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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for producing an electric power steering apparatus that assists the
driver to steer a vehicle by transmitting the drive power of a motor via gears to a steering shaft equipped with a steering
wheel on the upper side thereof.

BACKGROUND ART

[0002] In an electric power steering apparatus, the drive power of a motor is transmitted at reduced speed via a small
gear provided on the output shaft of the motor and a large gear meshed with the small gear to a steering shaft provided
with the large gear, and the rotating motion of the steering shaft is assisted. As the small gear and the large gear, spur
gears, helical gears or the like, having power transmission efficiency higher than that of a worm gear, are used to make
the electric power steering apparatus compact (Japanese Utility Model Application Laid-open No. 62-144773 (1987)).
By the use of such gears having high power transmission efficiency, the output of the motor, required for assisting
steering operation, can be reduced, and the motor can be made compact. In the case that spur gears or the like are
used, the steering shaft is nearly parallel with the output shaft.
[0003] In recent years, for the purpose of making the electric power steering apparatus more compact, an electric
power steering apparatus comprising gears based on a special theory has been proposed, in which one set of gears is
used, and the large gear thereof is made as small as possible while the speed reduction ratio required for assisting
steering operation is maintained and while the gear strength applicable to practical use can be obtained securely (Jap-
anese Patent Application Laid-open No. 11-124045 (1999)). The gears based on the special theory are gears in which
the curvature of the tooth profile curve is a continuous differentiable function and changes periodically in the direction
of the tooth depth.
[0004] In the electric power steering apparatus comprising the gears based on the special theory, for the purpose of
securely obtaining the gear strength applicable to practical use, it is necessary to accurately process the gears and to
accurately maintain the center distance between the gears accommodated in the housing.
[0005] In addition, for the purpose of smoothly rotating the gears, it is necessary to provide appropriate backlash
between the tooth faces. In other words, if the backlash is too large, the problem of backlash noise, that is, large meshing
noise due to the collision of the tooth faces, is caused; if the backlash is too small, the problem of unsmooth gear rotation
is caused. For the purpose of solving these problems, it is necessary to maintain the center distance between the gears
accommodated in the housing constant.
[0006] Conventionally, these problems are solved by accommodating the steering shaft and the output shaft in the
same housing, by fitting a guide plate provided with two holes spaced by a predetermined distance on the steering shaft
and the output shaft, thereby maintaining the steering shaft and the output shaft in nearly parallel with each other.
[0007] More specifically, first, the steering shaft is accommodated in the housing via two roller bearings, and the motor
and the output shaft are accommodated in the housing so that the steering shaft and the output shaft are in nearly
parallel with each other. At this stage, the center distance between the large gear provided on the steering shaft and
the small gear provided on the output shaft is not accurately constant. Next, the steering shaft is rotatably fitted into one
hole provided in the guide plate, and the output shaft of the motor is rotatably fitted into the other hole. Furthermore, a
C-ring is mounted on the output shaft or the steering shaft so that the guide plate is positioned at the end of the output
shaft. Even if the guide plate is subjected to a force acting to move it in the axial direction, the C-ring serves as a stopper,
whereby the guide plate is not moved along the output shaft or dropped from the end of the output shaft.
[0008] In the electric power steering apparatus being produced as described above, the center distance between the
large gear and the small gear can be maintained accurately. In other words, the center distance between the gears can
be maintained constant in the range of the dimensional errors of the two holes provided in the guide plate; therefore,
the gear strength applicable to practical use can be obtained securely, and the problem of backlash noise can be solved.
[0009] However, in the conventional configuration, in the case that the electric power steering apparatus is used for
a long time, the center distance between the gears cannot be maintained accurately, thereby causing problems of being
unable to securely obtain sufficient gear strength and being unable to maintain appropriate backlash between the gears.
In other words, in the conventional configuration, the walls of the holes provided in the guide plate are in the state of
making tight contact with the output shaft and the steering shaft to accurately maintain the center distance between the
gears; in the case that the electric power steering apparatus is used for a long time in this state, the walls of the holes
are inevitably worn and deformed owing to the rotation of the steering shaft and the output shaft. Hence, the center
distance between the large gear and the small gear cannot be maintained accurately owing to the abrasion of the walls
of the holes, and the gear strength assumed in the design stage cannot be maintained. Furthermore, because of the
same reason, the backlash between the gears cannot be maintained appropriately.
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[0010] Moreover, because the gears based on the special theory have special tooth face profile, problems are caused,
that is, the gears cannot be processed using existing general-purpose machines, and the process accuracy of the gears
cannot be inspected efficiently.
[0011] JP 2001 133343 A discloses implicitly a method for producing an electric power steering apparatus assisting
steering by transmitting the drive power of a motor via a small gear provided on the output shaft of said motor and a
large gear meshed with said small gear to a steering shaft provided with said large gear, and comprising first and second
housings accommodating said steering shaft and said output shaft, said second housing being mounted on said first
housing, the method comprising the steps of supporting said steering shaft and said output shaft using steering shaft
supporting sections and output shaft supporting sections via bearings; and mounting said second housing on said first
housing by aligning said second housing at a predetermined position using positioning means.

DISCLOSURE OF THE INVENTION

[0012] In view of the above-mentioned circumstances, an object of the present invention is to provide a method for
producing an electric power steering apparatus capable of maintaining the center distance between the large gear and
the small gear constant and securely obtaining sufficient gear strength of the gears and appropriate backlash between
the gears, and also capable of maintaining the sufficient gear strength of the gears and the appropriate backlash between
the gears even if the electric power steering apparatus is used for a long time.
[0013] In addition, another object of the present invention is to provide a method for producing an electric power
steering apparatus capable of attaining a predetermined speed reduction ratio and securely obtaining sufficient gear
strength using a simple structure even in the case that the apparatus comprises a pair of spur gears or helical gears.
[0014] The method for producing the electric power steering apparatus according to the present invention is a method
as recited in appended claim 1.
[0015] With the present invention, because the mounting position of the second housing with respect to the first housing
can be aligned at the predetermined position using the positioning means, even if the second housing is removed from
the first housing so that the steering shaft and the output shaft are accommodated in the respective housings after the
second housing was mounted in the first housing in the state of being aligned at the predetermined position and the
steering shaft supporting sections and the output shaft supporting sections were provided for the first housing and the
second housing respectively, the second housing can be mounted on the first housing by aligning the relative position
of the second housing with respect to the first housing at the predetermined position using the positioning means again.
Hence, the center distance between the gears is maintained constant in the range of the dimensional errors of the
steering shaft supporting sections, the output shaft supporting sections and the respective bearings and in the range of
the mounting position accuracy of the positioning means.
[0016] Furthermore, because the steering shaft and the output shaft of the motor are supported using the steering
shaft supporting sections and the output shaft supporting sections via the bearings, the steering shaft supporting sections
or the output shaft supporting sections are not worn by the rotation of the steering shaft and the output shaft, whereby
the center distance between the steering shaft and the output shaft can be maintained accurately.
[0017] The method for producing the electric power steering apparatus according to the present invention is charac-
terized in that the positioning means comprises two sets of pin holes provided in the first housing and the second housing
respectively and two pins to be engaged with the pin holes.
[0018] With the present invention, the mounting position of the second housing with respect to the first housing can
be aligned at the predetermined position by aligning the second housing with the first housing and by engaging the two
pins with the two sets of pin holes provided in the first and second housings. The predetermined position is a position
determined by the positions of the two sets of pin holes. The second housing can be aligned with the first housing with
higher position accuracy using the positioning means than the case of mounting the second housing on the first housing
by merely using screws. In other words, the second housing can be positioned on the first housing in the range of the
dimensional errors of the two sets of pin holes and the dimensional errors of the two pins engaged with the pin holes.
Because the position alignment of the mounting position of the second housing with respect to the first housing is the
position alignment on a two-dimensional plane, the position alignment can be attained sufficiently using the two sets of
pin holes and the two pins.
[0019] The method for producing the electric power steering apparatus according to the present invention is charac-
terized in that the pin holes are tapered holes, and the pins are tapered pins.
[0020] With the present invention, the second housing can be aligned with the first housing with higher position accuracy
by engaging the two tapered pins with the two sets of pin holes serving as tapered holes than the case of carrying out
positioning using other pins, such as parallel pins.
[0021] The method for producing the electric power steering apparatus according to the present invention is charac-
terized in that the center distance between the output shaft and the steering shaft is 35 mm or more and 85 mm or less;
in the small gear, the number of teeth is 6 or more and 15 or less, the module is 0.8 or more and 1.5 or less, the tooth
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depth is 2.4 times the module or less, the pressure angle is 20 degrees or more and 27 degrees or less, and the helix
angle is 20 degrees or more and 40 degrees or less; and the tooth profile of one or both of the small gear and the large
gear is formed so that the pressure angle increases in the direction from the addendum to the deddendum of the gear,
and an involute gear subjected to crowning in the tooth trace direction is used for one or both of the small gear and the
large gear.
[0022] With the present invention, because of the above-mentioned specifications and dimensions, appropriate values
can be obtained securely for the trochoid interference clearance, the tooth thickness at the addendum and the tooth
face stress even in the case of using gears that can be produced using ordinary production processes, without using
the tooth profile based on the predetermined special theory.
[0023] In addition, by the use of the involute gear, the tooth profile of which is formed so that the pressure angle
increases in the direction from the addendum to the deddendum of the gear, the stress applied to the deddendum at
the maximum torque load can be reduced, and the durability of the gear can be obtained securely.
[0024] Furthermore, by the use of the involute gear subjected to crowning in the tooth trace direction, the tooth face
stress is reduced. Hence, even if continuous operation is carried out under the rated load conditions, the durability of
the gear can be obtained securely.
[0025] With the present invention, the gear strength and appropriate backlash assumed in the design of the gear can
be obtained securely in the assembly process of the electric power steering apparatus; hence, even if the electric power
steering apparatus is used for a long time, the above-mentioned gear strength and appropriate backlash can be main-
tained.
[0026] In addition, with the present invention, the second housing can be mounted easily on the first housing with high
mounting position accuracy.
[0027] Furthermore, with the present invention, the large gear and the small gear can be made compact, and the gear
strength applicable to practical use can be obtained securely for a long time.
[0028] Moreover, with the present invention, the second housing can be mounted on the first housing with higher
position accuracy than the case of carrying out positioning the second housing on the first housing using parallel pins
or the like.
[0029] Still further, because of the above-mentioned specifications and dimensions, appropriate values can be obtained
securely for the trochoid interference clearance, the tooth thickness at the addendum and the tooth face stress without
using the tooth profile based on the predetermined special theory.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1 is a sectional view schematically showing the main sections of an electric power steering apparatus that is
produced using a method according to the present invention, as seen from the side of a vehicle;
FIG. 2 is an exploded perspective view schematically showing the main sections of the electric power steering
apparatus that is produced using the method according to the present invention, as seen from the side of the vehicle;
FIGS. 3(a) and 3(b) are sectional views of the main sections schematically showing processes for providing steering
shaft supporting sections and output shaft supporting sections in first housing and the second housing respectively;
FIGS. 4(a) and 4(b) are sectional views of the main sections schematically showing processes for supporting a
steering shaft and an output shaft using the steering shaft supporting sections and the output shaft supporting
sections via bearings;
FIGS. 5(a) and 5(b) are sectional views of the main sections schematically showing processes for aligning the
second housing with the first housing at a predetermined position using positioning means and for mounting the
second housing;
FIG. 6 is a graph showing the relationship between the number of teeth of a small gear and the module of the small
gear;
FIG. 7 is a graph showing the relationship among the pressure angle, the trochoid interference clearance and the
tooth thickness at the addendum of the small gear;
FIG. 8 is a graph showing the relationship of the tooth face stress and the tooth thickness at addendum depending
on the tooth depth of the small gear; and
FIG. 9 is an explanatory view showing the tooth face profile of a gear being used for the electric power steering
apparatus according to the embodiments of the present invention.

EXPLANATIONS OF NUMERALS

[0031]
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1 first housing
2 second housing
3 steering shaft
4 output shaft
5a, 5b pins (positioning means)
7, 8, 9a, 9b bearings
10, 20 steering shaft supporting sections
11, 21 output shaft supporting sections
12a, 12b pin holes (positioning means)
22a, 22b pin holes (positioning means)
30 large gear
33 steering wheel
40 small gear
41 motor
h tooth depth
m module
L center distance
Z number of teeth
á pressure angle
â helix angle

BEST MODES FOR CARRYING OUT THE INVENTION

(Embodiment 1)

[0032] The present invention will be described below in detail on the basis of the drawings showing the embodiments
thereof.
[0033] FIGS. 1 and 2 are a sectional view and an exploded perspective view, respectively, schematically showing the
main sections of an electric power steering apparatus that is produced using a method according to the present invention,
as seen from the side of a vehicle. In the figures, numeral 3 designates a cylindrical steering shaft, on the outer circum-
ference of which a large gear 30 is pressure-fitted, and the steering shaft 3 is rotatably accommodated in a first housing
1 and a second housing 2 so that the axial direction thereof is vertical. The steering shaft 3 is connected to a column
shaft 32 equipped with a steering wheel 33 on the upper side thereof via a torsion bar 31 made of an elastic material
and fitted in and secured to the steering shaft 3. In addition, the steering shaft 3 is equipped with a universal joint (not
shown) at the lower end thereof, and connected to a rack-and-pinion steering mechanism, for example, via the universal
joint. The large gear 30 is a spur gear and is rotatably accommodated in the first housing 1 and the second housing 2
so as to be meshed in parallel with a small gear 40 serving as a spur gear mounted on the output shaft 4 of a motor 41
and so that the output shaft 4 is nearly parallel with the steering shaft 3. The main body of the motor 41 equipped with
the output shaft 4 is mounted in the first housing 1. Steering shaft supporting sections 10 and 20 for supporting the
steering shaft 3 and output shaft supporting sections 11 and 21 for supporting the output shaft 4 are provided in the first
and second housings 1 and 2, respectively, and the steering shaft 3 and the output shaft 4 are supported using the
steering shaft supporting sections 10 and 20 and the output shaft supporting sections 11 and 21 via bearings 7, 8, 9a
and 9b, such as roller bearings.
[0034] The second housing 2 is mounted such that the mounting position of the second housing 2 with respect to the
first housing 1 is set at a predetermined position using positioning means. In this embodiment, two pins 5a and 5b are
engaged with two sets of pin holes 12a, 22a, 12b and 22b provided in the first housing 1 and the second housing 2,
respectively, whereby the mounting position of the second housing 2 with respect to the first housing 1 is aligned at the
predetermined position (see FIG. 2). In other words, the pin hole 12a, one of the pin holes provided in the first housing
1, is aligned with the pin hole 22a that is provided in the second housing 2 and corresponds to the pin hole 12a, and the
pin 5a is engaged with one set of pin holes 12a and 22a, whereby positioning is done at one point. Furthermore, the
other pin hole 12b provided in the first housing 1 is aligned with the pin hole 22b that is provided in the second housing
2 and corresponds to the pin hole 12b, and the pin 5b is engaged with one set of pin holes 12b and 22b, whereby the
mounting position of the second housing 2 with respect to the first housing 1 is aligned at the predetermined position.
[0035] In the electric power steering apparatus configured as described above, the rotation of the steering wheel 33
turned by the driver is transmitted to the steering mechanism via the steering shaft 3, and the vehicle is steered. On the
other hand, the rotation of the motor 41 is transmitted at reduced speed as the rotating motion of the steering shaft 3
via the small gear 40 and the large gear 30, and the steering operation by the driver is assisted by the transmitted drive
power of the motor 41.
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[0036] Next, a method for producing the electric power steering apparatus according to the present invention will be
described.
[0037] FIGS. 3(a) and 3(b) are sectional views of the main sections schematically showing processes for providing
the steering shaft supporting sections 10 and 20 and the output shaft supporting sections 11 and 21 in the first housing
1 and the second housing 2 respectively. The lower view is a sectional view taken on line III-III of the upper view.
[0038] First, in the state that the mounting position of the second housing 2 with respect to the first housing 1 is aligned
at the predetermined position using the positioning means, the second housing 2 is mounted on the first housing 1 using
screws 6 or the like (see FIG. 2). Next, in the state that the second housing 2 is mounted on the first housing 1, the
steering shaft supporting sections 10 and 20 having cylindrical shapes and the output shaft supporting sections 11 and
21 having cylindrical shapes are formed in the first and second housings 1 and 2, respectively, by process.
[0039] More specifically, the positioning of the mounting position of the second housing 2 with respect to the first
housing 1 is carried out using the two pins 5a and 5b (positioning means) and the two sets of pin holes 12a, 22a, 12b
and 22b (positioning means). In other words, by the engagement of the two pins 5a and 5b, tapered pins or the like,
with the two sets of pin holes 12a, 22a, 12b and 22b, tapered holes, respectively provided in the first housing 1 and the
second housing 2, the mounting position of the second housing 2 with respect to the first housing 1 is aligned at the
predetermined position that is determined using the pins 5a and 5b and the pin holes 12a, 22a, 12b and 22b. Next, for
the purpose of providing the steering shaft supporting sections 10 and 20 and the output shaft supporting sections 11
and 21 in the first and second housings 1 and 2, the second housing 2 is mounted on the first housing 1 using the screws
6 or the like, in the state that the mounting position of the second housing 2 with respect to the first housing 1 is aligned
at the predetermined position, the steering shaft supporting section 10 for supporting the steering shaft 3 on the first
housing 1 via the bearing 7 and the steering shaft supporting section 20 for supporting the steering shaft 3 on the second
housing 2 via the bearing 8 are formed in the first housing 1 and the second housing 2, respectively, in one process;
furthermore, similarly, the output shaft supporting section 11 for supporting the output shaft 4 on the first housing 1 via
the bearing 9a and the output shaft supporting section 21 for supporting the output shaft 4 on the second housing 2 via
the bearing 9b are formed in the first housing 1 and the second housing 2, respectively, in one process.
[0040] The two sets of pin holes 12a, 22a, 12b and 22b are formed by aligning the second housing 2 with the first
housing 1 at an appropriate position, by temporarily securing them using the screws 6 or the like, and by making holes
in the first and second housings 1 and 2 being in the secured state using a drill or the like.
[0041] The steering shaft supporting section 10 of the first housing 1 is a cylindrical portion in which the bearing 7 for
supporting the steering shaft 3 is mounted, and the steering shaft supporting section 20 of the second housing 2 is a
cylindrical portion in which the bearing 8 for supporting the steering shaft 3 is mounted. The output shaft supporting
section 11 of the first housing 1 is a cylindrical portion in which the bearing 9a for supporting the output shaft 4 is mounted,
and the output shaft supporting section 21 of the second housing 2 is a cylindrical portion in which the bearing 9b for
supporting the output shaft 4 is mounted.
[0042] FIGS. 4(a) and 4(b) are sectional views of the main sections schematically showing processes for supporting
the steering shaft 3 and the output shaft 4 using the steering shaft supporting sections 10 and 20 and the output shaft
supporting sections 11 and 21 via the bearings 7, 8, 9a and 9b. The lower view is a sectional view taken on line IV-IV
of the upper view.
[0043] First, for the purpose of accommodating the steering shaft 3 and the output shaft 4 in the first and second
housings 1 and 2, the two pins 5a and 5b and the screws 6 are removed, and the second housing 2 is removed temporarily
from the first housing 1. Next, the steering shaft 3 and the output shaft 4 are accommodated in the first housing 1 and
the second housing 2 while being supported using the steering shaft supporting sections 10 and 20 and the output shaft
supporting sections 11 and 21 via the bearings 7, 8, 9a and 9b.
[0044] More specifically, the two bearings 9a and 9b are pressure-fitted on the root and the end of the output shaft 4,
and the main body of the motor 41 is mounted in the first housing 1. Similarly, the large gear 30 and the two bearings
7 and 8 disposed so as to hold the large gear 30 therebetween are pressure-fitted on the steering shaft 3, and the
steering shaft 3 is accommodated in the first housing 1. After the accommodation, the second housing 2 is aligned with
the first housing 1, whereby the steering shaft 3 is supported using the steering shaft supporting section 10 of the first
housing 1 via the bearing 7 and also supported using the steering shaft supporting section 20 of the second housing 2
via the bearing 8. Similarly, the output shaft 4 is supported using the output shaft supporting section 11 of the first housing
1 via the bearing 9a and also supported using the output shaft supporting section 21 of the second housing 2 via the
bearing 9b.
[0045] When the steering shaft 3 and the output shaft 4 are supported using the steering shaft supporting sections
10 and 20 and the output shaft supporting sections 11 and 21, it is preferable that the bearings 7, 8, 9a and 9b are
pressurized in the axial direction so that the internal clearances in the bearings 7, 8, 9a and 9b are negative radial internal
clearances. This can eliminate rattling between the steering shaft 3 and the bearings 7 and 8 and between the output
shaft 4 and the bearings 9a and 9b.
[0046] FIGS. 5(a) and 5(b) are sectional views of the main sections schematically showing processes for aligning the
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second housing 2 with the first housing 1 at the predetermined position using the positioning means and for mounting
the second housing 2. The lower view is a sectional view taken on line V-V of the upper view.
[0047] The second housing 2 is aligned with the first housing 1, and the two pins 5a and 5b are engaged with the two
sets of pin holes 12a, 22a, 12b and 22b provided in the first and second housings 1 and 2, whereby the mounting position
of the second housing 2 with respect to the first housing 1 is determined at the predetermined position. The predetermined
position is the same as the predetermined position at which the second housing 2 is mounted on the first housing 1
when the steering shaft supporting sections 10 and 20 and the output shaft supporting sections 11 and 21 are provided.
In this state, the second housing 2 is mounted on the first housing 1 using the screws 6 (see FIG. 2). Furthermore, the
main body of the motor 41 is also accommodated in the first housing 1 using screws (not shown) or the like.
[0048] In the electric power steering apparatus being produced using this method, the second housing 2 is aligned
with the first housing 1 at the predetermined position and mounted thereon; in the mounting state, the steering shaft
supporting sections 10 and 20 and the output shaft supporting sections 11 and 21 are processed; the second housing
2 is temporarily removed from the first housing 1; after the steering shaft 3 and the output shaft 4 are accommodated
in the first and second housings 1 and 2, the second housing 2 is aligned again with the first housing 1 at the predetermined
position and mounted thereon; hence, the center distance between the steering shaft 3 and the output shaft 4, that is,
the center distance between the large gear 30 and the small gear 40, is constant in the range of the dimensional errors
of the supporting sections 10, 20, 11 and 21 and the bearings 7, 8, 9a and 9b. For this reason, the gear strength and
appropriate backlash assumed in the design of the gears can be obtained securely.
[0049] In addition, in this embodiment, because the steering shaft 3 and the output shaft 4 are supported using the
steering shaft supporting sections 10 and 20 and the output shaft supporting sections 11 and 21 via the bearings 7, 8,
9a and 9b, even if the electric power steering apparatus is used for a long time, the above-mentioned gear strength and
backlash can be obtained securely.
[0050] Furthermore, in this embodiment, because the mounting position of the first housing 1 with respect to the
second housing 2 is determined by engaging the two pins 5a and 5b with the two sets of pin holes 12a, 22a, 12b and
22b provided in the first and second housings 1 and 2, respectively, the positioning can be carried out easily with high
position accuracy. In other words, the mounting position of the second housing 2 with respect to the first housing 1 can
be aligned at the predetermined position in the range of the dimensional errors of the two sets of pin holes 12a, 22a,
12b and 22b and the two pins 5a and 5b. Hence, the center distance between the small gear 40 and the large gear 30
can be made constant with high position accuracy.
[0051] Moreover, in this embodiment, because tapered holes are used as the two sets of pin holes 12a, 22a, 12b and
22b, and because tapered pins are used as the two pins 5a and 5b, the second housing 2 can be positioned on the first
housing 1 at the predetermined position, regardless of the dimensional errors of the two sets of pin holes 12a, 22a, 12b
and 22b and the two pins 5a and 5b.
[0052] In this embodiment, although tapered holes and tapered pins are used as the two sets of pin holes and the two
pins, it is needless to say that the two sets of pin holes and the two pins are not limited to these, but parallel holes and
parallel pins and the like may also be used. In this case, it is preferable that transition fit should be used for the fitting
between the parallel holes and the parallel pins. By the use of the transition fit, the positioning can be carried out with
high position accuracy in comparison with clearance fit.
[0053] Still further, in this embodiment, bearings with ordinary cylindrical bores are used; however, without being
limited to these, bearings with tapered bores may also be used. In the case that the bearings with tapered bores are
used, the steering shaft and the output shaft can be supported using the steering shaft supporting sections and the
output shaft supporting sections at more accurate positions.

(Embodiment 2)

[0054] In an electric power steering apparatus, helical gears will be described, in which one set of gears is used, and
the large gear thereof is made as small as possible while the speed reduction ratio required for assisting steering operation
is maintained and while the gear strength applicable to practical use can be obtained securely. Except for the large gear
and the small gear, the configuration and the production method are similar to those of Embodiment 1.
[0055] The electric power steering apparatus comprises a large gear mounted on the steering shaft 3 and a small
gear 40 mounted on the output shaft 4 of the motor 41, and the large gear and the small gear 40 are spur gears or helical
gears configured as involute gears. By the use of the spur gears or the helical gears, the motor 41 can be disposed so
as to be in nearly parallel with the steering shaft 3. However, the outside dimensions of the motor 41 are physically
restricted in layout depending on the center distance L between the steering shaft 3 and the output shaft 4 of the motor
41. For example, because of the restrictions in layout, the maximum allowable outside dimensions of the motor 41 are
80 mm in diameter and 95 mm in height. In this case, for the purpose of securely obtaining a rotary torque of 35 Nm or
more as the steering assist torque around the steering shaft, the rated torque is set at 4 Nm, the center distance L is
set at 55 mm, and the speed reduction ratio N is set at approximately 10.
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[0056] FIG. 6 is a graph showing the relationship between the number of teeth Z of the small gear 40 and the module
m of the small gear 40 in the case that the center distance L between the steering shaft 3 and the output shaft 4 of the
motor 41 is 55 mm, that the speed reduction ratio N is 10, and that the helix angle â is 25 degrees. Although the pitch
circle diameter d (= Z x m) of the small gear 40 is approximately 8 to 10 mm, for the purpose of avoiding states in which
the number of teeth is too many or too few, the practically endurable ranges of the number of teeth Z and the module
m are 6 or more and 15 or less and 0.8 or more and 1.5 or less, respectively.
[0057] Next, in consideration of gear production errors and the elastic deformation amounts of the gear teeth in the
case that rated load operation is carried out, the pressure angle á is determined so that the trochoid interference clearance
and the tooth thickness at the addendum have appropriate values. FIG. 7 is a graph showing the relationship among
the pressure angle á, the trochoid interference clearance and the tooth thickness at the addendum of the small gear 40
in the case that the center distance L is 54.7 mm, that the number of teeth Z is 10, that the module m is 0.95 and that
the tooth depth h is 2.25 times the module m. The circular marks in FIG. 7 indicate trochoid interference clearance
values, and the square marks indicate values each obtained by dividing the tooth thickness at the addendum by the
module value.
[0058] For the purpose of avoiding occurrence of trochoid interference, the trochoid interference clearance is required
to be 0.2 mm or more. As shown in FIG. 7, in the case that the pressure angle á is in the range of 20 degrees or more
and 35 degrees or less as specified as standard values in JIS (Japanese Industrial Standard), the trochoid interference
clearance is 0.2 mm or more when the pressure angle á is 23 degrees or more, and trochoid interference does not occur.
On the other hand, for the purpose of securely obtaining the strength at the addendum, the tooth thickness at the
addendum is required to be 0.3 times the module m or more. For the purpose of obtaining the tooth thickness at the
addendum being 0.3 times the module m or more, the pressure angle á is required to be 27 degrees or less as shown
in FIG. 7. The practical range of the helix angle â is 0 degrees or more and 40 degrees or less.
[0059] In the case that steel is used as the material of the small gear 40 and the large gear, the tooth face stress ós
for the load Pn applied perpendicularly to a tooth of the small gear 40, generated by the assist rotary torque, can be
obtained approximately using (Equation 1). 

[0060] In (Equation 1), E designates the longitudinal elastic modulus of the material of the gear (steel in this embod-
iment), ås designates the transverse contact ratio of the gear, b designates the tooth width of the small gear 40, db
designates the meshing pitch circle diameter of the small gear 40, áb designates the meshing pressure angle of the
small gear 40, âg designates the cylindrical helix angle of the base circle of the small gear 40, Z1 designates the number
of teeth of the small gear 40, and Z2 designates the number of teeth of the large gear.
[0061] FIG. 8 is a graph showing the relationship of the tooth face stress ós and the tooth thickness at addendum
depending on the tooth depth h of the small gear 40 in the case that E is 206000 N/mm2, Pn is 946 N, b is 14 mm, Z1
is 10, Z2 is 97, m is 0.95, the pressure angle á is 25 degrees, the helix angle â is 25 degrees, db is 10.225 mm, áb is
25.063 degrees, and âg is 21.631 degrees in (Equation 1). The circular marks in FIG. 8 indicate tooth face stress values,
and the square marks indicate values each obtained by dividing the tooth thickness at the addendum by the module value.
[0062] In the case that the target value of the tooth face stress ós is the threshold value of 1760 N/mm2 or less in the
design of the power transmission gear of an automobile and that the target value of the tooth thickness at the addendum
is 0.3 times the module m or more, both the conditions can be satisfied simultaneously in the case that the tooth depth
h is 2.4 times the module m or less, as shown clearly in FIG. 8.
[0063] FIG. 9 is an explanatory view showing the tooth face profile of a gear being used for the electric power steering
apparatus according to the embodiments of the present invention. For the purpose of compensating for the lowering of
the strength at the deddendum, the tooth face profile of either one of the large gear and the small gear or both of the
gears used as a pair is formed as shown in FIG. 9. In FIG. 9, the tooth face of the gear is divided in a mesh pattern in
the lengthwise and crosswise directions. In the tooth profile direction, a negative pressure angle error is provided so
that the pressure angle at the deddendum is larger than the pressure angle at the addendum, and the tooth face profile
is formed in a direction such that the mutual meshing stress increases, that is, such that the central portion thereof has
a convex shape. In addition, crowning is carried out in the tooth trace direction and the central portion thereof also is
formed to have a convex shape in the tooth trace direction.
[0064] With the tooth face profile described above, the distribution of the contact stress on the tooth face of the gear
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can be made even in the tooth profile direction and the tooth trace direction, thereby capable of preventing partial abrasion
on the tooth face, compensating for the insufficient strength at the deddendum, and contributing to improvement in
durability.
[0065] Furthermore, because the small gear or the large gear having the tooth face profile described above are
mounted using the production method described in Embodiment 1, the center distance between the large gear and the
small gear can be maintained constant accurately, and the gear strength assumed in the design of the gear can be
obtained securely.

Claims

1. A method for producing an electric power steering apparatus assisting steering by transmitting the drive power of
a motor (41) via a small gear (40) provided on the output shaft (4) of said motor (41) and a large gear (30) meshed
with said small gear (40) to a steering shaft (3) provided with said large gear (30), and comprising first and second
housings (1,2) accommodating said steering shaft (3) and said output shaft (4), said second housing (2) being
mounted on said first housing (1), the method comprising:

a first step of temporarily mounting said second housing (2) on said first housing (1) in the state that the mounting
position of said second housing (2) with respect to said first housing (1) is aligned at a predetermined position
using positioning means (5a, 5b, 12a, 12b, 22a, 22b) that aligns said second housing (2) at said predetermined
position;
after the first step, as second step of providing steering shaft supporting sections (10, 20) that support said
steering shaft (3) and output shaft supporting sections (11, 21) that support said output shaft (4) in nearly parallel
with said steering shaft (3) for said first housing (1) and said second housing (2) respectively;
after the second step, a third step of removing said second housing (2) from said first housing (1);
after the third step, a fourth step of supporting said steering shaft (3) and said output shaft (4) using said steering
shaft supporting sections (10, 20) and said output shaft supporting sections (11, 21) via bearings (7, 8, 9a, 9b); and
after the fourth step, a fifth step of mounting said second housing (2) on said first housing (1) by aligning said
second housing (2) at said predetermined position using said positioning means (5a, 5b, 12a, 12b, 22a, 22b).

2. The method for producing said electric power steering apparatus according to claim 1, wherein said positioning
means (5a, 5b, 12a, 12b, 22a, 22b) comprises two sets of pin holes (12a, 12b, 22a, 22b) provided in said first housing
(1) and said second housing (2) respectively and two pins (5a, 5b) to be engaged with said pin holes (12a, 12b,
22a, 22b).

3. The method for producing said electric power steering apparatus according to claim 2, wherein said pin holes (12a,
12b, 22a, 22b) are tapered holes, and said pins (5a, 5b) are tapered pins.

4. The method for producing said electric power steering apparatus according to any one of claims 1 to 3, wherein
the center distance between said output shaft (4) and said steering shaft (3) is 35 mm or more and 85 mm or less,
in said small gear (40), the number of teeth is 6 or more and 15 or less, the module is 0.8 or more and 1.5 or less,
the tooth depth is 2.4 times the module or less, the pressure angle is 20 degrees or more and 27 degrees or less,
and the helix angle is 20 degrees or more and 40 degrees or less, and
the tooth profile of one of said small gear (40) and said large gear (30) or both of said gears (30, 40) is formed so
that the pressure angle increases in the direction from the addendum to the deddendum of the gear (30, 40), and
an involute gear subjected to crowning in the tooth trace direction is used for one of said small gear (40) and said
large gear (30) or both of said gears (30, 40).

Patentansprüche

1. Verfahren zur Herstellung einer elektrischen Servolenkvorrichtung, die das Lenken unterstützt, indem die Antriebs-
kraft eines Motors (41) über ein kleines Zahnrad (40), das auf der Ausgangswelle (4) des Motors (41) bereitgestellt
ist, und ein großes Zahnrad (30), das mit dem kleinen Zahnrad (40) verzahnt ist, auf eine Lenkwelle (3) übertragen
wird, die mit dem großen Zahnrad (30) versehen ist, und die erste und zweite Gehäuse (1, 2) umfasst, welche die
Lenkwelle (3) und die Ausgangswelle (4) aufnehmen, wobei das zweite Gehäuse (2) auf dem ersten Gehäuse (1)
montiert ist, wobei das Verfahren umfasst:
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einen ersten Schritt zum vorübergehenden Montieren des zweiten Gehäuses (2) auf dem ersten Gehäuse (1)
in dem Zustand, in dem die Montageposition des zweiten Gehäuses (2) in Bezug auf das erste Gehäuse (1)
an einer vorgegebenen Position unter Verwendung eines Positionierungsmittels (5a, 5b, 12a, 12b, 22a, 22b)
ausgerichtet ist, welches das zweite Gehäuse (2) an der vorgegebenen Position ausrichtet;
nach dem ersten Schritt als einen zweiten Schritt das Bereitstellen der Lenkwellenhalteabschnitte (10, 20), die
die Lenkwelle (3) halten, und von Ausgangswellenhalteabschnitten (11, 21), die die Ausgangswelle (4) nahezu
parallel mit der Lenkwelle (3) halten, jeweils für das erste Gehäuse (1) und das zweite Gehäuse (2);
nach dem zweiten Schritt einen dritten Schritt zum Entfernen des zweiten Gehäuses (2) von dem ersten Gehäuse
(1);
nach dem dritten Schritt einen vierten Schritt zum Halten der Lenkwelle (3) und der Ausgangswelle (4) unter
Verwendung der Lenkwellenhalteabschnitte (10, 20) und der Ausgangswellenhalteabschnitte (11, 21) über
Lager (7, 8, 9a, 9b); und
nach dem vierten Schritt einen fünften Schritt zum Montieren des zweiten Gehäuses (2) auf dem ersten Gehäuse
(1) durch Ausrichten des zweiten Gehäuses (2) an der vorgegebenen Position unter Verwendung des Positio-
nierungsmittels (5a, 5b, 12a, 12b, 22a, 22b).

2. Verfahren zur Herstellung der elektrischen Servolenkvorrichtung nach Anspruch 1, wobei das Positionierungsmittel
(5a, 5b, 12a, 12b, 22a, 22b) zwei Sätze von Stiftlöchern (12a, 12b, 22a, 22b), die jeweils in dem ersten Gehäuse
(1) und dem zweiten Gehäuse (2) bereitgestellt sind, und zwei Stifte (5a, 5b) umfasst, die mit den Stiftlöchern (12a,
12b, 22a, 22b) in Eingriff gebracht werden sollen.

3. Verfahren zur Herstellung der elektrischen Servolenkvorrichtung nach Anspruch 2, wobei die Stiftlöcher (12a, 12b,
22a, 22b) sich verjüngende Löcher sind und die Stifte (5a, 5b) sich verjüngende Stifte sind.

4. Verfahren zur Herstellung der elektrischen Servolenkvorrichtung nach einem der Ansprüche 1 bis 3, wobei
der Achsabstand zwischen der Ausgangswelle (4) und der Lenkwelle (3) 35 mm oder mehr und 85 mm oder weniger
ist,
die Anzahl der Zähne in dem kleinen Zahnrad (40) 6 oder mehr und 15 oder weniger ist, das Achsmodul 0,8 oder
mehr und 1,5 oder weniger ist, die Zahntiefe 2,4 mal dem Achsmodul oder weniger ist, der Eingriffswinkel 20 Grad
oder mehr und 27 Grad oder weniger ist, und der Steigungswinkel 20 Grad oder mehr und 40 Grad oder weniger
ist, und
das Zahnprofil des kleinen Zahnrads (40) oder des großen Zahnrads (30) oder beider Zahnräder (30, 40) derart
ausgebildet ist, dass der Eingriffswinkel in der Richtung von dem Zahnkopf zu dem Zahnfuß des Zahnrads (30, 40)
zunimmt, und eine Evolventenverzahnung, die in der Flankenlinienrichtung einer Krönung unterzogen ist, für das
kleine Zahnrad (40) oder das große Zahnrad (30) oder beide Zahnräder (30, 40) verwendet wird.

Revendications

1. Procédé de production d’un dispositif de direction électrique assistée destiné à assurer l’assistance de direction en
transmettant de la puissance d’entraînement d’un moteur (41) par l’intermédiaire d’un petit engrenage (40) agencé
sur l’arbre de sortie (4) dudit moteur (41) et d’un grand engrenage (30) engrenant avec ledit petit engrenage (40)
sur un arbre de direction (3) comportant ledit grand engrenage (30), et comprenant des premier et second boîtiers
(1, 2) recevant ledit arbre de direction (3) et ledit arbre de sortie (4), ledit second boîtier (2) étant monté sur ledit
premier boîtier (1), le procédé comprenant :

une première étape de montage provisoire dudit second boîtier (2) sur ledit premier boîtier (1) dans l’état dans
lequel la position de montage dudit second boîtier (2) par rapport audit premier boîtier (1) est alignée à une
position prédéterminée en utilisant des moyens de positionnement (5a, 5b, 12a, 12b, 22a, 22b) qui alignent
ledit second boîtier (2) à ladite position prédéterminée,
après la première étape, une deuxième étape d’agencement de sections de support d’arbre de direction (10,
20) qui supportent ledit arbre de direction (3) et de sections de support d’arbre de sortie (11, 21) qui supportent
ledit arbre de sortie (4) sensiblement parallèlement par rapport audit arbre de direction (3) respectivement pour
ledit premier boîtier (1) et ledit second boîtier (2) ;
après la deuxième étape, une troisième étape de séparation dudit second boîtier (2) dudit premier boîtier (1) ;
après la troisième étape, une quatrième étape de support dudit arbre de direction (3) et dudit arbre de sortie
(4) en utilisant lesdites sections de support d’arbre de direction (10, 20) et lesdites sections de support d’arbre
de sortie (11, 21) par l’intermédiaire de paliers (7, 8, 9a, 9b) ; et
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après la quatrième étape, une cinquième étape de montage dudit second boîtier (2) sur ledit premier boîtier (1)
en alignant ledit second boîtier (2) à ladite position prédéterminée en utilisant lesdits moyens de positionnement
(5a, 5b, 12a, 12b, 22a, 22b).

2. Procédé de production d’un dispositif de direction électrique selon la revendication 1, dans lequel lesdits moyens
de positionnement (5a, 5b, 12a, 12b, 22a, 22b) comprennent deux jeux d’orifices de broche (12a, 12b, 22a, 22b)
formés respectivement sur ledit premier boîtier (1) et ledit second boîtier (2) et deux broches (5a, 5b) à introduire
dans lesdits orifices de broche (12a, 12b, 22a, 22b).

3. Procédé de production d’un dispositif de direction électrique selon la revendication 2, dans lequel lesdits orifices
de broche (12a, 12b, 22a, 22b) sont des orifices coniques, et lesdites broches (5a, 5b) sont des broches coniques.

4. Procédé de production d’un dispositif de direction électrique selon l’une quelconque des revendications 1 à 3, dans
lequel
la distance axiale entre ledit arbre de sortie (4) et ledit arbre de direction (3) est supérieure ou égale à 35 mm et
inférieure ou égale à 85 mm,
sur ledit petit engrenage (40), le nombre de dents est supérieur ou égal à 6 et inférieur ou égal à 15, le module est
supérieur ou égal à 0,8 et inférieur ou égal à 1,5, la profondeur de dent est inférieure ou égale à 2,4 fois le module,
l’angle de pression est supérieur ou égal à 20 degrés et inférieur ou égal à 27 degrés, et l’angle d’hélice est supérieur
ou égal à 20 degrés et inférieur ou égal 40 degrés, et
le profil de dent de l’un dudit petit engrenage (40) et dudit grand engrenage (30) ou desdits deux engrenages (30,
40) est formé de telle sorte que l’angle de pression augmente dans la direction partant de la saillie vers le creux
des dents de l’engrenage (30, 40), et un engrenage à développante soumis à un bombement dans la direction de
la trace de dent est utilisé pour l’un dudit petit engrenage (40) et dudit grand engrenage (30) ou lesdits deux
engrenages (30, 40).
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