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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a motor and a
method for manufacturing the motor and more particu-
larly, to a technique for effectively winding a wire for form-
ing an armature winding, between a commutator and an
armature.

Description of the Related Art

[0002] In a known DC motor, the same number of
brushes as the number ofpoles of a stator is provided.
However, the resistance loss caused by friction between
a commutator and the brushes during rotation of an ar-
mature may increase with increase in the number of
brushes. Further, the number of parts increases as the
number of brushes increases. In this connection, Japa-
nese non-examined laid-open Patent Publication No.
2-184246 discloses a motor which can be driven while
having a four-pole stator and two brushes by connecting
diametrically opposed segments of a commutator by an
equalizing wire such that the coils connected to the op-
posed segments are electrically equalized.
[0003] According to a known method of forming a wire
connection (hereinafter referred to as "unit winding") in-
cluding two electrically equalized coils and an equalizing
wire, one of the coils is formed by winding a wire con-
nected to a starting-point segment, around a predeter-
mined slot group of slots, the other coil is subsequently
formed by winding the wire around a slot group of slots
which is diametrically opposed to said slot group. Then,
the equalizing wire is formed by connecting the wire from
the other coil to a relay segment and then to an endpoint
segment. Further, unit windings of the same kind are
formed by repeating the above-mentioned procedure,
while shifting the starting-point segment by one segment
in the circumferential direction around the axis of the com-
mutator. Thus, the two coils of each of the unit windings
are successively formed while shifting one slot in the cir-
cumferential direction around the axis of the armature.
In this manner, an armature winding is formed between
the armature and the commutator.
[0004] In such a case, the wires are sequentially con-
nected in a regular manner from a segment which is shift-
ed by one segment in the circumferential direction around
the axis of the commutator, to a slot which is shifted by
one slot in the circumferential direction around the axis
of the armature. As a result, the wires connected between
the commutator and the armature tend to regularly over-
lap each other, so that imbalance in the wire volume is
created. As a result, the rotor, which is formed by the
output shaft, the armature, the commutator and the ar-
mature winding, has an imbalance in weight and thus the
center of rotation of the rotor tends to be displaced from

the output shaft.
[0005] JP 11-252843 A and EP-1 650 853 A1, which
is prior under Art. 54(3) EPC, each disclose a motor ac-
cording to the preamble of claim 1 and a method accord-
ing to the preamble of claim 4.

SUMMARY OF THE INVENTION

[0006] It is an object of the invention to provide an im-
proved technique for winding a wire to form an armature
winding between a commutator and an armature in a
balanced manner.
[0007] The object is achieved by providing a motor ac-
cording to claim 1 and a method according to claim 4.
[0008] Further developments of the invention are given
in the dependent claims.
[0009] The "motor" in this invention is typically a DC
motor or an AC commutator motor and may embrace a
motor in which the commutator and the brushes commu-
tate the current passing through the armature winding.
[0010] The first unit winding of the motor according to
this invention is defined by a first to a third segments of
the plurality of the segments, a coil of a first group and a
coil of a second group for the first unit winding which are
formed by winding the wire around respectively prede-
termined slot groups of slots selected from said plurality
of the slots, and a first equalizing wire.
[0011] The first segment defines a starting point of the
first unit winding. The coil of the first group for the first
unit winding and the coil of the second group for the first
unit winding are connected in series in this order by wind-
ing the wire from the first segment to the second segment.
The first equalizing wire is connected from the second
segment to the third segment that defines an endpoint
of the first unit winding.
[0012] Thus, in the motor of this invention, the first unit
winding is formed by sequentially connecting the first
segment of the starting point, the coil of the first group,
the coil of the second group, the second segment and
the third segment of the endpoint, in this order. The first
unit winding must include at least the first to the third
segments of all the segments and may include other seg-
ments. Further, the first unit winding must include at least
the coil of the first group and the coil of the second goup
and may include coils of other groups. Typically, within
the first unit winding, the number of groups of coils is
equal to the number of the segments which are connect-
ed by the equalizing wire.
[0013] Further, the second unit winding of the motor
according to this invention is defined by a third to a fifth
segments of the plurality of the segments, a coil of a first
group and a coil of a second group for the second unit
winding, and a second equalizing wire. The coils for the
second unit winding are formed by winding the wire
around respectively predetermined slot groups of slots
which are selected from the plurality of the slots in such
a manner as to include some of the slots of the slot groups
used to form the coils of the first and the second groups
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for the first unit winding. The coils are disposed in a po-
sition shifted from the coils of the first and the second
groups for the first unit winding in the circumferential di-
rection around the axis of the armature.
[0014] The third segment defines an endpoint of the
first unit winding and also defines a starting point ofthe
second unit winding. The coil of the second group for the
second unit winding and the coil of the first group for the
second unit winding are connected in series in this order
by winding the wire from the third segment to the fourth
segment. The second equalizing wire is connected from
the fourth segment to the fifth segment that serves as an
endpoint of the second unit winding.
[0015] Thus, in the motor of this invention, the second
unit winding is formed by sequentially connecting the
third segment of the starting point, the coil of the second
group, the coil of the first group, the fourth segment and
the fifth segment of the endpoint, in this order. The sec-
ond unit winding must include at least the third to the fifth
segments of all the segments and may include other seg-
ments. Further, the second unit winding must include at
least the coil of the first group and the coil of the second
group and may include coils of other groups.
[0016] Typically, within the second unit winding, the
number of groups of coils is equal to the number of the
segments which are connected by the equalizing wire.
Further, the number of groups of coils and the number
of the segments which are connected by the equalizing
wire, within the second unit winding, are respectively
equal to those in the first unit winding. Further, the arma-
ture winding must include one or more first unit windings
and one or more second unit windings, and may include
other unit windings. In forming other unit windings, the
numbers of coils and segments and the order in which
the groups of coils are connected and the order in which
the segments are connected may be selected as desired.
[0017] Specifically, in the motor according to the inven-
tion, two kinds of unit windings are provided in which
groups of coils in a unit winding of one kind are connected
from a starting-point segment to an endpoint segment in
a different order from those in a unit winding of the other
kind. Therefore, the number of times that the wires are
sequentially connected from a segment shifted by one
segment to a slot shifted by one slot can be reduced.
Thus, problem in the prior art that the wires connected
between the commutator and the armature tend to reg-
ularly overlap each other to create an imbalance in the
wire volume can be alleviated. As a result, the wire for
forming the armature winding can be wound between the
commutator and the armature in a balanced manner.
[0018] Further, according to the representative motor,
the prior art problem can be avoided that the rotor, the
armature, the commutator and the armature winding re-
sults imbalance in weight causing a deviation of rotating
center the rotor from the output shaft, can be avoided.
Therefore, in the process of manufacturing the motor, it
is not necessary to take time for adjustment of the bal-
ance, for example by reducing the weight by partially cut-

ting away the commutator or the armature.
[0019] Preferably, the third segment of the first unit
winding may be disposed adjacent to the first segment,
and the fourth segment of the second unit winding may
be disposed adjacent to the third segment.
[0020] By such construction, the segments for forming
the equalizing wire in the first unit winding are connected
in a different order from those in the second unit winding.
In the first unit winding, the third segment serving as an
endpoint segment is disposed adjacent to the first seg-
ment serving as a starting-point segment. The third seg-
ment serves as a starting-point segment of the second
unit winding. Therefore, the starting-point segment of the
second unit winding is disposed adjacent to the starting-
point segment of the first unit winding. In the second unit
winding, the fourth segment to which the end of the coil
is connected is disposed adjacent to the third segment
serving as a starting-point segment. The fifth segment to
which the fourth segment is connected by an equalizing
wire can serve as a starting-point segment of the subse-
quently formed unit winding. Therefore, the starting-point
segment of the unit winding which is formed subsequent-
ly to the second unit winding is not disposed adjacent to
the starting-point segment of the second unit winding.
[0021] According to the representative motor, a differ-
ence is made between the first unit winding and the sec-
ond unit winding in the order in which the segments for
forming the equalizing wire are connected. Thus, in the
armature winding formed by a plurality of unit windings,
the problem that the segments shifted by one segment
in the circumferential direction around the axis of the com-
mutator are uniformly configured as a starting-point seg-
ment can be avoided. As a result, the imbalance of the
wire volume between the commutator and the armature
winding is prevented.
[0022] In the motor manufacturing method according
to the invention, the first unit winding is formed by con-
necting the wire connected to the first segment of the
starting point, to the coil of the first group, the coil ofthe
second group, the second segment and the third seg-
ment of the endpoint in this order. Subsequently, the sec-
ond unit winding is formed by connecting the wire from
the third segment of the starting point to the coil of the
second, the coil of the first group, the fourth segment and
the fifth segment of the endpoint in this order.
[0023] Specifically, in the motor manufacturing method
of this invention, a difference is made between the first
unit winding and the second unit winding in the order in
which groups of coils are connected from the starting-
point segment to the endpoint segment. the wires con-
nected between the commutator and the armature can
be prevented from regularly overlapping each other to
cause imbalance in the wire volume.
[0024] Preferably, a plurality of unit windings of the
same kind as the first unit winding may be formed by
repeating the step of forming the first unit winding and
thereafter, a plurality of unit windings of the same kind
as the second unit winding are formed by repeating the
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step of forming the second unit winding.
[0025] Other objects, features and advantages of the
present invention will be readily understood after reading
the following detailed description together with the ac-
companying drawings and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

FIG. 1 shows an entire impact driver 100 as an ex-
ample of a power tool to which a motor of the present
invention is applied as a driving motor.
FIG. 2 is a sectional side view showing a driving mo-
tor 121 of the impact driver 100.
FIG. 3 schematically shows a rotor in the driving mo-
tor 121 on which an armature winding 134 is not yet
formed.
FIG. 4 illustrates the wiring of a wire of the first wind-
ing by showing segments and slots in developed
view.
FIG. 5 illustrates the wiring of the wire of the first
winding by showing an armature 133 and a commu-
tator 137 in sectional view.
FIG. 6 illustrates the wiring of the wire of the second
winding by showing the segments and slots in de-
veloped view.
FIG. 7 illustrates the wiring of the wire of the second
winding by showing the armature 133 and the com-
mutator 137 in sectional view.
FIG. 8 illustrates the wiring of the wire of the third
winding by showing the segments and slots in de-
veloped view.
FIG. 9 illustrates the wiring of the wire of the third
winding by showing the armature 133 and the com-
mutator 137 in sectional view.
FIG. 10 illustrates the wiring of the wire of the fourth
winding by showing the segments and slots in de-
veloped view.
FIG. 11 illustrates the wiring of the wire of the fourth
winding by showing the armature 133 and the com-
mutator 137 in sectional view.
FIG. 12 illustrates the wiring of the wire of the fifth
winding by showing the segments and slots in de-
veloped view.
FIG. 13 illustrates the wiring of the wire of the fifth
winding by showing the armature 133 and the com-
mutator 137 in sectional view.
FIG. 14 illustrates an example of wiring in which wires
regularly overlap each other so that imbalance is cre-
ated in the volume of die wires wound between the
segments and the slots.
FIG. 15 illustrates an example of wiring in which wires
regularly overlap each other so that imbalance is cre-
ated in the volume of the wires wound between the
segments and the slots.
FIG. 16 illustrates an example of wiring in which wires
regularly overlap each other so that imbalance is cre-

ated in the volume of the wires wound between the
segments and the slots.
FIG. 17 illustrates an example of wiring in which wires
regularly overlap each other so that imbalance is cre-
ated in the volume of the wires wound between the
segments and the slots.
FIG. 18 shows part of the wire wound between the
segments and the slots and forming the coils of the
armature winding in this embodiment.
FIG. 19 shows equalizing wires connecting the seg-
ments in this embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Each of the additional features and method
steps disclosed above and below may be utilized sepa-
rately or in conjunction with other features and method
steps to provide improved motors and method for using
such motors and devices utilized therein. Representative
examples of the present invention, which examples uti-
lized many of these additional features and method steps
in conjunction, will now be described in detail with refer-
ence to the drawings. This detailed description is merely
intended to teach a person skilled in the art further details
for practicing preferred aspects of the present teachings
and is not intended to limit the scope of the invention.
Only the claims define the scope of the claimed invention.
Therefore, combinations of features and steps disclosed
within the following detailed description may not be nec-
essary to practice the invention in the broadest sense,
and are instead taught merely to particularly describe
some representative examples of the invention, which
detailed description will now be given with reference to
the accompanying drawings.
[0028] A representative embodiment according to the
invention will now be described with reference to FIGS.
1 to 4. A "motor" of the present invention is described as
a driving motor provided in a battery-powered electric
impact driver 100. The driving motor is provided as a
four-pole two-brush DC motor. Diametrically opposed
segments on the commutator are connected by a wire
and equalized (an equalizing wire is formed), while dia-
metrically opposed coils on the armature are connected
in series.
[0029] FIG. 1 is a side view, partly in section, schemat-
ically showing the entire impact driver 100. FIG. 2 is a
sectional view showing the structure of the driving motor
of the impact driver 100. FIG. 3 schematically shows a
rotor in the driving motor on which an armature winding
is not yet formed. FIGS. 4, 6, 8, 10 and 12 are developed
views of segments and slots, which illustrate the wiring
of wires of the armature winding of the driving motor
which are wound between the segments and the slots.
FIGS. 5, 7, 9, 11, 13 and 17 are sectional views of the
armature and the commutator, which illustrate the wiring
of the wires. FIGS. 14 to 17 illustrate examples of wiring
in which wires regularly overlap each other so that im-
balance is created in the volume of the wires wound be-
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tween the armature and the commutator. FIG. 18 shows
part of the wire wound between the segments and the
slots and forming the coils of the armature winding in this
embodiment. FIG. 19 shows equalizing wires connecting
the segments.
[0030] As shown in FIG. 1, the impact driver 100 ac-
cording to the representative embodiment includes a
body 101 and a driver bit 109. The driver bit 109 is de-
tachably coupled to the tip end region of the body 101
and adapted to tighten various types of screws. The body
101 includes a motor housing 103, a gear housing 105
and a handgrip 107. The motor housing 103 houses a
driving motor 121. A trigger 125 is mounted on the hand-
grip 107, and depressing the trigger 125 turns on a power
switch of the driving motor 121.
[0031] The gear housing 105 houses a speed reducing
mechanism 111, a spindle 112, a hammer 114 and an
anvil 115. The speed reducing mechanism 111 includes
a planetary gear and appropriately reduces the speed of
rotation of an output shaft 122 of the driving motor 121.
The spindle 112 is rotated by the speed reducing mech-
anism 111. The rotation of the spindle 112 causes the
hammer 114 to rotate via a transmitting member in the
form of a ball 113, which in turn causes the anvil 115 to
rotate. The hammer 114 can move with respect to the
spindle 112 in its longitudinal direction and is urged to-
ward the anvil 115 by a compression coil spring 116. An
end of the anvil 115 protrudes from the end of the gear
housing 105, and the driver bit 109 is detachably coupled
to the protruded end of the anvil 115.
[0032] With the impact driver 100 thus constructed,
when the tightening torque of the driver bit 109 is in-
creased to a predetermined high level, high tightening
torque is produced on the driver bit 109 by the hammering
movement of the hammer 114.
[0033] The construction of the driving motor 121 will
now be described with reference to FIG. 2. The driving
motor 121 in this embodiment is a four-pole DC motor
powered by the battery 127 (also see FIG. 1). The driving
motor 121 includes an output shaft 122, an armature 133,
a stator 135, a commutator 137 and two brushes 145.
The armature 133 rotates together with the output shaft
122, and coils that form an armature winding 134 are
wound on the armature 133. The stator 135 is secured
to the motor housing 103 and generates a magnetic field
around the armature 133. The commutator 137 is fitted
onto the output shaft 122 near its end (which is remote
from the speed reducing mechanism 111). The two
brushes 145 supply driving current to the armature wind-
ing 134 on the armature 133 in sliding contact with a
plurality of segments provided on the outside surface of
the commutator 137.
[0034] One end (the rear end or the left end as viewed
in FIG. 2) of the output shaft 122 is rotatably supported
on the motor housing 103 via a bearing 123. The other
end (on the side of the speed reducing mechanism or
the right side as viewed in FIG. 2) of the output shaft 122
is rotatably supported on the gear housing 105 via a bear-

ing 124. The output shaft 122, the armature 133 and the
commutator 137 form a rotor.
[0035] When the power to the driving motor 121 having
the above construction is turned on, driving current is
supplied to the armature winding 134 of the armature 133
within the magnetic field of the stator 135, via the brushes
145 and the segments of the commutator 137, which
causes the rotor to rotate. At this time, the commutator
137 and the brushes 145 appropriately change the direc-
tion of current that passes through the armature winding
134 such that the armature 133 and the output shaft 122
can continuously rotate in a predetermined direction.
[0036] FIG. 3 shows the external view of the rotor on
which a wire for forming the armature winding 134 is not
yet wound. The commutator 137 is fitted onto the end of
the output shaft 122 that is inserted through the center
of the armature 133. Ten segments 40 - 49 (see FIG. 5)
are formed on the outside surface of the commutator 137
and the brushes 145 come in sliding contact with the
segments one after another. A connecting section X for
connecting the wire is provided on each of the segments.
Adjacent segments are insulated from each other.
[0037] The armature 133 has ten radially extending
teeth 30 - 39 (see FIG. 5) and is thus shaped liked a gear
in section. Ten slots are formed between the adjacent
teeth 30 - 39 and a wire of coils that form the armature
winding 134 is wound between the slots.
[0038] The method of forming the coils of the armature
winding 134 will be explained in detail with reference to
FIGS. 4 to 13. The armature winding 134 of the embod-
iment comprises a first winding starting from a segment
40 (see FIGS. 4 and 5), a second winding starting from
a segment 41 (see FIGS. 6 and 7), a third winding starting
from a segment 42 (see FIGS. 8 and 9), a fourth winding
starting from a segment 48 (see FIGS. 10 and 11), and
a fifth winding starting from a segment 49 (see FIGS. 12
and 13).
[0039] Each of the five windings is defined by the
above-mentioned assigned starting-point segment, a coil
of group A, a coil of group B diametrically opposed to the
coil of group A in the armature 133, a relay segment, and
an end-point segment connected to the relay segment.
A coil section having the coil of group A and the coil of
group B connected in series is connected to the starting-
point segment at one end and to the relay segment at
the other end. Further, the relay segment and the end-
point segment are diametrically opposed to each other
in the armature 133.
[0040] The coil of goup A of each winding formed sub-
sequently to other winding is wound between the slots
respectively shifted by one slot in the circumferential di-
rection around the axis of the armature 133 from the slots
between which the coil of group A of the other winding
is wound. Likewise, the coil of group B of each winding
which is formed subsequently to other winding is wound
between the slots which are respectively shifted by one
slot in the circumferential direction around the axis of the
armature 133 from the slots between which the coil of
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group B of the other winding is wound.
[0041] Specifically, the first to the fifth windings are se-
quentially formed by the wire connected to the starting-
point segment of the first winding (the segment 40) while
each of the end-point segments of the windings serves
as the starting-point segment of the next winding. As a
result, the coils of the same group are provided cyclically
while shifting in the circumferential direction around the
axis of the armature 133.
[0042] Further, a wire that connects a relay segment
and an end-point segment is short-circuiting the seg-
ments and therefore referred to as an equalizing wire.
The first to the fifth windings in this embodiment corre-
spond to the "unit windings" in this invention.
[0043] In order to form the coils of the first and the
second windings, the wire is wound from the starting-
point segment to the relay segment, via the coil of group
A and the coil of group B in this order. As for the third to
fifth windings, the wire is wound from the starting-point
segment to the relay segment, via the coil of group B and
the coil of group A in this order.
[0044] Arrows shown on the wire in the drawings indi-
cate the direction of winding the wire (and not the direc-
tion of flow of the driving current). Fluther, a wire which
is led from a segment to the armature 133 (a wire that
forms a coil section) is neck-wound at least a half turn
around the output shaft 122 between the commutator
137 and the armature 133 before routed through a slot
in order to prevent the wire from breaking due to vibration.
[0045] As shown in FIGS. 4 and 5, the first winding is
formed by winding a wire from a starting-point segment
or the segment 40. The wire connected to the segment
40 is wound counterclockwise as viewed in FIG. 5, in-
serted through a slot between the teeth 37 and 38,
passed over the teeth 37, 36, 35 and then inserted
through a slot between the teeth 34 and 35. A coil A1 is
formed by thus winding the wire eight turns between
these slots.
[0046] Next, the wire is continuously wound counter-
clockwise, inserted through a slot between the teeth 32
and 33 (as shown by arrow a in FIG. 4), passed over the
teeth 32, 31, 30 and then inserted through a slot between
the teeth 30 and 39. A coil B1 is formed by thus winding
the wire eight turns between these slots. The coil B1 is
diametrically opposed to the coil A in the armature 133.
[0047] Then, the wire is wound counterclockwise again
and connected to a relay segment or the segment 46. In
this manner, by the wire connected to the segment 40,
the coil A1 is formed and then the coil B1 is formed be-
tween the slots which are diametrically opposed to the
slots for the coil A1 in the armature 133. Thus, the coil
section of the first winding is formed with the coils A1 and
B1 connected in series.
[0048] Thereafter, the wire connected to the segment
46 is connected to an end-point segment of the first wind-
ing, or the segment 41 (as shown by arrow b in FIG. 4)
and the segments 41 and 46 are equalized (an equalizing
wire for the first winding is formed).

[0049] As shown in FIGS. 6 and 7, the second winding
is formed by winding the wire from a starting-point seg-
ment or the segment 41, which defines the end-point seg-
ment of the first winding. The wire connected to the seg-
ment 40 is wound counterclockwise as viewed in FIG. 7,
inserted through a slot between the teeth 38 and 39,
passed over the teeth 38, 37, 36 and then inserted
through a slot between the teeth 36 and 35. A coil A2 is
formed by thus winding the wire eight turns between
these slots.
[0050] Next, the wire is continuously wound counter-
clockwise, inserted through a slot between the teeth 34
and 33 (as shown by arrow c in FIG. 6), passed over the
teeth 33, 32, 31 and then inserted through a slot between
the teeth 31 and 30. A coil B2 is formed by thus winding
the wire eight turns between these slots. The coil B2 is
diametrically opposed to the coil A2 in the armature 133.
[0051] Then, the wire is wound counterclockwise again
and connected to a relay segment or the segment 47. In
this manner, by the wire connected to the segment 41,
the coil A2 is formed and then the coil B2 is formed be-
tween the slots which are diametrically opposed to the
slots for the coil A2 in the armature 133. Thus, the coil
section of the second winding is formed with the coils A2
and B2 connected in series. Thereafter, the wire con-
nected to the segment 47 is connected to an end-point
segment of the second winding, or the segment 42 (as
shown by arrow d in FIG. 6) and the segments 47 and
42 are equalized (an equalizing wire for the second wind-
ing is formed).
[0052] The "second winding" of this embodiment is a
feature that corresponds to the "first unit winding" accord-
ing to the invention. The segments 41, 47 and 42 corre-
spond to the first to the third segments, respectively, in
this invention. The coils A2 and B2 correspond to the
"coil of first group" and the "coil of second group", respec-
tively, according to the invention. Further, the coils A2
and B2 are formed "between the slot between the teeth
38 and 39 and the slot between the teeth 36 and 35" and
"between the slot between the teeth 34 and 33 and the
slot between the teeth 31 and 30", respectively. And such
construction is represented as the coils being formed
"around respectively predetermined slot groups of slots
selected from the plurality of the slots".
[0053] As shown in FIGS. 8 and 9, the third winding is
formed by winding the wire from a starting-point segment
or the segment 42, which serves as the end-point seg-
ment of the second winding. The wire connected to the
segment 42 is neck-wound one turn around the output
shaft 122 counterclockwise as viewed in FIG. 9, inserted
through a slot between the teeth 35 and 34 (as shown
by arrow k in FIG. 8), passed over the teeth 34, 33, 32
and then inserted through a slot between the teeth 32
and 31. A coil B3 is formed by thus winding the wire eight
turns between these slots.
[0054] Next, the wire is continuously wound counter-
clockwise, inserted through a slot between the teeth 30
and 39, passed over the teeth 39, 38, 37 and then inserted
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through a slot between the teeth 37 and 36. A coil A3 is
formed by thus winding the wire eight turns between
these slots. The coil A3 is diametrically opposed to the
coil B3 in the armature 133.
Then, the wire is wound counterclockwise again and con-
nected to a relay segment or the segment 43 (as shown
by arrow m in FIG. 8). In this manner, by the wire con-
nected to the segment 42, the coil B3 is formed and then
the coil A3 is formed between the slots which are dia-
metrically opposed to the slots for the coil B3 in the ar-
mature 133. Thus, the coil section of the third winding is
formed with the coils B3 and A3 connected in series.
Thereafter, the wire coupled to the segment 43 is con-
nected to an end-point segment of the third winding, or
the segment 48, and the segments 43 and 48 are equal-
ized (an equalizing wire for the third winding is formed).
[0055] The "third winding" of this embodiment is a fea-
ture that corresponds to the "second unit winding" ac-
cording to the invention. The segments 42, 43 and 48
correspond to the third to the fifth segments, respectively,
according to the invention. The coils A3 and B3 corre-
spond to the "coil of first group" and the "coil of second
group", respectively, according to the invention. Further,
the coils A3 and B3 are formed "between the slot between
the teeth 30 and 39 and the slot between the teeth 37
and 36" and "between the slot between the teeth 35 and
34 and the slot between the teeth 32 and 31 ", respec-
tively. Such structure is represented as the coils being
formed "around respectively predetermined slot groups
of slots which are selected from the plurality of the slots
in such a manner as to include some of the slots of the
slot groups used to form the coils of the first and the
second groups for the first unit winding".
[0056] As shown in FIGS. 10 and 11, the fourth winding
is formed by winding the wire from a starting-point seg-
ment or the segment 48, which defines the end-point seg-
ment of the third winding. The wire connected to the seg-
ment 48 is wound counterclockwise as viewed in FIG.
11, inserted through a slot between the teeth 36 and 35
(as shown by arrow n in FIG. 10), passed over the teeth
35, 34, 33 and then inserted through a slot between the
teeth 33 and 32. A coil B4 is formed by thus winding the
wire eight turns between these slots.
[0057] Next, the wire is continuously wound counter-
clockwise, inserted through a slot between the teeth 31
and 30, passed over the teeth 30, 39, 38 and then inserted
through a slot between the teeth 38 and 37. A coil B4 is
formed by thus winding the wire eight turns between
these slots. The coil B4 is diametrically opposed to the
coil A4 in the armature 133.
[0058] Then, the wire is wound counterclockwise again
and connected to a relay segment or the segment 44 (as
shown by arrow p in FIG. 10). In this manner, by the wire
connected to the segment 48, the coil B4 is formed and
then the coil A4 is formed between the slots which are
diametrically opposed to the slots for the coil B4 in the
armature 133. Thus, the coil section of the fourth winding
is formed with the coils B4 and A4 connected in series.

Thereafter, the wire connected to the segment 44 is con-
nected to an end-point segment of the fourth winding, or
the segment 49, and the segments 47 and 42 are equal-
ized (an equalizing wire for the fourth winding is formed).
[0059] As shown in FIGS. 12 and 13, the fifth winding
is formed by winding the wire from a starting-point seg-
ment or the segment 49, which serves as the end-point
segment of the fourth winding. The wire connected to the
segment 49 is wound counterclockwise as viewed in FIG.
13, inserted through a slot between the teeth 37 and 36
(as shown by arrow s in FIG. 12), passed over the teeth
36, 35, 34 and then inserted through a slot between the
teeth 34 and 33. A coil B5 is formed by thus winding the
wire eight turns between these slots.
[0060] Next, the wire is continuously wound counter-
clockwise, inserted through a slot between the teeth 32
and 31, passed over the teeth 31, 30, 39 and then inserted
through a slot between the teeth 39 and 38. A coil A5 is
formed by thus winding the wire eight turns between
these slots. The coil A5 is diametrically opposed to the
coil B5 in the armature 133. Then, the wire is wound
counterclockwise again and connected to a relay seg-
ment or the segment 45. In this manner, by the wire con-
nected to the segment 49, the coil B5 is formed and then
the coil A5 is formed between the slots which are dia-
metrically opposed to the slots for the coil B5 in the ar-
mature 133. Thus, the coil section of the fifth winding is
formed with the coils B5 and A5 connected in series.
Thereafter, the wire connected to the segment 45 is con-
nected to an end-point segment of the fifth winding, or
the segment 40, and the segments 45 and 40 are equal-
ized (an equalizing wire for the fifth winding is formed).
[0061] By thus forming the first to the fifth windings,
the coils A1, A2, A3, A4 and A5 of group A are formed
in this order while shifting one slot in the circumferential
direction around the axis of the armature 133. The coils
B1, B2, B3, B4 and B5 of group B are also formed in this
order while shifting one slot in the circumferential direc-
tion around the axis of the armature 133.
[0062] The wiring of the equalizing wires will now be
explained. In the first winding (see FIG. 4), the relay seg-
ment to which the end of the coil section of the winding
is connected is configured as the segment (segment 46)
which is diametrically opposed to the segment (segment
41) adjacent to the starting-point segment (segment 40),
and the endpoint segment is configured as the segment
(segment 41) adjacent to the starting-point segment.
Therefore, the equalizing wire is connected from the seg-
ment (segment 46) which is diametrically opposed to the
segment adjacent to the starting-point segment to the
segment (segment 41) adjacent to the starting-point seg-
ment. Specifically, the segment (segment 41) adjacent
to the starting-point segment serves as the endpoint seg-
ment of the first winding and also serves as the starting-
point segment of the second winding. Likewise, in the
second winding (see FIG. 6), the segment (segment 42)
adjacent to the starting-point segment (segment 41)
serves as the endpoint segment of the second winding
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and also serves as the starting-point segment of the third
winding.
[0063] In the third winding (see FIG. 8), the relay seg-
ment to which the end of the coil section of the winding
is connected is configured as the segment (segment 43)
which is adjacent to the starting-point segment (segment
42), and the endpoint segment is configured as the seg-
ment (segment 48) which is diametrically opposed to the
segment adjacent to the starting-point segment. There-
fore, the equalizing wire is connected from the segment
(segment 43) adjacent to the starting-point segment to
the segment (segment 48) which is diametrically op-
posed to the segment adjacent to the starting-point seg-
ment. Specifically, the segment (segment 48) diametri-
cally opposed to the segment adjacent to the starting-
point segment defines the endpoint segment of the third
winding and also defines the starting-point segment of
the fourth winding. Likewise, in the fourth winding (see
FIG. 10), the segment (segment 49) adjacent to the start-
ing-point segment (segment 48) defines the endpoint
segment of the fourth winding and also defines the start-
ing-point segment of the fifth winding. In the fifth winding
(see FIG. 12), the segment (segment 40) adjacent to the
starting-point segment (segment 49) defines the end-
point segment of the fifth winding and also defines again
as the starting-point segment of the first winding. In this
manner, the armature winding 134 is formed by the wire
connected to each of the segments of the commutator
137. In this case, the segments 41, 42, 48 and 49 define
the starting-point segments of the first to the fifth wind-
ings, respectively.
[0064] If the first to the fifth windings are formed by
sequentially connecting the wire from the starting-point
segment shifted by one segment from the preceding
winding in the circumferential direction around the axis
of the commutator 137 to the slot shifted by one slot from
the preceding winding in the circumferential direction
around the axis ofthe armature 133, so that the coils of
the same group A are always formed by the wires con-
nected to the starting-point segments of the windings, as
shown in FIG. 14, regular overlaps of the wire tend to
take place. FIG. 14 shows the first to the third windings
formed in this manner, with the wires shown connected
from a segment to a slot or from a slot to a segment. As
clearly seen from FIG. 14, if all of the five windings are
formed in this wiring manner as shown in the drawing,
particularly near the segments 45 to 47, the wires con-
nected between the commutator 137 and the armature
133 will tend to overlap each other, so that the wire vol-
ume increases. Further, FIG. 15 shows the equalizing
wires of the windings formed in this manner. As seen
from FIG. 15, incoming equalizing wires gather near the
segments 40 to 42 diametrically opposed to the region
near the segments 45 to 47 in which the wire volume
increases. As shown in FIG. 16, near the incoming region
of the equalizing wires, the wires connected from the seg-
ments to the slots is lifted up toward the commutator 137
by the equalizing wires and tightened up toward the out-

put shaft 122. As a result, the wire volume tends to be
reduced near the incoming region of the equalizing wires.
As shown in FIG. 17, however, near the outgoing region
of the equalizing wires, the wire volume does not tend to
be reduced by the equalizing wires. Therefore, if the wires
are sequentially connected in regular order as shown in
FIG. 14, the wire volume will tend to get larger in the
region near the segments 45 to 47 than in the region near
the segments 40 to 42, so that imbalance in the wire
volume is created.
[0065] Therefore, when forming the windings accord-
ing to the representative embodiment, the order in which
the coils are connected to the starting-point segment is
changed starting from the third winding. Further, the or-
der in which the segments are connected by the equal-
izing wire is changed starting from the third winding. In
other words, a segment shifted by one segment from a
starting-point segment of a preceding winding in the cir-
cumferential direction around the axis of the commutator
137 is not uniformly configured as a starting-point seg-
ment. FIG. 18 shows the first to the fourth windings of
the armature winding 134 formed according to this em-
bodiment, with the wires shown connected from a seg-
ment to a slot or from a slot to a segment.
[0066] According to the representative embodiment,
the wire volume in the region near the segments 40 to
42 is larger than that shown in FIG. 14 so that the balance
between the wire volume in the region near the segments
40 to 42 and the wire volume in the region near the seg-
ments 45 to 47 is improved. Thus, in the driving motor
121 of this embodiment, the wire is irregularly wound
between the commutator 137 and the armature 133 in
order to avoid the above-mentioned problem that the
wires connected between the commutator 137 and the
armature 133 regularly overlap each other and thus re-
sulting imbalance in the wire volume.
[0067] Further, the representative embodiment pre-
vents a further problem that the rotor formed by the output
shaft 122, the armature 133, the commutator 137 and
the armature winding 134 has an imbalance in weight
and thus the center of rotation of the rotor is displaced
from the output shaft. Therefore, in the process of man-
ufacturing the motor, it is not necessary to take time for
adjustment of the balance, for example, by reducing the
weight by partially cutting away the commutator 137 or
the armature 133, or by partially increasing the weight
by using putty. Thus, the motor can be efficiently manu-
factured.
[0068] Further, according to the embodiment, the wire
winding order is changed only once starting from the third
winding. Generally, the user winds a wire by using a wind-
ing machine in order to form the armature winding 134.
A winding machine is capable of forming an armature
winding with higher efficiency if the wire winding order is
changed a fewer number of times. Therefore; according
to the motor of the representative embodiment, not only
the wire can be wound between the commutator 137 and
the armature 133 in good balance, but the armature wind-
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ing 134 can be relatively efficiently formed.
[0069] The numbers of poles and brushes of the motor
are not limited to the one of the representative embodi-
ment. For example, the motor may be of six-pole two-
brush type. In such a case, each of the coil sections of
the armature winding includes three coils of group A,
group B and group C connected in series and three seg-
ments are connected by an equalizing wire. In this case,
for example, as for the first predetermined number of
windings, the coil section is formed by winding the wire
in the order of group A - group B - group C, and as for
the subsequent windings, the coil section is formed in
the order of group C - group B - group A. The order in
which the groups of the coils are formed, or the winding
starting from which the coils are formed in a changed
order is appropriately determined such that imbalance in
the wire volume does not tend to be created. The order
in which the segments are connected by a wire or equal-
izing wire is also determined likewise.
[0070] In forming the first to the fifth windings, the order
in which the coils are formed may be changed more than
once. Further, the order in which the segments are con-
nected by an equalizing wire is described according to
the representative embodiment as being also changed
when the coils are formed in a changed order. However,
the effect of the invention can be obtained solely by
changing the order in which the coils are formed.
[0071] Further, the step of forming the coils and the
step of forming the equalizing wires are described ac-
cording to the representative embodiment as being al-
ternately repeated to obtain the armature winding 134.
However, such method of forming the armature winding
can also be applied to the case in which the equalizing
wires are separately formed (including the case in which
segments are connected not by a wire but by a connect-
ing conductor). Further, the invention is described ac-
cording to the representative embodiment as being ap-
plied to the motor disposed in the impact driver 100. How-
ever, the motor manufacturing method of the invention
can be widely applied to motors for other devices.

Description of Numerals

[0072]

100 impact driver
101 body
103 motor housing
105 gear housing
107 handgrip
109 driver bit
111 speed reducing mechanism
112 spindle
113 ball
114 hammer
115 anvil
116 compression coil spring
121 driving motor

122 output shaft
123, 124 bearing
125 trigger
127 battery
133 armature
134 armature winding
135 stator
137 commutator
145 brush

Claims

1. A motor comprising
an armature (133),
a plurality of slots provided on the armature (133) in
the circumferential direction around an axis of the
armature (133),
a first group (A) of coils (A1-A5) wound on the arma-
ture (133) between the slots by winding the wire
around respectively predetermined slot groups of
slots selected from the plurality of slots, and a second
group (B) of coils (B1-B5) wound on the armature
(133) between the slots by winding the wire around
respectively predetermined slot groups of slots se-
lected from the plurality of slots,
a commutator (137) that rotates together with the
armature (133),
a plurality of segments (40-49) provided on the com-
mutator (137) in the circumferential direction around
an axis of the commutator (137), and
an armature winding (134) having a plurality of wind-
ings each formed by three of the segments, two coils
and an equalizing wire, and including at least a first
unit winding and a second unit winding formed be-
tween the armature (133) and the segments (40-49),
wherein:

the first unit winding is defined by a first segment
(41), a second segment (47) and a third segment
(42) of the plurality of segments (40-49), a coil
(A2) of the first group and a coil (B2) of the sec-
ond group for the first unit winding diametrically
opposed to each other, and a first equalizing
wire,
the first segment (41) defines a starting point of
the first unit winding,
the coil (A2) of the first group for the first unit
winding and the coil (B2) of the second group
for the first unit winding are connected in series
in this order by winding the wire from the first
segment (41) to the second segment (47),
the first equalizing wire is connected from the
second segment (47) to the third segment (42)
that defines an endpoint of the first unit winding,
the second unit winding is defined by the third
segment (42), a fourth segment (43) and a fifth
segment (48) of the plurality of segments
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(40-49), a coil (A3) of the first group and a coil
(B3) of the second group for the second unit
winding diametrically opposed to each other,
and a second equalizing wire,
the third segment (42) defines an endpoint of
the first unit winding and also defines a starting
point of the second unit winding,
the second equalizing wire is connected from
the fourth segment (43) to the fifth segment (48)
that defines an endpoint of the second unit wind-
ing, and
the coils (A1-A5) of the first group of subse-
quently connected unit windings are disposed
in a position shifted by one slot in the circumfer-
ential direction around the axis of the armature
(133), the coils (B1-B5) of the second group of
subsequently connected unit windings are dis-
posed in a position shifted by one slot in the cir-
cumferential direction around the axis of the ar-
mature (133),
each of the endpoint segments of the windings
serves as the starting point segment of the next
winding,
characterized in that the coil (B3) of the second
group for the second unit winding and the coil
(A3) of the first group for the second unit winding
are connected in series in this order by winding
the wire from the third segment (42) to the fourth
segment (43).

2. The motor as defined in claim 1, wherein the first and
the second unit windings are provided in which the
groups of coils in one unit winding are connected
from a starting-point segment to an endpoint seg-
ment in a different order from the group of coils in
the other unit winding such that the wires connected
between the commutator (137) and the armature
(133) are prevented from regularly overlapping each
other so as to avoid imbalance due to the increased
wire volume.

3. The motor as defined in claim 1 or 2, wherein the
third segment (42) of the first unit winding is disposed
adjacent to the first segment (41) and the fourth seg-
ment (43) of the second unit winding is disposed ad-
jacent to the third segment (42).

4. A method of manufacturing a motor, the motor in-
cluding an armature (133) having a plurality of slots
disposed in the circumferential direction around an
axis of the armature (133), a first group (A) of coils
(A1-A5) wound on the armature (133) between the
slots by winding the wire around respectively prede-
termined slot groups of slots selected from the plu-
rality of slots and a second group (B) of coils (B1-
B5) wound on the armature (133) between the slots
by winding the wire around respectively predeter-
mined slot groups of slots selected from the plurality

of slots, a commutator (137) that rotates together
with the armature (133), a plurality of segments
(40-49) provided on the commutator (137), and an
armature winding (134) having a plurality of windings
each formed by three of the segments, two coils and
an equalizing wire, and including at least a first unit
winding and a second unit winding formed between
the armature (133) and the segments (40-49),
forming a coil (A2) of the first group for the first unit
winding and a coil (B2) of the second group for the
first unit winding such that the coils are connected
in this order in series from a first segment (41) of the
plurality of segments (40-49) which defines a starting
point of the first unit winding, to the second segment
(47) by winding a wire connected to the first segment
(41), around respectively predetermined slot groups
of slots selected from the plurality of slots, and then
connecting the wire to the second segment (47) and
to a third segment (42) which defines an endpoint of
the first unit winding, so that the first unit winding is
formed, and
forming a coil (B3) of a second group for the second
unit winding in a position shifted from the coil (B2)
of the second group for the first unit winding by one
slot in the circumferential direction around the axis
of the armature (133), by winding the wire connected
to the third segment (42), which defines an endpoint
of the first unit winding and also defines a starting
point of the second unit winding, around a predeter-
mined slot group of slots selected from the plurality
of slots; forming a coil (A3) of a first group for the
second unit winding in a position shifted from the coil
(A2) of the first group for the first unit winding by one
slot in the circumferential direction around the axis
of the armature (133), by winding the wire around a
predetermined slot group of slots selected from said
plurality of slots, characterized in that the coil (B3)
of the second group for the second unit and the coil
(A3) of the first group for the second unit are con-
nected in this order in series from the third segment
(42) to a fourth segment (43); connecting the wire to
the fourth segment (43) and to a fifth segment (48)
which defines an endpoint of the second unit wind-
ing, so that the second unit winding is formed.

5. The method as defined in claim 4, wherein, in forming
the armature winding (134), a plurality of unit wind-
ings of the same kind as the first unit winding are
formed by repeating the step of forming the first unit
winding and then, a plurality of unit windings of the
same kind as the second unit winding are formed by
repeating the step of forming the second unit wind-
ing.

Patentansprüche

1. Motor mit
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einem Anker (133),
einer Mehrzahl von Nuten, die an dem Anker (133)
in der Umfangsrichtung um eine Achse des Ankers
(133) vorgesehen sind,
einer ersten Gruppe (A) von Spulen (A1-A5), die auf
dem Anker (133) zwischen den Nuten durch Wickeln
des Drahts um jeweils vorherbestimmte Nutgruppen
von Nuten, die aus der Mehrzahl von Nuten ausge-
wählt sind, gewickelt sind, und einer zweiten Gruppe
(B) von Spulen (B1-B5), die auf dem Anker (133)
zwischen den Nuten durch Wickeln des Drahts um
jeweils vorherbestimmte Nutgruppen von Nuten, die
aus der Mehrzahl von Nuten ausgewählt sind, gewi-
ckelt sind,
einem Kommutator (137), der sich zusammen mit
dem Anker (133) dreht,
einer Mehrzahl von Segmenten (40-49), die an dem
Kommutator (137) in der Umfangsrichtung um eine
Achse des Kommutators (137) vorgesehen sind, und
einer Ankerwicklung (134), die eine Mehrzahl von
Wicklungen, von denen jede durch drei der Segmen-
te, zwei Spulen und einen Ausgleichsdraht ausge-
bildet ist, aufweist und mindestens eine erste Ein-
heitswicklung und eine zweite Einheitswicklung, die
zwischen dem Anker (133) und den Segmenten
(40-49) ausgebildet sind, aufweist, bei dem:

die erste Einheitswicklung durch ein erstes Seg-
ment (41), ein zweites Segment (47) und ein drit-
tes Segment (42) der Mehrzahl von Segmenten
(40-49), eine Spule (A2) der ersten Gruppe und
eine Spule (B2) der zweiten Gruppe für die erste
Einheitswicklung, die einander diametral ge-
genüberliegen, und einen ersten Ausgleichs-
draht definiert ist,
das erste Segment (41) einen Startpunkt der
ersten Einheitswicklung definiert,
die Spule (A2) der ersten Gruppe für die erste
Einheitswicklung und die Spule (B2) der zweiten
Gruppe für die erste Einheitswicklung in dieser
Reihenfolge durch Wickeln des Drahts von dem
ersten Segment (41) zu dem zweiten Segment
(47) in Reihe verbunden sind,
der erste Ausgleichsdraht von dem zweiten
Segment (47) her mit dem dritten Segment (42),
das einen Endpunkt der ersten Einheitswicklung
definiert, verbunden ist,
die zweite Einheitswicklung durch das dritte
Segment (42), ein viertes Segment (43) und ein
fünftes Segment (48) der Mehrzahl von Seg-
menten (40-49), eine Spule (A3) der ersten
Gruppe und eine Spule (B3) der zweiten Gruppe
für die zweite Einheitswicklung, die einander di-
ametral gegenüberliegen, und einen zweiten
Ausgleichsdraht definiert ist,
das dritte Segment (42) einen Endpunkt der ers-
ten Einheitswicklung definiert und ebenfalls ei-
nen Startpunkt der zweiten Einheitswicklung de-

finiert,
der zweite Ausgleichsdraht von dem vierten
Segment (43) her mit dem fünften Segment (48),
das einen Endpunkt der zweiten Einheitswick-
lung definiert, verbunden ist, und
die Spulen (A1-A5) der ersten Gruppe von nach-
folgend verbundenen Einheitswicklungen in ei-
ner Position angeordnet sind, die um eine Nut
in der Umfangsrichtung um die Achse des An-
kers (133) verschoben ist, die Spulen (B1-B5)
der zweiten Gruppe von nachfolgend verbunde-
nen Einheitswicklungen in einer Position ange-
ordnet sind, die um eine Nut in der Umfangs-
richtung um die Achse des Ankers (133) ver-
schoben ist,
jedes der Endpunktsegmente der Wicklungen
als das Startpunktsegment der nächsten Wick-
lung dient,
dadurch gekennzeichnet, dass die Spule (B3)
der zweiten Gruppe für die zweite Einheitswick-
lung und die Spule (A3) der ersten Gruppe für
die zweite Einheitswicklung in dieser Reihenfol-
ge durch Wickeln des Drahts von dem ersten
Segment (42) zu dem vierten Segment (43) in
Reihe verbunden sind.

2. Motor, wie in Anspruch 1 definiert, bei dem die erste
und die zweite Einheitswicklung vorgesehen sind,
bei denen die Gruppen von Spulen in einer Einheits-
wicklung von einem Startpunktsegment her mit ei-
nem Endpunktsegment in einer von der Gruppe von
Spulen in der anderen Einheitswicklung verschiede-
nen Reihenfolge verbunden sind, so dass verhindert
wird, dass die Drähte, die zwischen dem Kommuta-
tor (137) und dem Anker (133) verbunden sind, ein-
ander regelmäßig überlappen, so dass ein Ungleich-
gewicht aufgrund des erhöhten Drahtvolumens ver-
mieden wird.

3. Motor, wie in Anspruch 1 oder 2 definiert, bei dem
das dritte Segment (42) der ersten Einheitswicklung
an das erste Segment (41) angrenzend angeordnet
ist, und das vierte Segment (43) der zweiten Ein-
heitswicklung an das dritte Segment (42) angren-
zend angeordnet ist.

4. Verfahren des Herstellens eines Motors mit einem
Anker (133), der eine Mehrzahl von Nuten aufweist,
die in der Umfangsrichtung um eine Achse des An-
kers (133) angeordnet sind, einer ersten Gruppe (A)
von Spulen (A1-A5), die auf dem Anker (133) zwi-
schen den Nuten durch Wickeln des Drahts um je-
weils vorherbestimmte Nutgruppen von Nuten, die
aus der Mehrzahl von Nuten ausgewählt werden,
gewickelt sind, und einer zweiten Gruppe (B) von
Spulen (B1-B5), die auf dem Anker (133) zwischen
den Nuten durch Wickeln des Drahts um jeweils vor-
herbestimmte Nutgruppen von Nuten, die aus der
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Mehrzahl von Nuten ausgewählt werden, gewickelt
sind, einem Kommutator (137), der sich zusammen
mit dem Anker (133) dreht, einer Mehrzahl von Seg-
menten (40-49), die an dem Kommutator (137) vor-
gesehen sind, und einer Ankerwicklung (134), die
eine Mehrzahl von Wicklungen, von denen jede
durch drei der Segmente, zwei Spulen und einen
Ausgleichsdraht ausgebildet ist, aufweist und min-
destens eine erste Einheitswicklung und eine zweite
Einheitswicklung, die zwischen dem Anker (133) und
den Segmenten (40-49) ausgebildet sind, aufweist,
derartigen Ausbildens einer Spule (A2) der ersten
Gruppe für die erste Einheitswicklung und einer Spu-
le (B2) der zweiten Gruppe für die erste Einheits-
wicklung, dass die Spulen in dieser Reihenfolge von
einem ersten Segment (41) der Mehrzahl von Seg-
menten (40-49) her, das einen Startpunkt der ersten
Einheitswicklung definiert, mit dem zweiten Seg-
ment (47) durch Wickeln eines Drahtes, der mit dem
ersten Segment (41) verbunden ist, um jeweils vor-
herbestimmte Nutgruppen von Nuten, die aus der
Mehrzahl von Nuten ausgewählt werden, und an-
schließendes Verbinden des Drahts mit dem zweiten
Segment (47) und mit einem dritten Segment (42),
das einen Endpunkt der ersten Einheitswicklung de-
finiert, in Reihe verbunden sind, so dass die erste
Einheitswicklung ausgebildet wird, und
Ausbildens einer Spule (B3) einer zweiten Gruppe
für die zweite Einheitswicklung in einer Position, die
von der Spule (B2) der zweiten Gruppe für die erste
Einheitswicklung um eine Nut in der Umfangsrich-
tung um die Achse des Ankers (133) verschoben ist,
durch Wickeln des Drahts, der mit dem dritten Seg-
ment (42) verbunden ist, das einen Endpunkt der
ersten Einheitswicklung definiert und ebenfalls einen
Startpunkt der zweiten Einheitswicklung definiert,
um eine vorherbestimmte Nutgruppe von Nuten, die
aus der Mehrzahl von Nuten ausgewählt werden;
Ausbildens einer Spule (A3) einer ersten Gruppe für
die zweite Einheitswicklung in einer Position, die von
der Spule (A2) der ersten Gruppe für die erste Ein-
heitswicklung um eine Nut in der Umfangsrichtung
um die Achse des Ankers (133) verschoben ist,
durch Wickeln des Drahts um eine vorherbestimmte
Nutgruppe von Nuten, die aus besagter Mehrzahl
von Nuten ausgewählt werden, dadurch gekenn-
zeichnet, dass die Spule (B3) der zweiten Gruppe
für die zweite Einheit und die Spule (A3) der ersten
Gruppe für die zweite Einheit in dieser Reihenfolge
von dem dritten Segment (42) her mit einem vierten
Segment (43) in Reihe verbunden sind; Verbindens
des Drahts mit dem vierten Segment (43)
und mit einem fünften Segment (48), das einen End-
punkt der zweiten Einheitswicklung definiert, so dass
die zweite Einheitswicklung ausgebildet wird.

5. Verfahren, wie in Anspruch 4 definiert, bei dem beim
Ausbilden der Ankerwicklung (134) eine Mehrzahl

von Einheitswicklungen derselben Art wie die erste
Einheitswicklung durch Wiederholen des Schritts
des Ausbildens der ersten Einheitswicklung ausge-
bildet werden, und anschließend eine Mehrzahl von
Einheitswicklungen derselben Art wie die zweite Ein-
heitswicklung durch Wiederholen des Schritts des
Ausbildens der zweiten Einheitswicklung ausgebil-
det werden.

Revendications

1. Un moteur comprenant
un induit (133),
une pluralité de fentes prévues sur l’induit (133) dans
la direction circonférentielle autour d’un axe de l’in-
duit (133),
un premier groupe (A) de spires (A1-A5) enroulées
sur l’induit (133) entre les fentes par l’enroulement
du fil autour des groupes de fente respectivement
prédéterminés de fentes choisies parmi la pluralité
de fentes, et un deuxième groupe (B) de spires (B1-
B5) enroulées sur l’induit (133) entre les fentes par
l’enroulement du fil autour des groupes de fente res-
pectivement prédéterminés de fentes choisies parmi
la pluralité de fentes,
un commutateur (137) qui pivote avec l’induit (133),
une pluralité de segments (40-49) prévus sur le com-
mutateur (137) dans la direction circonférentielle
autour d’un axe du commutateur (137), et
un enroulement d’induit (134) ayant une pluralité
d’enroulements chacun formé par trois des seg-
ments, deux spires et un fil d’équilibrage, et compre-
nant au moins une première unité d’enroulement et
une deuxième unité d’enroulement formées entre
l’induit (133) et les segments (40-49), dans lequel :

la première unité d’enroulement est définie par
un premier segment (41), un deuxième segment
(47) et une troisième segment (42) de la pluralité
de segments (40-49), une spire (A2) du premier
groupe et une spire (B2) du second groupe pour
la première unité d’enroulement diamétrale-
ment opposées l’une envers l’autre, et un pre-
mier fil d’équilibrage,
le premier segment (41) définit un point de dé-
part de la première unité d’enroulement,
la spire (A2) du premier groupe pour la première
unité d’enroulement et la spire (B2) du deuxième
groupe pour la première unité d’enroulement
sont connectées en série dans cet ordre par l’en-
roulement du fil à partir du premier segment (41)
jusqu’au deuxième segment (47),
le premier fil d’équilibrage est connecté à partir
du deuxième segment (47) jusqu’au troisième
segment (42) qui définit une extrémité de la pre-
mière unité d’enroulement,
la deuxième unité d’enroulement est définie par
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le troisième segment (42), un quatrième seg-
ment (43) et un cinquième segment (48) de la
pluralité de segments (40-49), une spire (A3) du
premier groupe et une spire (B3) du deuxième
groupe pour la deuxième unité d’enroulement
diamétralement opposées l’une envers l’autre,
et un deuxième fil d’équilibrage,
le troisième segment (42) définit une extrémité
de la première unité d’enroulement et définit
également un point de départ de la deuxième
unité d’enroulement,
le deuxième fil d’équilibrage est connecté du
quatrième segment (43) au cinquième segment
(48) qui définit l’extrémité de la deuxième unité
d’enroulement, et
les spires (A1-A5) du premier groupe des unités
d’enroulement subséquemment connectées
sont disposées dans une position décalée d’une
fente dans la direction circonférentielle autour
de l’axe de l’induit (133), les spires (B1-B5) du
deuxième groupe d’unités d’enroulement sub-
séquemment connectées sont disposées dans
une position décalée d’une fente dans la direc-
tion circonférentielle autour de l’axe de l’induit
(133),
chacun des segments de l’extrémité des enrou-
lements sert de segment de point de départ pour
l’enroulement suivant,
caractérisé en ce que la spire (B3) du deuxiè-
me groupe pour la deuxième unité d’enroule-
ment et la spire (A3) du premier groupe pour la
deuxième unité d’enroulement sont connectées
en série dans cet ordre par l’enroulement du fil
à partir du troisième segment (42) jusqu’au qua-
trième segment (43).

2. Le moteur tel que défini dans la revendication 1, dans
lequel la première et la deuxième unités d’enroule-
ment sont prévues dans les groupes dans lesquels
les spires d’une unité d’enroulement sont connec-
tées d’un segment de point de départ jusqu’un seg-
ment d’extrémité dans un ordre différent du groupe
de spires dans l’autre unité d’enroulement tel que
les fils connectés entre le commutateur (137) et l’in-
duit (133) sont empêché de se recouvrir l’un l’autre
régulièrement de manière à éviter un déséquilibre
causé par l’augmentation du volume de fil.

3. Le moteur tel que défini dans l’une des revendica-
tions 1 ou 2, dans lequel le troisième segment (42)
de la première unité d’enroulement est disposé de
manière adjacente au premier segment (41) et le
quatrième segment (43) de la deuxième unité d’en-
roulement est disposé de manière adjacente au troi-
sième segment (42).

4. Un procédé de fabrication d’un moteur, le moteur
comprenant un induit (133) ayant une pluralité de

fentes disposées dans une direction circonférentielle
autour d’un axe de l’induit (133), un premier groupe
(A) de spires (A1-A5) enroulées sur l’induit (133) en-
tre les fentes par l’enroulement du fil autour des grou-
pes de fente respectivement prédéterminés de fen-
tes choisies parmi la pluralité de fentes et un deuxiè-
me groupe (B) de spires (B1-B5) enroulées sur l’in-
duit (133) entre les fentes par l’enroulement du fil
autour des groupes de fente respectivement prédé-
terminés de fentes choisies parmi la pluralité de fen-
tes, un commutateur (137) qui pivote avec l’induit
(133), une pluralité de segments (40-49) prévus sur
le commutateur (137), et un enroulement d’induit
(134) ayant une pluralité d’enroulements chacun for-
mé par trois des segments, deux spires et un fil
d’équilibrage, et comprenant au moins une première
unité d’enroulement et une deuxième unité d’enrou-
lement formées entre l’induit (133) et les segments
(40-49),
la formation d’une spire (A2) du premier groupe pour
la première unité d’enroulement et une spire (B2) du
deuxième groupe pour la première unité d’enroule-
ment tel que les spires sont connectées en série se-
lon cet ordre à partie d’un premier segment (41) de
la pluralité de segments (40-49) qui définit un point
de départ de la première unité d’enroulement, jus-
qu’au deuxième segment (47) par l’enroulement
d’un fil connecté au premier segment (41), autour
des groupes de fente respectivement prédéterminés
de fentes choisies parmi la pluralité de fentes, et en-
suite la connexion du fil au deuxième segment (47)
et à un troisième segment (42) qui définit une extré-
mité de la première unité d’enroulement, de sorte
que la première unité d’enroulement soit formée, et
la formation d’une spire (B3) d’un deuxième groupe
pour la deuxième unité d’enroulement dans une po-
sition décalée de la spire (B2) du deuxième groupe
pour la première unité d’enroulement d’une fente
dans la direction circonférentielle autour de l’axe de
l’induit (133), par l’enroulement du fil connecté au
troisième segment (42), qui définit une extrémité de
la première unité d’enroulement et définit également
un point de départ de la deuxième unité d’enroule-
ment, autour des groupes de fente respectivement
prédéterminés de fentes choisies parmi la pluralité
de fentes ; la formation d’une spire (A3) d’un premier
groupe pour la deuxième unité d’enroulement dans
une position décalée de la spire (A2) du premier
groupe pour la première unité d’enroulement d’une
fente dans la direction circonférentielle autour de
l’axe de l’induit (133), par l’enroulement du fil autour
des groupes de fente respectivement prédéterminés
de fentes choisies parmi la pluralité de fentes, ca-
ractérisé en ce que la spire (B3) du deuxième grou-
pe pour la deuxième unité et la spire (A3) du premier
groupe pour la deuxième unité sont connectées en
série selon cet ordre à partir du troisième segment
(42) jusqu’un quatrième segment (43) ; la connexion
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du fil au quatrième segment (43) et à un cinquième
segment (48) qui définit une extrémité de la deuxiè-
me unité d’enroulement, de telle manière que la
deuxième unité d’enroulement est formée.

5. Le procédé tel que défini dans la revendication 4,
dans lequel, lors de la formation de l’enroulement de
l’induit (134), une pluralité d’unité d’enroulements de
la même sorte que la première unité d’enroulement
sont formées par la répétition de l’étape de formation
de la première unité d’enroulement et ensuite, une
pluralité d’unité d’enroulements de la même sorte
que la deuxième unité d’enroulement sont formées
par la répétition de l’étape de formation de la deuxiè-
me unité d’enroulement.
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