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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to power tools and
more particularly, relates to power tools, such as impact
wrenches and impact screwdrivers.

Description of the Related Art

[0002] EP 1 208 946 relates to a method of controlling
tools providing a torque to a screw member sude as bolt
and rust and to a power tooll according to the preamble
of independent claim 1.
[0003] Japanese Laid-open Patent Publication No.
6-304879 describes an impact wrench that can be used
firmly tighten fasteners, such as a bolt or nut. This known
impact wrench has an output shaft (drive shaft) and a
hammer that strikes the output shaft. Generally speaking,
a socket is attached to a distal end of the output shaft. A
fastener may be disposed within the socket. Then, the
output shaft is forcibly rotated in order to tighten the fas-
tener within or to a workpiece. The hammer is allowed
to slip and freely rotate with respect to the output shaft
when a predetermined amount of torque is exerted. Thus,
when a load for rotating the output shaft is light (i.e., be-
fore the fastener becomes seated against the work-
piece), the hammer continuously rotates the output shaft
in order to continuously tighten the fastener. However,
after the head of the fastener has contacted the work-
piece (i.e., after the fastener has become seated against
the workpiece), the hammer will begin to slip and rotate
freely. Therefore, the hammer will impact the output shaft
after rotating by predetermined angle. By repetition of
the slipping and impacting action, the output shaft will
rotate a small amount each time the hammer impacts the
output shaft and the fastener can be tightened to an ap-
propriate torque.
[0004] This known impact wrench further includes an
impact detecting sensor that detects whether the ham-
mer is distant from the output shaft (i.e., whether the ham-
mer slips with respect to the output shaft), and a rotational
angle detecting sensor that measures the rotational an-
gle of the output shaft. The impact detecting sensor out-
puts an OFF signal when the hammer is in an engaged
state with the output shaft, and outputs an ON signal
when the hammer is distant from the output shaft. The
rotational angle detecting sensor outputs a signal that
corresponds to the rotational angle of the output shaft. A
controller of the impact wrench detects changes in the
rotational angle of the output shaft in the period between
the impact detecting sensor outputting one ON signal
and outputting a subsequent ON signal, and determines
from the changes in the rotational angle of the output
shaft whether the tightening torque of the fastener has
reached a predetermined value (i.e., whether the fasten-

er has become seated against the workpiece). When the
tightening torque reaches the predetermined value, the
controller begins to detect changes in the rotational angle
of the output shaft from that point in time again. When
the detected changes in the rotational angle reach a pre-
set value, the motor is stopped. Consequently, after the
fastener has become seated against the workpiece, the
fastener is further tightened until the changes in the ro-
tational angle reach the preset value. As a result, the
fastener can reliably be tightened by means of this impact
wrench.

SUMMARY OF THE INVENTION

[0005] However, the known impact wrench must have
not only the rotational angle detecting sensor for meas-
uring the rotational angle of the output shaft, but also the
impact detecting sensor for detecting that the hammer
has struck the output shaft. That is, a small amount of
play usually exists between the socket and the fastener.
Therefore, when the output shaft tightens the fastener,
a cycle (repetition) of normal rotation (rotation in a tight-
ening direction) and reverse rotation (rotation in a loos-
ening direction) is typically repeated due to a reaction
(hammering action) that is produced when the impact
force of the output shaft is transmitted to the fastener.
Consequently, the socket (i.e., output shaft) of the impact
wrench may continue repeat the cycle of normal rotation
and reverse rotation due to the hammering action. In the
known impact wrench, this continual rotation means that
the rotational angle detecting sensor alone cannot relia-
bly detect at which time the hammer struck the output
shaft. As a result, the known impact wrench must include
the impact detecting sensor.
[0006] It is, accordingly, one object of the present
teachings to provide improved power tools that can ad-
equately and appropriately tighten fasteners using only
a rotational angle detecting means.
[0007] In one aspect of the present teachings, power
tools may include a motor, such as an electric or pneu-
matic motor, and an oil pulse unit that generates an ele-
vated torque (i.e., oil pulse). The oil pulse unit may be
coupled to the motor and have an output shaft. When a
load acting on the output shaft is less than a predeter-
mined value, rotating torque generated by the motor is
directly transmitted to the output shaft. When the load
acting on the output shaft exceeds the predetermined
value, an elevated torque is generated by the oil pulse
unit and applied to the output shaft. The output shaft may
be connected to a load shaft. A socket for engaging fas-
teners (e.g., bolt, nut or screw) may be attached to the
load shaft. The load shaft is preferably rotated in order
to tighten the fastener within or to a workpiece.
[0008] Such power tools may also include a detecting
device for detecting change in rotational angle of the out-
put shaft (or the load shaft) and the direction of rotation
thereof, such as a rotary encoder, and a control device,
such as a processor, microprocessor or microcomputer.
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The detecting device may output signals corresponding
to a state of the output shaft (or the load shaft) to the
control device. The control device may store the state of
the output shaft (or the load shaft) within a memory at
predetermined interval.
[0009] Preferably, the control device may further de-
termine a generating time, at which the oil pulse unit gen-
erates the elevated torque, based upon the state of the
output shaft (or the load shaft). For example, when
change in the rotational angle of the output shaft (or the
load shaft) has occurred, the control device first calcu-
lates the changes in the rotational angle of the output
shaft (or the load shaft) in the tightening direction during
a first predetermined period extending from a time prior
to the change in the rotational angle until the change in
the rotational angle occurs. When the calculated changes
in the rotational angle are within a first predetermined
value, it can be determined that the output shaft (the load
shaft) has substantially stopped rotating. Therefore,
when the calculated changes in the rotational angle are
within a first predetermined value (i.e., the output shaft
(the load shaft) has substantially stopped rotating), the
control device further calculates the absolute value of the
changes in the rotational angle of the output shaft (the
load shaft) in a period lasting from the change in the ro-
tational angle until a second predetermined period has
elapsed. If the absolute value of the changes in the ro-
tational angle is greater than a second predetermined
value, the control device determines that the time at
which the change in the rotational angle was occurred
corresponds to a time at which an oil pulse was generated
by the oil pulse unit. By contrast, when the absolute value
of the changes in the rotational angle is less than the
second predetermined value, the control device deter-
mines that the time at which the change in the rotational
angle was occurred was not a time at which an oil pulse
was generated by the oil pulse unit. By this means, the
control device can determine, using only the signals from
the detecting device, whether the current state is one
where the oil pulse was applied to the output shaft.
[0010] Generally speaking, the changes in the rota-
tional angle of the output shaft (the load shaft) in the
tightening direction per one oil pulse differs greatly de-
pending on whether this occurs before or after seating
the fastener. That is, there are large changes in the ro-
tational angle of the output shaft (load shaft) before the
fastener is seated, and small changes in the rotational
angle of the output shaft (load shaft) after the fastener is
seated. As a result, it is possible to determine whether
the fastener has been seated by determining the extent
by which the rotational angle of the output shaft changes
per one oil pulse.
[0011] Thus, in another aspect of the present teach-
ings, the control device may further determine whether
the fastener has reached the seated position against the
workpiece based upon the state of the output shaft (the
load shaft). For example, the control device may calcu-
lates the changes in the rotational angle of the output

shaft (the load shaft) in the tightening direction from the
time, at which an oil pulse was generated by the oil pulse
unit, until a predetermined period has elapsed. Then, the
control device may determine whether the fastener has
reached a seated position against the workpiece based
upon the calculated changes in the rotational angle. Spe-
cifically, when the calculated changes in the rotational
angle is within the third predetermined value, the control
device may determine that the fastener has reached a
seated position against the workpiece. Preferably, the
control device may stop the motor when a predetermined
time has elapsed after determining that the fastener has
reached the seated position against the workpiece.
Therefore, the fastener can be adequately and appropri-
ately tightened.
[0012] In another embodiment of the present teach-
ings, power tools may include a hammer that is adapted
to strike an anvil to thereby rotate the anvil and generate
the elevated torque. If the hammer and the anvil are utilize
to generate elevated torque, instead of an oil pulse, the
control device is preferably programmed to count the
number of impact of the hammer striking the anvil after
the fastener has reached the seated position against the
workpiece. For example, when the number of impacts
reaches a predetermined or preset number, the motor is
automatically stopped.
[0013] In another aspect of the present teachings,
power tools are taught that are capable of tightening fas-
teners using a sufficient or adequate tightening torque,
even if fasteners are tightened within or to several type
of workpieces. Generally speaking, even if same fasten-
ers are tightened using same auto stop conditions (e.g.,
same motor driving period after seating, same number
of impacts after seating), the tightening torque of the fas-
tener changes if the type of workpiece (e.g., the material
(hardness) of workpiece) differs. Usually, the appropriate
tightening torque of the fastener is determined by the
type of fastener and not by the type of workpiece, such
that if the fasteners are same, the appropriate tightening
torque values are same. In consequence, if same fas-
teners are to be tightened to differing workpiece with the
appropriate tightening torque, the auto stop conditions
must be changed to correspond to the type of workpiece.
[0014]  Thus, in one embodiment of the present teach-
ings, the power tools may have automatic stop programs
for automatically stopping the motor for each of differing
types of workpiccc. Preferably, the control device may
determine the type of workpiece based upon the signals
from the detecting device. For example, the control de-
vice may (1) calculate a cumulative rotational angle of
the output shaft (the load shaft) in the tightening direction
within a predetermined period after the fastener has
reached the seated position against the workpiece, and
(2) determine the type of workpiece based upon the cal-
culated cumulative rotational angle. Alternately, the con-
trol device may (1) calculate average changes in rota-
tional angle of the output shaft (the load shaft) in the
tightening direction per one elevated torque after the fas-
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tener has reached the seated position against the work-
piece, and (2) determine the type of workpiece based
upon the calculated average changes. When the control
device determines the type of workpiece, the control de-
vice may select the automatic stop program based upon
the determined type of workpiece, and stop the motor in
accordance with the selected automatic stop program.
As a result, since the control device automatically choos-
es the automatic stop programs that correspond to the
type of workpiece, the fastener can be tightened with the
appropriate tightening torque.
[0015] These aspects and features may be utilized sin-
gularly or, in combination, in order to make improved
power tool. In addition, other objects, features and ad-
vantages of the present teachings will be readily under-
stood after reading the following detailed description to-
gether with the accompanying drawings and claims. Of
course, the additional features and aspects disclosed
herein also may be utilized singularly or, in combination
with the above-described aspect and features.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a partial cross-sectional view showing a right
angle, soft impact wrench according to a first repre-
sentative embodiment of the present teachings.
Fig. 2 is a cross-sectional view showing the structure
of a representative bearing device.
Fig. 3 schematically shows the positional relation-
ships between magnets, which disposed within the
representative bearing device shown in Fig. 2, and
sensors.
Fig. 4 is a diagram showing the timing of outputted
detection signals that are respectively supplied from
sensors when an output shaft is rotated in a normal
direction.
Fig. 5 is a diagram showing the timing of outputted
detection signals that are respectively supplied from
sensors when the output shaft is rotated in a reverse
direction.
Fig. 6 is a block diagram showing a representative
circuit of the right angle soft impact wrench of Fig. 1.
FIG. 7 is a diagram schematically showing the rela-
tionship between the detecting signals from the sen-
sors and changes in rotational angle of the output
shaft.
FIG. 8 is a representative memory structure of stor-
age registers.
FIG. 9 is a flowchart showing a representative proc-
ess for automatically stopping the motor.
FIG. 10 shows a flowchart of a first pulse edge de-
tecting process shown in FIG. 9.
FIG. 11 shows a flowchart of a second pulse edge
detecting process shown in FIG 9.
FIG. 12 shows a flowchart of a third pulse edge de-
tecting process shown in FIG. 9.

FIG. 13 shows a flowchart of a motor stopping proc-
ess shown in FIG. 9.
FIG. 14 shows a flowchart of a motor stopping proc-
ess according to a second representative embodi-
ment of the present teachings.
FIG. 15 is a graph showing both changes in cumu-
lative rotational angle of the output shaft when a fas-
tener is tightened to a hard joint member, as well as
changes in rotational angle of the output shaft per 1
impulse (I impact) after seating.
FIG. 16 is a graph showing both changes in the cu-
mulative rotational angle of the output shaft when
the fastener is tightened to a soft joint member, as
well as change in rotational angle of the output shaft
per I impulse (1 impact) after seating.
FIG. 17 is a graph showing one example of changes
in the cumulative rotational angle of the output shaft
after seating with respect to a hard joint member and
a soft joint member.
FIG. 18 is a graph showing one example of threshold
values of the second representative embodiment.

DETAILED DESCRIPTION OF THE INVENTION

First Detailed Representative Embodiment

[0017] A soft impact wrench according to a first repre-
sentative embodiment of the present teachings will be
explained with reference to drawings. Fig. 1 shows a first
representative embodiment of the present teachings,
which is right-angle soft impact wrench 11 having a motor
(not shown in Fig. 1, but shown as motor M in Fig. 6) that
is disposed within housing 13. Planetary gear mecha-
nism 28 is connected to output shaft 30, which is coupled
to motor M. Oil pulse unit 22 is connected to output shaft
26 of planetary gear mechanism 28 via cushioning mech-
anism 24.
[0018] Oil pulse unit 22 is a known device that causes
output shaft 18 to instantaneously produce a large impact
force (oil pulse) by using the pressure of the oil that is
disposed within oil pulse unit 22. The impact force can
be controlled by adjusting the maximum pressure of the
oil disposed within oil pulse unit 22. Thus, a predeter-
mined tightening torque can be produced. Cushioning
mechanism 24 may be, e.g., a known mechanism (e.g.,
described in Japanese Unexamined Utility Model No.
7-31281) for preventing the impact force, which is pro-
duced by the oil pulse, from being directly transmitted to
planetary gear mechanism 28.
[0019] Output shaft 18 of oil pulse unit 22 is rotatably
supported by bearing device 20, and bevel gear 16 is
disposed on a distal end of output shaft 18. Bevel gear
16 engages another bevel gear 14, which is disposed on
one end of spindle 12. Spindle 12 is rotatably supported
perpendicular to output shaft 18 (i.e., thereby defining a
"right-angle" impact wrench). A socket (not shown) may
be utilized to engage the head of a fastener and may be
fixedly or removably attached to the other end of spindle
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12.
[0020] When motor M rotates, the output rotational
speed of motor M is reduced by planetary gear mecha-
nism 28 and the reduced output rotational speed is trans-
mitted to oil pulse unit 22. In oil pulse unit 22, the lead
on spindle 12 (output shaft 18) is low at the initial stage
of tightening. Therefore, the rotational energy generated
by motor M is directly transmitted to spindle 12 without
generating an oil pulse. As a result, spindle 12 will con-
tinuously rotate, thereby continuously tightening the fas-
tener. On the other hand, after the fastener has been
substantially tightened, the load on spindle 12 (output
shaft 18) will increase. At that time, oil pulse unit 22 will
generate oil pulses in order to produce an elevated torque
and more firmly tighten the fastener using the impact
force generated by the oil pulses.
[0021] Representative bearing device 20 will be further
explained with reference to Figs. 2-5. Bearing device 20
rotatably supports output shaft 18 of oil pulse unit 22,
which is actuated in the above-described manner. Fig. 2
is a cross-sectional view showing a representative struc-
ture for bearing device 20. As shown in Fig. 2, bearing
device 20 may include outer cylinder 44, which freely and
rotatably supports inner cylinder 40. A through-hole may
be defined within inner cylinder 40. The diameter of the
through-hole is preferably substantially the same as out-
side diameter of output shaft 18 of oil pulse unit 22 (i.e.,
slightly smaller than the outside diameter of output shaft
18). Output shaft 18 of oil pulse unit 22 is firmly inserted
into the through-hole from the right side, as viewed in
Fig. 2. Thus, inner cylinder 40 is affixed onto output shaft
18. Accordingly, when output shaft 18 rotates, inner cyl-
inder 40 integrally rotates with output shaft 18.
[0022] Magnet mounting member 50 may have a cy-
lindrical shape and may be affixed onto the right side of
inner cylinder 40, as shown in Fig. 2. A plurality of per-
manent magnets 52 (i.e., indicated by reference numer-
als 52a, 52b, 52c in Fig. 3) may be disposed at regular
intervals around the outer circumferential (peripheral)
surface of magnet mounting member 50. Fig. 3 schemat-
ically shows a representative positional relationship be-
tween magnets 52, which are disposed within the bearing
device 20, and rotational angle detecting sensors, 48a
and 48b.
[0023] As shown in Fig. 3, magnets 52 may be divided
into two groups. One group consists of magnets 52a,
52c, etc., which are disposed such that their respective
South poles face outward. The other group consists of
magnet(s) 52b, etc., which are disposed such that their
respective North poles face outward. That is, the South
poles and the North poles are alternately disposed out-
ward. The angle α is defined between adjacent magnet.
In other words, the angle α is defined by a line connecting
the center of magnet 52a and the rotational center of
inner cylinder 40 and a line connecting the center of mag-
net 52b and the rotational center of inner cylinder 40, as
shown in Fig. 3.
[0024] Referring back to Fig. 2, outer cylinder 44 is a

cylindrical member having an inner diameter that is great-
er than the outer diameter of inner cylinder 40. A plurality
of bearing balls 42 is disposed between inner cylinder 40
and outer cylinder 44 in order to rotatably support inner
cylinder 40 relative to outer cylinder 44. Therefore, when
outer cylinder 44 is accommodated and affixed within
housing 13, inner cylinder 40 (i.e., output shaft 18) is
rotatably supported relative to outer cylinder 44 (i.e.,
housing 13).
[0025] Sensor mounting member 46 may have a cy-
lindrical shape and may be affixed to the right side of
outer cylinder 44, as viewed in Fig. 2. Rotational angle
detecting sensors 48a, 48b may be disposed on the in-
ternal wall of sensor mounting member 46. Preferably,
sensors 48a, 48b are disposed so as to face magnets 52
(see Fig. 3).
[0026] Each rotational angle detecting sensor 48a, 48b
may be a latch type Hall IC, which detects changes in
magnetic fields. According to the detected changes of
the magnetic field, each sensor 48a, 48b switches the
state (e.g., voltage level) of a detection signal that is out-
putted, e.g., to microcomputer 60 (see Fig. 6). For exam-
ple, rotational angle detecting sensors 48a, 48b may
each include a Hall element, which serves as a magnetic
sensor, and an IC, which converts output signals from
the Hall element into digital signals. For example, when
a North-pole magnetic field is applied to each sensor 48a,
48b, the signal output from the sensor may be switched
to a HIGH level. When a South-pole magnetic field is
applied to each sensor 48a, 48b, the signal output from
the sensor may be switched to a LOW level.
[0027]  Rotational angle detecting sensors 48a, 48b
may be displaced from each other by angle θ, as shown
in Fig. 3. In this case, when inner cylinder 40 (i.e., output
shaft 18) rotates in the normal direction (i.e., a forward
or tightening direction), the detection signals that are re-
spectively output from rotational angle detecting sensors
48a, 48b change as shown in Fig. 4. Fig. 4 shows the
timings of the outputs of detection signals that are sup-
plied from two corresponding rotational angle-detecting
sensors 48a, 48b when output shaft 18 rotates normally
(i.e., in the forward direction). For convenience of expla-
nation, the detection signals that are output from rota-
tional angle detection sensors 48a, 48b are switched to
the LOW level when magnets 52a, 52c, etc., whose
South-poles are disposed outward, face or directly op-
pose sensors 48a, 48b, and to the HIGH level when mag-
net(s) 52b, etc., whose North-poles are disposed out-
ward, face or directly oppose sensors 48a, 48b.
[0028] For purposes of illustration, rotational angle de-
tecting sensors 48a, 48b and magnets 52a, 52b, and 52c
may be positioned, e.g., as shown in Fig. 3, and output
shaft 18 may be rotated in the normal (forward or tight-
ening) direction. Because, in Fig. 3, rotational angle de-
tecting sensor 48a faces magnet 52b (i.e., its North pole
is disposed outward), the detection signal of sensor 48a
is at a HIGH level.
[0029] On the other hand, the detection signal of rota-
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tional angle detecting sensor 48b is at a LOW level be-
cause magnet 52c (i.e., its South pole is disposed out-
ward) has passed detecting sensor 48b. When inner cyl-
inder 40 rotates by angle θ from this state, magnet 52b
(i.e., its North pole is disposed outward) faces rotational
angle detecting sensor 48b. Therefore, the detection sig-
nal of sensor 48b will be switched from the LOW level to
the HIGH level.
[0030] When inner cylinder 40 further rotates by angle
(α - θ), magnet 52a will face rotational angle detecting
sensor 48a. Therefore, the detection signal of sensor 48a
will be switched from the HIGH level to the LOW level.
In the same manner as was describe more fully above,
the detection signal of sensor 48b is switched when out-
put shaft 18 rotates (in the normal direction) by angle θ
after the detection signal level of sensor 48a is switched.
[0031] On the other hand, when output shaft 18 rotates
in the reverse (or fastener loosening) direction, the de-
tection signal of each of rotational angle detecting sen-
sors 48a, 48b inversely changes as shown in Fig. 5. Fig.
5 shows the timings of the outputs of detection signals
that are supplied from two corresponding rotational an-
gle-detecting sensors 48a, 48b when output shaft 18 ro-
tates in the reverse direction. As shown in Fig. 5, the
detection signal of rotational angle detecting sensor 48a
switches when output shaft 18 rotates (in the reverse
direction) by angle θ after the detection signal level of
sensor 48b switches.
[0032] As was explained above, the (voltage) level of
the detection signal of each of rotational angle detecting
sensor 48a, 48b is switched each time inner cylinder 40
(i.e., output shaft 18 of oil pulse unit 22) rotates by angle
α. Accordingly, each sensor 48a, 48b outputs one pulse
each time output shaft 18 rotates by the angle (2α). The
rising edge and falling edge of each pulse may be de-
tected by microcomputer 60 in order to detect changes
in the rotational angle of output shaft 18.
[0033] Further, as is clear from FIGS. 4 and 5, pulse
edges of the detection signals from rotational angle de-
tecting sensors 48a, 48b are detected each time output
shaft 18 rotates α / 2 (because θ = α / 2 in the present
embodiment). As a result, the minimum resolution of the
change in rotational angle of output shaft 18 capable of
being detected by rotational angle detecting sensors 48a
and 48b is α / 2.
[0034] The phases of the detection signals that are out-
put from rotational angle detecting sensors 48a, 48b are
shifted from each other by the angle θ (= α / 2). Further,
the shifted directions differ according to the rotating di-
rection of output shaft 18. Therefore, the rotating direction
of output shaft 18 may be determined based upon the
phase shift of the detection signal output from sensors
48a, 48b.
[0035] A detailed description is given as an example,
wherein the detection signals shown in FIG. 7 have been
output from rotational angle detecting sensors 48a, 48b.
In the example shown in FIG. 7, output shaft 18 is ham-
mering. Consequently, during the times t3 to t7, pulse

edges appear only in the detection signal from rotational
angle detecting sensor 48b.
[0036] First, the rising edge of the detection signal from
rotational angle detecting sensor 48a is detected at the
time t1. At this juncture, the direction of rotation of output
shaft 18 is determined based on whether the pulse edge
detected immediately prior to this pulse edge occurred
in the rotational angle detecting sensor 48a or 48b. Here,
suppose that the pulse edge detected immediately prior
to this pulse edge was a falling edge of rotational angle
detecting sensor 48b. Therefore, it can be determined
that output shaft 18 is rotating in the direction of normal
rotation, and the rotational angle of output shaft 18 in-
creases by α / 2.
[0037] Subsequently, a rising edge of the detection sig-
nal of rotational angle detecting sensor 48b is detected
at the time t2. Thus, it can be determined that output shaft
18 is rotating in the direction of normal rotation at the time
t2, and the rotational angle of output shaft 18 increases
by α / 2. In the same manner, it is determined that output
shaft 18 is rotating in the direction of normal rotation and
that the rotational angle of output shaft 18 increases by
α / 2 at each of the times t3 and t4.
[0038] On the other hand, the rising edge of the detec-
tion signal of rotational angle detecting sensor 48b is de-
tected at the time t5. Since, relative to the time t4, the
falling edge of the detection signal of rotational angle
detection sensor 48b was detected, it can be determined
that the direction of rotation of output shaft 18 has
changed (i.e., it can be determined that output shaft 18
has rotated in the direction of reverse rotation). As a re-
sult, the rotational angle of output shaft 18 decreases by
α / 2. Similarly, it is determined at time t6 that the direction
of rotation of output shaft 18 has changed and is in the
direction of normal rotation, and it can be detected at
times t7 to t10 that output shaft 18 is rotating in the di-
rection of normal rotation.
[0039] In addition to the components described above,
soft impact wrench 11 may include main switch 32 for
starting and stopping motor M as shown in FIG. 1. Fur-
ther, detachable battery pack 34 may be removably at-
tached to a lower end of housing 13. Battery pack 34 may
supply current to motor M, microcomputer 60, etc.
[0040] A representative control circuit for use with soft
impact wrench 11 will now be described with reference
to Fig. 6. The representative control circuit of soft impact
wrench 11 utilizes microcomputer 60 as the main com-
ponent. Microcomputer 60 is preferably disposed within
housing 13.
[0041] Microcomputer 60 may be an integrated circuit
containing CPU 62, ROM 64, RAM 66 and I/O 68, and
may be connected as shown in Fig. 6. ROM 64 may store
a control program for automatically stopping motor M,
and other programs. Rotational angle detecting sensors
48a, 48b are respectively connected to predetermined
input ports of I/O 68. Thus, detection signals output from
each of sensors 48, 48b can be input to microcomputer
60.
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[0042] Battery pack 34 is connected to microcomputer
60 via power source circuit 74. Battery pack 34 may in-
clude a plurality of rechargeable battery cells (e.g., nickel
metal hydride battery cells, nickel cadmium battery cells)
that are serially connected. In addition, battery pack 34
is preferably connected to motor M via drive circuit 72.
Motor M is connected to microcomputer 60 via drive cir-
cuit 72 and brake circuit 70.
[0043] In such a circuit, when motor M is driven, output
shaft 18 of oil pulse unit 22 rotates, and detection signals
are input to microcomputer 60 from rotational angle de-
tecting sensors 48a, 48b. Microcomputer 60 may execute
a program based upon the input detection signals, stop
the supply of power to motor M at a given timing, and
actuate brake circuit 70 in order to stop motor M.
[0044] FIG. 8 shows a representative memory struc-
ture for RAM 66 of microcomputer 60. The pulse edge
information detected by rotational angle detecting sen-
sors 48a, 48b may be stored within storage registers R1
~ R10 of RAM 66. At predetermined time intervals, mi-
crocomputer 60 may detect the pulse edge from the ro-
tational angle detecting sensors 48a, 48b and stores the
pulse edge that have been detected, and the direction of
rotation, in the storage registers R1 ~ R10. Specifically,
’01’ is stored when a pulse edge in the direction of normal
rotation has been detected, ’FF’ is stored when a pulse
edge in the direction of reverse rotation has been detect-
ed, and ’00’ is stored when no pulse edge has been de-
tected. In the example shown in FIG. 8, output shaft 18
has rotated only one portion (i.e., α / 2) in the direction
of normal rotation during the period in which the pulse
edges are stored in the storage registers R1 ~ R10.
[0045] Since the intervals at which microcomputer 60
detects the pulse edges are sufficiently short (e.g., 0.2
milliseconds), no more than two pulse edges occur during
one detecting time interval. Further, microcomputer 60
may be programmed to store the pulse edge information
in order from register R1 to R10. Thus, microcomputer
60 may be programmed such that, when pulse edge in-
formation have been stored in the entirety of the storage
registers R1 ~ R10, the information in registers R2 ∼ R10
is shifted to registers R1 ∼ R9, and new pulse edge in-
formation is stored in register R10. By this means, the
oldest stored pulse edge information is cleared first.
[0046] A representative method for utilizing microcom-
puter 60 in order to tighten a fastener using soft impact
wrench 11 will be explained with reference to the repre-
sentative flowcharts of Figs. 9-13. For example, in order
to tighten a fastener using soft impact wrench 11, the
operator may first insert the fastener into the socket at-
tached to the distal end of spindle 12 and then turn ON
main (trigger) switch 32. When main switch 32 is turned
ON (actuated), microcomputer 60 starts the drive of mo-
tor M and also executes the representative control pro-
gram, which will be discussed below.
[0047] As shown in FIG. 9, when main switch 32 has
been turned ON, microcomputer 60 first resets: the stor-
age registers R1 ~ R10, a seating detecting counter C,

and an auto stop timer, and then activates the motor M
(step S10). The seating detecting counter C is a counter
that counts the number of times it has been determined
that the fastener is seated against the workpiece. The
auto stop timer is a timer that determines whether to stop
motor M. After the initializing processes have been per-
formed, microcomputer 60 resets a seating detecting tim-
er T and starts the seating detecting timer T (step S12).
The seating detecting timer T is a timer required when a
seating detecting process (i.e., steps S14 ~ S34) is per-
formed.
[0048] Next, microcomputer 60 starts a first pulse edge
detecting process (step S14). The first pulse edge de-
tecting process will be described with reference to FIG.
10. In the first pulse edge detecting process, as shown
in FIG. 10, microcomputer 60 determines whether a pulse
edge has occurred in the detection signals from rotational
angle detecting sensors 48a, 48b (step S38). If a pulse
edge has not occurred (NO in step S38), ’00’ is stored in
the storage register R (step S40), the process returns to
step S12 of FIG. 9.
[0049] On the other hand, if a pulse edge has occurred
(YES in step S38), microcomputer 60 determines wheth-
er the pulse edge is in the direction of normal rotation or
in the direction of reverse rotation (step S42). When the
pulse edge is in the direction of normal rotation (YES in
step S42), ’01’ is stored in the storage register R (steps
S44 and S48), and when the pulse edge is in the direction
of reverse rotation (NO in step S42), ’FF’ is stored in the
storage register R (steps S46 and S48). Subsequently,
microcomputer 60 calculates the changes in the rotation-
al angle of output shaft 18 in the direction of normal ro-
tation (i.e., the tightening direction) during T1 (millisec-
ond) prior to the occurrence of the pulse edge (step S50).
Specifically, the pulse edges stored in the storage regis-
ters R1 ~ R10 are added together. After step S50 has
been completed, the process proceeds to step S16 in
FIG. 9.
[0050]  When the process proceeds to step S16, mi-
crocomputer 60 determines whether the changes in the
rotational angle calculated in step S50 of FIG. 10 is equal
to or less than a "predetermined value 1" (e.g., α). In the
case where the changes in the rotational angle calculated
in step S50 exceeds the "predetermined value 1" (NO in
step S16), microcomputer 60 determines that output
shaft 18 has been rotating during T1, the process returns
to step S12. On the other hand, in the case where the
changes in the rotational angle calculated in step S50 is
equal to or less than the "predetermined value 1" (YES
in step S16), microcomputer 60 determines that output
shaft 18 has not been rotating during T1, and the process
proceeds to step S18.
[0051] When the process proceeds to step S18, a val-
ue of variable r is set to zero. The variable r is a variable
for calculating the absolute value of the changes in the
rotational angle of output shaft 18 occurring during T2
(millisecond) from the time when the pulse edge oc-
curred. In step S20, a value of variable R is set to the
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pulse edge detected in the first pulse edge detecting proc-
ess (i.e., pulse edge information of step S44 or step S46
in FIG. 10). The variable R is a variable for calculating
the changes in the rotational angle in the direction of nor-
mal rotation of output shaft 18 occurring during T3 (mil-
lisecond) from the time when the pulse edge has oc-
curred.
[0052] When the process proceeds to step S24, mi-
crocomputer 60 determines whether the seating detect-
ing timer T has reached T2 (millisecond). If the seating
detecting timer T has reached T2 (millisecond) (YES in
step S24), the process proceeds to step S28. On the
other hand, if the seating detecting timer T has not
reached T2 (millisecond) (NO in step S24), the process
proceeds to step S26.
[0053] When the process proceeds to step S26, mi-
crocomputer 60 starts a second pulse edge detecting
process. The second pulse edge detecting process will
be explained with reference to FIG. 11. In the second
pulse edge detecting process, as shown in FIG. 11, mi-
crocomputer 60 determines whether a pulse edge has
occurred in the detecting signals of rotational angle de-
tecting sensors 48a, 48b (step S52). In the case where
a pulse edge has not occurred (NO in step S52), ’00’ is
stored in registers R45 and r45, and the process pro-
ceeds to step S62. On the other hand, in the case where
a pulse edge has occurred (YES in step S52), microcom-
puter 60 determines whether the pulse edge is in the
direction of normal rotation or in the direction of reverse
rotation (step S56). When the pulse edge is in the direc-
tion of normal rotation (YES in step S56), ’01’ is stored
in the registers R45, r45 (step S58). When the pulse edge
is in the direction of reverse rotation (NO in step S56),
’FF’ is stored in the register R45, and ’01’ is stored in the
register r45 (step S60).
[0054] When the process proceeds to step S62, the
value of the register R45 is added to the variable R, and
the value of the register r45 is added to the variable r. By
this means, the changes in the rotational angle of output
shaft 18 that has been detected is added to the variable
R, and the absolute value of the changes in the rotational
angle of output shaft 18 that has been detected is added
to the variable r. Further, the value of the register R45 is
also stored in the storage register. After step S62 has
been completed, the process returns to step S24 of FIG.
9, and the process from step S24 is repeated. As a result,
the processes of steps S24 and S26 are repeated until
the seating detecting timer T reaches T2 (millisecond)
(i.e., until the second pulse edge detecting process is
performed (T2 / (detecting time interval) + 1) times).
[0055] In the case where step S24 in FIG. 9 is YES,
microcomputer 60 determines whether the variable r (i.e.,
the absolute value of the changes in the rotational angle
of output shaft 18) is equal to or greater than a "prede-
termined value 2" (e.g., α) (step S28). That is, it is deter-
mined whether output shaft 18 has rotated since the de-
tection of the pulse edge in the first pulse edge detecting
process at step S14. In the case where step S28 is de-

termined to be NO, microcomputer 60 determines that
the time at which the pulse edge detected in the first pulse
edge detecting process occurred is not the same as the
time at which the generation of the oil pulse started (i.e.,
when oil pulse unit 22 generated the oil pulse, the pulse
edge detected in the first pulse edge detecting process
did not simultaneously occur), and the process returns
to step S12. In the case where step S28 is determined
to be YES, microcomputer 60 determines that the time
at which the pulse edge detected in the first pulse edge
detecting process occurred is the same as the time at
which the generation of the oil pulse started (i.e., when
oil pulse unit 22 generated the oil pulse, the pulse edge
detected in the first pulse edge detecting process simul-
taneously occurred), and the process proceeds to step
S34.
[0056] In step S34, microcomputer 60 determines
whether the seating detecting timer T has reached T3
(millisecond). When the seating detecting timer T has
reached T3 (millisecond) (YES in step S34), the process
proceeds to step S36 in which a motor stopping process
is performed. When the seating detecting timer T has not
reached T3 (millisecond) (NO in step S34), the process
proceeds to step S32, in which a third pulse edge detect-
ing process is performed.
[0057] First, the third pulse edge detecting process will
be explained with reference to FIG. 12. In the third pulse
edge detecting process, as shown in FIG. 12, microcom-
puter 60 determines whether a pulse edge has occurred
in the detecting signals from rotational angle detecting
sensors 48a, 48b (step S64). If a pulse edge has not
occurred (NO in step S64), ’00’ is stored in the register
R45, and the process proceeds to step S74. On the other
hand, if a pulse edge has occurred (YES in step S64), it
is determined whether the pulse edge is in the direction
of normal rotation or in the direction of reverse rotation
(step S68). In the case where the pulse edge is in the
direction of normal rotation (YES in step S68), ’01’ is
stored in the register R45 (step S70). In the case where
the pulse edge is in the direction of reverse rotation (NO
in step S68), ’FF’ is stored in the register R45 (step S72).
[0058] When the process proceeds to step S74, the
value of the register R45 is added to the variable R. By
this means, the change in the rotational angle of the out-
put shaft 18 that is detected every detecting time interval
(e.g., 0.2 milliseconds) is added to the variable R. Further,
in step S74, the value of the register R45 is stored in the
storage registers. After step S74 has been completed,
the process returns to step S34 of FIG. 9. By this means,
steps S34 and S32 are repeated until the seating detect-
ing timer T reaches T3 (millisecond) (i.e., until the third
pulse edge detecting process is performed ((T3 - T2) /
(detecting time interval)) times).
[0059] Next, the motor stopping process of step S36
will be explained with reference to FIG. 13. As shown in
FIG. 13, in the motor stopping process, microcomputer
60 determines whether the value of the variable R (i.e.,
the changes in the rotational angle of output shaft 18 in
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the direction of normal rotation during the period from
detecting the pulse edge in the first pulse edge detecting
process until T3 (millisecond) has elapsed) is equal to or
less than a "predetermined value 3" (step S76). The "pre-
determined value 3" may equally well be assigned a value
appropriate to the type of fastener (e.g., screw, bolt or
nut) or to the type of tightening operation.
[0060] When the variable R exceeds the "predeter-
mined value 3" (NO in step S76), it is determined that the
fastener has not been seated against the workpiece, and
the process proceeds to step S84. On the other hand,
when the variable R is within the "predetermined value
3" (YES in step S76), it is determined that the fastener
has been seated against the workpiece, and the process
proceeds to step S78. That is, in the first representative
embodiment, the seating of the fastener is determined
by utilizing the fact that, when one oil pulse (i.e., impulse
force) causes output shaft 18 to rotate in the direction of
normal rotation, there is a lesser changes in the rotational
angle after the fastener is seated than before the fastener
is seated.
[0061] When step S76 is YES, ’1’ is added to the seat-
ing detecting counter C (step S78), and it is determined
whether the seating detecting counter C has reached ’2’
(step S80). If the seating detecting counter C has not
reached ’2’ (NO in step S80), the process proceeds to
step S84 so that a second seating detection is performed.
If the seating detecting counter C has reached ’2’ (YES
in step S80), microcomputer 60 starts the auto stop timer
(step S86), and microcomputer 60 determines whether
the auto stop timer is equal to a predetermined period
T4 (millisecond) (step S88). If the auto stop timer is not
equal to the predetermined period T4 (millisecond) (NO
in step S88), the process waits until the auto stop timer
is equal to the predetermined period T4 (millisecond).
Conversely, if the auto stop timer is equal to the prede-
termined period T4 (millisecond) (YES in step S88), mi-
crocomputer 60 stops the motor M (step S90).
[0062] When the process proceeds to step S84, mi-
crocomputer 60 determines whether the seating detect-
ing timer T is equal to a predetermined period T5 (milli-
second) (step S84). In the case where the seating de-
tecting timer T is not equal to the predetermined period
T5 (millisecond) (NO in step S84), the process waits until
the seating detecting timer T is equal to the predeter-
mined period T5 (millisecond). In the case where the
seating detecting timer T is equal to the predetermined
period T5 (millisecond) (YES in step S84), the process
returns to step S12 of FIG. 9. Therefore, when seating
detection is performed, the next seating detection is not
performed until after T5 (millisecond) has elapsed. As a
result, since the next seating detection is not affected by
contact occurring when seating the fastener, the seating
of the fastener can be accurately detected.
[0063] As is clear from the above, in the above illus-
trated representative embodiment, the pulse edges of
rotational angle detecting sensors 48a, 48b and the di-
rection of rotation are detected and stored at specified

time intervals in the storage registers R1 ~ R10, whereby
the moving state (i.e., halted or rotating) of output shaft
18 prior to the detection of the pulse edge is determined.
Furthermore, when it is determined that output shaft 18
is halted, further determining the moving state (halted or
rotating) of output shaft 18 after the detection of the pulse
edge renders it possible to determine whether the time
at which the pulse edge occurred was the time at which
an oil pulse was generated. By this means, the rotational
angle detecting sensors 48a, 48b that detect the changes
in rotational angle of output shaft 18 also specify the oil
pulse generation time, thereby eliminating the need for
the impact detecting sensor that is conventionally re-
quired.

Second Detailed Representative Embodiment

[0064] The second representative embodiment of the
present teachings will now be explained. Before proceed-
ing with a discussion of the second representative em-
bodiment, some additional background information is in
order. Generally speaking, even if same fasteners are
tightened using same motor auto stop conditions (e.g.,
same motor driving period after seating, same number
of impulse forces being generated after seating), the
tightening torque of the fastener changes if the type of
workpiece (e.g., the hardness of workpiece) differs. Usu-
ally, the appropriate tightening torque of the fastener is
determined by the type of fastener and not by the type
of workpiece, such that if the fasteners are same, the
appropriate tightening torque values are same. In con-
sequence, if same fasteners are to be tightened to dif-
fering workpiece with the appropriate tightening torque,
the motor auto stop conditions must be changed to cor-
respond to the type of workpiece. If an operator must
change the motor stopping conditions, the fastener will
not be tightened with the appropriate tightening torque
in the case where the operator has forgotten to change
the motor auto stop conditions. In order to overcome this
problem of impact wrenches, an impact wrench of the
second representative embodiment is capable of auto-
matically changing the motor auto stop conditions in ac-
cordance with the type of workpiece.
[0065] Here, the difference in the movement condi-
tions of the output shaft after the seating of the fastener
as a result of the difference in the type of workpiece will
be explained in detail with reference to FIGS. 15 to 17.
FIG. 15 shows both changes in a cumulative rotational
angle of the output shaft when a screw is tightened to a
hard member such as steel (hereafter referred to as hard
joint member), as well as changes in rotational angle of
the output shaft per 1 impulse force after seating. FIG.
16 shows both changes in the cumulative rotational angle
of the output shaft when a screw is tightened to a soft
member such as wood (hereafter referred to as soft joint
member), as well as changes in rotational angle of the
output shaft per 1 impulse force after seating. FIG. 17
shows the change in the cumulative rotational angle of
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the output shaft after seating for the cases of the hard
joint member and the soft joint member.
[0066] As shown in FIGS. 15 to 17, the changes in the
cumulative rotational angle of the output shaft are ap-
proximately identical prior to seating for both cases. How-
ever, the changes in the cumulative rotational angle of
the output shaft differ greatly after seating. With the hard
joint member, there are small changes in the rotational
angle of the output shaft per 1 impulse, the screw hardly
rotating after seating. By contrast, with the soft joint mem-
ber, there are large changes in the rotational angle of the
output shaft per 1 impulse, and the screw rotates even
after seating. As a result, it is possible to determine
whether the workpiece is a hard joint member or a soft
joint member on the basis of a value obtained by finding
the changes in the cumulative rotational angle of the out-
put shaft (or, the changes in rotational angle of the output
shaft per 1 impulse) from the change in the rotational
angle of the output shaft and the direction of rotation
thereof, this being detected by the rotational angle de-
tecting sensors. Thereupon, the motor can be stopped
using the hard joint member auto stop conditions if the
workpiece is a hard joint member, and can be stopped
using the soft joint member auto stop conditions if the
workpiece is a soft joint member. For example, after the
microprocessor has determined that the screw has been
seated, the microprocessor can be programmed to: firstly
(1) calculate, from the changes in the rotational angle of
the output shaft and the direction of rotation thereof de-
tected by the rotational angle detecting sensors, the cu-
mulative rotational angle of the output shaft in the tight-
ening direction occurring within a specified period, (2)
determine the type of workpiece on the basis of the cal-
culated cumulative rotational angle, and (3) stop the mo-
tor when the automatic stopping conditions correspond-
ing to the type of workpiece that was identified have been
fulfilled. Moreover, the type of workpiece (e.g., hard joint
member or soft joint member) can be determined on the
basis of various indices other than the aforementioned
cumulative rotational angle of the output shaft.
[0067] The second representative embodiment pro-
vides an impact wrench for two types of workpieces (i.e.,
hard joint members (e.g., metal plates) and soft joint
members (e.g., wooden boards). Specifically, hard joint
member motor auto stop conditions (wherein a motor
driving period after seating is Ts1) and soft joint member
motor auto stop conditions (wherein a motor driving pe-
riod after seating is Ts2. (Here, Ts2 > Ts1)) are stored in
ROM 64 of microcomputer 60. Further, microcomputer
60 determines whether the workpiece to which the fas-
tener is to be tightened is a hard joint member or a soft
joint member, this driving motor M for the motor driving
period Ts1 after seating in the case where the workpiece
is a hard joint member, and driving motor M for the motor
driving period Ts2 after seating in the case where the
workpiece is a soft joint member.
[0068] The mechanical structure and composition of
the control circuit may be generally the same as the soft

impact wrench of the first representative embodiment.
Therefore, the same reference numerals will be used and
the explanation of the same or similar parts may be omit-
ted.
[0069] In the second representative embodiment, mi-
crocomputer 60 performs the processes shown in the
flowchart of FIG. 9. Further, the first pulse edge detecting
process (FIG. 10), the second pulse edge detecting proc-
ess (FIG. 11), and the third pulse edge detecting process
(FIG. 12) are performed in a manner identical to the first
representative embodiment. However, in the second rep-
resentative embodiment, the motor stopping process
shown at step S36 in FIG. 9 differs from the motor stop-
ping process of the first embodiment. Below, the motor
stopping process of the second representative embodi-
ment will be explained with reference to the flowchart of
FIG. 14.
[0070] As shown in FIG. 14, in the motor stopping proc-
ess of the second representative embodiment, micro-
computer 60 determines whether a seating detecting flag
F has reached ’1’ (step S92). The seating detecting flag
F is a flag for showing whether the fastener is seated,
this being ’1’ when the fastener is seated, and ’0’ when
the fastener is not seated. Moreover, since the seating
detecting flag F is cleared in the initializing processes of
step S10 in FIG. 9, step S92 must be NO in the first
performance of the motor stopping process after motor
M has been activated.
[0071] When the seating detecting flag F is not ’1’ (NO
in step S92), the process proceeds to step S94, and mi-
crocomputer 60 determines whether the value of the var-
iable R (i.e., the changes in the rotational angle of output
shaft 18 in the direction of normal rotation during the pe-
riod from detecting the pulse edge in the first pulse edge
detecting process until T5 (millisecond) has elapsed) is
equal to or less than the "predetermined value 3". If the
variable R exceeds the "predetermined value 3" (NO in
step S94), microcomputer 60 determines that the fasten-
er is not seated, and the process proceeds to step S104.
If the variable R is within the "predetermined value 3"
(YES in step S94), it is determined that the fastener is
seated, and the process proceeds to step S96.
[0072] In step S96, ’1’ is added to the seating detecting
counter C, and microcomputer 60 subsequently deter-
mines whether the seating detecting counter C has
reached ’2’ (step S98). When the seating detecting coun-
ter C has not reached ’2’ (NO in step S98), the process
proceeds to step S104. When the seating detecting coun-
ter C has reached ’2’ (YES in step S98), the seating de-
tecting flag F is ’1’, the auto stop timer is started (step
S100), and the process proceeds to step S104.
[0073] In step S104, microcomputer 60 determines
whether the seating detecting timer T is equal to 15 mil-
liseconds (step S104). In the case where the seating de-
tecting timer T is not equal to 15 milliseconds (NO in step
S104), the process waits until the seating detecting timer
T is equal to 15 milliseconds. In the case where the seat-
ing detecting timer T is equal to 15 milliseconds (YES in
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step S104), the process returns to step S12 of FIG. 9,
and the process from step S12 is repeated. By this
means, in the second embodiment, the process returns
to step S12 of FIG. 9 and performs the process from step
S12 even after the auto stop timer has started.
[0074] In the case where step S92 is YES (i.e., the
seating detecting flag F is ’1’ and the auto stop timer has
started), the value of the variable R (i.e., the changes in
the rotational angle of output shaft 18 in the direction of
normal rotation during the period from detecting the pulse
edge in the first pulse edge detecting process until the
present time) is added to a variable RR (step S106), and
microcomputer 60 determines whether the auto stop tim-
er has reached a "predetermined period" (step S108).
The "predetermined period" of step S108 may be the
hard joint member motor driving period Ts1.
[0075] In the case where the auto stop timer has not
reached the "predetermined period" (NO in step S108),
the process proceeds to step S104. As a result, the proc-
ess from step S12 of FIG. 9 is repeated, and the changes
in the rotational angle of output shaft 18 in the direction
of normal rotation is stored in the variable RR after the
fastener has been seated. On the other hand, in the case
where the auto stop timer has reached the "predeter-
mined period" (YES in step S108), the process proceeds
to step S110.
[0076] In step S110, microcomputer 60 determines
whether the variable RR (i.e., the changes in the rota-
tional angle of output shaft 18 in the direction of normal
rotation during the period from detection of seating until
the "predetermined period" has elapsed) is equal to or
more than a "predetermined angle" (step S110). When
the variable RR is less than the "predetermined angle"
(NO in step S110), microcomputer 60 determines that
the workpiece to which tightening is being performed is
a hard joint member, and microcomputer 60 stop motor
M (step S116). Alternatively, when the variable RR is
equal to or greater than the "predetermined angle" (YES
in step S110), microcomputer 60 determines that the
workpiece to which tightening is being performed is a soft
joint member, and the "predetermined period" (i.e., the
hard joint member motor driving period Ts1) is multiplied
by k (k > 1) (step S112). That is, the "predetermined pe-
riod" for the soft joint member changes to the motor driv-
ing period Ts2. Then, the process waits until the auto stop
timer reaches the ’predetermined period’ for the soft joint
member (step S114), and when the auto stop timer reach-
es the "predetermined period" for the soft joint member,
microcomputer 60 stop motor M (step S116).
[0077] As is clear from the above, in the second rep-
resentative embodiment, the changes in the rotational
angle of the output shaft 18 (e.g., cumulative rotational
angle) after the detection of seating is calculated, and
the changes in the rotational angle that has been calcu-
lated is compared with a threshold value. When the cal-
culated changes in the rotational angle are equal to or
greater than the threshold value, it is determined that the
workpiece to which the tightening operation is performed

is a soft joint member. On the other hand, when the cal-
culated changes in the rotational angle are less than the
threshold value, it is determined that the workpiece to
which the tightening operation is performed is a hard joint
member. Then, in the case where the workpiece is de-
termined to be the hard joint member, the motor is driven
for the motor driving period Ts1 after seating, and in the
case where the workpiece is determined to be the soft
joint member, the motor is driven for the motor driving
period Ts2 after seating. By this means, the motor driving
period after seating changes automatically according to
the type of workpiece, thereby allowing the fastener to
be tightened with a suitable tightening torque even
though the type of workpiece differs.
[0078] In the second representative embodiment, it is
determined whether the workpiece is a hard joint member
or a soft joint member on the basis of the changes in the
rotational angle of the output shaft in the direction of nor-
mal rotation. However, it is equally possible to determine
the type of workpiece on the basis of, for example, a
value obtained by calculating the changes in the rotation-
al angle of the output shaft in the direction of normal ro-
tation that occurs with each oil pulse (or the average
changes in the rotational angle per one oil pulse).
[0079] Further, in the second representative embodi-
ment, there are two types of workpiece to which the fas-
tener is tightened: a hard joint member and a soft joint
member. However, the workpieces to which the fastener
is tightened are not limited to two types. For example, as
shown in FIG. 18, it is possible to provide a plurality of
threshold values with which the cumulative rotational an-
gle of the output shaft is compared, whereby the fastener
can be tightened to three or more types of workpiece by
means of comparing the cumulative rotational angle of
the output shaft with this plurality of threshold values. In
the example shown in FIG. 18, "workpiece 1" is deter-
mined in the case where the cumulative rotational angle
of the output shaft is less than a threshold value 4, "work-
piece 2" is determined in the case where the cumulative
rotational angle of the output shaft is from the threshold
value 4 to a threshold value 3, "workpiece 3" is deter-
mined in the case where the cumulative rotational angle
of the output shaft is from the threshold value 3 to a
threshold value 2, "workpiece 4" is determined in the case
where the cumulative rotational angle of the output shaft
is from the threshold value 2 to the threshold value 1,
and "workpiece 5" is determined in the case where the
cumulative rotational angle of the output shaft is equal
to or greater than the threshold value 1. As long as the
type of workpiece can be determined, the motor may be
stopped using motor auto stop conditions corresponding
thereto.
[0080] The above illustrated representative embodi-
ments provide an example of the application of the
present teaching to soft impact wrench. However, the
present teachings can also be applied to other power
tools in which the motor stops running when the total
number of oil pulses after seating is counted and equal
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to a predetermined setting value.
[0081] Although the power tools according to the
above representative embodiments generate an impact
by oil pulse unit 22, the present teachings can also be
applied to other impact tools, such an impact screwdriv-
ers, which generate an impact by hammer striking anvil
(i.e., output shaft).
[0082] Finally, although the preferred representative
embodiment has been described in detail, the present
embodiment is for illustrative purpose only and not re-
strictive. It is to be understood that various changes and
modifications may be made without departing from the
spirit or scope of the appended claims. In addition, the
additional features and aspects disclosed herein also
may be utilized singularly or in combination with the
above aspects and features.

Claims

1. A power tool adapted to tighten a fastener, compris-
ing:

a motor (M),
means (22) for generating an elevated torque,
wherein the elevated torque generating means
(22) is coupled to the motor (M) and has an out-
put shaft (18), wherein if a load acting on the
output shaft (18) is less than a predetermined
value, rotating torque generated by the motor
(M) is directly transmitted to the output shaft (18)
and if a load acting on the output shaft (18) ex-
ceeds the predetermined value, an elevated
torque is generated by the elevated torque gen-
erating means (22) and applied to the output
shaft (18),
a load shaft (12) connected to the output shaft
(18),
means (48a, 48b, 52a, 52b, 52c) for detecting
change in rotational angle of either the output
shaft (18) or the load shaft (12) and the direction
of rotation thereof, and
a processor (62),
characterized in that
the power tool further comprises a memory (64)
storing automatic stopping programs for auto-
matically stopping the motor (M) for each of dif-
fering types of workpiece, and
the processor (62) is in communication with the
motor (M), the detecting means (48a, 48b) and
the memory (64), the detecting means (48a,
48b, 52a, 52b, 52c) communicating signals cor-
responding to the state of either the output shaft
or the load shaft to the processor, wherein the
processor is adapted to (1) determine the type
of workpiece based upon the signals from the
detecting means (48a, 48b, 52a, 52b, 52c), and
(2) select the automatic stopping program based

upon the determined type of workpiece, and (3)
stop the motor (M) in accordance with the se-
lected automatic stopping program.

2. The power tool as in claim 1, wherein the processor
(62) is adapted to (1) calculate a cumulative rotation-
al angle of either the output shaft (18) or the load
shaft (12) in the tightening direction within a prede-
termined period after the fastener has reached the
seated position against the workpiece, and (2) de-
termine the type of workpiece based upon the cal-
culated cumulative rotational angle.

3. The power tool as in claim 1 or 2, wherein the proc-
essor (62) is adapted to (1) calculate average chang-
es in rotational angle of either the output shaft (18)
or the load shaft (12) in the tightening direction per
one elevated torque after the fastener has reached
the seated position against the workpiece, and (2)
determine the type of workpiece based upon the cal-
culated average changes.

Patentansprüche

1. Kraftwerkzeug, das angepasst ist, ein Befestigungs-
mittel anzuziehen, mit einem Motor (M),
einem Mittel (22) zum Erzeugen eines erhöhten
Drehmoments, wobei das erhöhte Drehmoment er-
zeugende Mittel (22) mit dem Motor (M) verbunden
ist und eine Ausgangswelle (18) hat, wobei, wenn
eine Last, die auf die Ausgangswelle (18) wirkt, klei-
ner als ein vorbestimmter Wert ist, ein Drehmoment,
das durch den Motor (M) erzeugt wird, direkt an die
Ausgangswelle (18) übertragen wird, und wenn eine
Last, die auf die Ausgangswelle (18) wirkt, den vor-
bestimmten Wert übersteigt, ein erhöhtes Drehmo-
ment durch das das erhöhte Drehmoment erzeugen-
de Mittel (22) erzeugt und auf die Ausgangswelle
(18) aufgebracht wird,
einer Lastwelle (12), die mit der Ausgangswelle (18)
verbunden ist,
einem Mittel (48a, 48b, 52a, 52b, 52c) zum Erfassen
eines Wechsels eines Drehwinkels von entweder
der Ausgangswelle (18) oder der Lastwelle (12) und
dessen Drehrichtung, und einem Prozessor (62),
dadurch gekennzeichnet, dass
das Kraftwerkzeug weiter einen Speicher (64) auf-
weist, der für jedes verschiedenartige Werkstück ein
automatisches Stopp-Programm zum automati-
schen Stoppen des Motors (M) speichert, und
der Prozessor (62) mit dem Motor (M), dem Erfas-
sungsmittel (48a, 48b) und dem Speicher (64) in Ver-
bindung steht, wobei das Erfassungsmittel (48a,
48b, 52a, 52b, 52c) Signale entsprechend dem Zu-
stand von entweder der Ausgangswelle oder der
Lastwelle an den Prozessor übermittelt, wobei der
Prozessor dazu angepasst ist, (1) die Art des Werk-
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stückes basierend auf den Signalen der Erfassungs-
mittel (48a, 48b, 52a, 52b, 52c) zu bestimmen und
(2) das automatische Stopp-Programm basierend
auf der bestimmten Art des Werkstückes zu wählen
und (3) den Motor (M) in Übereinstimmung mit dem
ausgewählten automatischen Stoppprogramm zu
stoppen.

2. Kraftwerkzeug nach Anspruch 1, bei dem der Pro-
zessor (62) dazu angepasst ist, (1) einen kumulati-
ven Drehwinkel von entweder der Ausgangswelle
(18) oder der Lastwelle (12) in der Anziehrichtung
innerhalb eines vorbestimmten Zeitraums nachdem
das Befestigungsmittel die Sitzposition bezüglich
des Werkstückes erreicht hat zu berechnen und (2)
die Art des Werkstückes basierend auf dem berech-
neten kumulativen Drehwinkel zu bestimmen.

3. Kraftwerkzeug nach Anspruch 1 oder 2, bei dem der
Prozessor (62) dazu angepasst ist, (1) Durch-
schnittswechsel des Drehwinkels von entweder der
Ausgangswelle (18) oder der Lastwelle (12) in der
Anziehrichtung pro einem erhöhten Drehmoment
nachdem das Befestigungsmittel die Sitzposition be-
züglich des Werkstückes erreicht hat zu berechnen
und (2) die Art des Werkstükkes basierend auf den
berechneten Durchschnittswechseln zu bestimmen.

Revendications

1. Outil motorisé adapté pour serrer un dispositif de
fixation, comprenant :

un moteur (M),
des moyens (22) pour générer un couple de tor-
sion élevé, dans lequel les moyens générateurs
de couples de torsion élevés (22) sont couplés
au moteur (M) et ont un arbre de sortie (18),
dans lequel, si une charge agissant sur l’arbre
de sortie (18) est inférieure à une valeur prédé-
terminée, le couple de torsion généré par le mo-
teur (M) est directement transmis à l’arbre de
sortie (18) et, si une charge agissant sur l’arbre
de sortie (18) dépasse la valeur prédéterminée,
un couple de torsion élevé est généré par les
moyens générateurs de couples de torsion éle-
vés (22) et appliqué à l’arbre de sortie (18),
un arbre de charge (12) raccordé à l’arbre de
sortie (18),
des moyens (48a, 48b, 52a, 52b, 52c) pour dé-
tecter un changement d’angle de rotation soit
de l’arbre de sortie (18), soit de l’arbre de charge
(12) et son sens de rotation, et
un processeur (62),
caractérisé en ce que
l’outil motorisé comprend en outre une mémoire
(64) stockant des programmes d’arrêt automa-

tique pour arrêter automatiquement le moteur
(M) pour chacun de différents types de pièce et
le processeur (62) est en communication avec
le moteur (M), les moyens de détection (48a,
48b) et la mémoire (64), les moyens de détection
(48a, 48b, 52a, 52b, 52c) communiquant des
signaux correspondant à l’état soit de l’arbre de
sortie, soit de l’arbre de charge au processeur,
dans lequel le processeur est adapté pour (1)
déterminer le type de pièce en se basant sur les
signaux provenant des moyens de détection
(48a, 48b, 52a, 52b, 52c), (2) sélectionner le pro-
gramme d’arrêt automatique en se basant sur
le type déterminé de pièce et (3) arrêter le mo-
teur (M) selon le programme d’arrêt automati-
que sélectionné.

2. Outil motorisé selon la revendication 1, dans lequel
le processeur (62) est adapté pour (1) calculer l’an-
gle de rotation cumulé soit de l’arbre de sortie (18),
soit de l’arbre de charge (12) dans le sens de serrage
dans une période prédéterminée après que le dis-
positif de fixation a atteint la position calée contre la
pièce et (2) déterminer le type de pièce en se basant
sur l’angle de rotation cumulé calculé.

3. Outil motorisé selon la revendication 1 ou 2, dans
lequel le processeur (62) est adapté pour (1) calculer
les changements moyens de l’angle de rotation soit
de l’arbre de sortie (18), soit de l’arbre de charge
(12) dans le sens de serrage par couple de torsion
élevé après que le dispositif de fixation a atteint la
position calée contre la pièce et (2) déterminer le
type de pièce en se basant sur les changements
moyens calculés.
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