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Description

[0001] The presentinvention relates to an electric blind
rivet fastening device using an electric motor and, more
specifically, to a blind rivet fastening device in which a
passage for collecting broken mandrels does not have
to be provided on the axis of the motor.

[0002] A blind rivet has a mandrel and a rivet body,
and the rivet body has a hollow, cylindrical sleeve, and
a large-diameter flange formed on one end of the cylin-
drical sleeve. The mandrel has a shaft portion which
passes through the rivet body, extends beyond the
flange, and is gripped by the blind rivet fastening device,
and a mandrel head whose diameter is greater than the
inner diameter of the cylindrical sleeve positioned so as
to protrude from the other end of the cylindrical sleeve.
In a blind rivet, the gripped portion of the mandrel shaft
is inserted into the nose of the blind rivet fastening device,
and the rivet body and the mandrel head are gripped by
the blind rivet fastening device so as to protrude from the
nose. In the blind rivet gripped by the blind rivet fastening
device, the sleeve of the rivet body is inserted into a
mounting hole in the members to be fastened (fastened
members), and the flange is brought into contact with the
surface of a fastened member.

[0003] Next, the blind rivet in the blind rivet fastening
device is operated, the mandrel shaft is pulled out with
force, the mandrel head deforms and widens a portion
of the sleeve, the fastened members are strongly inter-
posed between the flange and the deformed portion of
the sleeve with a wider diameter, the mandrel shaft
breaks off in the breakable portion with a narrow diame-
ter, and the rivet body is fastened to the fastened mem-
bers. When the fastened members are an automotive
body panel and automotive component mounted on the
automotive body panel, the automotive component is
mounted on the automotive body panel by fastening both
members with a blind rivet while the mounted portion of
the automotive component is superimposed on the body
panel. A blind rivet can be fastened from one side, which
is convenient when the automotive body panel or other
panel is a large panel covering a wide area. Blind rivets
are usually made of a metal such as steel or aluminum.
After the fastening operation has been completed, the
broken mandrel shaft from the blind rivet has to be col-
lected from the blind rivet fastening device.

[0004] Japanese Patent Publication No. 5-200476 dis-
closes one type of blind rivet fastening device, which is
an electric blind rivet fastening device using a battery-
operated electric motor. An electric motor stored inside
the handle drives the blind rivet fastening mechanism,
and the gripped portion of the mandrel shaft on a blind
rivet gripped by the nose is strongly pulled out so the
mandrel head deforms and widens a portion of the
sleeve, the mandrel shaft breaks off in the small-diameter
breakable portion, and the blind rivet is fastened in the
fastened members. Unlike a pneumatic or hydraulic blind
rivet fastening device, a battery-operated blind rivet fas-
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tening device does not require a pressurized fluid supply
tube between the handle and a pneumatic or hydraulic
pressurized fluid supply source. This lessens the burden
on the operator holding the handle, and makes the fas-
tening operation easier.

[0005] In the electric blind rivet fastening device dis-
closed in Japanese Patent Publication No. 5-200476, a
collection chamber for collecting broken mandrel shafts
is arranged to the rear of the blind rivet fastening mech-
anism. In this blind rivet fastening device, a large electric
motor is arranged in the upper portion of the handle. Be-
cause this increases the size of the upper portion of the
fastening device handle, and because both the electric
motor in the upper portion of the handle and the nose
portion at the front of the fastening device are heavy, the
weight balance of the fastening device is poor. This
makes it difficult for the operator to hold the handle and
perform the fastening operation comfortably.

[0006] Japanese Patent Publication No. 2003-266143
discloses a blind rivet fastening device using an electric
motor. Inthis device, the blind rivet fastening mechanism,
the collection chamber for broken mandrels, and the elec-
tric motor between the fastening mechanism and the col-
lection chamber are all arranged coaxially inside a sub-
stantially cylindrical housing. In this electric blind rivet
fastening device, the electric motor is arranged in the
upper portion of the handle at the rear. As a result, the
weight balance is better than that of the fastening device
in Patent Document 1, and the handle is easier for the
operator to hold and perform the fastening operation
comfortably.

[0007] Inthe electric blind rivet fastening device of Jap-
anese Patent Publication No. 2003-266143, the motor is
arranged between the blind rivet fastening mechanism
and the collection chamber for broken mandrel shafts.
As a result, the passage for collecting broken mandrel
shafts is formed on the central axis of the motor, forming
an air cavity on the central axis of the motor and requiring
an electric motor with a special structure. Therefore, an
electric blind rivet fastening device is required which can
use an all-purpose electric motor and which does not
require a recovery passage for broken mandrel shafts
along the central axis.

[0008] Japanese PatentPublication No. 2008-168324
discloses a hydraulic blind rivet fastening device control-
led by a pneumatic control mechanism. This blind rivet
fastening device includes a blind rivet fastening mecha-
nism housed inside a cylindrical housing, and a handle
extending orthogonally with respect to the cylindrical
housing for the fastening mechanism. The collection
chamber for broken mandrel shafts is provided at the rear
end of the housing for the fastening mechanism. When
the trigger provided in the handle is squeezed, the pneu-
matic control mechanism provided inside the handle is
activated, and the hydraulic control mechanism of the
blind rivetfastening mechanismis operated. The drawing
force on the mandrel shaft of the blind rivet gripped by
the nose causes the mandrel head to deform and widen
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a portion of the sleeve while also causing the small-di-
ameter breakable portion of the mandrel shaft to break.
The fastened members are fastened by the blind rivet,
and the broken mandrel shaftis collected in the collection
chamber.

[0009] The blind rivet fastening device in Japanese
Patent Publication No. 2008-168324 has to be connected
to a pressurized air source in the handle or to a supply
tube for pressurized air. As a result, the operator is bur-
dened by a supply tube. Because a pressurized fluid sup-
ply tube is required, the fastening device is not as easy
to handle as the electric blind rivet fastening devices in
Patent Document 1 and Patent Document 2, and the op-
erator has to drag along a supply tube which complicates
the operation.

[0010] Japanese Patent Publication No. 2011-218381
discloses a blind rivet fastening device using an electric
motor. The device in Japanese Patent Publication No.
2011-218381 includes a collection chamber containing
broken mandrel shafts in the upper portion of the handle
and in front of the electric motor in the axial direction.
The electric motor is arranged to the rear of the collection
chamber in the axial direction, and a power transmitting
means for transmitting the rotation of the electric motor
to the pulling head is arranged below the collection cham-
ber in order to bypass the collection chamber. Because
the collection chamber for broken mandrels is arranged
in front of the electric motor, the passage for collecting
broken mandrels does not have to be provided along the
central axis of the motor. In the device of Patent Docu-
ment 4, a power transmitting means is provided which
bypasses the collection chamber. A mechanical switch
is used to detect the rotation of the drive shaft passing
below the collection chamber and to determine the posi-
tion of the pulling head. However, the mechanical switch
takes up space below the collection chamber, so the size
of the collection chamber has to be reduced.

[0011] EP-A-2374558, on which the preamble of claim
1is based, discloses an electric blind rivet fastening de-
vice for setting of blind rivets in workpieces which relies
upon a plurality of microswitches to detect the position
of a corresponding plurality of collars which engage with
a hollow threaded tube through which tube broken man-
drel stems pass to a collection chamber. The axial move-
ment of the collars is not known directly from the rotation
of the electric motor, but by detection of actuation or de-
actuation of the microswitches. Use of such microswitch-
es can be costly.

[0012] DE-A-102007 059 422 discloses a portable riv-
eting device for placing of rivet elements. An electric mo-
tor is employed and measuring devices are used to mon-
itor the performance of the motor so that real-time motor
control can be exerted during the placing process. The
control exerted is that of comparing measured parame-
ters to known parameter boundaries in order to make a
determination as to whether the placing process is pro-
gressing satisfactorily, or not. The rotation angle of the
motor may be measured by use of a Hall sensor in order
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to determine the path covered by the rivet during its plac-
ing.

[0013] Therefore, a compact, battery-powered blind
rivet fastening device is desired in which the passage for
collecting broken mandrels does not have to be provided
along the central axis of the motor. A blind rivet fastening
device is also desired in which the collection chamber
for collecting broken mandrels can be enlarged.

[0014] An object of the present invention is to provide
a compact, battery-powered blind rivet fastening device
in which a passage for collecting broken mandrels does
not have to be provided on the axis of the motor. Another
object of the present invention is to provide a blind rivet
fastening device able to enlarge the capacity of the col-
lection chamber for collecting broken mandrels. Another
object of the present invention is to provide a blind rivet
fastening device in which excessive torque can be avoid-
ed.

[0015] Inthe presentinvention, the collection chamber
for mandrels is positioned in front of the brushless motor,
and a second shaft provided below the collection cham-
ber bypasses the electric motor to transmit the rotation
of the electric motor to the pulling head. The position of
the pulling head is determined by the rotation of the
brushless motor. As a result, a mechanical switch is not
required, the capacity of the collection chamber can be
increased, and durability can be improved. Also, a clutch
is provided to position the pulling head at the home po-
sition, and avoid excessive torque.

[0016] One aspect of the present invention is an elec-
tric blind rivet fastening device according to claim 1. In
the battery-powered electric blind rivet fastening device
of the present invention, the position of the pulling head
is determined by detecting the rotation of the electric mo-
tor. As a result, a mechanical switch is not required to
determine the position of the pulling head, and the dura-
bility can be improved. In this electric blind rivet fastening
device, because the collection chamber for broken man-
drels is provided in front of the electric motor in the tool
housing, a passage for collecting broken mandrels does
not have to be provided along the central axis of the mo-
tor. The collection chamber for broken mandrels is pro-
vided between the electric motor and the spindle, the
power can bypass the collecting case during transmis-
sion, and the position of the pulling head can be deter-
mined by detecting the rotation of the electric motor. As
aresult, a mechanical switch is not required to determine
the position of the pulling head, and the capacity of the
collecting case can be increased.

[0017] In this blind rivet fastening device, the drawing
means includes a pulling head moved in the axial direc-
tion by the ball screw shaft moving in the axial direction;
a jaw case adjacent to the pulling head, integrated with
the pulling head, and having an inner peripheral surface
whose inner diameter becomes smaller towards the front
end; a jaw provided inside the jaw case, and having an
outer peripheral surface in contact with the inner periph-
eral surface of the jaw case; and a nose piece adjacent
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to the jaw, and having an opening portion through which
passes the shaft portion of the mandrel. In this way, the
shaft portion of the mandrel can be reliably gripped and
drawn to fasten the blind rivet.

[0018] In this blind rivet fastening device, the power
transmitting means includes: a motor gear connected to
the electric motor; a rear gear provided below the motor
gear and engaging the motor gear; a spindle gear en-
gaging the spindle; a front gear provided below the spin-
dle gear and engaging the spindle gear; a second shaft
provided below the collection chamber and integrally
joined to the rear gear and the front gear. In this way, a
second shaft parallel to the shaft of the electric motor can
bypass the collection chamber and transmit power from
the electric motor to the spindle.

[0019] In this blind rivet fastening device, the electric
motor is a brushless motor. The rotation count of a brush-
less motor can be controlled with greater precision. In
this blind rivet fastening device, the rotation count detect-
ing element is a Hall element. The rotation of the electric
motor can be easily detected when a Hall element is in-
cluded in the brushless motor.

[0020] This blind rivet fastening device comprises a
first clutch including: a spindle clutch having a cylindrical
portion and a fan-shaped portion, able to move in the
axial direction with respect to the spindle, and rotating
with the spindle; and a nut clutch having a fan-shaped
portion engaging the fan-shaped portion of the spindle
clutch, and integrally joined to the ball screw nut; the first
clutch able to disengage from the spindle clutch and the
nut clutch so as not to transmit the rotation of the spindle
to the ball screw nut. This can keep the pulling head from
performing excessive drawing.

[0021] The protruding portion of a cylindrical tail inte-
grally joined to the rear end of the ball screw shaft may
push an inner end face of the spindle clutch to the rear
in the axial direction, and the fan-shaped portion of the
spindle clutch may disengage from the fan-shaped por-
tion of the nut clutch when the ball screw shaft reaches
the rear end in the axial direction.

[0022] This blind rivet fastening device comprises a
second clutch including: a rear clutch having a cylindrical
shape and saw teeth at the front end, and arranged so
as to be able to move in the axial direction around the
pulling head but so as not to be able to rotate; and a front
clutch having a cylindrical shape and saw teeth at the
rear end engaging the saw teeth of the rear clutch, and
arranged in front of the rear clutch, around the pulling
head, and integrally joined to the pulling head.

[0023] The saw teeth of the rear clutch may have one
face which is parallel to the rear clutch in the axial direc-
tion, and another face inclined with respect to the axial
direction; and the saw teeth of the front clutch may have
a shape able to engage the saw teeth of the rear clutch.
[0024] Alternatively, the ball screw shaftdoes notmove
in the axial direction but rotates with the ball screw nut,
the front clutch rotates, and the rear clutch retreats in the
axial direction so that the front clutch is able to rotate
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when the ball screw shaft reaches the front end. The
present invention provides a compact, battery-powered
blind rivet fastening device in which a passage for col-
lecting broken mandrels does not have to be provided
on the axis of the motor. The present invention also pro-
vides a blind rivet fastening device able to enlarge the
capacity of the collection chamber for collecting broken
mandrels. In addition, the present invention provides a
blind rivet fastening device in which excessive torque can
be avoided.

FIG. 1 Afront view of an electric blind rivet fastening
device according to a first embodiment.

FIG. 2 A partial perspective view in which the rear
portion of the fastening mechanism in the electric
blind rivet fastening device of FIG. 1 has been cut
away.

FIG. 3 A vertical cross-sectional view of the front
portion of the fastening mechanism in the electric
blind rivet fastening device of FIG. 1 in which a blind
rivet has been attached to the nose.

FIG. 4 A vertical cross-sectional view of the nose
portion at the tip of the fastening mechanism of FIG.
3 in which the broken shaft portion of the mandrel of
a blind rivet remains in the nose portion.

FIG. 5 A perspective view in which some of the nose
portion of the electric blind rivet fastening mecha-
nism of FIG. 1 has been removed.

FIG. 6 A perspective view in which a portion of the
first clutch has been removed.

FIG. 7A A perspective view in which a portion of the
second clutch has been removed.

FIG. 7B A perspective view in which a portion of the
second clutch has been removed.

FIG. 7C A perspective view in which a portion of the
second clutch has been removed.

FIG. 8 A block diagram of the power transmission
controller of the electric blind rivet fastening device
in FIG. 1.

[0025] The following is an explanation of the electric
blind rivet fastening device in a first embodiment of the
present invention with reference to the drawings. FIG. 1
is a front view of an electric blind rivet fastening device
according to a first embodiment. The electric blind rivet
fastening device 1 has a blind rivet fastening mechanism
2 housed inside a substantially cylindrical housing, and
a handle 3 extending orthogonally down from the center
position of the fastening mechanism 2. A battery is de-
tachably mounted in abattery holder 5 in the lower portion
of the handle 3. A trigger 6 is provided in the handle 3 at
a position adjacent to the fastening mechanism 2. When
the operator pulls the trigger 6, the fastening mechanism
2 is activated, and a blind rivet is fastened. When the
trigger 6 is released, the fastening mechanism 2 returns
to the home position HP (front end position) and the fas-
tening operation is stopped (or completed).

[0026] The blind rivet fastening mechanism 2 has a
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nose 7 in the front (on the right in FIG. 1), a motor unit 9
intherear (ontheleftin FIG. 1), and a power transmission
controller 11 in the middle. A pulling head 30 (FIG. 3,
etc.) is provided in the nose 7 to strongly pull the mandrel
shaft of the blind rivet rearward (leftward in FIG. 1), and
an electric motor 13 (brushless motor) is housed in the
motor unit 9.

(Brushless Motor)

[0027] FIG. 2 shows the structure of the motor unit 9
and the power transmission controller 11 in the electric
blind rivet fastening device 1 of the present invention.
The motor unit 9 will be explained first. In the present
invention, the electric motor 13 is a brushless motor. In
the brushless motor, the rotor has magnets, and the wind-
ings are on the stator. A Hall element (magnetism sensor)
13A incorporated into the electric motor 13 detects the
rotational angle of the rotor. An electronic circuit 13B for
the brushless motor performs switching on timing based
on the magnetic poles of the rotor. The brushless motor
can determine the position of the pulling head by detect-
ing the rotation of the rotor. Any commonly used element
other than a Hall element can be used to detect the ro-
tation of the rotor. Because brushless motors are well
known, further explanation has been omitted.

(Collection chamber)

[0028] A collection chamber 10 for broken mandrel
shafts is provided in the upper portion of the handle 3
between the nose 7 and the motor unit 9. The collection
chamber 10 has a semi-cylindrical shape, and is sur-
rounded by a transparent or semi-transparent cover 10A.
The broken mandrel shafts can be viewed through the
cover 10A. The cover 10A can be opened and closed to
remove the broken mandrel shafts.

[0029] A handle 3 extends downward at an angle from
the location of the collection chamber 10 so that the blind
rivet fastening device 1 is easier for the operator to grasp.
Because the collection chamber 10 is arranged in the
middle of the tool housing 27, a mandrel collector does
not have to be placed at the rear end of the tool housing
as in Patent Document 2, and handling of the fastening
device by the operator is not destabilized by the weight
of the electric motor as in Patent Document 1.

(Power Transmission Mechanism)

[0030] A power transmission controller 11 is provided
between the motor unit 9 and the nose 7 below the col-
lection chamber 10. The power transmission controller
11 has a power transmission mechanism for transmitting
the rotational force (torque) of the electric motor 13 in the
motor unit 9 to the spindle 14 in the nose 7, and a control
mechanism for controlling the rotation of the electric mo-
tor 13 based on operation of the trigger, and for moving
the pulling head of the nose 7 forward and backward via
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the rotation of the spindle 14. Because an electric blind
rivet fastening device 1 fastens blind rivets using an elec-
tric motor 13 powered by a battery, a fluid supply tube
(pressurized air, etc.) is not required, and the burden of
moving a fluid supply tube is eliminated.

[0031] The power transmission controller 11 has a
mechanism for transmitting rotational power from the
electric motor 13 (brushless motor) in the motor unit 9 to
the spindle 14 of the nose 7 while bypassing the space
occupied by the collection chamber 10. A motor gear 15
is arranged to the rear of the collection chamber 10 and
is connected to the motor shaft of the electric motor 13.
A spindle gear 17 is arranged in front of the collection
chamber 10 and is connected to the spindle 14 along a
central axis coaxial with the central axis of the motor
shaft.

[0032] A second shaft 18 is provided between the mo-
tor gear 15 and the spindle gear 17 in the space beneath
the collection chamber 10. The second shaft 18 is sup-
ported in the longitudinal direction (axial direction) of the
blind rivet fastening mechanism 2 and parallel to the cen-
tral axis of the motor shaft of the electric motor 13 and
the spindle 14 so as to rotate around the axis. A rear gear
19 engaging the motor gear 15 is provided on the rear
end of the second shaft 18, and a front gear 21 engaging
the spindle gear 17 is provided on the front end of the
second shaft 18. The second shaft 18 is a single shaft
that engages both the rear gear 19 and the front gear 21.
[0033] Because the rear gear 19 engages the motor
gear 15, the second gear 18 rotates in the reverse direc-
tion when the electric motor 13 rotates in the forward
direction. Because the front gear 21 engages the spindle
gear 17, the spindle gear 17 rotates in the forward direc-
tion and the spindle 14 rotates in the forward direction
when the second shaft 18 rotates in the reverse direction.
In this way, the spindle 14 rotates in the same direction
as the electric motor 13. The gear ratio of the motor gear
15 and the rear gear 19 and the gear ratio of the front
gear 21 and the spindle gear 17 are determined by the
output of the electric motor 13 and the fastening force for
the blind rivets.

[0034] The powertransmission controller 11 has acon-
trol mechanism for controlling the forward rotation, stop-
ping, and reverse rotation of the electric motor 13 based
on the operation of the trigger 6. In this way, the rotation
of the electric motor 13 is transmitted to the spindle 14
via the second shaft 18. The control mechanism re-
sponds to the operation of the trigger 6 by controlling the
electric motor 13, and drawing back the pulling head 30
of the nose 7 from the home position HP to the rear po-
sition RP where the mandrel shaft of the blind rivet is
broken. It remains at the rear position RP until the trigger
6 is released. At this time, it moves forward from the rear
position RP to the home position HP (front position). In
this explanation, the home position HP and the rear po-
sition RP are positions in the axial direction of the pulling
head 30. However, the home position HP and the rear
position RP also correspond to the ball screw shaft 36,
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the jaw case 32, and the jaw 29.
(Blind Rivet)

[0035] FIG. 3 is a vertical cross-sectional view of the
front portion of the fastening mechanism in the electric
blind rivet fastening device of FIG. 1 in which a blind rivet
has been attached to the nose 7. The blind rivet is held
in the nose piece 31 of the electric blind rivet fastening
device 1. The blind rivet has a rod-shaped mandrel M
and a hollow, cylindrical rivet body R. The rivet body R
has a cylindrical sleeve S, and a flange F with a diameter
greater than that of the hollow sleeve formed at one end
of the hollow sleeve. The mandrel M has a shaft J, which
is a rod-shaped body extending from the flange through
the rivet body where the portion passing through the
flange of the rivet body R is gripped by the nose 7, and
a mandrel head H with a diameter greater than the inner
diameter of the hollow sleeve S which extends from the
other end of the hollow sleeve. The blind rivet is held by
the blind rivet fastening device with the gripped portion
of the mandrel shaft J inserted into the nose 7 of the blind
rivet fastening device, and the rivet body R and the man-
drel head H protruding from the nose.

[0036] The blind rivet held by the blind rivet fastening
device 1 is inserted into a mounting hole in fastened
members such as an automotive body panel and auto-
motive component until the sleeve S of the rivet head R
comes into contact with a fastened member. Next, the
mandrel shaft is strongly drawn back by the blind rivet
fastening device 1, the mandrel head H deforms and wid-
ens a portion of the sleeve S of the rivet body R, and the
fastened members are strongly interposed between the
flange F and the deformed portion of the sleeve. When
the fastened members, such as an automotive body pan-
el and an automotive component, have been strongly
interposed between the deformed sleeve and the flange
F, the rivet R is fastened to the fastened members, and
the automotive componentis mounted on the automotive
body panel. The blind rivet is usually made of a metal
such as stainless steel or aluminum. When the blind rivet
has been fastened, the broken mandrel shaft has to be
collected.

(Nose)

[0037] The following is an explanation with reference
to FIG. 3 and FIG. 4 of the structure and operation of the
blind rivet fastening mechanism 2 used to fasten blind
rivets. The nose 7 occupies the front portion of the blind
rivet fastening mechanism 2 in front of the collection
chamber 10. As shown in FIG. 3, the nose 7 is hollow in
the central axial portion. The mandrel M of the blind rivet
is inserted and held in this portion. It also is able to send
the broken mandrel shaft J to the collection chamber 10.
The nose 7 includes a jaw 29 for gripping the mandrel
shaft J, a jaw case 32 surrounding the jaw 29, and a
pulling head 30 integrated with the jaw case 32 and able
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to move in the axial direction of the blind rivet fastening
mechanism 2 so as to draw the jaw 29 to the rear.
[0038] The mandrel shaft J gripped by the jaw 29 is
strongly pulled in a linear motion to the rear of the pulling
head 30, the mandrel head H deforms and widens a por-
tion of the sleeve S of the rivet body R, the fastened
members are strongly interposed between the flange F
and the deformed sleeve, the mandrel shaft J is broken
off in the breakable portion, and the blind rivet is fastened
in the fastened members.

[0039] FIG. 4 is a vertical cross-sectional view of the
front portion of the nose 7 in the fastening mechanism of
FIG. 3. Here, the mandrel shaft broken off the blind rivet
is still in the nose portion. The nose 7 has a nosepiece
31 onthe tip, and a cylindrical nose housing 33 extending
from the nosepiece 31 towards the tool housing 27 in the
rear. The cylindrical pulling head 30 is housed inside the
nose housing 33 so as to be able to slide in the axial
direction (longitudinal direction) with respect to the nose
housing 33. The tip of the jaw 29 is arranged near the
rear end of the nosepiece 31, and is housed inside the
tapered cavity of the jaw case 32 which tapers towards
the nosepiece 31.

[0040] When the jaw case 32 is drawn to the rear, the
force is applied to the inclined surface of the tapered por-
tion so concentrically with respect to the axis, and the
gripping force on the shaft J of the mandrel M of the blind
rivet held in the axial cavity of the jaw 29 is increased.
The jaw 29 has two or three parts arranged concentrically
inside the cylindrical jaw case 32, and combine to form
a hollow cylinder with a cavity in the axial direction of the
jaw case 32. This grips the mandrel M of the blind rivet
inserted into the nosepiece 31 so that the shaft J of the
mandrel M does not fall out.

[0041] A hollow, cylindrical jaw pusher 35 is arranged
to the rear of the jaw 29 to apply forward pressure on the
jaw 29. A jaw pusher spring 42 is arranged between the
jaw pusher 35 and the pulling head 30, and applies for-
ward pressure on the jaw pusher 35.

[0042] Inthe embodiment of the present invention, the
pulling head 30 is integrated with the jaw case 32 sur-
rounding and supporting the jaw 29. It is arranged along
the central axis of the nose housing 33, and is able to
slide in the axial direction with respect to the nose housing
33. The pulling head 30 can draw in the jaw 29 from the
front end position to the rear end position, and return the
jaw from the rear end position to the front end position.
[0043] An O-ring 46 and a steel ball 47 are provided
to obstruct a portion of the hollow passage at the entrance
to the nosepiece 31 to allow the mandrel M of a blind
rivet to be inserted, but to keep the broken mandrel shaft
43 from being discharged from the nosepiece 31.
[0044] The pulling head 30 and the jaw case 32 can
slide in the axial direction inside the nose housing 33. As
explained below with reference to the second clutch, the
pulling head 30 can rotate in the forward rotational direc-
tion of the spindle 14, and can rotate in the reverse di-
rection when rotational force is applied in the reverse
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direction that exceeds a predetermined level.

[0045] Returning to FIG. 3, the pulling head 30 is fixed
to the ball screw shaft 36 in the rear. The ball screw shaft
36 is a cylindrical member, and extends inside of the
mast housing 34 fixed to the tool housing 27 in the axial
direction. A cylindrical tail 45 narrower than the ball screw
shaft 36 is connected to the rear of the ball screw shaft
36 in the axial direction. The tail 45 extends to the rear
along the axial portion of the spindle 14. The tail 45, the
ball screw shaft 36, and the pulling head 30 move linearly,
and the jaw 29 is drawn backward and returned to the
front of the nose 7.

[0046] The spindle 14 is connected to a ball screw nut
44 via afirst clutch as explained below. A ball screw shaft
36 is arranged in the axial portion of the ball screw nut
44. Internal threading is formed in the ball screw nut 44.
The external threading of the ball screw shaft 36 is
screwed into this internal threading.

[0047] The rotation of the spindle 14 is transmitted to
the ball screw nut 44. The forward rotation of the spindle
14 not moving in the axial direction is converted to re-
treating motion drawing the ball screw shaft 36 to the
rear, and the reverse rotation of the spindle 14 is con-
verted to advancing motion causing the ball screw shaft
36 to move forward. When the spindle 14 rotates in the
forward direction, the ball screw shaft 36 and the pulling
head 30 retreat, the mandrel shaft J of the blind rivet is
gripped by the jaw 29 and strongly pulled, and the blind
rivet is fastened.

[0048] AsshowninFIG. 3, the axial portions of the jaw
29, the jaw pusher 35, the pulling head 30, the ball screw
shaft 36, and the tail 45 form a hollow passage connecting
the entrance of the nose 7 to the entrance of the collection
chamber 10. In this way, the shaft of the mandrel M is
inserted into the jaw 29, and the broken mandrel shaft
43 is sent to the collection chamber 10 along arrow 48
in FIG. 3. A broken mandrel shaft is pushed through the
hollow passage by the next broken mandrel shaft.

(Clutches)

[0049] Inthe embodiment of the presentinvention, the
pulling head 30 moves between a home position HP at
the front end and a rear position RP where the mandrel
is broken. However, clutches are provided to keep ex-
cessive torque from moving the pulling head 30 beyond
the range defined by the home position HP and the rear
position RP. FIG. 5 is a perspective view of a portion of
the nose 7 in which the mast housing 34 and nose hous-
ing 33 have been removed to show the internal structure.
[0050] A first clutch consisting of a spindle clutch 61
and a nut clutch 62 is provided in the portion between
the spindle 14 and the ball screw nut44. When the pulling
head 30is pulled back to the rear position RP, the spindle
clutch 61 and the nut clutch 62 in the first clutch disen-
gage, and rotation is not transmitted from the spindle 14
to the ball screw nut 44. This keeps the pulling head 30
from being pulled back too far. A second clutch is pro-
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vided in front of the ball screw shaft 36, which consists
of a rear clutch 63 and a front clutch 64. In the second
clutch, when the pulling head 30 reaches the home po-
sition HP at the front end, the front clutch 64 and the
pulling head 30 are allowed to rotate with the ball screw
nut 44, and this prevents the application of excessive
torque to the pulling head 30.

(1st Clutch)

[0051] FIG. 6 is a perspective view of a portion of the
first clutch consisting of the spindle clutch 61 and the nut
clutch 62 in which the tool housing 27 and mast housing
34 have been removed to show the internal structure.
The spindle clutch 61 is provided near the inside of the
cylindrical spindle 14. The spindle clutch 61 cannotrotate
with respect to the spindle 14, but can slide in the axial
direction and is pushed in the direction of the nut clutch
62 by the spindle clutch spring 65. The spindle clutch 61
has a cylindrical portion, and a flange portion at the end
of the cylindrical portion. The flange portion has a fan-
shaped portion as viewed in the axial direction.

[0052] The nut clutch 62 is integrated with the ball
screw nut44. The nut clutch 62 has a fan-shaped portion,
which is inserted into the non-fan-shaped portion of the
spindle clutch 61. In other words, the fan-shaped portion
of the spindle clutch 61 is complemented by the fan-
shaped portion of the nut clutch 62. When the pulling
head 30 has moved to a position in front of the rear po-
sition RP, the fan-shaped portion of the spindle clutch 61
engages the fan-shaped portion of the nut clutch 62, and
the rotation of the spindle clutch 61 is transmitted to the
nut clutch 62.

[0053] The tail 45 is connected to the rear end of the
ball screw shaft 36. A tail protrusion 45A is provided in
the axial portion of the tail 45. When the pulling head 30
moves to the rear, the tail 45 also moves to the rear.
When the tail protrusion 45A has moved through the in-
side of the spindle clutch 61 and has reached the end
face inside the spindle clutch 61, the end face is pushed,
the spindle clutch 61 resists the action of the spindle
clutch spring 65 and moves to the rear (in the direction
of arrow 41). As a result, the spindle clutch 61 and the
nut clutch 62 disengage.

[0054] When the trigger 6 is squeezed with the pulling
head 30 in the home position HP, the electric motor 13
rotates in the forward direction (the direction indicated
by arrow 39). The rotation of the electric motor 13 is trans-
mitted to the spindle 14 and from the spindle clutch 61
integrated with the spindle 14 to the nut clutch 62 in order
to rotate the ball screw nut 44 integrated with the nut
clutch 62 and rotate the ball screw shaft 36 in the direction
of arrow 41 (the rear direction).

[0055] When the pulling head 30 has reached the rear
position RP, the tail protrusion 45A of the tail 45 integrat-
ed with the ball screw shaft 36 makes contact with the
inner end face of the spindle clutch 61. The spindle clutch
61 is pushed by the tail protrusion 45A against the action
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of the spindle clutch spring 65 in the direction of arrow
41. This causes the spindle clutch 61 and the nut clutch
62 to disengage. As a result, the nut clutch 62 no longer
rotates with the ball screw nut 44 and the spindle clutch
61. Movement of the ball screw shaft 36 in the direction
of arrow 41 is stopped, and the drawing action of the
pulling head 30 is stopped.

[0056] If, for whatever reason, the pulling head 30 has
retreated beyond the predetermined rear position RP and
the forward rotation of the spindle 14 is stopped, the spin-
dle clutch 61 and the nut clutch 62 disengage at the rear
position RP, stopping the transmission of rotation from
the spindle clutch 61 to the nut clutch 62, and keeping
the pulling head 30 from being drawn back too far.

(2nd Clutch)

[0057] FIG. 7A through FIG. 7C are perspective views
of a portion of the second clutch consisting of arear clutch
63 and a front clutch 64. The nose housing 33 and a
portion of the mast housing 34 have been removed to
show the internal structure. FIG. 7A shows the pulling
head 30 at the rear position RP before it has returned to
the home position HP. FIG. 7B shows the pulling head
30 at the home position HP, and the ball screw shaft 36
at the front end. FIG. 7C shows the front clutch 64 and
the rear clutch 63 disengaged at the home position HP
so that the pulling head 30 can no longer move.

[0058] Referring to FIG. 7A, when the ball screw shaft
36 is to the rear of the front end, the end face of the tail
45 does not come into contact the nut clutch 62. When
the ball screw nut 44 is rotated, the ball screw shaft 36
moves in the axial direction. When the ball screw shaft
36 has reached the front end, the end face of the tail 45
comes into contact with the nut clutch 62, and the ball
screw shaft 36 does not move any further towards the
front. Because the external threading of the ball screw
shaft 36 engages the internal threading of the ball screw
nut 44, the ball screw shaft 36 rotates with the ball screw
nut 44.

[0059] Rear clutch 63 is a cylindrical member sur-
rounding the pulling head 30 It is arranged so as to be
able tomove a predetermined distance around the pulling
head 30 in the axial direction. Saw teeth are provided at
the front end of the rear clutch 63. One face of the saw
teeth is parallel to the axial direction, and the other face
is on an incline. A rear clutch protrusion 63A is provided
on the outer peripheral portion of the rear clutch 63 to
make contact with the mast housing 34 and stop the ro-
tation. The rear clutch 63 is pushed against the front
clutch 64 by the rear clutch spring 66.

[0060] A cylindrical front clutch 64 is provided around
the pulling head 30 in front of the rear clutch 63. The front
clutch 64 is connected so as to rotate with the pulling
head 30. The front clutch 64 has saw teeth in the rear
facing the rear clutch 63. One face of the saw teeth in
the front clutch 64 is parallel to the axial direction, and
the other face is on an incline to engage the saw teeth
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of the rear clutch 63.

[0061] When the front clutch 64 rotates in the forward
direction opposite arrow 39R, the saw teeth of the rear
clutch 63 and the saw teeth of the front clutch 64 mesh
on the face in the axial direction of the saw teeth. This
prevents slipping. Because rotation of the rear clutch 63
is stopped by the rear clutch protrusion 63A, the front
clutch 64 and the pulling head 30 cannot rotate. There-
fore, when the spindle 14 rotates in the forward direction
and the pulling head 30 has moved to the rear in the
fastening operation, the rotation of the pulling head 30 is
stopped.

[0062] When the front clutch 64 rotates in the reverse
direction indicated by arrow 39R, the saw teeth of the
rear clutch 63 and the saw teeth of the front clutch 64
mesh on the inclined face of the saw teeth. As a result,
slippage occurs when the rotational force exceeds a pre-
determined level. The rear clutch 63 resists the action of
the rear clutch spring 66, and slides in the rear direction
indicated by arrow 41. As a result, the rotation of the front
clutch 64 in the rear direction is not transmitted to the
rear clutch 63, and the front clutch 64 and the pulling
head 30 rotate. Therefore, when the spindle 14 does not
stop rotating when the pulling head 30 has returned to
the home position HP, the pulling head 30 and the front
clutch 64 rotate inthe reverse directionindicated by arrow
39R along with the spindle 14, the rear clutch 63 retreats
and disengages from the front clutch 64, and the front
clutch 64 is allowed to rotate.

[0063] As shown in FIG. 7A, when the trigger 6 is re-
lease with the pulling head 30 in the rear position RP,
the electric motor 13 rotates in the reverse direction in-
dicated by arrow 39R, the rotation of the motor 13 is trans-
mitted from the spindle clutch 61 to the nut clutch 62, the
ball screw nut 44 integrated with the nut clutch 62 rotates
in the reverse direction indicated by arrow 39R, and the
rear clutch 63 and the front clutch 64 engage to move
the ball screw nut 36, which is unable to rotate, in the
direction of arrow 41R (forward direction). The tail 45
does not come into contact with the nut clutch 62.
[0064] Referring to FIG. 7B, when the pulling head 30
has returned to the home position HP and the ball screw
shaft 36 has reached the front end, the end face of the
tail 45 comes into contact with the nut clutch 62. The ball
screw shaft 36 does not move any further in the direction
indicated by arrow 41R. Instead, the ball screw shaft 36
begins to rotate with the ball screw nut 44. The rotation
of the ball screw shaft 36 is transmitted to the front clutch
64 via the pulling head 30.

[0065] Referring to FIG. 7C, the rear clutch protrusion
63A makes contact with the mast housing 34, and the
rear clutch 63 no longer rotates. When the front clutch
64 begins to rotate, the rear clutch 63 cannot be rotated
by the mast housing 34 but instead moves in the direction
of arrow 41 (the rear direction) against the action of the
rear clutch spring 66, and the front clutch 64 and the rear
clutch 63 disengage. The pulling head 30, the jaw case
32, and the front clutch 64 rotate but do not move forward.
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[0066] If, for some reason, the spindle 14 does not stop
rotating in the reverse direction when the pulling head 30
has returned to the home position HP, the pulling head
30, the jaw case 32, and the front clutch 64 rotate, and
the rear clutch 63 moves to the rear. Because the front
clutch 64 does not obstruct the rotation of the rear clutch
63, the ball screw shaft 36 is allowed to rotate, and the
pulling head 30 can be kept from moving forward beyond
the home position HP.

(Operation Control For Fastening Device)

[0067] By pulling and releasing the trigger 6, the power
transmission controller 11 rotates the electric motor 13
in the forward direction, stops the motor, and rotates the
motor in the reverse direction. When the motor shaft of
the electric motor 13 rotates, the motor gear 15 and the
rear gear 19 rotate the second shaft 18. When the second
shaft 18 rotates, the front gear 21 and the spindle gear
17 rotate the spindle 14. The ball screw nut 44 rotates,
and the ball screw shaft 36 moves in the axial direction.
The pulling head 30 is drawn backward or returns for-
ward.

[0068] FIG. 8 is a block diagram of the power trans-
mission controller. In response to ON/OFF signals out-
putted by the trigger switch 49 when the trigger 6 is
squeezed or released, the control circuit 55 shown in
FIG. 8 controls the electric motor 13, the pulling head 30
in the nose 7 retreats from the home position HP at the
front of the blind rivet fastening mechanism 2 to the rear
position RP where the mandrel shaft of the blind rivet is
broken. The head stops at the rear position RP, and then
advances from the rear position RP to the home position
HP at the front end.

[0069] The following is an explanation of how the elec-
tric motor 13, the spindle 14, the pulling head 30, the jaw
29 and other components are controlled by the control
means based on the operation of the trigger 6 and de-
tection of the rotation count of the electric motor 13. The
rotation count of the electric motor 13 is detected by the
Hall element 13A, and rotation count signals (R) regard-
ing the electric motor 13 are outputted by the electronic
circuit 13B to the control circuit 55 serving as the control
means. ON/OFF signals from the trigger switch 49 turned
ON and OFF by squeezing and releasing the trigger 6
are inputted to the control circuit 55. A signal processor
55A is provided in the control circuit 55. The signal proc-
essor 55A receives the rotation count signals (R) from
the electric motor 13 and ON/OFF signals (T) from the
trigger switch 49, and outputs forward rotation signals
(SN), stop signals (SS) and reverse rotation signals (SR).
These signals cause the electric motor 13 to rotate in the
forward direction, stop, or rotate in the reverse direction.
[0070] Adriver55Bisalso provided inthe control circuit
55. The driver 55B receives forward rotation signals (SN),
stop signals (SS) and reverse rotation signals (SR) from
the signal processor 55A, and controls the supply of pow-
er from the battery 51 to the electric motor 13 to rotate
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the motor in the forward direction, stop the motor, or ro-
tate the motor in the reverse direction. The signal proc-
essor 55A and driver 55B constituting the control circuit
55 are arranged inside the handle 3.

[0071] Because power is supplied from the battery 51
to the electric motor 13, the pulling head 30 is positioned
at the home position HP in the front of the blind rivet
fastening mechanism 2 (the position in FIG. 3). When
the pulling head 30is at the home position HP, the rotation
count of the electric motor 13 is reduced to zero. When
the rotation count of the electric motor 13 is zero while
an ON signal is not being outputted (or OFF signal is
being outputted) from the trigger switch 49 of the trigger
6, the pulling head 30 is at the home position HP. The
electric motor 13 stops operating and the pulling head
30 is at the home position HP even when power is being
supplied from the battery 51 to the electric motor 13 as
long as the trigger 6 is not activated. An OFF signal
(TOFF) from the trigger switch 49 of the trigger 6 and a
rotation count of zero from the electric motor 13 indicate
to the control circuit that the fastening device 1 is at the
home position HP, and a stop signal (SS) is outputted.
[0072] When the trigger 6 is squeezed while the rota-
tion count of the electric motor 13 is at zero, an ON signal
(TON) is outputted from the trigger switch 49, and the
signal processor 55A in the control circuit 55 provided in
the electric blind rivet fastening device 1 outputs a for-
ward rotation signal (SN) to rotate the electric motor 13
in the forward direction. Receiving the forward rotation
signal (SN), the driver 55B sends power from the battery
51 to the electric motor 13, and the electric motor 13 is
rotated in the forward direction.

[0073] When the electric motor 13 rotates in the for-
ward direction, the rotation is transmitted to the spindle
14 via the motor gear 15, the rear gear 19, the second
shaft 18, the front gear 21 and the spindle gear 17, and
the spindle 14 rotates in the forward direction. The for-
ward rotation of the spindle 14 causes the ball screw
shaft 36 (FIG. 3) to retreat in the axial direction, and the
pulling head 30 to retreat in the axial direction a prede-
termined length from the home position HP at the front
end (the length required to break the mandrel shaft). This
retreating action causes the jaw 29 to retreat from the
front position, and for the shaft J of the mandrel M of the
blind rivet gripped in the jaw 29 to be drawn back.
[0074] The drawing back action causes the mandrel
shaft J to break, the mandrel head H to deform and widen
a portion of the sleeve S of the rivet body R, and the
fastened members to be strongly interposed between the
flange F of the rivet body R and the deformed portion of
the sleeve. When a plurality of fastened members such
as an automotive body panel and automotive component
have been strongly interposed between the deformed
sleeve and the flange F, the rivet body R is fastened to
the fastened members, and the automotive component
is mounted on the automotive body panel.

[0075] When the electric motor 13 rotates in the for-
ward direction, the motor gear 15 and the rear gear 19
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cause the second shaft 18 to rotate in the reverse direc-
tion. When the second shaft 18 rotates in the reverse
direction, the spindle 14 rotates in the forward direction,
and the pulling head 30 moves in the axial direction. The
position of the pulling head 30 in the axial direction is
determined by the rotation count of the electric motor 13
detected by the Hall element 13A. When the electric mo-
tor 13 is rotating at a predetermined count (the rotation
count corresponding to the length moved by the pulling
head 30 to break the mandrel shaft) and the pulling head
30 has moved past the position where the mandrel shaft
J is broken to the rear position RP, the rotation count
signals from the electronic circuit 13B is used to deter-
mine the rotation count of the brushless motor 13. Be-
cause the trigger 6 is being operated, an ON signal (TON)
is outputted from the trigger switch 49.

[0076] When the electric motor 13 reaches a predeter-
mined rotation count while an ON signal (TON) is being
outputted from the trigger switch 49, the pulling head 30
is in the rear position RP. The signal processor 55A of
the control circuit 55 receives an ON signal (TON) from
the trigger switch 49 and the predetermined rotation
count from the electric motor 13, and outputs a stop sig-
nal. The driver 55B receives the stop signal (SS) to stop
the rotation of the electric motor 13 (stopping the motor
using braking or regenerative braking). When the electric
motor 13 is stopped, the rotation of the spindle 14 stops,
and the pulling head 30 (jaw 29) stops at the rear position
RP.

[0077] When the trigger 6 is squeezed while rotation
of the electric motor 13 has stopped and the pulling head
30 is in the rear position RP (that is, an ON signal (TON)
has been outputted from the trigger switch 49 of the trig-
ger 6 and the electric motor 13 has reached the prede-
termined count), the ON signal (TON) from the trigger
switch 49 of the trigger 6 is eliminated (or an OFF signal
is outputted). The signal processor 55A in the control
circuit 55 receives an OFF signal (TOFF) from the trigger
switch 49, the predetermined count is received from the
electric motor 13, and a reverse rotation signal (SR) is
outputted. The driver 55B receives the reverse rotation
signal (SR) and rotates the electric motor 13 in the re-
verse direction. When the electric motor 13 rotates in the
reverse direction, the spindle 14 also rotates in the re-
verse direction, the ball screw shaft 6 moves forward,
and the pulling head 30 moves from the rear position RP
to the home position HP at the front end.

[0078] When the pulling head 30 has returned to the
home position HP, the rotation count of the electric motor
13 is reduced to zero. The control circuit 55 receives an
OFF signal (TOFF) from the trigger switch 49 and a zero
rotation count signal from the electric motor 13, and out-
puts a stop signal (SS). When the pulling head 30 is at
the home position HP, the control circuit 55 deactivates
the electric motor 13 unless the trigger 6 has been pulled.
Thus, the electric motor 13 stops operating, and the pull-
ing head 30 remains in the home position HP.

[0079] When the trigger 6 is released while the electric
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motor 13 is rotating in the forward direction and the elec-
tric motor 13 has not yet reached a predetermined rota-
tion count, the signal processor 55A in the control circuit
55 receives a rotation count signal (R) from the electric
motor 13 and an OFF signal (TOFF) from the trigger
switch 49, and sends a reverse rotation signal (SR) to
the driver 55B. The driver 55B then rotates the electric
motor 13 in the reverse direction. The reverse rotation of
the electric motor 13 continues until the rotation count of
the electric motor 13 reaches zero and the pulling head
30 (jaw 29) has been returned to the home position HP
at the front end of the blind rivet fastening mechanism 2.
In this way, the pulling head 30 can be returned to the
home position HP even if, for some reason, the blind rivet
fastening operation has been suspended. Therefore,
when the blind rivet fastening operation is ended prema-
turely, the blind rivet fastening operation can be suspend-
ed by simply releasing the trigger 6.

[0080] If, for some reason, the forward rotation of the
spindle 14 does not stop even when the pulling head 30
has retreated to a predetermined rear position RP, the
first clutch can be released and the rear position RP to
keep the pulling head 30 from being drawn back too far.
If, for some reason, the spindle 14 does not stop rotating
in the reverse direction when the pulling head 30 has
returned to the home position HP and excessive torque
is applied, the second clutch slips, the pulling head 30
rotates with the spindle 14 in the reverse direction, and
the pulling head 30 is kept from extending forward from
the home position HP. If, for some reason, the pulling
head 30 is about to advance beyond the home position
HP, the spindle 14 continues rotating in the reverse di-
rection and the pulling head 30 is kept from advancing
beyond the home position HP. Here, the second clutch
slips at the home position HP, and the pulling head 30 is
positioned at the home position HP.

[0081] Theembodimentofthe presentinventionisable
to increase the capacity of the collection chamber for
collecting broken mandrels. It is also able to avoid ex-
cessive force due to an over stroke.

[Key to text in Figures]
[0082]

: Electric blind rivet fastening device
: Blind rivet fastening mechanism
: Handle

: Battery holder

: Trigger

: Nose

9: Motor unit

10: Collection chamber

10A: Cover

11: Power transmission controller
13: Electric motor

13A: Hall element

13B: Electronic circuit

N O 01 WiN =
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14: Spindle

15: Motor gear

17: Spindle gear

18: Second shaft

19: Rear gear

21: Front gear

27: Tool housing

29: Jaw

30: Pulling head

31: Nosepiece

32: Jaw case

33: Nose housing

34: Mast housing

35: Jaw pusher

36: Ball screw shaft
39: Arrow

41: Arrow

42: Jaw pusher spring
43: Broken mandrel shaft
44: Ball screw nut

45: Tall

46: O-ring

47: Steel ball

48: Arrow

49: Trigger switch

51: Battery

55: Control circuit
55A: Signal processor
55B: Driver

61: Spindle clutch

62: Nut clutch

63: Rear clutch

63A: Rear clutch protrusion
64: Front clutch

65: Spindle clutch spring
66: Rear clutch spring
F: Flange

H: Mandrel head

J: Shaft

M: Mandrel

R: Rivet body

S: Cylindrical sleeve

Claims

An electric blind rivet fastening device (1) for deform-
ing a sleeve of a rivet body so as to expand diamet-
rically by drawing, in the axial direction, a mandrel
of a blind rivet including a mandrel and a rivet body,
thereby fastening the rivet body to a mounted mem-
ber via the expanded sleeve portion and a flange of
the rivet body, and breaking the mandrel, the blind
rivet fastening device comprising:

an electric motor (13) provided on one end;
apower transmitting means (11) for transmitting
rotation of the electric motor;
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1"

a spindle (14) provided in front of the electric
motor and rotated by the power transmitted by
the power transmitting means;

a collection chamber (10) for collecting the bro-
ken portions of mandrels shafts, which chamber
is provided between the electric motor and the
spindle

aball screw nut adjacent to the spindle, and con-
nected to and rotated by the spindle;

a ball screw shaft (36) provided in a central por-
tion of the ball screw nut in the axial direction,
and moved in the axial direction by the rotation
of the ball screw nut;

a drawing means (30, 32) connected to the ball
screw shaft for gripping and drawing a shaft por-
tion of the mandrel, wherein the drawing means
comprise a pulling head (30), said pulling head
(30) moves between a home position HP at the
front end and a rear position RP where the man-
drel is broken;

a trigger (6) provided in a handle portion (3); the
electric blind rivet fastening device being char-
acterized in that the electric motor is a brush-
less motor; and in that it further comprises a
Hall element (13A) for detecting the rotation
count of the electric motor, wherein the position
of the pulling head (30) in the axial direction is
determined by the rotation of the electric motor
(13) detected by the Hall element;

a control means for controlling the forward rota-
tion, reverse rotation, and stopping of the electric
motor based on operation of the trigger and the
Hall element rotation count of the electric motor,
and;

a first clutch (61, 62) consisting of a spindle
clutch 61 and a nut clutch 62 is provided in the
portion between the spindle 14 and the ball
screw nut 44, and a second clutch (63, 64) is
provided in front of the ball screw shaft 36, which
consists of a rear clutch 63 and a front clutch
64, wherein the first and second clutches are
provided to keep excessive torque from moving
the pulling head 30 beyond the range defined
by the home position HP and the rear position
RP .

2. An electric blind rivet fastening device according to

claim 1, wherein the drawing means comprises:

a pulling head (30) moved in the axial direction
by the ball screw shaft moving in the axial direc-
tion;

a jaw case (32) adjacent to the pulling head,
integrated with the pulling head, and having an
inner peripheral surface whose inner diameter
becomes smaller towards the front end;

ajaw (29) provided inside the jaw case, and hav-
ing an outer peripheral surface in contact with
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the inner peripheral surface of the jaw case; and
a nose piece (31) adjacent the jaw, and having
an opening portion through which passes the
shaft portion of the mandrel.

3. An electric blind rivet fastening device according to

claim 1 or claim 2, wherein the power transmitting
means comprises:

a motor gear (15) connected to the electric mo-
tor; a rear gear (19) provided below the motor
gear and engaging the motor gear; a spindle
gear (17) engaging the spindle; a front gear (21)
provided below the spindle gear and engaging
the spindle gear; a second shaft (8) provided
below the collection chamber and integrally
joined to the rear gear and the front gear.

4. An electric blind rivet fastening device according to

any one of claims 1 to 3, wherein the first clutch in-
cludes:

the spindle clutch (61) having a cylindrical por-
tion and a fan-shaped portion, able to move in
the axial direction with respect to the spindle,
and rotating with the spindle; and

the nut clutch (62) having a fan-shaped portion
engaging the fan-shaped portion of the spindle
clutch, and integrally joined to the ball screw nut;
thefirst clutch able to disengage fromthe spindle
clutch and the nut clutch so as not to transmit
the rotation of the spindle to the ball screw nut
during forward rotation of the electric motor at a
rear limit (RP) of the ball screw shaft.

An electric blind rivet fastening device according to
claim 4, wherein a protruding portion of a cylindrical
tail (45) integrally joined to the rear end of the ball
screw shaft pushes an inner end face of the spindle
clutch to the rear in the axial direction, and the fan-
shaped portion of the spindle clutch disengages the
fan-shaped portion of the nut clutch when the ball
screw shaft reaches the rear limit in the axial direc-
tion.

An electric blind rivet fastening device according to
any one of the preceding claims, wherein the second
clutch includes:

the rear clutch (63) having a cylindrical shape
and saw teeth at the front end, and arranged so
as to be able to move in the axial direction
around the pulling head but so as not to be able
to rotate; and

the front clutch (64) having a cylindrical shape
and saw teeth at the rear end engaging the saw
teeth of the rear clutch, and arranged in front of
the rear clutch, around the pulling head, and in-
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tegrally joined to the pulling head.

An electric blind rivet fastening device according to
claim 6, wherein the saw teeth of the rear clutch have
one face which is parallel to the rear clutch in the
axial direction, and anotherface inclined with respect
to the axial direction; and the saw teeth of the front
clutch have a shape able to engage the saw teeth
of the rear clutch.

Patentanspriiche

1.

Elektrische Blindnietbefestigungsvorrichtung (1) zur
Verformung einer Hillse eines Nietkdrpers, damit ein
Mandrell eines Blindniets, der ein Mandrell und einen
Nietkorper einschliel3t, durch Ziehen, in der axialen
Richtung, diametral erweitert wird, wodurch der Niet-
kérper Gber den erweiterten Hiillsenabschnitt und ei-
nen Flansch des Nietkérpers an einem montierten
Bauelement befestigt und das Mandrell gebrochen
wird, wobei die Blindnietbefestigungsvorrichtung
umfasst:

einen elektrischen Motor (13), der an einem En-
de bereitgestellt ist;

Kraftiibertragungsmittel (11) zum Ubertragen
einer Drehung des elektrischen Motors;

eine Spindel (14), die vor dem elektrischen Mo-
tor bereitgestellt ist und durch die von den Kraft-
Ubertragungsmitteln tGbertragene Kraft gedreht
wird;

eine Auffangkammer (10) zum Auffangen der
gebrochenen Mandrellwellenabschnitte, wobei
die Kammer zwischen dem elektrischen Motor
und der Spindel bereitgestellt ist;

eine Kugelgewindemutter, die an die Spindel
angrenzt und mit der Spindel verbunden ist und
durch diese gedreht wird;

eine Kugelgewindewelle (36), die in einem zen-
tralen Abschnitt der Kugelgewindemutter in der
axialen Richtung bereitgestellt ist und durch die
Drehung der Kugelgewindemutter in der axialen
Richtung bewegt wird;

Ziehmittel (30, 32), die mit der Kugelgewinde-
welle verbunden sind, zum Greifen und Ziehen
eines Wellenabschnitts des Mandrells, wobei
die Ziehmittel einen Ziehkopf (30) umfassen,
wobei sich der Ziehkopf (30) zwischen einer
Ausgangsposition HP an dem vorderen Ende
und einer hinteren Position RP, in der das Mand-
rell gebrochen wird, bewegt;

ein Hall-Element (13A) zum Erfassen der Dre-
hungsanzahl des elektrischen Motors, wobei die
Position des Ziehkopfes (30) in der axialen Rich-
tung durch die Drehung des elektrischen Motors
(13) bestimmt wird, die durch das Hall-Element
erfasst wird;
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einen Ausloser (6), der in einem Griffabschnitt
(3) bereitgestellt ist; wobei die elektrische Blind-
nietbefestigungsvorrichtung dadurch gekenn-
zeichnet ist, dass der elektrische Motor ein
birstenloser Motor ist; und dadurch, dass sie
ferner umfasst

Steuermittel zum Steuern der Vorwartsdrehung,
Ruckwartsdrehung und dem Anhalten des elek-
trischen Motors basierend auf einer Betatigung
des Auslésers und der Hall-Element-Drehungs-
anzahl des elektrischen Motors; und

eine erste Kupplung (61, 62), die aus einer Spin-
delkupplung (61) und einer Mutterkupplung (62)
besteht, in dem Abschnitt zwischen der Spindel
(14) und der Kugelgewindemutter (44) bereitge-
stellt ist, und eine zweite Kupplung (63, 64), die
aus einer hinteren Kupplung (63) und einer vor-
deren Kupplung (64) besteht, vor der Kugelge-
windewelle (36) bereitgestelltist, wobei die erste
und die zweite Kupplung bereitgestellt sind, um
zu verhindern, dass UbermafRig hohes Drehmo-
ment den Ziehkopf (30) Gber den durch die Aus-
gangsposition HP und die hintere Position RP
definierten Bereich hinaus bewegt.

2. Elektrische Blindnietbefestigungsvorrichtung nach

Anspruch 1, wobei die Ziehmittel umfassen:

einen Ziehkopf (30), der durch ein Bewegen der
Kugelgewindewelle in der axialen Richtung in
die axiale Richtung bewegt wird;

ein Futtergehduse (32), das an den Ziehkopfan-
grenzt, in dem Ziehkopf integriert ist und eine
innere Umfangsflache aufweist, deren Innen-
durchmesser in Richtung des vorderen Endes
abnimmt;

eine Futterbacke (29), die innerhalb des Futter-
gehéauses bereitgestelltist und eine dulere Um-
fangsflache aufweist, die in Kontakt mit der in-
neren Umfangsflaiche des Futtergehduses
steht; und

ein Ansatzstulick (31), das an die Futterbacke an-
grenzt und einen Offnungsabschnitt aufweist,
durch den der Wellenabschnitt des Mandrells
verlauft.

Elektrische Blindnietbefestigungsvorrichtung nach
Anspruch 1 oder Anspruch 2, wobei die Kraftliber-
tragungsmittel umfassen:

ein Motorritzel (15), das mit dem elektrischen
Motor verbunden ist; ein hinteres Zahnrad (19),
das unter dem Motorritzel bereitgestellt ist und
das Motorritzel in Eingriff nimmt; ein Spindel-
zahnrad (17), das die Spindel in Eingriff nimmt;
ein vorderes Zahnrad (21), das unter dem Spin-
delzahnrad bereitgestellt ist und das Spindel-
zahnrad in Eingriff nimmt; eine zweite Welle (8),
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die unter der Auffangkammer bereitgestellt ist
und mit dem hinteren Zahnrad und dem vorde-
ren Zahnrad einstiickig verbunden ist.

4. Elektrische Blindnietbefestigungsvorrichtung nach

einem der Anspriiche 1 bis 3, wobei die erste Kupp-
lung beinhaltet:

die Spindelkupplung (61), die einen zylindri-
schen Abschnitt und einen facherférmigen Ab-
schnitt, der sich in Bezug auf die Spindel in der
axialen Richtung bewegen kann, aufweist und
sich mit der Spindel dreht; und

die Mutterkupplung (62), die einen facherférmi-
gen Abschnitt, der denfacherférmigen Abschnitt
der Spindelkupplung in Eingriff nimmt, aufweist
und mit der Kugelgewindemutter einsttickig ver-
bunden ist;

die erste Kupplung, die sich von der Spindel-
kupplung und der Mutterkupplung I6sen kann,
damit die Drehung der Spindel wahrend einer
Vorwartsdrehung des elektrischen Motors an ei-
ner hinteren Begrenzung (RP) der Kugelgewin-
dewelle nicht auf die Kugelgewindemutter iber-
tragen wird.

Elektrische Blindnietbefestigungsvorrichtung nach
Anspruch 4, wobei ein hervorstehender Abschnitt ei-
nes Zylinderendes (45), der mit dem hinteren Ende
der Kugelgewindewelle einstlickig verbunden ist, ei-
ne innere Endflache der Spindelkupplung in der axi-
alen Richtung nach hinten driickt und sich der fa-
cherférmige Abschnitt der Spindelkupplung von dem
facherférmigen Abschnitt der Mutterkupplung 16st,
wenn die Kugelgewindewelle die hintere Begren-
zung in der axialen Richtung erreicht.

Elektrische Blindnietbefestigungsvorrichtung nach
einem der vorstehenden Anspriiche, wobei die zwei-
te Kupplung beinhaltet:

die hintere Kupplung (63), die eine zylindrische
Form und S&gezadhne an dem vorderen Ende
aufweist und angeordnet ist, damit sie sich in
der axialen Richtung um den Ziehkopf herum
bewegen, sich jedoch nicht drehen kann; und
die vordere Kupplung (64), die eine zylindrische
Form und Sagezadhne an dem hinteren Ende,
die die Sdgezahne der hinteren Kupplungin Ein-
griff nehmen, aufweist und vor der hinteren
Kupplung, um den Ziehkopf herum, angeordnet
ist und mit dem Ziehkopf einsttickig verbunden
ist.

Elektrische Blindnietbefestigungsvorrichtung nach
Anspruch 6, wobei die Sagezdhne der hinteren
Kupplung eine Seite, die in der axialen Richtung pa-
rallel zu der hinteren Kupplung ist, und eine andere
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Seite, die in Bezug auf die axiale Richtung geneigt
ist, aufweisen; und wobei die Sdgezahne der vorde-
ren Kupplung eine Form aufweisen, die es ermdg-
licht, die S&gezahne der hinteren Kupplung in Ein-
griff zu nehmen.

Revendications

Dispositif de fixation électrique de rivet aveugle (1)
pour déformer une douille d’'un corps de rivet de ma-
niére a élargir diamétralement par étirage, dans la
direction axiale, un mandrin d’un rivet aveugle com-
prenant un mandrin et un corps de rivet, en fixant de
la sorte le corps de rivet a un élément monté via la
partie de douille élargie et une bride du corps de
rivet, et en brisant le mandrin, le dispositif de fixation
de rivet aveugle comprenant :

un moteur électrique (13) disposé a une
extrémité ;

un moyen de transmission d’énergie (11) pour
transmettre la rotation du moteur électrique ;
une broche (14) disposée devantle moteur élec-
trique et soumise a une rotation par I'énergie
transmise par le moyen de transmission
d’énergie ;

une chambre collectrice (10) pour recueillir les
parties brisées des tiges de mandrin, laquelle
chambre estdisposée entre le moteur électrique
et la broche ;

un écrou de vis a billes adjacent a la broche et
raccordé ala broche et mis en rotation par celle-
ci;

une tige de vis a billes (36) disposée dans une
partie centrale de I'écrou de vis a billes dans la
direction axiale et déplacée dans la direction
axiale par la rotation de I'écrou de vis a billes ;
un moyen d’étirage (30, 32) raccordé a la tige
de vis a billes pour saisir et étirer une partie de
tige du mandrin, dans lequel le moyen d’étirage
comprend une téte de traction (30), ladite téte
de traction (30) se déplagant entre une position
de repos HP a I'extrémité avant et une position
arriére RP ou le mandrin est brisé ;

une gachette (6) disposée dans une partie de
poignée (3) ; le dispositif de fixation électrique
de rivet aveugle étant caractérisé en ce que le
moteur électrique est un moteur sans balai ;

et il comprend en outre :

un élément Hall (13A) pour détecter le nom-
bre de rotations du moteur électrique, dans
lequel la position de la téte de traction (30)
dans la direction axiale est déterminée par
la rotation du moteur électrique (13) détec-
tée par I'élément Hall ;

un moyen de commande pour commander
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la rotation en avant, la rotation en sens in-
verse et I'arrét du moteur électrique sur la
base du fonctionnement de la gachette et
du nombre de rotations de I'élément Hall du
moteur électrique, et

un premier embrayage (61, 62) constitué
d’'un embrayage a broche (61) et d’'un em-
brayage a écrou (62) est prévu dans la par-
tie entre la broche (14) et I'écrou de vis a
billes (44), etun second embrayage (63, 64)
estdisposé devantlatige de vis a billes (36),
qui est constitué d’'un embrayage arriére
(63) et d'un embrayage avant (64), dans le-
quelle premier etle second embrayage sont
prévus pour empécher un couple excessif
de déplacer la téte de traction (30) au-dela
de la plage définie par la position de repos
HP et la position arriere RP.

2. Dispositif de fixation électrique derivet aveugle selon

la revendication 1, dans lequel le moyen d’étirage
comprend :

une téte de traction (30) déplacée dans la direc-
tion axiale par la tige de vis a billes se déplagant
dans la direction axiale ;

un boitier de mors (32) adjacent a la téte de trac-
tion, intégré a la téte de traction et ayant une
surface périphérique interne dont le diameétre in-
terne devient plus petit vers I'extrémité avant ;
un mors (29) disposé a l'intérieur du boitier de
mors et ayant une surface périphérique externe
en contact avec la surface périphérique interne
du boitier de mors ; et

une piece de nez (31) adjacente au mors et
ayant une partie d’ouverture a travers laquelle
passe la partie de tige du mandrin.

Dispositif de fixation électrique de rivet aveugle selon
la revendication 1 ou la revendication 2, dans lequel
le moyen de transmission d’énergie comprend :

une roue dentée de moteur (15) raccordée au
moteur électrique ; une roue dentée arriere (19)
disposée en dessous de la roue dentée du mo-
teur et s’engageant sur la roue dentée du
moteur ; une roue dentée de broche (17) s’en-
gageant sur la broche ; une roue dentée avant
(21) située en dessous de la roue dentée de
broche et s’engageant sur la roue dentée de
broche ; une seconde tige (8) disposée en des-
sous de la chambre collectrice et jointe d’'un seul
tenant a la roue dentée arriére et a la roue den-
tée avant.

4. Dispositif de fixation électrique derivet aveugle selon

I'une quelconque des revendications 1 a 3, dans le-
quel le premier embrayage comprend :
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'embrayage a broche (61) ayant une partie cy-
lindrique etune partie en éventail quiestaméme
de se déplacer dans la direction axiale par rap-
port a la broche et de tourner avec la broche ; et
'embrayage a écrou (62) ayant une partie en
éventail s’engageant sur la partie en éventail de
'embrayage a broche et jointe d’'un seul tenant
al'écrou de vis a billes ;

le premier embrayage étant a méme de se dé-
gager de I'embrayage a broche et de 'embraya-
ge d’écrou de maniére a ne pas transmettre la
rotation de la broche a I’écrou de vis a billes au
cours de la rotation en avant du moteur électri-
que au niveau d’une limite arriere (RP) de la tige
de vis a billes.

Dispositif de fixation électrique derivetaveugle selon
la revendication 4, dans lequel une partie saillante
d’une queue cylindrique (45) jointe d’'un seul tenant
a I'extrémité arriere de la tige de vis a billes pousse
une face d’extrémité interne de 'embrayage a bro-
che vers I'arriére dans la direction axiale et la partie
en éventail de 'embrayage a broche se dégage de
la partie en éventail de 'embrayage a écrou lorsque
la tige de vis a bille atteint la limite arriére dans la
direction axiale.

Dispositif de fixation électrique derivetaveugle selon
I'une quelconque des revendications précédentes,
dans lequel le second embrayage comprend :

'embrayage arriére (63) qui a une forme cylin-
drique et des dents de scie a I'extrémité avant
et qui est agencé de maniére a étre a méme de
se déplacer dans la direction axiale autour de la
téte de traction, mais pas a méme de tourner ; et
'embrayage avant (64) ayant une forme cylin-
drique et des dents de scie a I'extrémité arriére
et s’engageant sur les dents de scie de I'em-
brayage arriére, et agencé devant 'embrayage
arriere autour de la téte de traction et joint d’'un
seul tenant a la téte de traction.

Dispositif de fixation électrique de rivetaveugle selon
la revendication 6, dans lequel les dents de scie de
'embrayage arriére ont une face qui est paralléle a
'embrayage arriére dans la direction axiale et une
autre face inclinée par rapport a la direction axiale ;
et les dents de scie de 'embrayage avant ont une
forme qui leur permet de s’engager sur les dents de
scie de 'embrayage arriére.
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