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(57) ABSTRACT

In an electric driver configured such that a driver bit is
coupled to a drive output shaft of an electric motor via a
clutch mechanism to perform screw tightening operations,
an automatic screw tightening control method and a device
are provided such that an appropriate screw tightened state
in a screw tightening operation can be confirmed and
determined, simply and reliably. In a screw tightening
operation by an electric driver, at start of a predetermined
screw tightening operation, a rotation amount of an electric
motor at a clutch operation time by a clutch mechanism is
detected, this rotation amount is set to be a target rotation
amount and in the subsequent screw tightening operations,
a rotation amount of the electric motor at the clutch opera-
tion time is detected and compared with the target rotation
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(2006.01) amount, respectively, so that acceptability of the respective
(2006.01) screw tightened states is determined.
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FIG.2
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AUTOMATIC SCREW TIGHTENING
CONTROL METHOD AND DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S.
application Ser. No. 14/434,064 filed Apr. 7, 2015, which is
a U.S. National Stage Application of PCT/JP2013/075856
filed Sep. 25, 2013, which claims priority to and the benefit
of Japanese Application No. 2013-013207 filed Jan. 28,
2013 and Japanese Application No. 2012-0236697 filed Oct.
26, 2012, the contents of each of which are incorporated by
reference herein in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to an automatic screw
tightening control method and a device in which in an
electric driver configured such that a driver bit is coupled to
a drive output shaft of an electric motor via a clutch
mechanism to perform screw tightening operations, setting
is performed such that an appropriate screw tightened state
and various inappropriate screw tightened states in the screw
tightening operations can be easily and reliably confirmed
and determined.

BACKGROUND ART

[0003] Conventionally, a screw tightening device pro-
vided with various functions which can appropriately,
smoothly and rapidly achieve the screw tightening operation
is proposed and put into practice as a screw tightening
device for performing the screw tightening operation by
rotating/driving a driver bit by driving means such as an
electric motor and the like.

[0004] For example, in the electric driver configured such
that the driver bit is coupled to a drive output shaft of the
electric motor via a clutch mechanism to perform screw
tightening operations, when a screw is to be tightened to a
screw hole provided in a required screw mounting target by
the screw tightening device, a predetermined screw tighten-
ing torque value is reached in a state in which the screw is
not completely screwed, and the clutch mechanism is oper-
ated so as to complete the screw tightening operation.
[0005] The applicant previously developed a screw tight-
ening device which can detect defective screw tightening
such as galling of the screw, screw lifting and the like with
respect to the screw hole appropriately and reliably at a low
cost by an easy and relatively simple configuration and filed
a patent application (see Patent Document 1).

[0006] That is, the screw tightening device described in
Patent Document 1 is configured such that, in a screw
tightening device configured such that a screw tightening
operation is performed by rotating/driving a rotary tool such
as a driver bit and the like by driving means such as an
electric motor and the like and a load torque generated in the
rotary tool is detected with completion of screw tightening
to a required screw mounting target, and when the load
torque reaches a torque value set in advance, rotation/driving
of the rotary tool is subjected to stop control, configured
such that (1) rotation amount detecting means is provided on
the rotary tool or driving means for detecting a rotation
amount based on a rotation number or rotation time asso-
ciated with rotation/driving of the rotary tool; and (2) at a
point of time when a tip end of a screw shaft of a screw in
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which a screw head part is fitted with a tip end part of the
rotary tool is positioned at and brought into contact with a
screw hole of the screw mounting target, a screw-tightening
reference time (t1) is set by screw-tightening reference time
setting means by pressing the rotary tool in an axial direc-
tion.

[0007] Then, it is configured such that (3) after the screw-
tightening reference time is set by the screw-tightening
reference time setting means, screw-tightening start time
(t2) is set by the screw-tightening start time setting means by
starting the driving means of the rotary tool; (4) screw-
tightening completion time (t3) when the screw positioned at
and brought into contact with the screw hole by rotation/
driving of the rotary tool is rotated, and the load torque
generated in the rotary tool reaches the torque value set in
advance is detected by screw-tightening completion time
detecting means; and (5) after the screw-tightening reference
time (t1) is set by the screw-tightening reference time setting
means, from the screw-tightening start time (t2) when the
driving means of the rotary tool is started by the screw-
tightening start time setting means to the screw-tightening
completion time (t3) detected by the screw-tightening
completion time detecting means, it is determined whether
or not a rotation amount of the rotary tool detected by the
rotation amount detecting means is within a permissible
range as compared with a reference value set in advance, and
acceptability of the screw tightening is determined by screw-
tightening acceptability determining means.

[0008] Moreover, in the screw tightening device described
in Patent Document 1, it is disclosed that, a screw-tightening
completion time detection signal when the clutch is operated
by a torque setting clutch mechanism provided at a shaft
coupling portion between a drive shaft of the driving means
for rotating/driving the rotary tool and the rotary tool when
a torque set value set in advance is reached is used or a
screw-tightening completion time detection signal when a
load current value set in advance is reached by, load current
detecting means for detecting a load current of the electric
motor for rotating/driving the rotary tool is used as the
screw-tightening completion-time detecting means, respec-
tively.

[0009] Moreover, the applicant developed a screw tight-
ening device provided with an automatic stop device which
can perform torque control by automatically stopping driv-
ing of the electric driver driving the rotary tool by detecting
a load current of the electric motor without providing the
above-described clutch mechanism in a prior art (see Patent
Document 2), which was granted a patent.

[0010] That is, the screw tightening device provided with
the automatic stop device described in Patent Document 2 is
configured such that, if the electric motor is rotated/driven in
a certain state, in the screw tightening operation, a load
current when the drive shaft of the electric motor is rotated/
driven becomes an overload current by a reaction force in
proportion with a screw tightening torque value imparted to
the drive shaft and thus, when the overload current in
proportion with the screw tightening torque value set in
advance reaches a required value, this state is detected, and
a power supply of the electric motor is shut off so as to
automatically stop the electric driver.
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PRIOR ART DOCUMENTS

Patent Documents

[0011] Patent Document 1: JP 2010-214564 A
[0012] Patent Document 2: JP 53-15240 B
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0013] As described above, in the screw tightening device

described in the above-described Patent Document 1, the
screw-tightening reference time (t1) is set, and it is deter-
mined whether or not the rotation amount of the rotary tool
detected by the rotation amount detecting means from the
screw-tightening start time (t2) to the screw-tightening
completion time (t3) is within the permissible range as
compared with the reference value set in advance so that
defective screw tightening such as galling of the screw,
screw lifting and the like with respect to the screw hole can
be detected appropriately and reliably at a low cost by an
easy and relatively simple configuration.

[0014] However, in the above-described screw tightening
device, in each of the screw tightening operations, the
screw-tightening reference time (t1) is set, and the rotation
amount of the rotary tool detected by the rotation amount
detecting means is detected from the screw-tightening start
time (t2) to the screw-tightening completion time (t3), and
thus, attention should be paid to a work of setting the
screw-tightening reference time (t1) at all times, and though
there is no particular problem with skilled workers, there can
be a case in which appropriate operation effects and opera-
tion efficiency which should have been exerted in the
above-described invention cannot be gained in the screw-
tightening operation by unskilled workers.

[0015] Thus, the inventor paid attention to a configuration
of an electric driver in which, in the electric driver employ-
ing a clutch mechanism proposed in various ways in the past
as described above, a rotation amount detecting means for
detecting a rotation amount of the electric motor is provided
in a control circuit of the electric motor for rotating/driving
a driver bit and in the screw tightening operation, the
rotation amount of the electric motor is set to be detected and
recorded, and a control portion is provided for detecting a
state in which the screw tightening is completed by a clutch
operation of the clutch mechanism and for sequentially
detecting or recording the rotation amount at this clutch
operation time from the screw-tightening start time of the
electric motor.

[0016] That is, in the present invention, at the start time
when the predetermined screw tightening operation is per-
formed by using the electric driver having the above-
described configuration, detection of the rotation amount of
the electric motor by the rotation amount detecting means is
started by performing an appropriate screw tightening opera-
tion (first session) in advance, then, the state in which the
screw tightening is completed is detected by the clutch
operation of the clutch mechanism, the rotation amount of
the electric motor from the screw-tightening start time at this
clutch operation time is detected/recorded, and this detected/
recorded rotation amount is set to be a target rotation
amount. Then, it was found that, in the subsequent prede-
termined screw tightening operations (second session and
after), the rotation amount from the start time of the screw
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tightening operation until when the screw tightening is
completed and the clutch operation time of the clutch
mechanism is reached is sequentially detected, the rotation
amount detected at the clutch operation time is compared
with the target rotation amount, and if the rotation amount
matches the target rotation amount (including a permissible
range), it is determined to be an appropriate screw tightened
state, while if the rotation amount does not match the target
rotation amount (including the permissible range), it can be
determined that the screw tightened state is defective or
abnormal easily and reliably.

[0017] If the rotation amount of the electric motor sequen-
tially detected until the clutch operation time in the respec-
tive predetermined screw tightening operations is compared
with the target rotation amount set in advance as above, it
can be so configured that the rotation amount of the electric
motor detected until the clutch operation time in the prede-
termined screw tightening operation is calculated so as to be
sequentially added from the set value of the target rotation
amount, and the final detected value of the rotation amount
is compared with the set value of the target rotation amount
(including the permissible range).

[0018] As an alternative, if the rotation amount of the
electric motor sequentially detected until the clutch opera-
tion time in the respective predetermined screw tightening
operations is compared with a first target rotation amount set
in advance as described above, it can be so configured that
the rotation amount of the electric motor detected until the
clutch operation time in the predetermined screw tightening
operation is calculated so as to be sequentially subtracted
from the set value of the first target rotation amount, a
second target rotation amount is set to finally become 0
(including the permissible range), and the detected value of
the rotation amount is compared with the set value of the
second target rotation amount (including the permissible
range).

[0019] In the present invention, in the electric driver
configured as above, it was found that load current detecting
means is provided and set for detecting/recording a load
current value in proportion with a screw tightening torque
value, and together with the rotation amount detecting
means for detecting/recording the rotation amount of the
electric motor, in the clutch operation of the clutch mecha-
nism, the rotation amount of the electric motor and the load
current value are detected and compared with the target
rotation amount (including the permissible range) set in
advance and also compared with a target load current value
(including the permissible range) set in advance, whereby
acceptability of the screw tightened state is determined, and
moreover, the load current value in the clutch operation is
detected so that the determination result can be set to be
displayed.

[0020] Moreover, in the present invention, it was found
that, without providing rotation amount detecting means for
detecting/recording the rotation amount of the electric
motor, the load current detecting means is provided and set
s0 as to detect/record a load current value in proportion with
a screw tightening torque value, and in the clutch operation
of the clutch mechanism, acceptability of the screw tight-
ened state is determined by making comparison with a target
load current value (including the permissible range) set in
advance, and moreover, the load current value in the clutch
operation is detected so that the determination result can be
set to be displayed.
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[0021] Furthermore, in the present invention, it was found
that, in the predetermined screw tightening operation by the
electric driver, also by setting the rotation amount of the
electric motor at the clutch operation time by the clutch
mechanism associated with completion of screw tightening
from the screw-tightening start time scheduled by an
advance trial or the like based on a standard of a screw to be
used in advance to be a target rotation amount (including the
permissible range), in the predetermined screw tightening
operation, the rotation amount of the electric motor from the
screw-tightening start time to the clutch operation time by
the clutch mechanism associated with completion of the
screw tightening is sequentially detected by the rotation
amount detecting means, and the rotation amount detected at
the clutch operation time is compared with the target rotation
amount (including the permissible range) so that determi-
nation of acceptability of the screw tightened state can be
appropriately achieved.

[0022] In the above-described present invention, in the
electric driver, by providing a push-operation switch or an
encoder operated by displacement in an axial direction at
contact of the driver bit with the screw mounting target so
as to detect an operation signal of the push-operation switch
or encoder, it can be set to be the screw-tightening start time
when the screw tightening operation is performed.

[0023] As described above, by setting the screw-tighten-
ing start time when the screw tightening operation is per-
formed, the drive switch for driving the electric motor is
operated by a switch operating member and at the same
time, the rotation amount of the electric motor is detected by
the rotation amount detecting means when the rotation
amount of the electric motor detected by the rotation amount
detecting means is detected/recorded in the screw tightening
operation by the electric driver. As a result, if the driver bit
is made to idle until it is brought into contact with the screw
mounting target, for example, the rotation amount detected
at timing of this idling makes the rotation amount of the
electric motor while the screw tightening operation is actu-
ally performed inaccurate, and thus, by setting the screw-
tightening start time as above, the rotation amount of the
electric motor during the actual screw tightening operation
can be detected accurately.

[0024] Moreover, as described above, by detecting the
operation signal of the push-operation switch or encoder,
first, by bringing the driver bit to the screw mounting target
and by detecting the operation signal of the push-operation
switch or encoder at this time, the screw-tightening start
time when the screw tightening operation is performed is set,
and then, by operating the drive switch for driving the
electric motor by the switch operating member, the rotation
amount of the electric motor while the screw tightening
operation is actually performed until the screw is seated can
be accurately detected.

[0025] Therefore, according to the present invention, as
seen in a micrometer, in a precision screw, with improve-
ment of working accuracy relating to a pitch dimension of
the screw, in combination of improvement of detection
accuracy of the above-described screw rotation amount,
position setting with a relation between the screw rotation
amount and a movement distance of the screw shaft in screw
tightening corresponding to each other with high accuracy is
made possible, and as a result, the relation between a
position where the screw is appropriately seated with respect
to the mounting target in screw tightening and the rotation
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amount can be accurately set and confirmed, and sufficient
improvement of reliability of acceptability determination in
the screw tightening operation was confirmed.

[0026] Therefore, an object of the present invention is to
provide an automatic screw tightening control method and
device in which, in the electric driver configured such that
the driver bit is coupled to the drive output shaft of the
electric motor through the clutch mechanism to perform the
screw tightening operation, setting is performed such that
confirmation and determination can be made simply and
reliably for an appropriate screw tightened state and various
inappropriate screw tightened states in the screw tightening
operations.

Means for Solving the Problems

[0027] In order to achieve the above-described object, an
automatic screw tightening control method described in
claim 1 of the present invention is characterized in that:
[0028] an electric driver provided with an electric motor,
a drive switch for driving this electric motor, and a driver bit
coupled to a drive output shaft of the electric motor via a
reduction gear mechanism and a clutch mechanism and
provided with a switch operating member for operating the
drive switch, a clutch operation detection sensor for detect-
ing a clutch operation of the clutch mechanism, an electric
motor control circuit for executing driving and stop control
of the electric motor, and rotation amount detecting means
for detecting a rotation amount of the electric motor, respec-
tively, is used;

[0029] in a predetermined screw tightening operation by
the electric driver, the rotation amount of the electric motor
at clutch operation time by the clutch mechanism associated
with completion of the screw tightening from screw-tight-
ening start time in the first screw tightening operation is
detected/recorded by the rotation amount detecting means,
and the detected/recorded rotation amount is set to be a
target rotation amount (including a permissive range); and
[0030] in the subsequent predetermined screw tightening
operations, it is set that the rotation amount of the electric
motor from the screw-tightening start time until the clutch
operation time by the clutch mechanism associated with
completion of the screw tightening is sequentially detected
by the rotation amount detecting means and the rotation
amount detected at the clutch operation time is compared
with the target rotation amount (including the permissible
range), whereby acceptability of the screw tightened state is
determined.

[0031] An automatic screw tightening control method
described in claim 2 ofthe present invention is characterized
in that:

[0032] an electric driver provided with an electric motor,
a drive switch for driving this electric motor, and a driver bit
coupled to a drive output shaft of the electric motor via a
reduction gear mechanism and a clutch mechanism and
provided with a switch operating member for operating the
drive switch, a clutch operation detection sensor for detect-
ing a clutch operation of the clutch mechanism, an electric
motor control circuit for executing driving and stop control
of the electric motor, a rotation amount detecting means for
detecting a rotation amount of the electric motor, and load
current detecting means for detecting a load current obtained
in the electric motor on the basis of a load torque (reaction
force) imparted to the driver bit in the electric motor control
circuit, respectively, is used;
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[0033] in a predetermined screw tightening operation by
the electric driver, the rotation amount of the electric motor
at clutch operation time by the clutch mechanism associated
with completion of the screw tightening from screw-tight-
ening start time in the first screw tightening operation is
detected/recorded by the rotation amount detecting means,
and the detected/recorded rotation amount is set to be a
target rotation amount (including a permissive range), a load
current value in proportion with a screw tightening torque
value of the electric motor detected by the load current
detecting means is detected/recorded, and this detected/
recorded load current value is set to be a target load current
value (including the permissive range); and

[0034] in the subsequent predetermined screw tightening
operations, it is set that the rotation amount of the electric
motor from the screw-tightening start time until the clutch
operation time by the clutch mechanism associated with
completion of the screw tightening is sequentially detected
by the rotation amount detecting means and the rotation
amount detected at the clutch operation time is compared
with the target rotation amount (including the permissible
range), and a load current value from the screw-tightening
start time to the clutch operation time by the clutch mecha-
nism associated with completion of the screw tightening is
sequentially detected by the load current detecting means,
and the load current value detected at the clutch operation
time is also compared with the target load current value
(including the permissible range) whereby acceptability of
the screw tightened state is determined.

[0035] An automatic screw tightening control method
described in claim 3 ofthe present invention is characterized
in that:

[0036] an electric driver provided with an electric motor,
a drive switch for driving this electric motor, and a driver bit
coupled to a drive output shaft of the electric motor via a
reduction gear mechanism and a clutch mechanism and
provided with a switch operating member for operating the
drive switch, a clutch operation detection sensor for detect-
ing a clutch operation of the clutch mechanism, an electric
motor control circuit for executing driving and stop control
of the electric motor, and load current detecting means for
detecting a load current obtained in the electric motor on the
basis of a load torque (reaction force) imparted to the driver
bit in the electric motor control circuit, respectively, is used;
[0037] in a screw tightening operation by the electric
driver, a load current value in proportion with the screw
tightening torque value of the electric motor at clutch
operation time by the clutch mechanism associated with
completion of the screw tightening from screw-tightening
start time in the first screw tightening operation is detected/
recorded by the load current detecting means, and this
detected/recorded load current value is set to be a target load
current value (including the permissive range); and

[0038] in the subsequent predetermined screw tightening
operations, it is set that the load current value in proportion
with the torque value of the screw-tightening electric motor
from the screw-tightening start time until the clutch opera-
tion time by the clutch mechanism associated with comple-
tion of the screw tightening is sequentially detected by the
load current detecting means and the load current value
detected at the clutch operation time is compared with the
target load current value (including the permissible range),
whereby acceptability of the screw tightened state is deter-
mined.
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[0039] An automatic screw tightening control method
described in claim 4 of the present invention is characterized
in that:

[0040] an electric driver provided with an electric motor,
a drive switch for driving this electric motor, and a driver bit
coupled to a drive output shaft of the electric motor via a
reduction gear mechanism and a clutch mechanism and
provided with a switch operating member for operating the
drive switch, a clutch operation detection sensor for detect-
ing a clutch operation of the clutch mechanism, an electric
motor control circuit for executing driving and stop control
of the electric motor, and rotation amount detecting means
for detecting a rotation amount of the electric motor, respec-
tively, is used;

[0041] in a predetermined screw tightening operation by
the electric driver, the rotation amount of the electric motor
at the clutch operation time by the clutch mechanism asso-
ciated with completion of the screw tightening from screw-
tightening start time scheduled on the basis of a standard of
the screw to be used in advance is set to be a target rotation
amount (including the permissible range); and

[0042] in the predetermined screw tightening operation, it
is set that he rotation amount of the electric motor from the
screw-tightening start time until the clutch operation time by
the clutch mechanism associated with completion of the
screw tightening is sequentially detected by the rotation
amount detecting means and the rotation amount detected at
the clutch operation time is compared with the target rotation
amount (including the permissible range), whereby accept-
ability of the screw tightened state is determined.

[0043] An automatic screw tightening control method
described in claim 5 of the present invention is characterized
in that:

[0044] in a predetermined screw tightening operation,
when a rotation amount of the electric motor sequentially
detected from the screw-tightening start time to the clutch
operation time is compared with the target rotation amount
(including the permissible range), it is so configured that the
rotation amount of the electric motor detected until the
clutch operation time in the predetermined screw tightening
operation is calculated so as to be sequentially added from
the set value of the target rotation amount, and the final
detected value of the rotation amount is compared with the
set value of the target rotation amount (including the per-
missible range).

[0045] An automatic screw tightening control method
described in claim 6 of the present invention is characterized
in that:

[0046] in a predetermined screw tightening operation,
when a rotation amount of the electric motor sequentially
detected from the screw-tightening start time to the clutch
operation time is compared with the first target rotation
amount (including the permissible range), it is so configured
that

[0047] the rotation amount of the electric motor detected
until the clutch operation time in the predetermined screw
tightening operation is calculated so as to be sequentially
subtracted from a set value of the first target rotation amount,
a second target rotation amount is set to finally become 0
(including the permissible range), and the final detected
value of the rotation amount is compared with the set value
of the second target rotation amount (including the permis-
sible range).
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[0048] An automatic screw tightening control method
described in claim 7 of the present invention is characterized
in that:

[0049] in the electric driver, a push-operation switch or an
encoder operated by displacement in an axial direction at
contact of the driver bit with a screw mounting target is
provided, the screw-tightening start time when the screw
tightening operation is performed is set by an operation
signal of the push-operation switch or encoder.

[0050] An automatic screw tightening control method
described in claim 8 of the present invention is characterized
in that:

[0051] if the rotation amount of the electric motor detected
at the clutch operation time matches the target rotation
amount (including the permissible range) set in advance,
and/or if the load current detected value detected at the
clutch operation time matches the target load current value
(including the permissible range) set in advance, the screw
tightened state is set to be determined to be appropriate.
[0052] An automatic screw tightening control method
described in claim 9 of the present invention is characterized
in that:

[0053] if the rotation amount of the electric motor at the
clutch operation time or non-operation time does not match
the target rotation amount (including the permissible range)
set in advance, and/or if the load current detected value at the
clutch operation time does not match the target load current
value (including the permissible range) set in advance, the
screw tightened state is set to be determined to be defective.
[0054] An automatic screw tightening control method
described in claim 10 of the present invention is character-
ized in that:

[0055] if the rotation amount of the electric motor detected
at the clutch operation time and/or the load current detected
value detected at the clutch operation time matches the target
rotation amount (including the permissible range) and/or the
target load current value (including the permissible range),
respectively, the number of the screws and/or a length
dimension of the screw determined that the screw tightened
state is appropriate is set to be detected/recorded.

[0056] An automatic screw tightening control method
described in claim 11 of the present invention is character-
ized in that:

[0057] if the screw tightened state detected at the clutch
operation time is determined to be appropriate or defective,
the respective states are set to be distinguished and displayed
on a display.

[0058] An automatic screw tightening control method
described in claim 12 of the present invention is character-
ized in that:

[0059] an electric drivers provided with an electric motor,
a drive switch for driving this electric motor, and a driver bit
coupled to a drive output shaft of the electric motor via a
reduction gear mechanism and a clutch mechanism and
provided with a switch operating member for operating the
drive switch, a clutch operation detection sensor for detect-
ing a clutch operation of the clutch mechanism, an electric
motor control circuit for executing driving and stop control
of the electric motor, rotation amount detecting means for
detecting a rotation amount of the electric motor, and load
current detecting means for detecting a load current obtained
in the electric motor on the basis of a load torque (reaction
force) imparted to the driver bit in the electric motor control
circuit, respectively, is used;
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[0060] in a predetermined screw tightening operation by
the electric driver, at the clutch operation time by the clutch
mechanism associated with completion of the screw tight-
ening from the screw-tightening start time and/or when the
load current value detected by the load current detecting
means reaches the target load current value associated with
completion of the screw tightening set in advance, a rotation
amount of the electric motor sequentially detected by the
rotation amount detecting means is detected, and the target
load current value (including the permissible range) associ-
ated with completion of the screw tightening and a target
rotation amount (including the permissible range) set in
advance as a rotation amount of the electric motor are
compared, whereby acceptability of the screw tightened
state is set to be determined.

[0061] An automatic screw tightening control device
described in claim 13 of the present invention is character-
ized in that:

[0062] an electric driver provided with an electric motor,
a drive switch for driving this electric motor, and a driver bit
coupled to a drive output shaft of the electric motor via a
reduction gear mechanism and a clutch mechanism and
provided with a switch operating member for operating the
drive switch, a clutch operation detection sensor for detect-
ing a clutch operation of the clutch mechanism, an electric
motor control circuit for executing driving and stop control
of the electric motor, and rotation amount detecting means
for detecting a rotation amount of the electric motor, respec-
tively, is used;

[0063] a control portion is provided which is set such that,
in a predetermined screw tightening operation by the electric
driver, a rotation amount of the electric motor at clutch
operation time by the clutch mechanism associated with
completion of the screw tightening from screw-tightening
start time in the first screw tightening operation is detected/
recorded by the rotation amount detecting means, and the
detected/recorded rotation amount is set to be a target
rotation amount (including a permissive range); and
[0064] in the subsequent predetermined screw tightening
operations, the rotation amount of the electric motor from
the screw-tightening start time until the clutch operation
time by the clutch mechanism associated with completion of
the screw tightening is sequentially detected by the rotation
amount detecting means and the rotation amount detected at
the clutch operation time is compared with the target rotation
amount (including the permissible range), whereby accept-
ability of the screw tightened state is determined.

[0065] An automatic screw tightening control device
described in claim 14 of the present invention is character-
ized in that:

[0066] an electric driver provided with an electric motor,
a drive switch for driving this electric motor, and a driver bit
coupled to a drive output shaft of the electric motor via a
reduction gear mechanism and a clutch mechanism and
provided with a switch operating member for operating the
drive switch, a clutch operation detection sensor for detect-
ing a clutch operation of the clutch mechanism, an electric
motor control circuit for executing driving and stop control
of the electric motor, rotation amount detecting means for
detecting a rotation amount of the electric motor, and load
current detecting means for detecting a load current obtained
in the electric motor on the basis of a load torque (reaction
force) imparted to the driver bit in the electric motor control
circuit, respectively, is provided;
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[0067] a control portion is provided which is set such that,
in a predetermined screw tightening operation by the electric
driver, the rotation amount of the electric motor at clutch
operation time by the clutch mechanism associated with
completion of the screw tightening from screw-tightening
start time in the first screw tightening operation is detected/
recorded by the rotation amount detecting means, and this
detected/recorded rotation amount is set to be a target
rotation amount (including a permissive range), a load
current value in proportion with a screw tightening torque
value of the electric motor detected by the load current
detecting means is detected/recorded, and this detected/
recorded load current value is set to be a target load current
value (including the permissive range); and

[0068] in the subsequent predetermined screw tightening
operations, the rotation amount of the electric motor from
the screw-tightening start time until the clutch operation
time by the clutch mechanism associated with completion of
the screw tightening is sequentially detected by the rotation
amount detecting means and the rotation amount detected at
the clutch operation time is compared with the target rotation
amount (including the permissible range) and the load
current value from the screw-tightening start time to the
clutch operation time by the clutch mechanism associated
with completion of the screw tightening is sequentially
detected by the load current detecting means, and the load
current value detected at the clutch operation time is also
compared with the target load current value (including the
permissible range) whereby acceptability of the screw tight-
ened state is determined.

[0069] An automatic screw tightening control device
described in claim 15 of the present invention is character-
ized in that:

[0070] an electric driver provided with an electric motor,
a drive switch for driving this electric motor, and a driver bit
coupled to a drive output shaft of the electric motor via a
reduction gear mechanism and a clutch mechanism and
provided with a switch operating member for operating the
drive switch, a clutch operation detection sensor for detect-
ing a clutch operation of the clutch mechanism, an electric
motor control circuit for executing driving and stop control
of the electric motor, and load current detecting means for
detecting a load current obtained in the electric motor on the
basis of a load torque (reaction force) imparted to the driver
bit in the electric motor control circuit, respectively, is
provided;

[0071] a control portion is provided which is set such that,
in a screw tightening operation by the electric driver, a load
current value in proportion with the screw tightening torque
value of the electric motor at clutch operation time by the
clutch mechanism associated with completion of the screw
tightening from screw-tightening start time in the first screw
tightening operation is detected/recorded by the load current
detecting means, and this detected/recorded load current
value is set to be a target load current value (including the
permissive range); and

[0072] in the subsequent predetermined screw tightening
operations, the load current value in proportion with the
torque value of the screw-tightening electric motor from the
screw-tightening start time until the clutch operation time by
the clutch mechanism associated with completion of the
screw tightening is sequentially detected by the load current
detecting means and the load current value detected at the
clutch operation time is compared with the target load
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current value (including the permissible range), whereby
acceptability of the screw tightened state is determined.

[0073] An automatic screw tightening control device
described in claim 16 of the present invention is character-
ized in that:

[0074] an electric driver provided with an electric motor,
a drive switch for driving this electric motor, and a driver bit
coupled to a drive output shaft of the electric motor via a
reduction gear mechanism and a clutch mechanism and
provided with a switch operating member for operating the
drive switch, a clutch operation detection sensor for detect-
ing a clutch operation of the clutch mechanism, an electric
motor control circuit for executing driving and stop control
of the electric motor, and rotation amount detecting means
for detecting a rotation amount of the electric motor, respec-
tively, is provided;

[0075] a control portion is provided which is set such that,
in a predetermined screw tightening operation by the electric
driver, the rotation amount of the electric motor at the clutch
operation time by the clutch mechanism associated with
completion of the screw tightening from screw-tightening
start time scheduled on the basis of a standard of the screw
to be used in advance is set to be a target rotation amount
(including the permissible range); and

[0076] in the predetermined screw tightening operation,
the rotation amount of the electric motor from the screw-
tightening start time until the clutch operation time by the
clutch mechanism associated with completion of the screw
tightening is sequentially detected by the rotation amount
detecting means and the rotation amount detected at the
clutch operation time is compared with the target rotation
amount (including the permissible range), whereby accept-
ability of the screw tightened state is determined.

[0077] An automatic screw tightening control device
described in claim 17 of the present invention is character-
ized in that:

[0078] in the electric driver, a push-operation switch or an
encoder operated by displacement in an axial direction at
contact of the driver bit with a screw mounting target is
provided, and the screw-tightening start time when the
screw tightening operation is performed is configured to be
set by an operation signal of the push-operation switch or
encoder.

[0079] An automatic screw tightening control device
described in claim 18 of the present invention is character-
ized in that:

[0080] in the control portion, it is so configured that if the
rotation amount of the electric motor detected at the clutch
operation time and/or the load current detected value
detected at the clutch operation time matches the target
rotation amount (including the permissible range) and/or the
target load current value (including the permissible range),
respectively, the number of the screws and/or a length
dimension of the screw determined that the screw tightened
state is appropriate is detected/recorded.

[0081] An automatic screw tightening control device
described in claim 19 of the present invention is character-
ized in that:

[0082] a display for displaying a determination result of
acceptability of the screw tightened state obtained in the
control portion in the respective states is provided.
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Effect of the Invention

[0083] According to the automatic screw tightening con-
trol method and the device described in claims 1 and 13 of
the present invention, when the clutch operation by the
clutch mechanism is detected by the clutch operation detec-
tion sensor by using the electric driver constituted by
coupling the driver bit to the drive output shaft of the electric
motor via the clutch mechanism to perform a screw tight-
ening operation, by configuring such that a rotation amount
based on a rotation amount detection signal obtained by the
rotation amount detecting means of the electric motor is
detected, the target rotation amount (including the permis-
sible range) is set, and by making comparison with the target
rotation amount (including the permissible range) set in the
subsequent screw tightening operations, acceptability of the
screw tightened state can be determined easily and simply,
and an appropriate screw tightened state in the screw tight-
ening operation can be confirmed and determined reliably.
Therefore, according to the present invention, even unskilled
workers of the screw tightening operation can achieve easy
and accurate screw tightening operation.

[0084] According to the automatic screw tightening con-
trol method and the device described in claims 2 and 14 of
the present invention, in the above-described configuration
of'the electric driver, when the clutch operation by the clutch
mechanism is detected by the clutch operation detection
sensor, by configuring a load current value based on a load
current detection signal obtained by the load current detect-
ing means in the electric motor control circuit to be detected,
a target load current value (including the permissible range)
is set in addition to the target rotation amount (including the
permissible range) set in advance, respectively, and by
making comparison with the target rotation amount (includ-
ing the permissible range) and the target load current value
(including the permissible range), respectively, acceptability
of the screw tightened state can be determined easily and
simply similarly to the above, and an appropriate screw
tightened state in the screw tightening operation can be
confirmed and determined reliably.

[0085] According to the automatic screw tightening con-
trol method and the device described in claims 3 and 15 of
the present invention, in the above-described configuration
of'the electric driver, when the clutch operation by the clutch
mechanism is detected by the clutch operation detection
sensor instead of the rotation amount detecting means for
detecting the rotation amount of the electric motor, by
configuring such that a load current value based on a load
current detection signal obtained by the load current detect-
ing means in the electric motor control circuit is detected, a
target load current value (including the permissible range) is
set, and by making comparison with the target load current
value (including the permissible range) set in the subsequent
screw tightening operations, acceptability of the screw tight-
ened state can be determined easily and simply similarly to
the above, and an appropriate screw tightened state in the
screw tightening operation can be confirmed and determined
reliably.

[0086] According to the automatic screw tightening con-
trol method and the device described in claims 4 and 16 of
the present invention, similarly to the automatic screw
tightening control method and the device described in the
above-described claims 1 and 12, when the clutch operation
by the clutch mechanism is detected by the clutch operation
detection sensor by using the electric driver constituted by
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coupling the driver bit to the drive output shaft of the electric
motor via the clutch mechanism to perform a screw tight-
ening operation, by configuring such that a rotation amount
based on a rotation amount detection signal obtained by the
rotation amount detecting means of the electric motor is
detected, the target rotation amount (including the permis-
sible range) is set, and by making comparison with the target
rotation amount (including the permissible range) set in the
subsequent screw tightening operations, acceptability of the
screw tightened state can be determined easily and simply,
and an appropriate screw tightened state in the screw tight-
ening operation can be confirmed and determined reliably.
Therefore, according to the present invention, even unskilled
workers of the screw tightening operation can achieve easy
and accurate screw tightening operation.

[0087] According to the automatic screw tightening con-
trol method and the device described in any one of claims 5,
6, 7, and 17 of the present invention, the rotation amount of
the electric motor during the screw tightening operation is
actually performed can be detected accurately, whereby
detection of various abnormal states of screw tightening can
be facilitated, and an appropriate screw tightened state in the
screw tightening operation can be confirmed and determined
reliably. In this way, according to the present invention,
integration of data or image processing relating to control
detected in a clutch-type electric driver in use can be
achieved smoothly and easily, whereby a control data pro-
cessing function as the electric driver can be improved.

[0088] According to the automatic screw tightening con-
trol method described in claim 8 of the present invention, by
determining a matching state with the target load current
value (including the permissible range) set in advance, if an
operator unintentionally mis-operates an adjustment mecha-
nism capable of external operation of torque setting for
operating the clutch mechanism, for example, the target load
current value is mis-set, and the detected value of the load
current value in the electric motor at the clutch operation
time does not match the target load current value (including
the permissible range) in initial setting, whereby it can be
easily determined to be defective screw tightening. There-
fore, in this case, by reconfirming and resetting the torque
setting of the mis-operated clutch mechanism, the subse-
quent appropriate screw tightening operation can be easily
realized, and occurrence of a defect rate in the screw
tightening operation can be reduced.

[0089] According to the automatic screw tightening con-
trol method described in claim 9 of the present invention,
together with the acceptability determination of the screw
tightened state described, respectively, if the rotation amount
of the electric motor is smaller than the target rotation
amount (including the permissible range), for example, it is
determined to be an abnormal state such as galling of a
screw, screw lifting, unmatched selected screw dimension
and the like, while if the rotation amount of the electric
motor is larger than the target rotation amount (including the
permissible range), it can be determined to be an abnormal
state such as loss of the screw grip, abrasion of a prepared
hole, come-out of the screw, bit damage, unmatched selected
screw dimension and the like, and determination of defec-
tive screw tightening can be easily made, respectively.
Therefore, according to the present invention, together with
above-described reduction of the defect rate in the screw
tightening operation, detection and continuation of human
and physical operation errors can be also made easily.
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[0090] According to the automatic screw tightening con-
trol method and the device described in claims 10 and 18 of
the present invention, since the acceptability determination
of the screw tightened state can be made extremely easily
and accurately as described above, the number of screws
particularly determined that the screw tightened state is
appropriate can be reliably recorded in the control portion
distinctively from the number of screws determined to be
abnormal or defective, and by confirming or displaying the
numbers of the screws recorded as above, efficiency of the
screw tightening operation and its reliability can be
improved. Moreover, similarly to the above, the length
dimension of the screw used for the screw tightening can be
recorded in the control portion accurately, and moreover, the
recorded contents can be displayed on the basis of the
rotation amount detected at the clutch operation time when
the screw tightened state is determined to be appropriate.
[0091] According to the automatic screw tightening con-
trol method and the device described in claims 11 and 19 of
the present invention, by displaying the above-described
acceptability determination of the screw tightened state on
the display, appropriate screw tightening operations and
improvement of efficiency can be realized, and enlargement
of the function as the electric driver can be achieved.
[0092] According to the automatic screw tightening con-
trol method described in claim 12 of the present invention,
if the clutch operation of the clutch mechanism is detected
by the clutch operation detection sensor in the above-
described configuration of the electric driver and/or if the
time when the target load current value is reached, associ-
ated with completion of screw tightening set in advance, is
detected by the load current detecting means, by detecting
the rotation amount of the electric motor sequentially
detected by the rotation amount detecting means and by
comparing the target load current value (including the per-
missible range) associated with completion of the screw
tightening and the target rotation amount (including the
permissible range) set in advance as the rotation amount of
the electric motor, acceptability of the screw tightened state
can be easily and simply determined similarly to the above,
and the appropriate screw tightened state in the screw
tightening operation can be confirmed and determined reli-
ably.

BRIEF DESCRIPTION OF THE DRAWINGS

[0093] FIG. 1 is an explanatory diagram illustrating a
schematic configuration illustrating an embodiment of a
device performing an automatic screw tightening control
method according to the present invention and its control
system.

[0094] FIG. 2 is a flowchart illustrating a screw tightening
control program by a first control method for making
acceptability determination of screw tightening by an auto-
matic screw tightening control device illustrated in FIG. 1.
[0095] FIG. 3 is a flowchart illustrating a screw tightening
control program by a second control method for making
acceptability determination of screw tightening by the auto-
matic screw tightening control device illustrated in FIG. 1.
[0096] FIG. 4 is a flowchart illustrating a screw tightening
control program by a third control method for making
acceptability determination of screw tightening by the auto-
matic screw tightening control device illustrated in FIG. 1.
[0097] FIG. 5 is an explanatory diagram illustrating an
appropriate screw tightened state when a target rotation
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amount is set to Rmza in a relation of screw tightening
acceptability determination by detected value characteristics
of a rotation amount in an electric motor at clutch operation
time by the automatic screw tightening control method
according to the present invention illustrated in FIGS. 2 and
3.

[0098] FIG. 6 is an explanatory diagram illustrating the
appropriate screw tightened state when the target rotation
amount is set to Oxc in the relation of screw tightening
acceptability determination by detected value characteristics
of the rotation amount in the electric motor at clutch
operation time by the automatic screw tightening control
method according to the present invention illustrated in
FIGS. 2 and 3.

[0099] FIGS. 7A and 7B are explanatory diagrams illus-
trating the relation of screw tightening acceptability deter-
mination similar to the case illustrated in FIG. 5, in which
FIG. 7A is an explanatory diagram illustrating a defective
screw tightened state when the rotation amount is smaller
than the target rotation amount Rmz=a (including a permis-
sible range); and FIG. 7B is an explanatory diagram illus-
trating a defective screw tightened state when the rotation
amount is larger than the target rotation amount Rmza
(including the permissible range).

[0100] FIGS. 8A and 8B are explanatory diagrams illus-
trating the relation of screw tightening acceptability deter-
mination similar to the case illustrated in FIG. 6, in which
FIG. 8A is an explanatory diagram illustrating a defective
screw tightened state when the rotation amount is larger than
the target rotation amount Oxa (including the permissible
range); and FIG. 8B is an explanatory diagram illustrating a
defective screw tightened state when the rotation amount is
smaller than the target rotation amount Oxc (including the
permissible range).

[0101] FIG. 9 is an explanatory diagram illustrating an
appropriate screw tightened state in the relation of screw
tightening acceptability determination by detected value
characteristics of a load current value in the electric motor
at the clutch operation time by the automatic screw tight-
ening control method according to the present invention
illustrated in FIGS. 3 and 4.

[0102] FIG. 10 is an explanatory diagram illustrating a
defective screw tightened state of the load current value in
the relation of screw tightening acceptability determination
similar to the case illustrated in FIG. 9.

[0103] FIG. 11 is an explanatory diagram illustrating a
schematic configuration illustrating another embodiment of
a device for performing the screw tightening control method
according to the present invention and its control system.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

[0104] Subsequently, an embodiment of an automatic
screw tightening control method according to the present
invention will be described below in detail by referring to
the attached drawings in a relation with a device for per-
forming this method.

[0105] [Configuration of Automatic Screw Tightening
Control Device (1)]

[0106] FIG. 1 is a schematic configuration explanatory
diagram illustrating an embodiment of a device for perform-
ing the automatic screw tightening control method according
to the present invention. That is, in FIG. 1, reference
numeral 10 denotes an electric driver, and in a gripping
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portion of this electric driver 10, an electric motor 12, a drive
switch 13 for driving this electric motor 12, a reduction gear
mechanism 16 and a clutch mechanism 18 coupled to a drive
output shaft (not shown) of the electric motor 12 are
incorporated, respectively, and the electric driver is config-
ured to have a driver bit 20 coupled through the clutch
mechanism 18.

[0107] Inthe electric driver 10, a switch operating member
14 for operating the drive switch 13 of the electric motor 12,
an electric motor control circuit 22 for executing drive
control and stop control of the electric motor 12, and a clutch
operation detection sensor 28 for detecting a clutch opera-
tion of the clutch mechanism 18 are provided, respectively.
In the electric motor control circuit 22, rotation amount
detecting means 24 for detecting a rotation amount of the
electric motor 12 is provided. Moreover, load current detect-
ing means 26 for detecting a load current obtained in the
electric motor 12 on the basis of a load torque (reaction
force) imparted to the driver bit 20 is provided as appropri-
ate.

[0108] In the electric driver 10 in this embodiment, a
brushless motor can be suitably used as the electric motor
12. Moreover, as the switch operating member 14 for
operating the drive switch 13 in order to drive the electric
motor 12, it can be constituted as a known lever member
provided in an outer periphery of the gripping portion of the
electric driver 10, for example.

[0109] Moreover in this embodiment, the rotation amount
detecting means 24 for detecting a rotation amount of the
electric motor 12 can be provided as means for counting a
pulse generated when a magnetic pole is detected on a Hall
element for detecting the magnetic pole of a rotor in the
brushless motor. In this case, the number of counts of the
pulses detected by the rotation amount detecting means 24
can be detected/recorded as a rotation amount correlating a
screw tightening rotation amount in a screw tightening
operation involved in rotation of the driver bit 20.

[0110] Moreover, the load current detecting means 26 for
detecting a load current of the electric motor 12 can be
provided as means for detecting a load current in a power
supply circuit of the electric motor 12. In this case, a
detected load current value of the electric motor 12 can be
detected/recorded as a load current value correlating a screw
tightening torque value in the screw tightening operation
involved in the rotation of the driver bit 20.

[0111] As the clutch mechanism 18, it is configured such
that a clutch plate is mounted on an output shaft of the
reduction gear mechanism 16, for example, and a clutch ball
is elastically engaged in an axial direction with this clutch
plate, and in the screw tightening operation, when a load
torque (reaction force) of a certain level or more is applied
to the output shaft via the driver bit 20, the clutch plate rides
over the clutch ball, and transmission of a rotation driving
force to a bit holder for engaging and holding the driver bit
20 is shut off so that the screw can be tightened by a torque
set in advance. In this case, when the clutch ball is elastically
engaged with the clutch plate, a screw tightening torque can
be set by adjusting the elasticity as appropriate.

[0112] As the clutch operation detection sensor 28 for
detecting the clutch operation of the clutch mechanism 18,
known means such as a limit switch operated by displace-
ment of the clutch plate at the clutch operation time, a
magnetic sensor for detecting rotation of an internal gear
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constituting the reduction gear mechanism 16 idling at the
clutch operation time and the like can be used for constitu-
tion.

[0113] Thus, in this embodiment, a control portion 30 is
provided, and it is configured such that, in a CPU 32, when
the screw tightening operation is started, a drive switch
operation signal S13 obtained by an operation of the drive
switch 13 operated by the switch operating member 14 is
inputted into the electric motor control circuit 22 provided in
the electric motor 12 in the electric driver 10, and on the
basis of'this drive switch operation signal S13, a motor drive
control signal S22a is outputted and inputted into the electric
motor control circuit 22 so as to execute drive control of the
electric motor 12.

[0114] When a required screw tightening operation is to be
performed by driving of the electric motor 12, in the CPU
32, at drive start time t0 of the electric motor 12 associated
with start of the screw tightening operation, it is set that a
rotation amount Rt of the electric motor 12 is detected/
recorded on the basis of a rotation amount detection signal
S24 detected by the rotation amount detecting means 24.
[0115] Moreover, similarly to the above, at the drive start
time t0 of the electric motor 12 associated with start of the
screw tightening operation, it is set that a load current value
It in proportion with a screw tightening torque value is
detected/recorded on the basis of a load current detection
signal S26 detected by the load current detecting means 26.
[0116] Then, in the CPU 32, at clutch operation time t1
obtained on the basis of a clutch operation detection signal
S28 detected by the clutch operation detection sensor 28 at
the clutch operation time of the clutch mechanism 18, it is
set that a rotation amount of the electric motor 12 is detected,
and setting of a target rotation amount Rmzca (xa is a
permissible range) which will be described later and a
rotation amount Rtl to be compared with this target rotation
amount Rmz=a. are detected/recorded, respectively.

[0117] Moreover, similarly to the above, it is set that at the
clutch operation time t1 obtained on the basis of a clutch
operation detection signal S28 detected by the clutch opera-
tion detection sensor 28 at the clutch operation time of the
clutch mechanism 18, a load current value in proportion with
the screw tightening torque value is detected, and setting of
a target load current value Im=f (+f is a permissible range)
which will be described later and the load current value It1
to be compared with this target load current value Im+f3 are
detected/recorded, respectively.

[0118] Moreover, as described above, when the clutch
operation is detected by the clutch operation detection
sensor 28, it is configured such that a motor stop control
signal S225 is outputted and inputted into the electric motor
control circuit 22 via the CPU 32 so as to execute stop
control of the electric motor 12.

[0119] Moreover, in this embodiment, as described above,
in the CPU 32 of the control portion 30, if acceptability of
the screw tightened state is determined by comparing the
rotation amount Rt1 detected at the clutch operation time t1
with the target rotation amount Rmz+a set in advance, and/or
if acceptability of the screw tightened state is determined by
comparing the current load value It1 detected at the clutch
operation time t1 with the target load current value Im=f3 set
in advance, it is configured such that the respective deter-
mination contents are displayed on the display 40 as appro-
priate by either one of screw tightening determination sig-
nals S40 outputted from the CPU 32.
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[0120] Subsequently, as the automatic screw tightening
control method (1) to (3) by the automatic screw tightening
control device configured as above, the respective accept-
ability determination of the screw tightened state will be
described by referring to their control flowcharts (see FIGS.
2 to 4) and characteristics of the rotation amount and
characteristics of the load current value (see FIGS. 5 to 10)
of the electric motor 12 at the clutch operation time.
[0121] [Automatic Screw Tightening Control Method (1)]
[0122] In this control method (1), at start of the required
screw tightening operation, the drive switch 13 is operated
by operating the switch operating member 14, the motor
drive control signal S22a is inputted into the electric motor
control circuit 22 so as to execute drive control of the
electric motor 12, and drive of the electric driver 10 is started
(see FIGS. 1 and 2).

[0123] At start of the screw tightening operation involved
in drive of the electric driver 10 as above, the rotation
amount Rt of the electric motor 12 is set to be detected/
recorded with the electric motor drive start time t0 in the
CPU 32 on the basis of the rotation amount detection signal
S24 detected in advance by the rotation amount detecting
means 24 (STEP-1, STEP-2).

[0124] Thus, in this control method (1), in a predetermined
screw tightening operation by the electric driver 10, by
performing the predetermined screw tightening operation in
advance, the rotation amount Rm of the electric motor 12
from the screw-tightening start time t0 (STEP-1) to the
clutch operation time t1 by the clutch mechanism 18 asso-
ciated with completion of the screw tightening is detected by
the rotation amount detecting means 24 (STEP-2) and
recorded in the CPU 32 of the controller 30 and set in the
CPU 32 as the target rotation amount Rmza (xo is the
permissible range) (STEP-3).

[0125] Then, in the subsequent predetermined screw tight-
ening operations (second session and after), it is set that the
rotation amount Rt of the electric motor 12 from the screw-
tightening start time t0 (STEP-4) to the clutch operation time
t1 by the clutch mechanism 18 associated with completion
of the screw tightening is sequentially detected by the
rotation amount detecting means 24 by the rotation amount
detecting means 24 (STEP-5), and the rotation amount Rt1l
detected at the clutch operation time t1 is compared with the
target rotation amount Rmzo (including the permissible
range) (STEP-6) so that acceptability of the screw tightened
state is determined.

[0126] At start of the screw tightening operation associ-
ated with drive of the electric driver 10 (STEP-1 and
STEP-4), when the rotation amount Rt of the electric motor
12 is detected/recorded in the CPU 32 on the basis of the
rotation amount detection signal S24 detected by the rotation
amount detecting means 24, by detecting the rotation
amount Rt of the electric motor 12 while the screw tight-
ening operation is actually performed since the driver bit 20
was brought into contact with a screw mounting target, an
accurate rotation amount can be detected.

[0127] Thus, in this control method (1), as the applicant
proposed in Japanese Patent No. 4721535, in the electric
driver 10, a push-operation switch (not shown) operated by
displacement in the axial direction at contact of the driver bit
20 with the screw mounting target is provided so that screw
tightening start time t0' when the screw tightening operation
is performed can be set by an operation signal of this
push-operation switch.
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[0128] That is, as the push-operation switch, it can be
configured such that a support shaft supporting the driver bit
20 is coupled by a shaft joint, capable of elastic displace-
ment in the axial direction, a magnet is provided in a
displacement portion of this support shaft, and a magnetic
sensor (Hall element) is arranged on an outer periphery
portion of the support shaft so as to face this magnet.
[0129] In this control method (1), when the rotation
amount Rtl of the electric motor 12 sequentially detected
from the screw tightening start time t0 to the clutch opera-
tion time t1 by the predetermined screw tightening operation
is compared with the target rotation amount Rmz=a (includ-
ing the permissible range) (STEP-6), it can be configured
such that the rotation amount Rtl of the electric motor
detected from the set value of the target rotation amount
Rmz=a to the clutch operation time t1 in the predetermined
screw tightening operation is calculated to be sequentially
added, and the final detected value of the rotation amount
Rfl is compared with a set value of the target rotation
amount Rmz=a (including the permissible range).

[0130] Moreover, when the rotation amount Rtl of the
electric motor 12 sequentially detected from the screw
tightening start time t0 to the clutch operation time t1 by the
predetermined screw tightening operation is compared with
the first target rotation amount Rm=a (including the per-
missible range) (STEP-6), it can be also configured such that
the rotation amount of the electric motor 12 detected from
the set value of the first target rotation amount Rm=a to the
clutch operation time t1 in the predetermined screw tight-
ening operation is calculated to be sequentially subtracted
and set so as to finally become a second target rotation
amount Oxa (including the permissible range), and the final
detected value of the rotation amount Rtl is compared with
a set value of the second target rotation amount Oxc. (includ-
ing the permissible range).

[0131] As described above, when the target rotation
amount Rmz=a or 0xa (including the permissible range) is
set and the predetermined screw tightening operation is
performed, if the clutch operation is detected in the clutch
mechanism 18, the clutch operation time t1 is detected/
recorded in the CPU 32, and the rotation amount Rt1 of the
electric motor 12 at this clutch operation time t1 is detected/
recorded (STEP-5). Then, the rotation amount Rtl of the
electric motor 12 detected at the clutch operation time t1 is
compared with the target rotation amount Rm=a or Oxa set
in advance, and it is determined whether or not it matches
the target rotation amount Rmza or Oxa (Rm+
azRtlzRm-a or 0+azRt1=0-a) (STEP-6).

[0132] Moreover, as described above, by setting the
screw-tightening start time t0' for detecting the rotation
amount Rt of the electric motor 12 while the screw tight-
ening operation is actually performed since the driver bit 20
is brought into contact with the screw mounting target and
by comparing the rotation amount Rtl of the electric motor
12 detected/recorded in the CPU 32 with the target rotation
amount Rmz=a. or Oxa. set in advance, if the rotation amount
Rtl matches the target rotation amount Rmza or Oza
(including the permissible range), respectively (see FIGS. 5
and 6), it can be determined to be an appropriate screw
tightened state (STEP-7). Moreover, if the rotation amount
Rt1 of the electric motor 12 detected/recorded in the CPU 32
does not match the target rotation amount Rm+a or Oxa
(including the permissible range), it can be determined that
the screw tightened state is defective (STEP-8).



US 2020/0001442 Al

[0133] In this case, it can be determined to be an appro-
priate screw tightened state when the rotation amount Rt1 of
the electric motor 12 detected/recorded in the CPU 32
reaches 60 to 70% of the target rotation amount set in
advance. Moreover, it can be similarly determined to be the
appropriate screw tightened state when 80% or more is
reached.

[0134] Therefore, in this case, the number of screws
determined that the screw tightened state is appropriate can
be accurately recorded in the control portion 30, and it can
be set such that the recorded contents are displayed on the
display 40. Moreover, the length dimension of the screw
which performed screw tightening can be also accurately
recorded in the control portion 30 on the basis of the rotation
amount Rtl of the electric motor 12 detected at the clutch
operation time tl, and moreover, it can be set such that the
recorded contents are displayed on the display 40.

[0135] Moreover, if the rotation amount Rt1 of the electric
motor 12 detected/recorded in the CPU 32 is smaller than the
target rotation amount Rmz=a. (Rt1<Rm-a) or larger than the
target rotation amount Oxa (Rt1>+q), it can be detected as
an abnormal state such as galling of a screw, screw lifting,
unmatched selected screw dimension and the like generated
in the screw tightened state (see FIG. 7A and FIG. 8A).
Moreover, if the rotation amount Rt1 is larger than the target
rotation amount Rm+a (Rt1>Rm+a) or smaller than the
target rotation amount Rmza (Rt1<0-a), it can be detected
to be an abnormal state such as loss of the screw grip,
abrasion of a prepared hole, come-out of the screw, bit
damage, unmatched selected screw dimension and the like
generated in the screw tightened state (see FIG. 7B and FIG.
8B).

[0136] When acceptability of the screw tightened state is
determined as described above, determination can be dis-
played so that determination to be appropriate and determi-
nation to be defective can be clearly distinguished. Thus, in
this control method, it can be so configured that the respec-
tive determination contents are displayed on the display 40
as appropriate by either of the screw tightening determina-
tion signal S40 outputted from the CPU 32 (see FIG. 1).
[0137] [Automatic Screw Tightening Control Method (2)]
[0138] In this control method (2), similarly to the above-
described control method (1), at start of the screw tightening
operation associated with drive of the electric driver 10, the
rotation amount Rt of the electric motor 12 is detected/
recorded with the electric motor drive start time t0 in the
CPU 32 on the basis of the rotation amount detection signal
S24 detected by the rotation amount detecting means 24 in
advance (STEP-11, STEP-124) and moreover, the load cur-
rent value It in proportion with the screw tightening torque
value detected by the load current detecting means 26 is set
to be detected/recorded with the screw tightening start time
t0 in the CPU 32 (STEP-11, STEP-125) (see FIGS. 1 and 3).
[0139] Thus, in this control method (2), similarly to the
above-described control method (1), when the required
screw tightening operation is performed by the electric
driver 10, by performing the predetermined screw tightening
operation in advance, the rotation amount Rm of the electric
motor 12 from the screw-tightening start time t0 (STEP-11)
to the clutch operation time t1 by the clutch mechanism 18
associated with completion of the screw tightening is
detected by the rotation amount detecting means 24 (STEP-
12a) and recorded in the CPU 32 of the controller 30 and set
in the CPU 32 as the target rotation amount Rmz=a (xa is a

Jan. 2, 2020

permissible range) (STEP-13a). Moreover, the load current
value Im of the electric motor 12 from the screw-tightening
start time t0 to the clutch operation time t1 by the clutch
mechanism 18 associated with completion of the screw
tightening is detected by the load current detecting means 26
(STEP-1254) and recorded in the CPU 32 of the controller 30
and set in the CPU 32 as the target load current value Im=f
(=P is a permissible range) (STEP-135).

[0140] Then, in the subsequent predetermined screw tight-
ening operations (second session and after), similarly to the
above-described control method, it is set that the rotation
amount Rt of the electric motor 12 from the screw-tighten-
ing start time t0 (STEP-14) to the clutch operation time t1 by
the clutch mechanism 18 associated with completion of the
screw tightening is sequentially detected by the rotation
amount detecting means 24 (STEP-15q), and the rotation
amount Rtl detected at the clutch operation time t1 is
compared with the target rotation amount Rmz=a. (including
the permissible range) (STEP-16a) so that acceptability of
the screw tightened state is determined. Moreover, it is set
that the load current value It from the screw-tightening start
time t0 to the clutch operation time t1 by the clutch mecha-
nism 18 associated with completion of the screw lightening
is sequentially detected by the load current detecting means
26 (STEP-1554), and the load current value It1 detected at the
clutch operation time t1 is compared with the target load
current value Im=f (including the permissible range)
(STEP-165) so that acceptability of the screw tightened state
is determined.

[0141] Then, the rotation amount Rt1 of the electric motor
12 detected at the clutch operation time t1 is compared with
the target rotation amount Rmz=a set in advance, and it is
determined whether or not it matches the target rotation
amount Rmz*a (Rm+oz=Rtl=Rm-a) (STEP-16a). More-
over, the load current value Itl detected at the clutch
operation time tl is compared with the target load current
value Im=f3, set in advance and it is determined whether or
not it matches the target load current value Im=f (Im+
pzItl=zIm-p) (STEP-165). In this case, as means for com-
paring the rotation amount Rt1 of the electric motor 12 with
the target rotation amount Rmzo and for determining
whether or not it matches the target rotation amount Rm+a
(Rm+azRt1=Rm-a), all the above-described control meth-
ods (1) can be applied.

[0142] At the above-described clutch operation time t1, if
the rotation amount Rt1 and the load current value It1 of the
electric motor 12 detected/recorded, respectively, satisfy the
respective conditions (see FIG. 5 or FIGS. 6 and 9), it can
be determined that the screw tightened state is appropriate
(STEP-17). Therefore, in this case, in the control portion 30,
the number of screws determined that the screw tightened
state is appropriate can be accurately recorded and it can be
set that the recorded contents are displayed on the display
40. Moreover, the length dimension of the screw performing
the screw tightening can be accurately recorded in the
control portion 30 on the basis of the rotation amount Rt1 of
the electric motor 12 detected at the clutch operation time t1
and moreover, it can be set that the recorded contents are
displayed on the display 40.

[0143] On the other hand, if the adjustment mechanism
performing torque setting of the clutch mechanism 18 is
mis-operated and the target load current value Im is lowered
or increased, for example, at the clutch operation time t1, the
detected/recorded load current value It1 does not match the
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target load current value Im=f including the permissible
range (It1<Im+f<Itl") (see FIG. 10), and in such a case,
even if the detected/recorded rotation amount Rtl of the
electric motor 12 matches the target rotation amount Rmz=a.
(Rm+a=zRt1=Rm-a) (see FIG. 5), it can be determined that
the screw tightened state is defective (STEP-19).

[0144] Moreover, even if the detected/recorded load cur-
rent value It1 matches the target load current value Im=f3 at
the clutch operation time t1 (Im+p=zIt1=-f) (see FIG. 9), if
the detected/recorded rotation amount Rtl of the electric
motor 12 is smaller than the target rotation amount Rm+a
(Rt1<Rm-a) (see FIG. 7A and FIG. 8A), it can be deter-
mined that the screw tightened state is defective (STEP-20).
[0145] Furthermore, at the clutch operation time t1 (in-
cluding the case in which the clutch operation is not con-
firmed), even if the detected/recorded rotation amount Rtl
of the electric motor 12 is larger than the target rotation
amount Rmza (Rt1>Rm+a) (see FIG. 7B and FIG. 8B), it
can be determined similarly to the above that the screw
tightened state is defective (STEP-20).

[0146] At the above-described clutch operation time t1, if
the detected/recorded load current value It1 does not match
the target load current value Imzp (Itl<Im+p<Itl) and
moreover, if the detected/recorded rotation amount Rtl of
the electric motor 12 does not match the target rotation
amount Rmza (Rt1<Rmz=a<Rtl), it can be naturally deter-
mined that the screw tightened state is defective (STEP-18).
[0147] Therefore, in this control method (2), too, similarly
to the above-described control method (1), if acceptability of
the screw tightened state is determined, determination can
be displayed so that determination to be appropriate and
determination to be defective can be clearly distinguished.
Thus, in this control method, it can be so configured that, by
either of the above-described screw tightening determina-
tion signal S40 outputted from the CPU 32, the respective
determination contents are displayed on the display 40 as
appropriate (see FIG. 1).

[0148] [Automatic Screw Tightening Control Method (3)]
[0149] In this control method (3), the rotation amount
detecting means 24 is not provided, and at start of the screw
tightening operation associated with drive of the electric
driver 10, the load current value It in proportion with the
screw tightening torque value detected by the load current
detecting means 26 in advance is set to be detected/recorded
with the screw-tightening start timing t0 in the CPU 32
(STEP-21, STEP-22) (see FIGS. 1 and 4).

[0150] Thus, in this control method (3), when the required
screw tightening operation is performed by the electric
driver 10, by performing the predetermined screw tightening
operation in advance, the load current value Im of the
electric motor 12 from the screw-tightening start time t0
(STEP-21) to the clutch operation time t1 by the clutch
mechanism 18 associated with completion of the screw
tightening is detected by the load current detecting means 26
(STEP-22) and recorded in the CPU 32 of the controller 30,
and set in the CPU 32 as the target load current value Im=f
(£p is a permissible range) (STEP-23).

[0151] Then, in the subsequent predetermined screw tight-
ening operations (second session and after), similarly to the
above-described control method (1), it is set that the load
current value It of the electric motor 12 from the screw-
tightening start time t0 (STEP-24) to the clutch operation
time t1 by the clutch mechanism 18 associated with comple-
tion of the screw tightening is sequentially detected by the
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load current detecting means 26 (STEP-25), and the load
current value Itl detected at the clutch operation time t1 is
compared with the target load current value Im=f (including
the permissible range) (STEP-26) so that acceptability of the
screw tightened state is determined.

[0152] Thus, by comparing the load current value It1 of
the electric motor 12 detected at the clutch operation time t1
with the target load current value Im=f set in advance, it is
determined whether or not it matches the target load current
value Im=f (Im+p=zItl=zIm-f) (STEP-26).

[0153] At the above-described clutch operation time t1, if
the load current value It1 and the rotation amount Rt of the
electric motor 12 detected/recorded, respectively, satisfy the
respective conditions (see FIGS. 9 and 5 or FIG. 6), it can
be determined that the screw tightened state is appropriate
(STEP-27). Therefore, in this case, in the control portion 30,
the number of screws determined that the screw tightened
state is appropriate can be accurately recorded and it can be
set that the recorded contents are displayed on the display
40. Moreover, the length dimension of the screw performing
the screw tightening can be accurately recorded in the
control portion 30 on the basis of the rotation amount Rt1 of
the electric motor 12 detected at the clutch operation time t1
and moreover, it can be set that the recorded contents are
displayed on the display 40.

[0154] On the other hand, if the adjustment mechanism
performing torque setting of the clutch mechanism 18 is
mis-operated and the target load current value Im is lowered
or increased, for example, at the clutch operation time t1, the
detected/recorded load current value It1 does not match the
target load current value Im=f including the permissible
range (It1<Im=f<Itl") (see FIG. 10), and it can be deter-
mined that the screw tightened state is defective (STEP-28).
[0155] Therefore, in this control method (3), too, if accept-
ability of the screw tightened state is determined similarly to
the above-described control methods (1) and (2), determi-
nation can be displayed so that determination to be appro-
priate and determination to be defective can be clearly
distinguished. Thus, in this control method, it can be so
configured that the respective determination contents are
displayed on the display 40 as appropriate by either of the
screw tightening determination signal S40 outputted from
the CPU 32 (see FIG. 1).

[0156] [Automatic Screw Tightening Control Method (4)]
[0157] This control method (4) is an automatic screw
tightening control method in which a target rotation amount
is set simply instead of the target rotation amount setting
method by the rotation amount detecting means 24 per-
formed in the above-described automatic screw tightening
control methods (1) and (2). That is, in the above-described
automatic screw tightening control methods (1) and (2), as
illustrated in FIG. 2, in setting of the target rotation amount
by the rotation amount detecting means 24, in the predeter-
mined screw tightening operation by drive of the electric
driver 10 in advance, the rotation amount Rm of the electric
motor 12 from the screw-tightening start time t0 (STEP-1)
to the clutch operation time t1 by the clutch mechanism 18
associated with completion of the screw tightening is
detected by the rotation amount detecting means 24 (STEP-
2) and recorded in the CPU 32 of the controller 30 and set
in the CPU 32 as the target rotation amount Rmza (zxa is a
permissible range) (STEP-3).

[0158] Thus, in this control method (4), it is configured
such that a rotation amount Rm' of the electric motor 12
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from the screw-tightening start time scheduled by an
advance trial and the like based on a standard of a screw to
be used in advance to the clutch operation time t1 by the
clutch mechanism 18 associated with completion of the
screw tightening is set to be a target rotation amount Rm'+c
(xa is a permissible range).

[0159] Therefore, in this control method, in the required
screw tightening operation (see STEP-6 to STEP-8 in FIG.
2), the rotation amount of the electric motor 12 from the
screw tightening start time t0 (t0") to the clutch operation
time t1 by the clutch mechanism 18 associated with comple-
tion of the screw lightening is sequentially detected by the
rotation amount detecting means 24, and the rotation amount
Rt1 detected at the clutch operation time t1 is compared with
the target rotation amount Rm'+a (including the permissible
range) so that acceptability determination of the screw
tightened state can be appropriately achieved totally simi-
larly to the above-described automatic screw tightening
control methods (1) and (2).

[0160] In this control method (4), it can be also so con-
figured that, a configuration in which the load current value
It1 at the clutch operation time tl1 is detected by the
above-described load current detecting means 26 and is
compared with the target load current value Im=f is set to
be used at the same time.

[0161] [Configuration of Automatic Screw Tightening
Control Device (2)]

[0162] FIG. 11 is a schematic configuration explanatory
diagram illustrating another embodiment of a device per-
forming the automatic screw tightening control method
according to the present invention. For convenience of
explanation, the same constituent elements as those in the
above-described device of the embodiment illustrated in
FIG. 1 are given the same reference numerals since they
have the same functions and the detailed explanation will be
omitted.

[0163] That is, in an electric driver 10" in this embodiment,
in order to enable application of an electric motor other than
a brushless motor as the electric motor 12, a configuration of
attaching a first encoder 25 composed of a known rotary
encoder to the drive shaft of the electric motor 12 as the
rotation amount detecting means of the electric motor 12 is
used. Therefore, in this embodiment, the rotation amount of
the electric motor 12 can be set by inputting an encoder
detection signal S25 detected by the first encoder 25 into the
CPU 32 of the control portion 30 as the rotation amount
detecting means. In this case, the encoder detection signal
S25 detected by the first encoder 25 can be detected/
recorded as a rotation amount correlating to a screw tight-
ening rotation amount in the screw tightening operation of
the driver bit 20 rotated by the electric motor 12.

[0164] Moreover, in the electric driver 10' of this embodi-
ment, a configuration in which a second encoder 29 com-
posed of a known rotary encoder coupled with the driver bit
20 is attached as the rotation amount detecting means of the
driver bit 20 can be used. Therefore, the rotation amount of
the driver bit 20 can be set by inputting the encoder detection
signal S29 detected by the second encoder 29 into the CPU
32 of the control portion 30 as the rotation amount detecting
means. In this case, the encoder detection signal S29
detected by the second encoder 29 can be detected/recorded
as the rotation amount correlating to the screw tightening
rotation amount in the screw tightening operation by rotation
of the driver bit 20.
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[0165] In the electric driver 10" of this embodiment, the
other configurations are the same as those of the above-
described embodiment and thus, in the CPU 32 of the
control portion 30, similarly to the above-described embodi-
ment, if acceptability of the above-described respective
screw tightened states is determined by comparing the target
rotation amount Rm#*a set in advance with the rotation
amount Rt1 detected at the clutch operation time t1, and/or
if acceptability of the above-described respective screw
tightened states is determined by comparing the target load
current value Im=f set in advance with the load current
value It1 detected at the clutch operation time tl, it is
configured such that the respective determination contents
are displayed on the display 40 as appropriate by either of
the above-described screw tightening determination signal
S40 outputted from the CPU 32.

[0166] As described in this embodiment, by using the first
encoder 25 or the second encoder 29 for detecting the
rotation amount correlating to the screw tightening rotation
amount in the screw tightening operation of the driver bit 20,
the screw-tightening start time t0' when the screw tightening
operation is performed can be detected/recorded appropri-
ately and easily.

[0167] As is obvious from the above-described various
embodiments, according to the automatic screw tightening
control method and the device according to the present
invention, in the predetermined screw tightening operation
using various screws and the like, in detection of the rotation
amount of the electric motor from start of the screw tight-
ening to a required screw hole until the screw is seated, if
approximately 50% can be confirmed, a half of troubles
causing defective screw tightening in the screw tightening
operation can be confirmed and solved. That is, some of
so-called four big troubles in the screw tightening operation,
that is, (1) galling of a screw generated at an entrance of
diagonal tightening into a prepared hole of a screw; and (2)
screw lifting in which torque-up is caused before seating of
the screw due to nonconformity of a work and a prepared
hole generated in tightening of a tapping screw and the like
can be confirmed, respectively. These troubles are caused
during a period from start of the screw tightening to approxi-
mately a half of the length dimension of the screw. After
these situations are cleared, until a specified screw tighten-
ing torque after the screw is seated is reached, (3) if
come-out is caused by abrasion of the bit or the like, and the
specified screw tightening torque cannot be achieved, and
(4) defective tightening of the screw caused by friction loss
on the prepared hole or the like, the four big troubles of the
screw tightening operation as described above can be
detected easily and reliably without requiring skills, respec-
tively, whereby an excellent working effect can be obtained
by detecting and confirming the rotation amount of the
electric motor and the torque-up signal by the clutch mecha-
nism.

[0168] Moreover, according to the automatic screw tight-
ening control method and the device according to the present
invention, in the required screw tightening operation, when
a plurality of screws set in advance is sequentially tightened,
acceptability determination of the above-described screw
tightened state for each of the screws is detected/recorded,
and detection/recording of the number of tightened screws
can be performed at the same time, and construction of a
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production line performing various screw tightening opera-
tions and a production management system in their networks
can be realized easily.

[0169] Particularly, according to the automatic screw
tightening control method and the device according to the
present invention, in the required screw tightening opera-
tion, by appropriately detecting the rotation amount of the
electric motor by the electric driver by using the clutch
mechanism, completion (screw seated) state of the appro-
priate screw tightening is determined easily and reliably, and
in the relation with the number of screws performing a large
number of continuous screw-tightening sessions, the respec-
tive screw tightened states can be recorded or displayed.
Moreover, at the clutch operation time in the respective
screw tightening operations, by detecting/recording the load
current of the electric motor, the load current value at the
clutch operation time can be confirmed with an extremely
accurate correlation with the screw tightening torque value
of the screw which has completed screw tightening (has
been seated) and thus, by setting so that the load current
value of the electric motor is combined with detection of the
rotation amount of the electric motor and detected/recorded
or displayed, construction of the production line performing
various screw tightening operations and the production
management system in their networks can be easily realized.
[0170] As preferred embodiments of the present invention,
the case in which the screw tightening control is executed by
using a normal screw to a target with a normal screw hole
provided has been described, but such embodiments are not
limiting but the present invention can be also applied to
screw tightening control using a tapping screw or a drill
screw, for example, or screw working by tapping. Moreover,
as the above-described preferred embodiment described
above, the case in which a point of time (timing) when the
screw is seated in the screw tightening operation is set or
configured to be detected by a clutch mechanism is
described, but in the present invention, without providing
the clutch mechanism, it can be configured such that a
required output signal is generated when the respective
detected rotation amount and load current value matches the
target rotation amount and the target load current value set
in advance as timing for detecting the rotation amount of the
electric motor or for detecting the load current value, for
example, and the timing can be configured to be set. Many
other design changes can be made within a range not
departing from the spirit of the present invention.

DESCRIPTION OF REFERENCE SYMBOLS

[0171] 10: electric driver

[0172] 12: electric motor

[0173] 13: drive switch

[0174] 14: switch operating member

[0175] 16: reduction gear mechanism

[0176] 18: clutch mechanism

[0177] 20: driver bit

[0178] 22: electric motor control circuit

[0179] 24: rotation amount detecting means

[0180] 25: first encoder (rotation amount detecting means)
[0181] 26: load current detecting means

[0182] 28: clutch operation detection sensor

[0183] 29: second encoder (rotation amount detecting
means)

[0184] 30: control portion

[0185] 32: CPU
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[0186] 40: display

[0187] S13 drive switch operation signal

[0188] S22a motor drive control signal

[0189] S22b motor stop control signal

[0190] S24 rotation amount detection signal

[0191] S25 encoder detection signal

[0192] S26 load current detection signal

[0193] S28 clutch operation detection signal

[0194] S29 encoder detection signal

[0195] S40 screw tightened state determination signal
[0196] Rm=a target rotation amount (including permis-
sible range)

[0197] Imzp target load current value (including permis-
sible range)

[0198] 10 electric motor drive start time/screw-tightening
start time

[0199] 10" screw-tightening start time (by push operation
switch)

[0200] t1 clutch operation time

[0201] Rt1 rotation amount at clutch operation time or

non-operation time
[0202] Itl, It1' load current detection value of clutch
operation time

1. (canceled)

2. An automatic screw tightening control method: for an
electric driver comprising an electric motor, a drive switch
configured to drive the electric motor, and a driver bit
coupled to a drive output shaft of the electric motor via a
reduction gear mechanism and a clutch mechanism, a switch
operating member configured to operate the drive switch, a
clutch operation detection sensor configured to detect a
clutch operation of the clutch mechanism, an electric motor
control circuit configured to execute drive and stop control
of the electric motor, a rotation amount detecting means for
detecting a rotation amount of the electric motor, and load
current detecting means for detecting a load current of the
electric motor based on a load torque imparted to the driver
bit in the electric motor control circuit, the method com-
prising:

a first step of setting a screw-tightening start time for
performing a first screw tightening operation based on
an operation signal of an operation switch or an
encoder, and setting a clutch operation time of the
clutch mechanism detected by the clutch operation
detection sensor as a clutch operation time of comple-
tion of screw tightening, wherein the operation switch
or the encoder generates the operation signal upon
contact of the driver bit with a predetermined screw
mounting target;

a second step of, during the first screw tightening opera-
tion, detecting and recording, by the rotation amount
detecting means, the rotation amount of the electric
motor from the screw-tightening start time until the
clutch operation time of completion of screw tighten-
ing, wherein the detected and recorded rotation amount,
at the clutch operation time of completion of screw
tightening, is set as a target rotation amount, and
wherein the target rotation amount includes a range of
permissible rotation amounts;

a third step of, during the first screw tightening operation,
detecting and recording, by the load current detecting
means, the load current value of the electric motor from
the screw-tightening start time until the clutch opera-
tion time of completion of screw tightening, wherein
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the detected and recorded load current value, at the
clutch operation time of completion of screw tighten-
ing, is set as a target load current value, and wherein the
target load current value includes a range of permis-
sible load current values; and
a fourth step of, in a subsequent predetermined screw
tightening operation, detecting and recording, by the
rotation amount detecting means, a second rotation
amount of the electric motor from a second screw-
tightening start time until a second clutch operation
time of completion of screw tightening, detecting and
recording, by the load current detecting means, a sec-
ond load current value of the electric motor from the
second screw-tightening start time until the second
clutch operation time of completion of screw tighten-
ing, wherein the second rotation amount is compared
with the target rotation amount and the second load
current value is compared with the target load current
value to determine acceptability of a screw tightened
state, and
wherein the second screw-tightening start time is set
based on a second operation signal of the operation
switch or the encoder, and
wherein the fourth step is repeated in further subsequent
predetermined screw tightening operations.
3-4. (canceled)
5. The automatic screw tightening control method accord-
ing to claim 2, wherein:
in the subsequent screw tightening operation, incremental
amounts of rotation of the electric motor detected from
the screw-tightening start time until a second clutch
operation time in the subsequent predetermined screw
tightening operation are sequentially added to generate
the second rotation amount.
6. The automatic screw tightening control method accord-
ing to claim 2, wherein:
in a second subsequent predetermined screw tightening
operation, incremental amounts of rotation of the elec-
tric motor detected until a third clutch operation time in
the second subsequent predetermined screw tightening
operation are sequentially subtracted from the target
rotation amount to generate a final detected value, a
second target rotation amount is set to be zero, and the
final detected value is compared with the second target
rotation amount to determine the acceptability of the
screw tightened state.
7. The automatic screw tightening control method accord-
ing to claim 2, wherein:
in the electric driver, a push-operation switch or an
encoder operated by displacement in an axial direction
at contact of the driver bit with a screw mounting target
is provided, the screw-tightening start time when the
screw tightening operation is performed is set by an
operation signal of the push-operation switch or
encoder.
8. The automatic screw tightening control method accord-
ing to claim 2, wherein:
if the rotation amount of the electric motor detected at the
clutch operation time matches the target rotation
amount set in advance, and/or if the load current
detected value detected at the clutch operation time
matches the target load current value set in advance, the
screw tightened state is determined to be appropriate.
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9. The automatic screw tightening control method accord-
ing to claim 2, wherein:

if the rotation amount of the electric motor at the clutch
operation time or non-operation time does not match
the target rotation amount set in advance, and/or if the
load current detected value at the clutch operation time
does not match the target load current value set in
advance, the screw tightened state is set to be deter-
mined to be defective.

10. The automatic screw tightening control method

according to claim 2, wherein:

if the rotation amount of the electric motor detected at the
clutch operation time and/or the load current detected
value detected at the clutch operation time matches the
target rotation amount and/or the target load current
value, respectively, a number of the screws and/or a
length dimension of a screw recorded.

11. The automatic screw tightening control method

according to claim 2, further comprising:

responsive to determining that the screw tightened state
detected at the clutch operation time is appropriate or
defective, displaying a determined screw tightened
state on a display.

12. An automatic screw tightening control method for an
electric driver comprising an electric motor, a drive switch
configured to drive the electric motor, and a driver bit
coupled to a drive output shaft of the electric motor via a
reduction gear mechanism and a clutch mechanism, a switch
operating member configured to operate the drive switch, a
clutch operation detection sensor configured to detect a
clutch operation of the clutch mechanism, an electric motor
control circuit configured to execute drive and stop control
of the electric motor, rotation amount detecting means for
detecting a rotation amount of the electric motor, and load
current detecting means for detecting a load current of the
electric motor based on a load torque imparted to the driver
bit in the electric motor control circuit, the method com-
prising:

a first step of, during a screw tightening operation, detect-
ing and recording, by the rotation amount detecting
means, a rotation amount of the electric motor from a
screw-tightening start time until a clutch operation time
of completion of screw tightening or from the screw-
tightening start time until when a load current value
detected by the load current detecting means reaches a
target load current value associated with completion of
the screw tightening set in advance;

a second step of, during the screw tightening operation,
detecting and recording, by the load current detecting
means, the load current value of the electric motor from
the screw-tightening start time until the clutch opera-
tion time of completion of screw tightening or from the
screw-tightening start time until when the load current
value detected by the load current detecting means
reaches the target load current value associated with
completion of the screw tightening; and

a third step of comparing the rotation amount with a target
rotation amount and the load current value with the
target load current value to determine acceptability of
a screw tightened state.

13-17. (canceled)

18. The automatic screw tightening control device accord-
ing to claim 24, wherein:
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the controller is configured such that if the rotation
amount of the electric motor detected at the clutch
operation time and/or the load current detected value
detected at the clutch operation time matches the target
rotation amount and/or the target load current value,
respectively, a number of the screws and/or a length
dimension of a screw determined that the screw tight-
ened state is appropriate is recorded.

19. The automatic screw tightening control device accord-

ing to claim 24, further comprising:

a display for displaying a determination result of accept-
ability of the screw tightened state obtained in the
controller.

20. The automatic tightening control method according to
claim 2, further comprising generating, by the operation
switch or the encoder, the operation signal upon contact of
the driver bit with a mounting target.

21. The automatic tightening control method according to
claim 12, wherein the target rotation amount includes a
range of rotation values.

22. The automatic tightening control method according to
claim 12, wherein the target load current value includes a
range of load current values.

23. The automatic tightening control method according to
claim 12, further comprising generating, by an operation
switch or an encoder, the operation signal upon contact of
the driver bit with a mounting target.

24. A controller for an automatic screw tightening control
device, the controller comprising:

screw tightening time setting means for setting a screw-
tightening start time for performing a first screw tight-
ening operation responsive to an operation signal of an
operation switch or of an encoder generated based on
contact of a driver bit with a predetermined screw
mounting target;

clutch operation time setting means for setting a clutch
operation time of a clutch mechanism detected by a
clutch operation detection sensor as a clutch operation
time of completion of screw tightening;

target rotation amount setting means for, during perfor-
mance of the first screw tightening operation, setting a
detected and recorded rotation amount as a target
rotation amount, wherein a rotation amount of an
electric motor from the screw-tightening start time until
the clutch operation time of completion of screw tight-
ening is detected and recorded by the rotation amount
detecting means, and wherein the target rotation
amount includes a range of permissible rotation
amounts;

target load current value setting means for, during per-
formance of the first screw tightening operation, setting
a detected and recorded load current value as a target
load current value, wherein a load current value of the
electric motor from the screw-tightening start time until
the clutch operation time of completion of screw tight-

16

Jan. 2, 2020

ening is detected and recorded by the load current
detecting means, and wherein the target load current
value includes a range of permissible load current
values; and
determining means for, in a subsequent predetermined
screw tightening operation, comparing a second rota-
tion amount detected with the target rotation amount
and comparing a second load current value detected
with the target load current value to determine accept-
ability of a screw tightened state, and
wherein in the subsequent predetermined screw tighten-
ing operation, the screw tightening time setting means
sets a second screw-tightening start time for performing
the subsequent predetermined screw tightening opera-
tion responsive to a second operation signal of the
operation switch or of the encoder,
wherein the second rotation amount corresponds to rota-
tion of the electric motor from the second screw-
tightening start time until a second clutch operation
time of completion of screw tightening and is detected
and recorded by the rotation amount detecting means,
and
wherein in further subsequent predetermined screw tight-
ening operations, the determining means compares
detected rotation amounts to the target rotation amount
and compares detected load current values to the target
load current value to determine acceptability of screw
tightened states.
25. The automatic tightening control device according to
claim 24, wherein:
the first and second tightening operations are configured
to tighten a screw, and
the range of permissible rotation amounts includes values
of the target rotation amount plus or minus a tolerance
value.
26. The automatic tightening control device according to
claim 25, wherein:
the range of permissible load current values includes
values of the target load current value plus or minus a
tolerance value.
27. The controller according to claim 24, wherein the
controller is further configured to:
generate a motor drive signal based on the operation
signal; and
send the motor drive signal to an electric motor control
circuit to activate an electric motor of the automatic
screw tightening control device.
28. The controller according to claim 24, wherein the
controller is further configured to:
determine the acceptability of the screw tightened state
based on both the second rotation amount being within
the range of permissible rotation amounts and a second
load current value being within the range of permissible
load current values.
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