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Description

Technical Field

[0001] The present invention relates to a method for
inspecting an input shaft for use in a power steering sys-
tem of an automobile, wherein the machining precision
of the input shaft for use in the power steering system
can be accurately inspected.

Background Art

[0002] As is well known in the art, the power steering
system of an automobile is an apparatus for supplying
steering oil to a power cylinder cooperating with the steer-
ing system by an oil pump driven by engine power so as
to facilitate operating a steering wheel. The power steer-
ing system is designed in such a manner that large hy-
draulic pressure is produced when parking or driving a
car at a low speed, whereas small hydraulic pressure is
produced therein to secure safety when driving a car at
a high speed.
[0003] An example of such a power steering system
will be described with reference to FIGS. 1 and 2. Refer-
ring to these figures, a valve body 11 is mounted within
a valve housing 10, and a port 12 and an oil groove 13
forming an oil passage for steering oil are formed on the
outer surface of the valve body 11 so that they commu-
nicate with each other. An input shaft 20, which is con-
nected to a steering column and rotated in response to
the operation of the steering wheel, is mounted on the
inner side of the valve body 11. A bore 21 is formed at
the center of the input shaft 20, and a plurality of slots 22
are circumferentially formed on the exterior of the input
shaft 20 at equal intervals. Ports 23, which communicate
with the port 12 of the valve body 11 to become the oil
passage for the steering oil, are formed in the slots 22 of
the input shaft 20, respectively. Further, a torsion bar 14
is mounted in the bore 21 of the input shaft 20 and is
connected to a gear unit 15.
[0004] In the meantime, when a driver operates the
steering wheel, the input shaft 20 connected to the steer-
ing column is rotated in response to the operating direc-
tion of the steering column so as to control the oil passage
for the steering oil. Accordingly, the operation of the pow-
er cylinder is 35 controlled, and thus, the steering of the
car is performed. However, a shock is generated due to
the sudden variation in and disturbance of flow of the
steering oil which passes at high speed and pressure
through the port 12 of the valve body 11 and the ports
23 of the input shaft 20 when the direction of rotation of
the input shaft 20 is changed, while another shock is gen-
erated due to physical friction between the input shaft 20
and the steering oil. These shocks become sources of
noise and vibration. Further, wear on the valve body 11
and the input shaft 20 is produced, and thus, the life of
valve body 11 and the input shaft 20 is shortened. Ac-
cordingly, some problems involved with a reduction in

reliability may be produced.
[0005] In order to reduce the hydrodynamic and me-
chanical shock produced in response to a change in the
direction of the input shaft 20, the surface of the input
shaft 20 should be precisely machined. Moreover, right
and left ends of the slots 22 are chamfered so as to reduce
fluid resistance exerted thereon. Chamfered faces at the
right and left ends of the slots 22, i.e. chamfers 24 spe-
cifically shown in FIG. 2, become elements which greatly
influence the reduction of fluid resistance. Thus, the
chamfers 24 are precisely machined by using an edge-
grinding machine.
[0006] In general, the machining precision of the cham-
fers of the input shaft for use in power steering systems
is performed by means of a sampling inspection through
a visual inspection of an inspector. However, visual in-
spections that relied entirely upon the determination of
the inspector may vary greatly according to measuring
errors inherent to the respective inspectors. Thus, there
is a problem in that time and manpower are greatly con-
sumed. In particular, the sampling inspection is involved
with a problem in that reliability for all the input shafts
cannot be completely guaranteed. Therefore, a total in-
spection for the input shafts is required. However, a ma-
chine for correctly and rapidly performing a total inspec-
tion for input shafts has not yet been developed and thus
the total inspection of input shafts cannot be performed
using the prior art.
US 4 561 776 A discloses a machine for inspecting an
input shaft having a plurality of slots formed at equal in-
tervals in a circumferential direction thereof and first and
second chamfers formed at left and right sides of the
slots. The machine according to this prior art reference
comprises a frame on which an inspecting position of the
input shaft is provided. Further, the machine comprises
an indexing drive installed at the inspecting position on
the frame for causing the input shaft to be stepwise ro-
tated. Moreover, first and second cameras are provided
for photographing the first and second chamfers of the
input shaft, which is rotated by the indexing drive, in a
direction normal to each of the first and second chamfers
and outputting image data of the chamfers, respectively.
Further, first and second illumination means are provided
for illuminating the first and second chamfers of the input
shaft coaxially with optical access of the first and second
cameras. Finally, a computer is provided for processing
the image data outputted from the first and second cam-
eras by means of a computer program.
[0007] However, the method of operation of this con-
ventional machine is not entirely satisfactory.
[0008] Further, reference is made to JP 1 015234 A,
US 4 759 074 A, US 5 265 298 A and US 2001/033684 A1.

Disclosure of Invention

[0009] The present invention is conceived to solve the
aforementioned problems in the prior art. An object of
the present invention is to provide a method for inspecting
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an input shaft for use in a power steering system, wherein
the machining precision of the input shaft of the power
steering system can be accurately inspected.
[0010] Another object of the present invention is to pro-
vide a method for inspecting an input shaft for use in a
power steering system, wherein a total inspection for in-
put shafts can be rapidly and accurately made by auto-
mating a series of inspection processes such as the feed-
ing, cleaning, sorting, and discharge of the input shafts.
[0011] A further object of the present invention is to
provide a method for inspecting an input shaft for use in
a power steering system, wherein data on inspection re-
sults for the input shaft can be processed and managed
in real time.
[0012] According to another aspect of the present in-
vention, there is also provided a method for inspecting
an input shaft for use in a power steering system as de-
scribed in claim 1.

Brief Description of Drawings

[0013]

FIG. 1 is a sectional view illustrating an example of
an input shaft for use in a general power steering
system;
FIG. 2 is a sectional view taken along line I-I in FIG. 1;
FIG. 3 is a front view showing a configuration of a
machine for inspecting the input shaft according to
the present invention;
FIG. 4 is a side view showing a configuration of a
portion of the machine for inspecting the input shaft
according to the present invention;
FIG. 5 is a front view showing configurations of an
indexing drive, a tailstock, first and second cameras,
and first and second illumination devices according
to the present invention;
FIG. 6 is a side sectional view showing the configu-
ration of a cleaning device according to the present
invention;
FIG. 7 is a plan sectional view showing the configu-
ration of the cleaning device according to the present
invention;
FIG. 8 is a plan view showing configurations of the
first and second cameras and the first and second
illumination devices according to the present inven-
tion;
FIG. 9 is a view schematically showing the configu-
rations of the first and second illumination devices
according to the present invention;
FIGS. 10a-10c are views showing the operation of
overlapping right and left edge lines of the first and
second chamfers with an image array coordinate
system according to the present invention; and
FIGS. 11a and 11b are flowcharts illustrating a meth-
od for inspecting the input shaft according to the
present invention.

Best Mode for Carrying out the Invention

[0014] Hereinafter, a preferred embodiment of a ma-
chine and method for inspecting an input shaft for use in
a power steering system according to the present inven-
tion will be described in detail with reference to the ac-
companying drawings.
[0015] Referring first to FIGS. 2 and 3, the machine for
inspecting an input shaft 20 according to the present in-
vention is arranged in series with a well-known edge-
grinding machine for machining chamfers 24 of the input
shaft 20. A frame 30 constituting the main body of the
machine comprises a worktable 31 on which a cleaning
position P1 and an inspecting position P2 of the input
shaft 20 are provided, and an overhead frame 32 installed
above the worktable 31. A mounting plate 34 is supported
by posts 33 and installed below the overhead frame 32.
FIG. 3 shows that the cleaning position P1 is on the left
side of the worktable 31 whereas the inspecting position
P2 is in the middle of the worktable 31 and the overhead
frame 32. However, this is a simple example, and the
cleaning and inspecting positions P1 and P2 may be
changed to any other positions suitable for loading and
unloading the input shaft 20.
[0016] As shown in FIG. 2, the input shaft 20 to be
inspected by the inspecting machine of the present in-
vention includes eight slots 22 formed of an equal width
at an equal interval of 45 degrees along a circumferential
direction of the input shaft 20, and sixteen chamfers 24
formed at right and left ends of the slots 22. The input
shaft 20 that has been completely subjected to the ma-
chining process by the an edge-grinding machine is load-
ed onto the cleaning position P1 and then onto the in-
specting position P2 by means of an operation of a robot.
The loaded input shaft 20 is located upright and then
cleaned and inspected at the cleaning and inspecting
positions P1 and P2, respectively.
[0017] Referring to FIGS. 3, 4, 6 and 7, the machine
for inspecting the input shaft according to the present
invention includes a cleaning device 40 installed at the
cleaning position P1 of the worktable 31 for cleaning for-
eign substances such as chips, oil and dust from the sur-
face of the input shaft 20. The cleaning device 40 com-
prises a base plate 41 installed at the cleaning position
P1 of the worktable 31, a booth 42 which is installed onto
the base plate 41 to form a purge room 42a for surround-
ing the cleaning position P1 and includes an entrance
42b for allowing the input shaft 20 to be loaded into the
purge room 42a, and a loading unit 43 for loading and
unloading the input shaft 20 through the entrance 42b of
the booth 42. The loading unit 43 includes a carriage 44
for loading and transporting the input shaft 20, an air cyl-
inder 45 having a cylinder rod 45a for moving the carriage
44, and a linear motion guide 46 for guiding the motion
of the carriage 44 in a linear motion. The linear motion
guide 46 includes a guide rail 46a installed on the top
surface of the worktable 31, and a slide 46b installed on
the bottom surface of the carriage 44 so that it can be

3 4 



EP 1 459 036 B1

4

5

10

15

20

25

30

35

40

45

50

55

slid along the guide rail 46a.
[0018] In addition, on the top surface of the carriage
44 is installed a rotary unit 47 that is supported for allow-
ing the lower end of the input shaft 20 to be rotated. The
rotary unit 47 includes a bearing housing 47a fixed to the
top surface of the carriage 44, a center 47c that is rota-
tionally mounted to the bearing housing 47a through a
bearing 47b and supports the lower end of the input shaft
20, and a cap 47d for covering the bearing housing 47a.
Air nozzles 51 of an air blower 50 are installed within the
booth 42 so as to remove foreign substances from the
input shaft 20 by blowing air and simultaneously allowing
the input shaft 20 to be rotated. Although it has been
illustrated in FIGS. 6 and 7 that four air nozzles 51 of the
air blower 50 are mounted to allow the input shaft 20 to
be rotated in a clockwise direction on the figures, the
positions and number of the air nozzles can be changed.
Further, in the embodiment of the present invention, the
air blower 50 may become a hot air blower for blowing
hot air to remove oil from the surface of the input shaft 20.
[0019] An air duct 52 for forming an air curtain is formed
on the upper side of the booth 42 in order to prevent the
foreign substances from being scattered through the en-
trance 42b. The air duct 52 includes a plurality of air noz-
zles 53 for blowing air toward the entrance 42b of the
booth 42. The air cylinder 45 and the air duct 52 in the
cleaning device 40 are connected to an air supply for
supplying air thereto. The air supply may comprise an air
compressor and an air controller for controlling the supply
of air at predetermined pressure. A dust collector 60 for
collecting the foreign substances removed from the input
shaft 20 through air suction is connected to the purge
room 42a of the booth 42. The dust collector 60 includes
a suction unit 62 connected to the purge room 42a of the
booth 42 via a suction tube 61, and a dust-collecting tank
64 connected to the discharge tube 63 of the suction unit
62. The suction unit 62 and the dust-collecting tank 64
of the dust collector 60 are loaded in a freely movable
cart 65.
[0020] Referring to FIGS. 3-5, at the inspecting position
P2 of the frame 30 is installed a driving device for the
stepwise rotation of the upright input shaft 20 by a pre-
determined angle. The driving device includes an index-
ing drive 70 installed on the top surface of the worktable
31, and a tailstock 80 installed below the mounting plate
34 to be aligned with the indexing drive 70 and movable
vertically with respect to the input shaft 20 to rotationally
support the input shaft 20 in cooperation with the indexing
drive 70.
[0021] The indexing drive 70 comprises a servomotor
71 for providing a driving force capable of causing the
input shaft 20 to be rotated stepwise by a predetermined
angle, an air chuck 72 mounted to rotate by means of
the driving of the servomotor 71, and a lower center 73
detachably chucked to the air chuck 72 for supporting
the lower end of the input shaft 20.
[0022] As specifically shown in FIG. 5, the tailstock 80
comprises a base plate 81 fixed vertically to the bottom

surface of the mounting plate 34, an air cylinder 82 with
a cylinder rod 82a which is mounted in front of the base
plate 81, a lifter 83 fixed to the cylinder rod 82a of the air
cylinder 82, and a linear motion guide 84 for guiding the
motion of the lifter 83 generated by the air cylinder 82
into a linear motion. The linear motion guide 84 comprises
a pair of guide rails 84a mounted vertically in parallel with
and in front of the base plate 81, and a pair of slides 84b
mounted below the lifter 83 to be slid along the guide
rails 84a. A rotary unit 85 is mounted on the lower end
of the lifter 83. The rotary unit 85 comprises a bearing
housing 85a fixed to the lower end of the lifter 83, an
upper center 85c that is rotationally mounted to the bear-
ing housing 85a through a bearing 85b and supports the
upper end of the input shaft 20, and a cap 85d for covering
the bearing housing 85a. The upward and downward mo-
tion of the lifter 83 is sensed and controlled by means of
a sensing unit 86. The sensing unit 86 comprises an up-
per limit sensor 86a for sensing the highest position of
the lifter 83 and a lower limit sensor 86b for sensing the
lowest position of the lifter 83.
[0023] Referring to FIGS. 3, 5, 8 and 9, the machine
for inspecting the input shaft according to the present
invention, comprises first and second cameras 90 and
91 for photographing the chamfers 24 of the input shaft
20 standing upright at the inspecting position P2 of the
frame 30 and outputting image data thereof, and first and
second illumination devices 100 and 101 for allowing the
first and second cameras 90 and 91 to easily capture
images of the chamfers 24 by illuminating the chamfers
24 so that the first and second cameras 90 and 91 can
photograph the chamfers 24 of the input shaft 20. The
first and second cameras 90 and 91 are arranged to be
normal to the chamfers 24 of the input shaft 20. The first
camera 90 takes a photograph of a first chamfer 24a of
any one slot 23, whereas the second camera 91 takes a
photograph of a second chamfer 24b thereof. In the pre-
ferred embodiment of the present invention, the first and
second cameras 90 and 91 are CCD cameras (charge
coupled device cameras) with 640 x 480 pixels. The first
and second cameras 90 and 91 are loaded onto a move-
ment stage 92, which in turn finely adjusts the positions
of the first and second cameras 90 and 91. The consti-
tution and operation of the movement stage 92 are gen-
erally known in the art, and thus, detailed descriptions
thereof will be omitted herein. The first and second illu-
mination devices 100 and 101 illuminate the chamfers
24 of the input shaft 20 coaxially with optical axes of the
first and second cameras 90 and 91 and cause the im-
ages of the chamfers 24 to be projected onto the first and
second cameras 90 and 91.
[0024] As shown in FIG. 9, the first and second illumi-
nation devices 100 and 101 comprise LEDs (light emitting
diodes) 100a and 101a that serve as light sources and
are arranged to be orthogonal to the optical axes of the
first and second cameras 90 and 91, collimators 100b
and 101b for converting light emitted from the LEDs 100a
and 100b into parallel light flux, and beam splitters 100c
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and 101 c for applying the parallel light flux emerging
from the collimators 100b and 101b to the chamfers 24
of the input shaft 20 through object lenses 90a and 91a
of the first and second cameras 90 and 91 and for pro-
jecting the images of the chamfers 24 incident from the
object lenses 90a and 91 a of the first and second cam-
eras 90 and 91 onto CCD image sensors 90b and 91b
of the first and second cameras 90 and 91, respectively.
[0025] Referring again to FIGS. 3 and 4, the machine
for inspecting the input shaft according to the present
invention further includes a controller 110 for controlling
the operations of the cleaning device 40, the air blower
50, the dust collector 60, the indexing drive 70, the tail-
stock 80, the first and second cameras 90 and 91, and
the first and second illumination devices 100 and 101.
The controller 110 is installed on the overhead frame 32
of the frame 30 and provided with a control panel 111 on
the front surface of the controller 110. The inspector may
set functions needed for controlling the machine when
inspecting the input shaft by manipulating or operating
the control panel 111. The controller 110 visually indi-
cates the operating state of the machine for inspecting
the input shaft via a warning lamp 112 mounted onto the
top surface of the overhead frame 32.
[0026] In addition, the image data of the input shaft 20
outputted from the first and second cameras 90 and 91
are inputted into a computer 120 in real time. The com-
puter 120 is equipped with a microprocessor, a monitor
121, an output device such as a printer, and an input
device such as a keyboard. The computer 120 processes
the image data of the input shaft 20 inputted from the first
and second cameras 90 and 91 by means of a program,
displays the processed image data onto the monitor 121,
and classifies the input shafts into superior and inferior
ones. The computer 120 interfaces with the controller
110 and the robot for the purpose of controlling the ma-
chine for inspecting the input shaft according to the
present invention. Further, the controller 110 and the
computer 120 are received within a case 122 installed
on the worktable 31 of the frame 30. An air conditioner
130 for controlling the temperature in the inspecting po-
sition P2 at a predetermined level is installed on the posts
33 of the frame 30. A change of temperature in the in-
specting position P2 can be prevented through temper-
ature control performed by the air conditioner 130, and
accordingly, the inspection environment within the in-
specting position P2 can be maintained constant. Thus,
the reliability of image data of the input shaft 20 acquired
from the first and second cameras 90 and 91 can be
enhanced.
[0027] Hereinafter, a method for inspecting the input
shaft using the machine for inspecting the input shaft for
use in power steering systems according to the present
invention will be explained with reference to FIGS. 11a
and 11b.
[0028] Referring again to FIGS. 3 and 7 together with
FIGS. 11a and 11b, while the input shaft inspection ma-
chine is on standby, the carriage 44 of the cleaning device

40 is positioned outside the booth 42 with the input shaft
20 not loaded thereon, and the lifter 83 of the tailstock
80 is raised. The robot conveys the input shaft 20 from
the edge grinding machine to the inspection machine ac-
cording to the present invention in such a manner that
the lower end of the input shaft 20 with the slots 22 and
the chamfers 24 formed therein is aligned in line with the
center 47c of the rotary unit 47. After the input shaft 20
is supported at the center 47c of the rotary unit 47, the
air cylinder 45 actuates to advance the cylinder rod 45a.
Accordingly, the carriage 44 is caused to move linearly
by means of the linear motion guide 46 and is moved into
the purge room 42a, i.e. the cleaning position P1, through
the entrance 42b of the booth 42. The air cylinder 45
stops operating, and the loading process for the input
shaft 20 is then completed (S200).
[0029] Next, the air blown through the air nozzles 51
of the air blower 50 removes foreign substances from the
contaminated surface of the input shaft 20 (S202). At this
time, a rotational moment is imparted to the input shaft
20 by means of force of the air blown through the air
nozzles 51 of the air blower 50, and the center 47c for
supporting the input shaft 20 can be rotated via the bear-
ing 47b of the rotary unit 47. Thus, since the input shaft
20 and the center 47c can be rotated together, foreign
substances on the entire surface of the input shaft 20
can be completely removed. As a result, when the first
and second cameras 90 and 91 photograph the chamfers
24 of the input shaft 20 to capture image data of the cham-
fers 24, any errors resulting from the foreign substances
can also be avoided. The air supplied to air duct 52 by
means of the air supply is blown to the entrance 42a of
the booth 42 through the air nozzles 53, and thus, an air
curtain is formed around the entrance 42a. The foreign
substances removed from the surface of the input shaft
20 cannot pass through the entrance 42a of the booth
42 by means of the air curtain. Therefore, the inspection
machine, including the first and second cameras 90 and
91 located near the inspecting position P2, can be pre-
vented from being contaminated.
[0030] Further, the suction unit 62 of the dust collector
60 is actuated at the same time the air blower 50 of the
cleaning device 40 cleans the input shaft 20. The suction
unit 62 sucks in air containing foreign substances from
the purge room 42a of the booth 42 through the suction
tube 61 and then pumps the air into the dust-collecting
tank 64 through the discharge tube 63. In the dust-col-
lecting tank 64, the foreign substances are filtered from
the air using a filter and collected therein, whereas the
air is discharged to the outside. After the cleaning of the
input shaft 20 has been completed, the air cylinder 45 is
actuated to move back the cylinder rod 45a. Then, the
carriage 44 is caused to move linearly by means of the
linear motion guide 46 and is again moved to the initial
position through the entrance 42b of the booth 42.
[0031] Referring to FIG. 5, the robot picks up the input
shaft 20 supported by the center 47c of the rotary unit 47
and then loads the input shaft 20 in such a manner that
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the lower end of the input shaft is aligned with the lower
center 73 of the indexing drive 70 (S204). After the input
shaft 20 is supported by the lower center 73 of the index-
ing drive 70, the air cylinder 82 of the tailstock 80 is ac-
tuated to advance the cylinder rod 82a. Accordingly, the
lifter 83 is caused to move linearly and downwardly by
means of the linear motion guide 84. Due to the lowering
of the lifter 83, the upper center 85c of the rotary unit 85
is aligned with the upper end of the input shaft 20 and
supports the input shaft 20. The input shaft 20 is vertically
aligned at the inspecting position P2 by means of the
lower center 73 of the indexing drive 70 and the upper
center 85c of the tailstock 80 (S206). The robot that com-
pletes loading the input shaft 20 into the inspecting po-
sition P2 conveys the following input shaft 20 from the
edge-grinding machine to the cleaning position P1 and
performs the cleaning of the input shaft 20.
[0032] The first and second illumination devices 100
and 101 illuminate the input shaft 20 that is loaded in the
inspecting position P2 of the worktable 31 coaxially with
the optical axes of the first and second cameras 90 and
91 and also project the images of the chamfers 24 of the
input shaft 20 onto the first and second cameras 90 and
91 which in turn photograph the input shaft 20 and output
the image data thereof, respectively (S208). At this time,
as shown in FIG. 9, the light emitted from the LEDs 100a
and 101a of the first and second illumination devices 100
and 101 is irradiated onto the input shaft 20 through the
collimators 100b and 101b, the beam splitters 100c and
101c, and the obj ect lenses 90a and 91a of the first and
second cameras 90 and 91, respectively. Then, the im-
ages of the chamfers 24 of the input shaft 20 are projected
onto and photographed by the CCD image sensors 90b
and 91b via the object lenses 90a and 91a of the first and
second cameras 90 and 91, and the beam splitters 100c
and 101c, respectively. The first camera 90 takes a pho-
tograph of the first chamfer 24a of any one slot 22 of the
input shaft 20 in a direction normal to the longitudinal
direction of the input shaft and outputs the relevant image
data, whereas the second camera 91 photographs the
second chamfer 24b of the other slot 22 of the input shaft
20 in a direction nominal to the longitudinal direction of
the input shaft and outputs the relevant image data. The
image data of the first and second chamfers 24a and 24b
of the input shaft 20, which are outputted from the first
and second cameras 90 and 91, respectively, are input-
ted into the computer 120 in real time.
[0033] When it is determined that the image data of
the first and second chamfers 24a and 24b have not been
inputted into the computer 120 from the first and second
cameras 90 and 91, the computer 120 causes the ser-
vomotor 71 to actuate and the input shaft 20 to be step-
wise rotated by a predetermined angle, e.g. 3 degrees,
in response to the output of control signals (S212). Then,
it goes into the above step S208. Thereafter, it is again
determined whether the image data of the first and sec-
ond chamfers 24a and 24b have been inputted into the
computer 120 by means of the first and second cameras

90 and 91, respectively. The image data of the first and
second chamfers 24a and 24b can also be acquired
through the repetitive execution of steps S208 to S212.
[0034] If the image data of the first and second cham-
fers 24a and 24b are acquired through the execution of
the above processes, the computer 120 causes a gray
level image of any one of the first and second chamfers
24a and 24b, e.g. the first chamfer 24a, to be binary coded
by means of a threshold and obtains left and right con-
tours from the binary image of the first chamfer 24a
(S214). Next, through the least square error method, rel-
evant noise is filtered out to obtain linear equations of
the left and right contours, and left and right edge lines
24a-1 and 24a-2 are calculated (S216). The computer
120 displays the left and right edge lines 24a-1 and 24a-
2 of the first chamfer 24a onto the monitor 121 and de-
termines whether a central line between the left and right
edge lines 24a-1 and 24a-2 overlaps with a standard line
141 of an image array coordinate system 140 (S218).
FIGS. 10a and 10b show that the central line of the left
and right edge lines deviates from the standard line 141
of the image array coordinate system 140.
[0035] When it is determined that the central line of the
left and right edge lines 24a-1 and 24a-2 does not overlap
the standard line 141 of the image array coordinate sys-
tem 140, the computer 120 causes the servomotor 71 to
actuate and the input shaft 20 to be stepwise rotated by
a predetermined angle, e.g. 1 degree, in response to the
output of the control signals, as shown in FIG. 10c.
Through the repetitive execution of steps S214 to S220,
the central line of the left and right edge lines 24a-1 and
24a-2 is caused to overlap with the standard line 141 of
the image array coordinate system 140. It is determined
in the preferred embodiment of the present invention that
the central line of the left and right edge lines 24a-1 and
24a-2 has overlapped with the standard line 141 of the
image array coordinate system 140 if the former overlaps
with the latter within a predetermined error range of 20
mm, for example.
[0036] In the meantime, if it is determined that the cen-
tral line of the first left and right edge lines 24a-1 and 24a-
2 overlaps the standard line 141 of the image array co-
ordinate system 140, the computer 120 first calculates
distances between the left edge lines 24a-1 and 24b-1
and the right edge lines 24a-2 and 24b-2 of the first and
second chamfers 24a and 24b, respectively. Then, the
computer 120 calculates and stores a width value of the
initial first and second chamfers 24a and 24b based on
the calculated distances (S222). The computer 120 cal-
culates the width value of the initial first and second
chamfers 24a and 24b and then causes the servomotor
71 to actuate and the input shaft 20 to be stepwise rotated
by a predetermined angle, e.g. 45 degrees, in response
to the output of the control signals. The first and second
cameras 90 and 91 photograph the next first and second
chamfers 24a and 24b so as to acquire the image data
of the next first and second chamfers 24a and 24b (S224).
In the same manner as described above, the computer
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120 causes the gray level images of the first and second
chamfers 24a and 24b inputted from the first and second
cameras 90 and 91 to be binary coded by means of a
threshold, through the given program. Then, the compu-
ter obtains the left and right contours from the binary im-
ages of the first and second chamfers 24a and 24b. Fur-
ther, through the least square error method, noise is fil-
tered out to obtain the linear equations of the left and
right contours for the respective first and second cham-
fers 24a and 24b; left edge lines 24a-1 and 24b-1 and
the right edge lines 24a-2 and 24b-2 are then obtained.
Thereafter, the distances between the left edge lines 24a-
1 and 24b-1 and the right edge lines 24a-2 and 24b-2 of
the first and second chamfers 24a and 24b are calculat-
ed, and the width value of the next first and second cham-
fers 24a and 24b is then calculated and stored (S226).
[0037] Next, the computer 120 determines whether the
width values of the first and second chamfers 24a and
24b have been obtained a predetermined number of
times (S228). In the preferred embodiment of the present
invention, the respective eight values are obtained as
width values of the first and second chamfers 24a and
24b. If it is determined that the width values of first and
second chamfers 24a and 24b have not yet been ob-
tained eight times, it goes into step S224 and the com-
puter 120 subsequently calculates the width values of
the remaining first and second chamfers 24a and 24b.
Thus, the width values of all the first and second chamfers
24a and 24b can be calculated through the execution of
the above steps.
[0038] The computer 120 calculates width values of
the slots 22 using the width values of the first and second
chamfers 24a and 24b and given calculation formula
(S230), and also calculates total width values obtained
by adding the width values of the slots 22 and the width
values of the first and second chamfers 24a and 24b
(S232). The computer 120 determines whether the input
shafts are superior or inferior based on the calculated
width values of the slots 22, the total width values, and
the width values of the first and second chamfers 24a
and 24b (S234). To this end, it is determined whether the
machining precision of the slots 22 and the chamfers 24
is within an allowable and predetermined error range. As
a result, the input shafts satisfying the precision require-
ment are classified as superior, whereas the remaining
input shafts are classified as inferior (S234). Although
the method for inspecting whether the input shafts are
superior or inferior based on the calculated widths of the
slots 22 and the chamfers 24 has been described above,
the inspection whether the input shafts are superior or
inferior may be accomplished based only on the machin-
ing precision of the chamfers 24 as well.
[0039] Finally, when the air cylinder 82 of the tailstock
80 is actuated to move back the cylinder rod 82a after
the classification of the input shafts 20 has been com-
pleted, the lifter 83 moves linearly and is raised by means
of the linear motion guide 84. The robot unloads, from
the inspecting position P2, the superior input shafts 20

onto a superior goods conveying line (S236) and the in-
ferior input shafts 20 onto an inferior goods conveying
line (S238). The robot loads the following input shaft 20
into the inspecting position P2 and then causes the proc-
ess of inspecting an input shaft to be repeated.
[0040] The above description has been merely used
to explain the preferred embodiment of the present in-
vention, and the scope of the present invention is not
limited to the preferred embodiment described herein. It
is apparent to those skilled in the art that various changes,
modifications and substitutions thereto can be made
within the technical spirit and the scope of the present
invention defined by the appended claims. It should be
understood that such a preferred embodiment falls within
the scope of the present invention.

Industrial Applicability

[0041] According to a machine and method for inspect-
ing an input shaft for use in a power steering system of
the present invention described above, the machining
precision of the input shafts having a plurality of slots and
first and second chamfers formed at the left and right
ends of the slots can be accurately inspected by causing
the first and second cameras to photograph the input
shaft and processing the obtained image data through a
computer program. Further, a series of inspection proc-
esses such as the feeding, cleaning and classification of
the input shafts can be automated. Thus, a total inspec-
tion for input shafts can be rapidly and correctly made.
Furthermore, there is an advantage in that inspection da-
ta for input shafts can be processed and managed in real
time.

Claims

1. A method for inspecting an input shaft (20) for use
in a power steering system, said input shaft (20) hav-
ing a plurality of slots (22) formed at equal intervals
in a circumferential direction thereof and first and
second chamfers (24) formed at left and right sides
of the slots (22), comprising the steps of:

cleaning foreign substances adhering to the in-
put shaft (20) by means of a cleaning means
(40) installed at a cleaning position (P1);
loading the input shaft (20) from the cleaning
position (P1) into an inspecting position (P2);
causing first and second cameras (90, 91) to
photograph the first chamfer (24a) in an initial
slot (22) and the second chamfer (24b) in an-
other slot (22) of the input shaft (20), which is
loaded at the inspecting position (P2), in a di-
rection normal to each of the first and second
chamfers (24a, 24b) to acquire image data of
the first and second chamfers (24a, 24b), re-
spectively;
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processing the respective image data of the first
and second cameras (90, 91) by means of a
computer program left and right, obtaining con-
tours from binary images obtained by causing
gray level images to be binary coded by means
of a threshold, calculating the left and right edge
lines (24a-1, 24a-2, 24b-1, 24b-2) of the first and
second chamfers (24a, 24b) from linear equa-
tions of the left and right contours overlapping a
central line between left and right edge lines of
the first or second chamfer (24a, 24b) with a
standard line (141) of an image array coordinate
system (140);
calculating distances between the left and right
edge lines (24a-1, 24a-2, 24b-1, 24b-2) of the
first and second chamfers (24a, 24b) in an over-
lapped state and then calculating width values
of the first and second chamfers (24a, 24b);
calculating width values of all remaining first and
second chamfers (24a, 24b) while stepwise ro-
tating the input shaft (20) repeatedly by a pre-
determined angle; and
determining whether the input shaft (20) is su-
perior or inferior based on the calculated width
values of the first and second chamfers (24a,
24b).

2. The method as claimed in claim 1, further comprising
the step of calculating width values of the slots (22)
based on the distances between the left and right
edge lines of the first and second chamfers (24a,
24b).

Patentansprüche

1. Verfahren zum Überprüfen einer Eingangswelle (20)
zur Verwendung in einem Servolenkungssystem,
wobei die Eingangswelle (20) eine Vielzahl von in
gleichen Abständen in Umfangsrichtung davon aus-
gebildeten Schlitzen (22) sowie erste und zweite An-
fasungen (24) aufweist, die an linken und rechten
Seiten der Schlitze (22) geformt sind, umfassend die
Schritte:

Reinigen von an der Eingangswelle (20) anhaf-
tenden Fremdsubstanzen mittels eines Reini-
gungsmittels (40), das an einer Reinigungspo-
sition (P1) installiert ist;
Laden der Eingangswelle (20) von der Reini-
gungsposition (P1) in eine Überprüfungspositi-
on (P2);
Veranlassen von ersten und zweiten Kameras
(90, 91) zum Fotografieren der ersten Anfasung
(24a) in einem Eingangsschlitz (22) und der
zweiten Anfasung (24b) in einem anderen
Schlitz (22) der Eingangswelle (20), die in der
Überprüfungsposition (P2) geladen ist, in einer

Richtung rechtwinklig zu jeder der ersten und
zweiten Anfasung (24a, 24b), um Bilddaten der
ersten beziehungsweise zweiten Anfasung
(24a, 24b) zu erhalten;
Verarbeiten der jeweiligen Bilddaten der ersten
und zweiten Kamera (90, 91) mittels eines Com-
puterprogramms, wodurch man linke und rechte
Konturen aus Binärbildern erhält, die man er-
hält, indem man eine Binärcodierung von Grau-
stufenbildern mittels eines Schwellenwertes
veranlasst,
Berechnen der linken und rechten Kantenlinien
(24a-1, 24a-2, 24b-1, 24b-2) der ersten und
zweiten Anfasung (24a, 24b) aus linearen Glei-
chungen der linken und rechten Konturen,
Überdecken einer Mittellinie zwischen linker und
rechter Kantenlinie der ersten oder zweiten An-
fasung (24a, 24b) mit einer Standardlinie (141)
eines Bildfeldkoordinatensystems (140);
Berechnen von Abständen zwischen den linken
und rechten Kantenlinien (24a-1, 24a-2, 24b-1,
24b-2) der ersten und zweiten Anfasung (24a,
24b) in einem überlappenden Zustand und dann
Berechnen von Breitenwerten der ersten und
zweiten Anfasung (24a, 24b);
Berechnen von Breitenwerten aller verbleiben-
den ersten und zweiten Anfasungen (24a, 24b),
während die Eingangswelle (20) wiederholt um
einen vorgegebenen Winkel schrittweise ge-
dreht wird; und
Bestimmen, ob die Eingangswelle (20) besser
oder schlechter ist basierend auf den berechne-
ten Breitenwerten der ersten und zweiten Anfa-
sung (24a, 24b).

2. Verfahren wie in Anspruch 1 beansprucht, weiterhin
aufweisend den Schritt der Berechnung von Breiten-
werten der Schlitze (22) basierend auf den Abstän-
den zwischen den linken und rechten Kantenlinien
der ersten und zweiten Anfasungen (24a, 24b).

Revendications

1. Procédé d’inspection d’un arbre d’entrée (20) desti-
né à être utilisé dans un système de direction assis-
tée, ledit arbre d’entrée (20) comportant une pluralité
de fentes (22) équidistantes dans une direction cir-
conférentielle de celui-ci et des premier et deuxième
chanfreins (24) formés sur les côtés gauche et droit
des fentes (22), comprenant les étapes suivantes :

le nettoyage des corps étrangers adhérant à l’ar-
bre d’entrée (20) au moyen d’un moyen de net-
toyage (40) installé à une position de nettoyage
(P1) ;
le chargement de l’arbre d’entrée (20) à partir
de la position de nettoyage (P1) à une position
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d’inspection (P2) ;
l’exécution par des première et deuxième camé-
ras (90, 91) d’une prise de photographie du pre-
mier chanfrein (24a) dans une fente initiale (22)
et du deuxième chanfrein (24b) dans une autre
fente (22) de l’arbre d’entrée (20), qui est chargé
à la position d’inspection (P2), dans une direc-
tion normale à chacun des premier et deuxième
chanfreins (24a, 24b) pour acquérir des don-
nées d’image respectivement des premier et
deuxième chanfreins (24a, 24b) ;
le traitement des données d’image respectives
des première et deuxième caméras (90, 91) au
moyen d’un programme informatique, en obte-
nant des contours gauche et droit à partir d’ima-
ges binaires obtenues en provoquant le codage
binaire d’images de niveaux de gris au moyen
d’un seuil,
le calcul de lignes de bords gauche et droit (24a-
1, 24a-2, 24b-1, 24b-2) des premier et deuxième
chanfreins (24a, 24b) à partir d’équations linéai-
res des contours gauche et droit en chevauchant
une ligne centrale entre des lignes de bords gau-
che et droit du premier ou deuxième chanfrein
(24a, 24b) avec une ligne standard (141) d’un
système de coordonnées de réseau d’images
(140) ;
le calcul de distances entre les lignes de bords
gauche et droit (24a-1, 24a-2, 24b-1, 24b-2) des
premier et deuxième chanfreins (24a, 24b) dans
un état chevauché, puis le calcul de valeurs de
largeur des premier et deuxième chanfreins
(24a, 24b) ;
le calcul de valeurs de largeur de tous les pre-
mier et deuxième chanfreins (24a, 24b) restants
en faisant tourner progressivement l’arbre d’en-
trée (20) à répétition d’un angle prédéterminé ;
et
la détermination si l’arbre d’entrée (20) est su-
périeur ou inférieur sur la base des valeurs de
largeur calculées des premier et deuxième
chanfreins (24a, 24b).

2. Procédé selon la revendication 1, comprenant en
outre l’étape du calcul de valeurs de largeur des fen-
tes (22) sur la base des distances entre les lignes
de bords gauche et droit des premier et deuxième
chanfreins (24a, 24b).
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