electronic controller 231 learns the
tilting angle θt as the reference tilting angle θts when the
motor current Im is supplied to the electrical motor 23 to
reduce the tilting angle θt and it exceed the predeter-
mined period of the non-variable tilting angle θt shown
in Fig. 11, however it may learn the rotational angle θk
as the reference rotational angle θs when the motor cur-
rent Im is supplied to the electrical motor 23 to increase
the tilting angle θt and it is continued that a period where
the tilting angle θt is not varied exceeds the predeter-
mined period.
[0085] By this example, there is a high possibility to
eliminate the shift of the tilting angle θt from the actual
tilting angle θt.
While the electronic controller 231 learns the reference
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rotational angle θs at the tilting adjustment of the tilting
angle θt in accordance with the operation of the driver,
however it may learn the reference rotational angle θs
when the amount of the tilting angle θt is automatically
increased to maximum amount in order that the driver
can easily ride on the vehicle.
[0086] While the electronic controller 231 detects the
rotational angle θk of the screw shaft 18, however it may
calculate the tilting angle θt based on assuming a rota-
tional angle of a rotor of the electrical motor 23 from an
induced voltage at each phase of the electrical motor 23.
Thereby, the electronic controller 231 can decide the mo-
tor current Im supplied to the electrical motor 23 without
using the rotational angle sensor detecting the tilting an-
gle θt.
[0087] While the steering apparatus 1 has the steering
shaft 5 coupled mechanically with the power steering
mechanism, however it may construct with a steer-by-
wire steering mechanism controlling the steering mech-
anism with a power source of the electrical motor and
without coupling to the steering shaft 5.
[0088] While the electronic controller 231 measures
the tilting angle θt by detecting the rotational angle θk of
the screw shaft 18 as the amount of the rotation, however
it may measure the tilting angle θt by detecting a dis-
placement amount of the screw shaft 18 along the com-
mon axis K1.
[0089] While the electronic controller 23 has the un-il-
lustrated rotational angle sensor for a detecting member
measuring the tilting angle θt, however it may have a
rotational angle sensor detecting a rotational angle of the
rotor of the electrical motor 23 or the tilting angle θt around
the tilting axis P directly.
[0090] While the electronic controller 231 learns the
reference rotational angle θs, however, it may learn a
reference tilting angle θts when the screw shaft 18 is in
the lowest end for detecting the tilting angle θt directly by
the rotational angle sensor.
[0091] While the steering apparatus 1 has the screw
nut 18 rotated relatively to the nut 19 in order to vary the
tilting angle θt, however it may construct to rotate the
steering column 6 directly around the tilting axis P to vary
the tilting angle θt.
[0092] While the steering apparatus 1 has the screw
shaft 18 supporting the steering column 6, however it
may construct the steering column 6 supported by a rack
shaft of the rack and pinion steering mechanism to vary
the tilting angle θt by rotate a pinion gear.
[0093] While the electronic controller 231 decides the
tilting angle θt at the lowest end of the screw shaft 18 as
the reference tilting angle θts, however it may decide as
the reference tilting angle 8ts the tilting angle t at the time
when the center line of the steering column 6 is on a line
parallel to the horizontal line.

Claims

1. A controller for a steering apparatus wherein;
said steering apparatus comprises a tilting mecha-
nism adjusting a tilting angle of a steering wheel, and
an electrical motor driving the tilting mechanism;
said controller includes an arithmetic member defin-
ing a predetermined relationship between said tilting
angle and a supplying current to said electrical mo-
tor; and
said controller controls said supplying current to said
electrical motor by using said arithmetic member.

2. The controller for the steering apparatus according
to Claim 1, wherein said arithmetic member includes
a map defining predetermined relationship between
said tilting angle and a supplying current to said elec-
trical motor.

3. The controller for the steering apparatus according
to Claim 2, wherein said arithmetic member includes
arithmetic equation calculating said supplying cur-
rent to said electrical motor on a basis of said tilting
angle.

4. The controller for the steering apparatus according
to Claim 3, wherein said steering apparatus includes
a supporting member supporting said steering
wheel, and a restricting member restricting a possi-
ble adjusting range of said tilting angle as a rotational
angle of said supporting member;
said controller for said steering apparatus defines
each angle at both ends of said possible adjusting
range of the tilting angle within said possible adjust-
ing range as first limit angle or second limit angle,
defines as an adjacent limit area a range where a
difference of said tilting angle from said first limit an-
gle or said second limit angle is under a predeter-
mined amount, and defines a range other than said
adjacent limit areas within said possible adjusting
range as a normal adjusting range; and
said arithmetic member defines an operating velocity
where said tilting angle is within said adjacent limit
areas as an operating velocity VA and defines said
operating velocity where the tilting angle is within the
normal adjusting range as an operating velocity VB,
and includes such a predetermined relationship be-
tween said tilting angle and said supplying current
to said electrical motor that said operating velocity
VA is under the operating velocity VB.

5. The controller for the steering apparatus according
to Claim 4, wherein said controller learns said tilting
angle as a reference tilting angle when said current
is supplied to said electrical motor and it is continued
that a period where said tilting angle is not varied
exceeds a predetermined period.
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6. The controller for the steering apparatus according
to Claim 5, wherein said tilting angle is assumed
based on an induced voltage of said electrical motor.
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