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(54) Title: FORCE SENSOR CORRECTING METHOD
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CONTROLLER

(57) Abstract: The present invention provides aforce sensor correcting method which is simple and capable of performing correc-
tion, with the force sensor remaining mounted at the end of an arm without an exchange of an end effector. In the present inven-
tion, aforce sensor 1 of one robot 101 has already been corrected, and a force sensor 2 of the other robot 102 is an object to be
corrected. First, hands 3a, 3b of apair of robots 101, 102 are made to abut on each other (abutting step). A detected signal of the
corrected force sensor 1 of the one robot 101, generated by execution of the abutting step, is converted into ameasured value indi -
cating aforce or amoment (measurement step). Based on the measured value obtained in the measurement step, avalue indicating
aforce or amoment acting on the hand 3b of the other robot 102 due to areaction generated by the abutting step isobtained (cal-
culation step). The conversion data is updated such that a detected signal, outputted by the force sensor 2 asthe object to be cor-
rected of the other robot 102 in the abutting step, is converted into an identical value to the value indicating the force or the mo-
ment obtained in the calculation step (correction step).
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[ 0001]

[ 0002]

[ 0003]

DESCRI PTI ON
FORCE SENSCOR CORRECTI NG METHOD

Technical Field

The present invention relates to a correcting nethod
for a force sensor nounted in a robot in a robot system
Background Art

There is known an industrial robot system which
includes a robot provided with an end effector such as
a hand at the end of an arm via a force sensor. In
this kind of robot system in the case of the robot
perform ng assenbly of parts, a force or a nonent
conmponent generated at a wist portion at the time of
an assenbly operation is detectéd by the force sensor,
to control a posture of the robot including the hand.
At the manufacturing stage of a force sensor,
variations in output with respect to an external force
occur, and hence the output needs to be corrected.
Therefore, .when the sensor is a six-axis force sensor,
respective axes, such as forces Fx, Fy, Fz and nonents
M, M, M, are provided with a force by neans of
weights or the like, to perform correction based on the
out put s. This corrected force sensor is mounted on the
arm and used.

[0004 ] Meanwhi |l e, when the robot nmounted with the force sensor

is in use, an excessive |oad my be erroneously applied,
t o cause occurrence of plastic deformation or the Iike,
thereby leading to |ower measurenent accuracy. In that
case, what has been done is to tenporarily renove the
force sensor from the arm and perform a re-correction
operation, which requires time and trouble. As opposed
to this, there has been proposed one that corrects a
force sensor in a nounted state (see PTL 1). In PTL 1,
first, reference data is previously acquired when the
force sensor is normally functioning. Then, when the
force sensor needs to be corrected, the correction is
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performed such that a posture of a robot is changed in
a predetermned pattern, thereby to change a posture of
the force sensor and obtain a changed anount of an
output signal of the force sensor, which is conpared
with reference data and then updated. It is described
that by the above nmanner, the correction Can be
performed with the force sensor remaining nounted in

t he robot .

[0005 ] However , in the foregoing conventional correcting
nmethod, the reference data needs to be acquired
bef or ehand. Further, there has been a problem in that,
when an end effector provided at the end of the armis
not the end effector at the time of acquiring the
reference data, the end effector has to be exchanged,
which requires tinme and trouble.

[0006] In recent years, a robot system provided with a pair of
robots set so as to perform collaboration work has been
proposed and a nmethod for correcting a force sensor in
a sinmpler manner in the case of a |large nunber of
robots has been desired.

[0007 ] Therefore, an object of the present invention is to
provide a force sensor correcting nethod which is
sinple and capable of performing correction, wth the
force sensor remamining nounted at the end of an arm
wi t hout an exchange of an end effector. '

Citation List
Patent Literature

[ 0008] PTL 1: Japanese Patent Application Laid-Open No. HI-
237296
Summary of |nvention

[0009] The present invention is a force sensor correcting
method in a robot system which includes a pair of
robots each having an arm and an end effector provided
at the end of the armvia a force sensor, the nethod
including an abutting step of making the end effectors
of the pair of robots abut on each other, a neasurenent
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step of obtaining a first detected signal of the force
sensor of one robot and a second detected signal of the
force sensor of the other robot, generated by execution
of the abutting step, and a correction step of updating
conversion data of the other robot, which converts the

second detected signal, outputted by the force sensor
of the other robot, into a value indicating a force or
a nmonent such that the second detected signal is

converted into an identical value to a value indicating
a force or a nmonent based on the first detected signal
of the force sensor of the one robot.

[0010]According to the present invention, since the force

[ 0011]

[ 0012]

sensor as an object to be corrected is corrected wth
the corrected force sensor taken as a reference, it is
neither .necessary to mount the end effector as a
reference and acquire reference data beforehand, nor to
exchange the end effector, thereby facilitating the
correction. .

Further features of the present invention wll becone
apparent from the following description of exenplary
enbodi mrents with reference to the attached draw ngs.
Brief Description of Draw ngs

[Fig. I]JFig. 1 is an illustrative view showing a
schematic configuration of a robot system according to
an enbodi nent of the present invention.

[Fig. 2A]Fig. 2A is a view showing an exanple of a
correcting nmethod for a force Fx(Fy) in the force
sensor .

[Fig. 2BJFig. 2B is a view showing an exanple of a
correcting nmethod of - a noment My ( M) in the force
sensor.

[Fig. 2C]Fig. 2C is a view showing an exanple of a
correcting method for a force Fz in the force sensor.
[Fig. 2D Fig. 2D is a view showing an exanple of a
correcting method of a nmonent Mz in the force sensor.
[Fig. 3AlFig. 3A is a view showi”ng an éxarrple of a.
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correcting nethod for correcting the force Fz of the

force sensor as an object to be corrected by use of the

force Fx acting on the corrected force sensor in the

force sensors in another enbodinent.

[Fig. 3BJFig. 3B is a view showing an exanple of a

correcting method for correcting the nonent My of the

force sensor as the object to be corrected by use of

the force Fx acting on the corrected force sensor in

the force sensors in another enbodinment.

[Fig. 4] Fig. 4 is an illustrative view showing a

schematic configuration of a robot system according to

still another enbodinent of the present invention.

[Fig. bAFig. BA is a view showing a state before

position correction of the robot is perforned in

correction of the force sensor.

[Fig. 5BJFig. 5B is a view showing a state after the
~position correction of the robot has been performed in

the correction of the force sensor.

[Fi g; 6A] Fi g. 6A is a view showing a state before

position correction of the robot is perforned in
correction of t he force sensor in still anot her
enbodi nent

[Fig. 6BJFig. 6B is a view showing a state after the
position correction of the robot has been performed in

the correction of the force sensor in still another
enmbodi ment ' )
Description of Enbodi nents

[0013] Thereinafter , an enbodi ment of the present invention
will be described in detail with reference to the
dr awi ngs. Fig. 1 is an illustrative view showing a

schematic configuration of a robot system according to
an enbodi nent of the present invention. As shown in
Fig. 1, a robot system 100 includes a pair of robots
101, 102. Using the pair of robots 101, 102 enables a
coll aboration work. The pair of robots 101, 102 has an
i dentical configuration, and is provided on a
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[ 0014]

[ 0015]

hori zontal surface of a rack 200, plane-symetrically
to a virtual vertical surface P. One robot 101 has a
multi-joint arm 4a, and a hand 3a as an end effector
fitted to the end (wist part) of the arm 4a via a
force sensor 1. Further, the other robot 102 has a
multi- joint arm 4b, and a hand 3b as an end effector
fitted to the end (wist part) of the arm 4b via a
force sensor 2. Base ends of the respective arnms 4a,
4b are fixed to the horizontal surface of the rack 200.
The respective arnms 4a, 4b are nulti-joint ones each
having a horizontal joint, a vertical joint, and the
like, and each joint is provided with a driving unit
such as a notor, not shown. Further, the robot system
100 includes a force neasuring device 5, a robot
controlling device 6, and a controller 7.

The force sensors 1, 2 are, for exanple, six-axis force
sensors, and ones for detecting nutually orthogonal
three force conponents Fx, Fy, Fz, and three nonents M,
My, Mz around the axes thereof. The respective force
sensors 1, 2 have a plurality of detecting elenents,
not shown, and voltages as detected signals dl, d2 are
outputted from the respective detecting elenents.
Hereinafter, the voltage outputted by the force sensor
1 is referred to as a first detected signal di, and the
voltage outputted by the force sensor 2 as a second
detected signal d2.

The first detected signal dl and the second detected
signal d2 are inputted into the force neasuring device
5. The force neasuring device 5 has a calculating wunit
51 that perfornms calculation to convert the inputted
first detected signal dl into a first neasured value DI
as a value indicating a force or a nonent based on
first conversion data cl. Further, the force rreasur'i ng
device 5 has a storing unit 52 that storés the first
conversion data cl to convert the first detected signal
dl into the first neasured value DI . That is, the
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[ 0016]

calculating unit 51 reads the first conversion data cl
from the storing unit 52, to convert the first detected
signal dl into the first neasured value DI . Further,
the calculating wunit 51 of the force nmeasuring device 5
perfornms calculation to convert the inputted second
detected signal d2 into a second neasured value D2 as a
value indicating a force or a nonent based on second
conversion data c2. Mdreover, the storing unit 52 of
the force nmeasuring device 5 stores the second
conversion data c2 to convert the second detected

signal d2 into a second neasured value D2. That is,
the calculating unit 51 reads the second conversion
data c2 from the storing unit 52, to convert the second
detected signal d2 into the second neasured value D2.
The conversion data cl, c2 stored in the storing unit
52 are conversion paraneters, such as a matrix, a
conversion equation, a conversion table, and the Ilike,
for converting, for exanple, voltage values indicating
the detected signals dl, d2 into the neasured values D,
D2 indicating a force or a nonent.

The controller 7 serves to exercise control all over
the system and based on the respective inputted
measured values D, D2, operation commands il, i2 to
the respective robots 101, 102 are outputted to the
robot controlling device 6. The robot controlling
device 6 is one that supplies currents 11, 12
corresponding to the operation comuand il, i2 to the
motors, not shown, provided in the robots 101, 102, to
actuate the notors so as to actuate the robots 101, 102.

[0017]Incidentally , there are cases where the force sensors 1,

2 deteriorate due to an excessive |oad or a secular
change, to cause |ower accuracy, thus requiring
correction. In the present enbodinent, the force
sensor 1 is the corrected force sensor, and the force
sensor 2 is the force sensor as the object to be
corrected. Herein, the corrected force sensor is a
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[ 0018]

[ 0019]

[ 0020]

force sensor that has hardly deteriorated due to an
excessive load or a secular change, and holds its
accuracy. The force sensor 2 is a force sensor that
has deteriorated due to an excessive l|oad or a secular
change, and is suspected to have |ower accuracy.
Hereinafter, there wll be described a correcting
method for the force sensor that updates the conversion
data c2 for converting the detected signal d2,
outputted by the force sensor 2 as the object to be
corrected, into a value indicating force or a nonent.
Figs. 2A to 2D are views for illustrating the
correcting nethod for the force sensor 2. Herein, the
force sensors 1, 2 wll be described as six-axis force
sensors each being capable of detecting the force Fx in
an X-axis direction, the force Fy in a Y-axis direction,
the force Fz in a Z-axis direction, the nmoment M in
the X-axis direction, the nonent My in the Y-axis
direction, and the nonent Mz in the Z-axis direction.
1. Correcting nethod for force Fx(Fy)

Fig. 2A shows an exanple of a correcting nethod for the
force Fx(Fy). First, the controller 7 actuates the
pair of robots 101, 102 such that the hands 3a, 3b as
the respective end effectors of the robots 101, 102
abut on each other via the robot controlling device 6
(abutting stép) . In this case, the pair of robots 101,
102 are activated such that the respective robots 101,
102 have plane-symmetri cal postures wth respect to a
Y-Z plane (virtual plane) PI. Then, the robot 101 is
noved in the X direction and the robot 102 is noved in
the -X direction, to bring the hands 3a, | 3b into
contact with each other. At that time, magnitudes of
the force Fx in the X-axis direction that occur in the
force sensors 1, 2 are identical according to the |aw
of action and reaction.

Next, the calculating wunit 51 of the force neasuring
device 5 converts the detected signhal dlI of the
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[ 0021]

[ 0022]

[ 0023]

corrected force sensor 1 of the one robot 101,

generated by execution of the abutting step, into the
measured value DI indicating the force Fx by use of the
conversion data cl (nmeasurenent step) . In the case of
Fig. 2A, the nmeasured value DI is -fx.

Next , based on the neasured value DI obtained in the
measurenent step, the calculating unit 51 of the force
measuring device 5 obtains a value fx indicating the
force Fx acting on the hand 3b of the other robot 102
due to a reaction generated by the abutting step
(calculation step) . Specifically, since the measured
value DI is -fx and fx is acting on the hand 3b by the
reaction, the calculating unit 51 perforns calculation
for inverting the sign of the neasured value D,
thereby to obtain the value fx.

Next, the calculating unit 51 of the force neasuring
device 5 updates conversion data c2 such that a
detected signal d2, outputted by the force sensor 2 of
the other robot 102 in the abutting step, is converted
into an identical value to the value fx indicating the
force Fx, obtained in the calculation step (correction
step) . Thereby, the force Fx of the force sensor 2 is
corrected. Further, it is found that, when the arns 4a,
4b are rotated by 90° in the Z-axis direction, the
force Fy of the force sensor 2 can also be corrected in
the same manner as above.

2. Correcting nethod for nmoment My (W)

Fig. 2B shows an exanple of a correcting method for the
moment  My( M) . In this case, as the abutting step, the
robot 101 having the hand 3a nmounted with the corrected
force sensor 1 and the robot 102 having the hand 3b
mounted with the force sensor 2 as the object to be
corrected are noved so as to have plane-symetrical
postures at a predetermined angle with respect to the
Y-Z plane PI. The arm 4a is noved in the X direction
and the arm 4b is noved in the -X direction, to bring
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[ 0024]

[ 0025]

the hands 3a, 3b of both arnms into contact wth each
other. Wth the contact having the predetermnined angle,
the force is generated in a place distant from the
mounting surfaces of the force sensors 1, 2, and
thereby, a nonent -ny is detected by the force sensor 1.
Hereinafter, it is found that Mx and My can be
corrected in the same manner as (1. Correcting nmethod
for Fx (Fy) ).

That is, the calculating unit 51 of the force neasuring
device 5 converts the detected signal dl of the
corrected force sensor 1 of the one robot 101,

generated by execution of the abutting step, into the
neasured value DI (-ny) indicating the nmoment My by use
of the conversion data cl (nmeasurenent step). Next,
based on the nmeasured value DI obtained in the
nmeasurenent step, the calculating unit 51 of the force
nmeasuring device 5 obtains a value my indicating the
monment My acting on the hand 3b of the other robot 102
due to a reaction generated by the abutting step
(calculation step) . Next, the calculating unit 51 of
the force nmeasuring device 5 updates the conversion
data c2 such that the detected signal d2, outputted by
the force sensor 2 of the other robot 102 in the
abutting step, is converted into an identical value to
the value my indicating the nonent M/, obtained in the
calculation step (correction step) . Thereby, the
monment My of the force sensor 2 has been corrected.

This also applies to the nonent M.

3. Correcting nethod for force Fz and nonent Mz
Fig. 2C shows an exanple of a correcting method for the
force Fz, and Fig. 2D shows an exanple of a correcting
method for the nonent M. In this case, as the
abutting step, the robot 101 having the hand 3a nounted
with the corrected force sensor 1 and the robot 102
having the hand 3b nounted with the force sensor 2 as
the object to be corrected are noved so as to have
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[ 0026]

[ 0027]

pl ane- symmet ri cal postures with respect to an X-Y plane
(virtual plane) P2. Correction of the force Fz is
performed by noving the arm 4a in a Z direction and the
arm 4b in a -Z direction, to generate a force of Fz.
Correction of the nmoment Mz is performed such that, for
exanple in the six-axis vertical nulti-joint, a portion
corresponding to an axis J6 is rotated, to generate a
force of M.

Hereinafter, according to the present enbodinent, the
force sensor 2 as the object to be corrected is
corrected with the corrected force sensor 1 taken as a
reference. Therefore, at the time of correcting the
force sensor 2, it is neither necessary to fit an end
effector as a reference for acquiring reference data
bef orehand, nor to exchange the end effector. -
Accordingly, ~correction of the force sensor 2 is
sinplified, and the force sensor 2 can be corrected
with high accuracy while remaining nounted at the end
of the arm 4b.

It is to be noted that, although the Y-Z plane (virtual
plane) Pl and the X-Y pl ane (virtual plane) P2 are
considered as different virtual planes, they may be an
identical virtual plane, and in this case, it my be
the virtual vertical plane P shown in Fig. 1.

[0028 1 Herein, changes in the end effector and the arm or the

~ [0029]

like, may occur due to a change in production process,
or the like. Wwen lengths of the end effector and the
arm change, a contact point nay be displaced from an
assunmed one, thereby leading to |lower correction
accuracy. As a counterneasure against that, shapes of
the end effector and the arm nmay be included in the
paraneters of the robot controlling device and position
correction may then be perfornmed, but it requires tine
and troubl e. '
Accordingly, in the present enbodinent, as shown in Fig.
1 and Figs. 2A to 2D, the robot 101 mounted wth the
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[ 0030]

[ 0031]

corrected force sensor 1 and the robot 102 nounted wth
the force sensor 2 as the object to be corrected are
made to have plane-symretrical postures with respect to
the virtual vertical plane p, thereby bringing the
hands 3a, 3b into contact with each other. Even when
shapes of the hand 3a(3b) and the arm 4a (4b) are
changed, the contact positions becone plane-synmmetrical,
thereby facilitating the correction regardless of the
shapes of the hand 3a(3b) and the arm 4a (4b). From t he
above, it is found possible to provide a sinple nethod
in which the force sensor 2 can be corrected while
remai ning nounted in the robot 102.

Next, there will be described a correcting nmethod for
the force sensor 2 as the object to be corrected in
anot her enbodi nent . The correcting nethod shown so far

has been a nethod for the force sensors 1, 2 with the
sane axis. However, the method is not restricted
thereto, but correction of the force sensor 2 is
possible so long as a force or a nonent acting on the
force sensor 2 as the object to be corrected can be
nmeasur ed.

Figs. 3A and 3B are views each showing the correcting
method for the force sensor 2 in another enbodinent.
Hereinafter, a description wll be given with reference
to Figs. 3A and 3B. Fig. 3A shows an exanple of a
correcting nethod for the force Fz of the force sensor
2 as the object to be corrected by use of the force Fx
acting on the corrected force sensor 1. As the
abutting step, the hand 3a nmounted with the corrected
force sensor 1 and the hand 3b nmounted with the force
sensor 2 as the object to be corrected are noved so as
to be orthogonal to each other. Then, the arm 4a is
noved in the -Z direction and the arm 4b is noved in
the Z direction, to bring the hands 3a, 3b into contact
with each other. Thereby, a force of -fx is generated
in the corrected force sensor 1, and the force fz with
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the sanme magnitude as fx is generated in the force
sensor 2 as the object to be corrected. This is used
to correct the force sensor 2.

[0032] Specif ically describing, the calculating unit 51 of the

[ 0033]

force neasuring device 5 converts the detected signal
dl of the corrected force sensor 1 of the one robot 101,
generated by execution of the abutting step, into the
nmeasured value D (-fx) indicating the force Fx by use
of the conversion data cl (nmeasurement step). Next,
based on the neasured value D (-fx) obtained in the
measurenment step, the calculating unit 51 of the force
measuring device 5 obtains a value fz indicating the
force Fz acting on the hand 3b of the other robot 102
due to a reaction generated by the abutting step
(calculation step) . Next, the calculating wunit 51 of
the force measuring device 5 updates conversion data c2
such that the detected signal d2, outputted by the
force sensor 2 of the other robot 102 in the abutting
step, is converted into an identical value to the value
fz indicating the force Fz obtained in the calculation
step (correction step) .

Next, Fig. 3B shows an exanple of a correcting nethod
for the nonent My of the force sensor 2 as the object
to be corrected through use of the force Fx on the
corrected force sensor 1. As the abutting step, the
hand 3a nounted with the corrected force sensor 1 and
the hand 3b nounted with the force sensor 2 as the
object to be corrected are noved so as to be orthogonal
to each other. Then, the arm 4a is noved in the X
direction and the arm 4b is noved in the -X direction,
to bring the ends of the hands 3a, 3b into contact wth
each other. Thereby, the force Fz with the value fz is
generated in the corrected force sensor 1, and the
moment My with the value my is generated in the force
sensor 2 as the object to be corrected. The magnitude
of the value my of the nmonment My is: my = fz.x L, where
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[ 0034]

[ 0035]

the length of the hand 3b is L. This is used to
correct the force sensor 2. |

Specif ically describing, the calculating unit 51 of the
force neasuring device 5 converts the detected signal
dl of the corrected force sensor 1 of the one robot 101,
generated by execution of the abutting step, into the
nmeasured value D (fz) indicating the. force Fz by use of
the conversion data cl (neasurenent step). Next, based
on the neasured value D (fz) obtained in the
nmeasurenent step, the calculating unit 51 of the force
neasuring device 5 obtains, by calculation of my = fz x
L, the value my indicating the nmonent My acting on the
hand 3b of the other robot 102 due to a reaction
generated by the abutting step (calculation step) .
Next, the calculating unit 51 of the force measuring
device 5 updates the conversion data c2 such that the
detected signal d2, outputted by the force sensor 2 of
the other robot 102 in the abutting step, is converted
into an identical value to the value my iindicating the
moment My obtained in the calculation step (correction
step) . In such a manner, when the sensor is the six-
axis sensor, there can be perforned 36 (= 6 X 6)
different correcting nethods.

Next, a correcting method for the force sensor in still
anot her enbodinment w Il be described. In this

enbodi nent, position correction by neans of a canmera is
used to correct the force sensor 2 as the object to be
corrected. Fig. 4 is an illustrative view showing a
schematic configuration of a robot system according to
still another enbodinment of the present invention. In
the arm nade up of a horizontal nulti-joint, a vertical
multi-joint, and the like, an error might occur wth
respect to a position command from the robot

controlling device. Thereat, a robot system 100A shown
in Fig. 4 includes simlar devices to the respective
devices shown in the robot system 100 of Fig. 1, and
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[ 0036]

[ 0037]

[ 0038]

al so incl_udes a vision measuring device 9 that perforns
processing on a canera 8 and an inmage taken by the
canera 8. '

Figs. BA and 5B are views for illustrating a correcting
method for the force sensor, where Fig. 5A shows a
state before position correction of the robots 101, 102
is performed, and Fig. 5B shows a state after position
correction of the robots 101, 102 has been perforned.
In the abutting step, as shown in Fig. 5A the hand 3a
and the hand 3b may be displaced from a predeterm ned
corrected position. Thereat, the canera 8 is used to
perform position correction of the respective robots
101, 102 in the follow ng procedure.

In the abutting step, first, the hands 3a, 3b of the
pair . of robots 101, 102 are inaged by the canmera 8, to
acquire images. The vision neasuring device 9
processes the image transmtted from the canmera 8, to
calculate an error from the predeterm ned corrected
posi tion. That calculation result is transmtted to
the controller 7, and position conmands are given to
the arns 4a, 4b through the robot controlling device s,
to perform position correction of the pair of robots
101, 102. Once again, images of the hands 3a, 3b are
acquired with the canmera s, and when an error from the
predeterm ned correcting position is within an

al l omwabl e range, the position correcting operation is
conpl et ed. Then, as shown in Fig. 5B, the hands 3a, 3b
of the pair of robots 101, 102 are nade to abut on each
ot her. It should be noted that the measurenent step,
the calculation step and the correction step are
simlar to in the foregoing enbodinents, and
descriptions thereof thus will not be repeated.

In such a manner, correction including position
correction of the hands 3a, 3b and the arms 4a, 4b wth
the canera 8 is perforned, to make it possible to
execute the correction operation for the force sensor 2
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[ 0039]

[ 0040]

[ 0041]

wi th higher accuracy.

Next, a correcting nethod for the force sensor in still
anot her enbodinent wll be described. Figs. 6A and ¢B
are views for illustrating a correcting nethod for the
force sensor in still another enbodi ment, where Fig. 6A
shows a state before position correction of the robots
101, 102 is perfornmed, and Fig. 6B shows a state after
position correction of the robots 101, 102 has been

per f or med. In this enbodi ment, concavo-convex units
10a, 10b for positioning, which can be fitted into each
other, are fornmed in the respective hands 3a, 3b. _
Herein, the concavo-convex unit 10a of the hand 3a and
the concavo-convex unit 10b of the hand 3b are desi gned
so as to have a fitting tolerance being a position
error within a correction accuracy allowable range.

In the abutting process, the controller 7 is manually
operated such that the concavo-convex units 10a, 10b of
the respective hands 3a, 3b are fitted into each other,
to allow mnor adjustnent of the arnms 4a, 4b through
the robot controlling device &. Ther eby, positioning
of the respective hands 3a, 3b is perfornmed. As
another nethod, the arm 4a can be activated by

i npedance control by use of the value of the corrected
force sensor 1 of the hand 3a, which is generated at
the tinme of the operation to fit the concavo-convex
units 10a, 10b. Since the inpedance control by means
of the force sensor is a known technique, a description
thereof will be omtted. Wth the inpedance control
performed nmanually or by neans of the corrected force
sensor 1, the position correcting operation is

conpl et ed. It should be noted that the neasurenent
step, the calculation step and the correction step are
simlar to in the foregoing enbodinents, and
descriptions thereof thus will not be repeated.

In such a manner, the concavo-convex units 10a, 10b of
the hands 3a, 3b are used to perform positioning of the
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hands 3a, 3b, thereby to be able to execute the
operation to correct the force sensor 2 with higher
-accuracy .

[0042] The present invention is preferably applicable to an
i ndustrial assenbly robot, and the Ilike.

[0043] while the present invention has been described wth

reference to exenplary enbodinents, it is to be
understood that the invention is not limted to the
di scl osed exenplary enbodi nents. The scope of the

followwng claims is to be accorded the broadest

interpretation so as to enconpass all such

nmodi fications and equivalent structures and functions.
[0044] This application clains the benefit of Japanese Patent

Application No. 2010-150245, filed June 30, 2010, which

is hereby incorporated by reference herein in its

entirety. ’
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CLAI M5 |

A force sensor correcting nmethod in a robot system
which includes a pair of robots each having an arm and
an end effector provided at the end of the armvia a
force sensor,

t he method conprising:

an abutting step of making the end effectors of the
pair of robots abut on each other;

a measurenent step of obtaining a first detected signal
of the force sensor of one robot and a second detected
signal of the force sensor of the other robot,

generated by execution of the abutting step; and

a correction step of updating conversion data of the
ot her robot, which converts the second detected signal,
outputted by the force sensor of the other robot, into
a value indicating a force or a noment such that the
second detected signal is converted into an identical
value to a value indicating a force or a noment based
on the first detected signal of the force sensor of the
one robot .

The force sensor correcting nethod according to claim 1,
wherein in the abutting step, the end effectors of the
pair of robots are made to abut on each other in plane-
symetri cal 'postures.

The force sensor correcting nmethod according to claim 1,
wherein in the abutting step, the pair of robots is

i mged, to perform position correction of the pair of
robots, and the end effectors of the pair of robots are
made to abut on each other. .

The force sensor correcting method according to claim 1,
wher ei n

Concavo-convex units that can be fitted into each other
are fornmed in the respective end effectors, and

in the abutting step, positioning is performed with the
concavo-convex units of the respective end effectors
being fitted into each other.
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AMENDED CLAIMS
received by the International Bureau on 09 December 201 1 ( 09.12.201 1)

[1] (Amended) A force sensor correcting nethod in a robot system
whi ch includes a pair of robots each having an arm and an end
effector provided at the end of the armvia a force sensor,
the nethod conprising:
an abutting step of imaging the pair of robots to perform
position correction of the pair of robots and making the end
effectors of the pair of robots abut on each other;

a neasurenment step of obtaining a first detected signal of the
force sensor of one robot and a second detected signal of the
force sensor of the other robot, generated by execution of the
abutting step; and

acorrection step of updati ng conversi on data of the other robot,
whi ch converts the second detected signal, outputted by the
force sensor of the other robot, into avalue indicating a force
or a monent such that the second detected signal is converted
into an identical value toavalue indicating aforce or anonent
based on the first detected signal of the force sensor of the
one robot .

[2] The force sensor correcting nethod according to claim 1,
wherein in the abutting step, the end effectors of the pair of
robots are made to abut on each other in plane-symetrical

postures .
[3] (Cancel ed)
[ 4] The force sensor correct i ng nethod according toclaim1l, wherein

Concavo-convex wunits that can be fitted into each other are
formed in the respective end effectors, and

in the abutting step, positioning is performed wth the
concavo-convex units of the respective end effectors being
fitted into each other.

AMENDED SHEET (ARTICLE 19)
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Statement under Article 19(1)

Claim 1isamended to recite more specifically the abutting
step.

Claims 2 and 4 are unchanged.

Claim 3 have been canceled.
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