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COMMUTATOR 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a commutator. 
0002. A commutator for a DC motor includes a cylindrical 
insulator fixed to a rotary shaft of an armature, and multiple 
conductive segments attached to the outer circumferential 
Surface of the insulator. Each segment has a riser connected to 
an end of a coil wound around a core of the armature. Feeding 
brushes are in sliding contact with the outer circumferential 
surfaces of the segments. The feeding brushes feed a direct 
current to the coil of the armature via the segments. 
0003. The aforementioned commutator is manufactured 
as follows. A cylindrical conductive material is placed in a die 
and a plastic material is poured into the cylindrical material, 
thereby forming the aforementioned insulator. Then, the 
cylindrical material is cut along the axis to form the afore 
mentioned segments. 
0004 Japanese Laid-Open Patent Publication No. 2002 
51506 discloses such a commutator. According to Japanese 
Laid-Open Patent Publication No. 2002-51506, in order to 
ensure force of engagement between the insulator and each 
segment, a Surface of the segment contacting the insulator is 
roughened by being dipped in a roughening liquid to become 
a roughened surface of a structure with tiny recesses and 
projections. This roughened Surface increases the area of 
engagement between the segment and the insulator, com 
pared to the case where the aforementioned surface of the 
segment is Smooth without a structure with recesses and 
projections, thereby increasing the force of engagement there 
between. 

0005. The aforementioned segment of the commutator 
should be subjected to aftertreatment after formation of the 
roughened surface, such as removal of the roughening liquid 
existing on the roughened surface. In the absence of this 
aftertreatment, the roughened Surface is continuously rough 
ened. This changes the structure with recesses and projections 
for example, leading to reduction of the force of engagement 
between the segment and the insulator. Hence, manufacture 
of the commutator involves a large number of steps. 

SUMMARY OF THE INVENTION 

0006. It is an objective of the present invention to provide 
a commutator that provides a high engagement force between 
segments and an insulator and requires a small number of 
manufacturing of steps. 
0007 To achieve the foregoing objective and in accor 
dance with one aspect of the present invention, a commutator 
is provided. The commutator includes a cylindrical insulator 
and a plurality of commutator pieces formed on an outer 
circumferential surface of the insulator. The commutator 
pieces are arranged side by side in a circumferential direction 
of the insulator. The commutator pieces are each composed of 
a conductive plate material. The commutator pieces each 
include a connection claw, which extends outward in a radial 
direction of the insulator and is configured to be electrically 
connected to an armature coil, and an engagement claw 
extending inward in the radial direction of the insulator. The 
engagement claw engages with the insulator. The commuta 
tor pieces each include a recess portion with an undercut 
formed in a surface facing inward in the radial direction of the 
insulator. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The features of the present invention that are 
believed to be novel are set forth with particularity in the 
appended claims. The invention, together with objects and 
advantages thereof, may best be understood by reference to 
the following description of the presently preferred embodi 
ments together with the accompanying drawings in which: 
0009 FIG. 1 is a perspective view showing a commutator 
of a first embodiment; 
0010 FIG. 2 is a perspective view showing a segment 
material of the commutator of FIG. 1; 
0011 FIGS. 3A to 3C are cross-sectional views showing a 

first recess, a second recess, and a third recess respectively 
formed in the segment of FIG. 2; 
0012 FIGS. 4A to 4C are cross-sectional views showing 
process of forming the first recess of FIG. 3A; 
0013 FIG. 5 is a perspective view showing the segment 
material of FIG. 2; 
0014 FIG. 6 is a perspective view showing a cylindrical 
material formed out of the material of FIG. 5: 
0015 FIG. 7 is a perspective view showing a condition 
where risers and inner claws of the cylindrical material of 
FIG. 6 are bent; 
0016 FIGS. 8A to 8D are cross-sectional views showing 
process of forming a different recess; 
(0017 FIGS. 9A to 9C are cross-sectional views showing 
process of forming a different recess; 
0018 FIG. 10 is a perspective view showing a commutator 
of a second embodiment; 
0019 FIG. 11 is a perspective view showing a segment 
material of the commutator of FIG. 10; 
0020 FIG. 12 is a perspective view showing a cutting 
punch used in manufacture of the commutator of FIG. 10; 
0021 FIG. 13 is a perspective view showing a scraping 
punch used in manufacture of the commutator of FIG. 10; 
0022 FIG. 14 is a perspective view showing the segment 
material of FIG. 11; 
0023 FIG. 15 is a perspective view showing a cylindrical 
material formed out of the material of FIG. 14; 
0024 FIG. 16 is a perspective view showing a condition 
where risers and second inner claws of the cylindrical mate 
rial of 
0025 FIG. 15 are bent; 
0026 FIG. 17A is a perspective view showing the cylin 
drical material of FIG. 16 in a condition after the cutting 
punch of FIG. 12 is inserted in the cylindrical material; 
0027 FIG. 17B is a cross-sectional view showing the 
cylindrical material of FIG. 16 in a condition where the cut 
ting punch of FIG. 12 is placed in the cylindrical material; 
0028 FIG. 18A is a perspective view showing the cylin 
drical material of FIG. 17A in a condition after the scraping 
punch of FIG. 13 is inserted in the cylindrical material; 
0029 FIG. 18B is a cross-sectional view showing the 
cylindrical material of FIG. 17A in a condition where the 
scraping punch of FIG. 13 is placed in the cylindrical mate 
rial; 
0030 FIG. 19 is a top view of the cylindrical material of 
FIG. 17A as seen in the axial direction; 
0031 FIG. 20 is a top view of the cylindrical material of 
FIG. 18A as seen in the axial direction; 
0032 FIG. 21 is a cross-sectional view of the cylindrical 
material of FIG. 18A as seen in the axial direction; 
0033 FIGS. 22A to 22C are cross-sectional views show 
ing process of forming a different recess; and 
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0034 FIGS. 23A to 23D are cross-sectional views show 
ing process of forming a different recess. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

0035 A first embodiment according to the present inven 
tion will be described below based on FIGS. 1 to 7. 
0036. As shown in FIG. 1, a commutator 10 includes a 
cylindrical insulator 11 made of a thermosetting plastic, and 
ten segments 12 (commutator pieces) fixed to the outer cir 
cumferential surface of the insulator 11. A press-fitting hole 
11a extending through the insulator 11 in the axial direction 
is formed at a radial central portion of the insulator 11. A 
rotary shaft of an armature (not shown) is press-fitted in the 
press-fitting hole 11a. Accordingly, the commutator 10 
rotates integrally with the rotary shaft of the armature. 
0037 Each segment 12 is formed from a conductive plate 
material (for example, a metal plate Such as a copper plate). 
The ten segments 12 are strips extending in the axial direction 
of the insulator 11 while being uniformly spaced angularly in 
the circumferential direction of the insulator 11. A partition 
groove 13 extending in the axial direction of the insulator 11 
is formed between adjacent segments 12. Specifically, the 
adjacent segments 12 are spaced from each other by the 
partition groove 13. This electrically isolates the ten segments 
12 from each other. Each partition groove 13 is formed inward 
in the radial direction to a depth greater than the thickness of 
each segment 12 (length thereof in the radial direction of the 
insulator 11). The depth of each partition groove 13 in the 
radial direction is greater than the thickness of each segment 
12. Each partition groove 13 is formed to reach the insulator 
11. 
0038 A riser 14 is provided at a first end (upper end of 
FIG. 1) of each segment 12 in the axial direction. At its 
proximal end, the riser 14 is bent outward in the radial direc 
tion of the insulator 11. The riser 14 faces the radially outer 
surface of the segment 12. The riser 14 is connected to an 
armature coil of an armature (not shown). Specifically, the 
riser 14 corresponds to a connection claw. 
0039. Two first inner claws 15 are provided at an end of 
each segment 12 closer to the riser 14, specifically at the first 
end. The two first inner claws 15 sandwich the riser 14 there 
between. Two second inner claws 16 are provided at a second 
end of each segment 12 opposite the first end in the axial 
direction. Each of the two second inner claws 16 is arranged 
at a position to form a pair with the corresponding one of the 
two first inner claws 15 in the longitudinal direction of the 
segment 12. The first and second inner claws 15 and 16 are 
bent toward a side of the radial direction opposite the side of 
the bending of the riser 14, specifically they are bent inward in 
the radial direction of the insulator 11 at their proximal ends. 
The distal ends of the first and second inner claws 15 and 16 
face the radially inner surface of the segment 12. The distal 
ends of the first and second inner claws 15 and 16 are buried 
in the insulator 11. This couples each segment 12 to the 
insulator 11. The first and second inner claws 15 and 16 
correspond to engagement claws. As shown in FIG.7, each of 
the first and second inner claws 15 and 16 has a cutout 17 
formed at a lateral part thereof to open toward the adjacent 
segment 12. 
0040. As shown in FIG. 2, a recess portion 30 is provided 
in a Surface of each segment 12 facing the insulator 11. The 
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recess portion 30 has two recess rows 31 extending in the 
longitudinal direction of the segment 12. Each recess row 31 
includes eight first recesses 32, five second recesses 33, and 
three third recesses 34. The first to third recesses 32 to 34 are 
arranged in the order from the second end toward the first end 
of the segment 12. As shown in FIGS. 3A to 3C, the first to 
third recesses 32 to 34 are each a triangular recess with an 
acute angle that is tapered as the distance increases from the 
Surface contacting the insulator 11. 
0041 As shown in FIG. 3A, the bottom of the triangular 
recess is defined as the vertex, and a line passing through the 
vertex and extending toward the riser 14 (second end) in the 
longitudinal direction of the segment 12 is defined as a refer 
ence line (zero-degree direction). The first recess 32 is formed 
to extend over an angular range of from 30 to 80 degrees with 
respect to the reference line. A surface of the first recess 32 at 
80 degrees forms an undercut 32a. An undercut shape refers 
to a shape that makes the opening of a recess project over the 
bottom of the recess. The distance between the bottom of the 
first recess 32 and the surface contacting the insulator 11, 
specifically the depth of the first recess 32 is 30% (0.3t) of a 
thickness t of the segment 12. 
0042. As shown in FIG.3B, the second recess 33 is formed 
to extend over an angular range of from 100 to 150 degrees 
with respect to the reference line. A surface of the second 
recess 33 at 100 degrees forms an undercut 33a. The distance 
between the bottom of the second recess 33 and the surface 
contacting the insulator 11 is 30% (0.3t) of the thickness t. 
0043. As shown in FIG. 3C, the third recess 34 is formed 
to extend over an angular range of from 100 to 150 degrees 
with respect to the reference line. A surface of the third recess 
34 at 100 degrees forms an undercut 34a. The distance 
between the bottom of the third recess 34 and the surface 
contacting the insulator 11 is 50% (0.5t) of the thickness t. 
0044 Steps of manufacturing the commutator 10 will now 
be described. 
0045. As shown in FIGS. 4A and 4B, a wedged punch9 of 
an angle of 50 degrees at its distal end is pressed into a metal 
plate material 20 at an angle of 30 degrees with respect to a 
plate surface. Then, the punch9 is pulled out as shown in FIG. 
4C. As a result, the first recess 32 is formed. Although not 
illustrated, the second and third recesses 33 and 34 are formed 
in a similar way as the first recess 32, except that the punch9 
is placed at an angle of 150 degrees with respect to the plate 
Surface during the pressing. These steps are repeated to form 
the recess portion 30 in the metal plate material 20, as shown 
in FIG. 5. 
0046) Next, as shown in FIG. 5, a blank material 21 is 
punched out of the metal plate material 20, in which the recess 
portions 30 are formed. The blank material 21 is formed into 
a Substantially rectangular shape. Ten risers 14 and twenty 
first inner claws 15 are formed at one end of each blank 
material 21 in the transverse direction (perpendicular to the 
longitudinal direction). Twenty second inner claws 16 are 
formed at the opposite end of each blank material 21. The 
risers 14 are spaced uniformly in the longitudinal direction of 
the blank material 21. The first inner claws 15 are formed on 
both sides of each riser 14. The second inner claws 16 are 
formed at positions corresponding to the positions of the first 
inner claws 15 in the longitudinal direction of the blank 
material 21. The first and second inner claws 15 and 16 have 
the cutouts 17. 

0047 Next, the blank material 21 is rolled up such that the 
recess portions 30 face inward in the radial direction, thereby 
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forming a cylindrical material 22 shown in FIG. 6. At this 
stage, the risers 14, and the first and second inner claws 15 and 
16 linearly extend parallel to the axis of the cylindrical mate 
rial 22. 
0.048. Then, as shown in FIG. 7, each riser 14 is bent 
outward in the radial direction such that the distal end of each 
riser 14 faces a central portion of the cylindrical material 22 in 
the axial direction. Further, the first and second inner claws 15 
and 16 are bent inward in the radial direction such that the 
respective distal ends of the first and second inner claws 15 
and 16 face the central portion of the cylindrical material 22 
in the axial direction. 
0049. Next, a thermosetting plastic is poured into the 
cylindrical material 22 by using a die (not shown). After the 
pouring, the plastic is chemically reacted to be cured, thereby 
forming the insulator 11 shown in FIG. 1. 
0050. Next, the partition grooves 13 (see FIG. 1) are 
formed at multiple places of the outer circumferential surface 
of the cylindrical material 22 integral with the insulator 11 to 
extend in the axial direction. As a result, the cylindrical mate 
rial 22 is cut into the ten segments 12 electrically isolated 
from each other, thereby completing the commutator 10 of 
FIG 1. 

0051 Operation of the commutator 10 will now be 
described. 

0052. As shown in FIG. 2, a recess portion 30 is formed in 
a surface of the segment 12 that contacts the insulator 11. As 
shown in FIGS. 4A to 4C, the recess portion 30 is formed by 
pressing. Thus, formation of the recess portion 30 involves a 
small number of steps. Forming the recess portion 30 in the 
segment 12 increases the area of engagement between the 
segment 12 and the insulator 11, compared to the case where 
the recess portion 30 is not formed. This increases the force of 
engagement (catching force) between the segment 12 and the 
insulator 11. 
0053 As shown in FIGS. 3A to 3C, the first to third 
recesses 32 to 34 forming the recess portion 30 have the 
undercuts 32a to 34a, respectively. The undercut 32a is 
formed on a surface at 80 degrees. The undercuts 33a and 34a 
are formed on Surfaces at 100 degrees. Thus, a contact Surface 
between the segment 12 and the insulator 11 at the undercut 
32a is at an angle different from the angle thereof at the 
undercuts 33a and 34a. Specifically, the undercut 32a tilts in 
a different direction from the undercuts 33a and 34a. When 
the commutator 10 rotates, centrifugal force acting outward 
in the radial direction of the insulator 11 (90-degree direction) 
is applied to the segment 12. If it came off the insulator 11, the 
segment 12 would be displaced along the undercuts 32a to 
34a. Specifically, the segment 12 would be displaced toward 
an end closer to the riser 14 at a contact area with the undercut 
32a, whereas it would be displaced toward an end opposite 
the end closer to the riser 14 at areas contacting the undercuts 
33a and 34a. Thus, in response to application of centrifugal 
force to the segment 12, all areas of the segment 12 would 
move in different directions in the longitudinal direction by 
the presence of the undercuts 32a to 34a. Forces on these 
areas act in different directions, so that these forces cancel 
each other out. As a result, the force of engagement between 
the segment 12 and the insulator 11 is increased. 
0054 Further, as shown in FIGS.3A to 3C, the depth of the 
third recess 34 (0.5t) is greater than the depths of the first and 
second recesses 32 and 33 (0.3t). This makes the segment 12 
and the insulator 11 engage each other at the third recess34 in 
an amount greater than amounts observed at the first and 
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second recesses 32 and 33. In other words, the amount of the 
plastic of the insulator 11 engaged at the undercut 34a is 
greater than the amounts engaged at the undercuts 32a and 
33a. This relatively increases the force of engagement 
between the segment 12 and the insulator 11 in the area where 
the third recess 34 is formed. Meanwhile, the areas where the 
first and second recesses 32 and 33 are formed make sliding 
contact with brushes (not shown) when the commutator 10 
rotates. The small depths of the first and second recesses 32 
and 33 make the segment 12 thick in the areas where these 
recesses are formed. Thus, the insulator 11 is not exposed 
even if these areas are worn to some extent. This allows the 
commutator 10 to achieve its function over an extended 
period of time. As described above, in the commutator 10 of 
the present embodiment, the segment12 is less likely to come 
off the insulator 11 than in the case where a recess (third 
recess 34) formed in an area that will not be worn is substan 
tially the same in depth as a recess (first and second recesses 
32 and 33) formed in an area that will be worn. Additionally, 
the lifetime of the commutator is extended. 
0055 As described in detail above, the first embodiment 
achieves the following advantages. 
0056 (1) The segment 12 is provided with the recess por 
tion 30 having the undercuts 32a to 34a. The recess portion 30 
is formed by pressing, which can be conducted easily. Thus, 
the force of engagement between the segment 12 and the 
insulator 11 is increased, compared to the case where recesses 
are not formed. As a result, even if the commutator 10 rotates 
at high speed, the segment 12 is unlikely to come off the 
insulator 11. 
0057 (2) The first to third recesses 32 to 34 forming the 
recess portion 30 have the undercuts 32a to 34a, respectively. 
Centrifugal force acting on each segment 12 when the com 
mutator 10 rotates is divided into a component acting in a 
direction along the undercuts 32a to 34a and a component 
acting in a direction perpendicular to the undercuts 32a to 
34a. Of these components, only the component acting in the 
direction along the undercuts 32a to 34a acts to separate the 
segment 12 and the insulator 11 from each other. The mag 
nitude of this component is Smaller than that of the centrifugal 
force. Thus, the segment 12 is less likely to come off the 
insulator 11 than in the case where the first to third recesses 32 
to 34 do not have the undercuts 32a to 34a. 
0058 (3) The recess portion 30 is provided between the 

first inner claws 15 and the second inner claws 16. This 
increases the area of engagement between the segment 12 and 
the insulator 11 at a central portion of the segment 12 in the 
longitudinal direction, compared to the case where the recess 
portion 30 is not formed. Thus, the segment 12 is unlikely to 
come off the insulator 11. 

0059 (4) The undercut 32a tilts in a different direction 
from the undercuts 33a and 34a. Thus, when the commutator 
10 rotates, the segment 12 would be displaced in the direction 
of the tilt of the undercut 32a at the area contacting the 
undercut 32a, whereas it would be displaced in the direction 
of the tilts of the undercuts 33a and 34a at the areas contacting 
the undercuts 33a and 34a. Thus, the forces acting to displace 
the segment 12 in different directions cancel each other out. 
As a result, the force of engagement between the segment 12 
and the insulator 11 is increased, so that the segment 12 is 
unlikely to come off the insulator 11. 
0060 (5) The third recess 34 provided in an area of the 
segment 12 facing the riser 14 in the radial direction is formed 
to be deeper than the first and second recesses 32 and 33 
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formed in different areas of the segment 12. This increases the 
area of engagement between the segment 12 and the insulator 
11, compared to the case where all these recesses are formed 
to the same depth. As a result, the segment 12 is unlikely to 
come off the insulator 11. The riser 14 is connected to the 
armature coil. So that the area facing the riser 14 does not 
make sliding contact with the brushes. Hence, this area is not 
worn, and therefore the thickness of the area is not reduced. 
As a result, the lifetime of the commutator 10 is not shortened 
even though the third recess 34 in this area is formed deeper 
than the first and second recesses 32 and 33 formed in differ 
ent areas. 

Second Embodiment 

0061. A second embodiment of the commutator will now 
be described. The second embodiment mainly differs from 
the first embodiment in a first inner claw. Like or the same 
reference numerals are given to those components that are 
like or the same as the corresponding components of the first 
embodiment, and detailed explanations are omitted. 
0062. As shown in FIG. 10, a commutator 101 includes a 
cylindrical insulator 11, and eighteen segments 120 fixed to 
the outer circumferential surface of the insulator 11. The 
eighteen segments 120 are uniformly spaced angularly in the 
circumferential direction. The segments 120 each occupy an 
angle 01 in the circumferential direction. Except for risers 14, 
second inner claws 16, and first inner claws 121, which will be 
described below, the eighteen segments 120 together have an 
inside diameter (p1 and an outer diameter (p2. Specifically, 
parts of the eighteen segments 120 excluding their risers 14, 
the secondinner claws 16, and the first inner claws 121, which 
will be described below, form a segment assembly having the 
inside diameter (p1 and the outer diameter (p2. 
0063 As shown in FIG. 11, a surface of each segment 120 
facing the insulator 11 has two first inner claws 121 and a 
recess portion 130. In the longitudinal direction of the seg 
ment 120, the two first inner claws 121 are arranged closer to 
the riser 14, and the recess portion 130 is arranged closer to 
the second inner claws 16. The two first inner claws 121 are 
arranged side by side in the circumferential direction. 
0064. The two first inner claws 121 are formed by forming 
cuts in the radially inner Surface of the segment 120, raising 
the cuts, and bending the cuts at their proximal ends toward 
the second inner claws 16. This makes distal ends of the two 
first inner claws 121 face the radially inner surface of the 
segment 120 and more precisely, face the recess portion 130. 
0065. Thus, the two first inner claws 121 are buried in the 
insulator 11 together with distal ends of the two second inner 
claws 16. This couples each segment 120 to the insulator 11. 
Accordingly, the first inner claws 121 correspond to engage 
ment claws. 
0.066. As a result of formation of the two first inner claws 
121, two resultant grooves 122 are formed in the radially 
inner Surface of each segment 120 to extend in the longitudi 
nal direction of the segment 120. The two resultant grooves 
122 are arranged side by side in the circumferential direction. 
0067. As shown in FIGS. 20 and 21, undercuts 124 are 
formed on each side wall of an opening 123 of each resultant 
groove 122. The undercuts 124 project toward each other in 
the circumferential direction of the insulator 11. 
0068. As shown in FIG. 11, the recess portion 130 includes 
five first recesses 131 and five second recesses 132. The five 
first recesses 131 are arranged closer to the second inner 
claws 16 and the five second recesses 132 are arranged closer 
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to the riser 14. The first and second recesses 131 and 132 have 
the same structures as those of the first and second recesses 32 
and 33 of the first embodiment shown in FIGS. 3A to 3C, thus 
they will not be described in detail. 
0069. A cutting punch 140 and a scraping punch 150 used 
in manufacture of the commutator 101 will now be described. 
0070. As shown in FIG. 12, the cutting punch 140 includes 
a cylindrical portion 141, and cutting blades 142 in eighteen 
groups provided on the outer circumferential Surface of the 
cylindrical portion 141 and extending coaxially with the 
cylindrical portion 141. 
0071. The cylindrical portion 141 has an outer diameter (p6 
Smaller than the inside diameter (p1 of the segment assembly 
composed of the eighteen segments 120 (cp6.<p1). 
0072 Each group of the cutting blades 142 includes two 
cutting blades. The cutting blades 142 in eighteen groups are 
arranged side by side and spaced uniformly in an annular 
pattern. These thirty-six cutting blades 142 form a cutting 
blade assembly having an outer diameter (p3 larger than the 
inside diameter (p1 of the segment assembly and Smaller than 
the outer diameter (p2 of the segment assembly (cp1<p3<p2). 
0073. An end of the cutting punch 140 that is inserted into 
a cylindrical material 161 (upper end of FIG. 12 and lower 
end of FIG. 17B), which will be described below, has a 
conical shape with the radially outer edge having sharpened 
shape. In other words, part of the cutting punch 140 forming 
its outer diameter projects in the axial direction relative to the 
inner diameter portion. 
0074 The facing surfaces of the two cutting blades 142 in 
each group are separated from each other in the circumferen 
tial direction, whereas the surfaces of these blades 142 not 
facing each other form an angle (p2, which is Smaller than the 
angle (p1 occupied by one segment 120 (02<01). 
(0075. As shown in FIG. 13, the scraping punch 150 
includes a columnar scraping portion 151, a columnar press 
ing and bending portion 152 coaxial with the scraping portion 
151, and a connecting portion 153 connecting the scraping 
portion 151 and the pressing and bending portion 152. 
0076. The scraping portion 151 has a diameter 95 larger 
than the inside diameter (p1 of the segment assembly and 
smaller than the outer diameter p3 of the cutting punch 140 
(or cutting blade assembly) (cp1<p5<qp3). Eighteen escape 
grooves 154 extending in the axial direction are formed in the 
scraping portion 151 while being uniformly spaced angularly. 
0077. The pressing and bending portion 152 has an outer 
diameter (p4 Smaller than the inside diameter (p1 of the seg 
ment assembly (p4<qp1). 
0078. To smoothly connect the outer surface of the scrap 
ing portion 151 to the outer surface of the pressing and bend 
ing portion 152, the connecting portion 153 is formed into a 
tapered shape with a gradually decreasing outer diameter 
toward the pressing and bending portion 152. 
0079 Steps of manufacturing the commutator 101 using 
the cutting punch 140 and the scraping punch 150 will now be 
described. Steps of manufacturing the recess portion 130 is 
the same as those of manufacturing the recess portion 30 of 
the first embodiment, thus they will not be described. 
0080. As shown in FIG. 14, a blank material 160 is 
punched out of a metal plate material 20. The blank material 
160 is formed into a substantially rectangular shape. The 
eighteen risers 14 are formed at one end of each blank mate 
rial 160 in the transverse direction (perpendicular to the lon 
gitudinal direction), whereas the thirty-six secondinner claws 
16 are formed at the opposite end of each blank material 160. 
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0081. The risers 14 are spaced uniformly in the longitudi 
nal direction of the blank material 160. The second inner 
claws 16 are formed to sandwich a position that faces each 
riser 14 there between in the longitudinal direction of the 
blank material 160. The second inner claws 16 have cutouts 
17. 

0082 Next, the blank material 160 is rolled up such that 
the recess portion 130 faces inward in the radial direction, 
thereby forming the cylindrical material 161 shown in FIG. 
15. The risers 14 and the second inner claws 16 extend lin 
early parallel to the axis of the cylindrical material 161. 
0083. Next, as shown in FIG. 16, each riser 14 is bent 
radially outward. Further, the second inner claws 16 are bent 
inward in the radial direction such that the distal ends of the 
second inner claws 16 face a central portion of the cylindrical 
material 22 in the axial direction. 
I0084. Next, as shown in FIG. 17B, the cutting punch 140 
is inserted into the cylindrical material 161 from an end near 
the risers 14. The cutting punch 140 is inserted into the 
cylindrical material 161 such that the two cutting blades 142 
in each group sandwich each riser 14 there between as viewed 
from the center of the cylindrical material 161. 
0085. Then, the cutting punch 140 forms cuts in the inner 
surface of the cylindrical material 161 and raises these cuts, 
thereby forming the thirty-six first inner claws 121 as shown 
in FIGS. 17A and 17B. This forms the thirty-six resultant 
grooves 122 in the inner surface of the cylindrical material 
161 as counterparts of the thirty-six first inner claws 121. The 
cutting punch 140 forms cuts in the surface and raises these 
cuts. Thus, as shown in FIG. 19, the opposite side walls of the 
opening 123 of each of the thirty-six resultant groove 122 
bulge radially inward from the inner surface of the cylindrical 
material 161. 
I0086) Next, the cutting punch 140 is removed from the 
cylindrical material 161. Then, the scraping punch 150 is 
inserted into the cylindrical material 161 from the end near 
the risers 14 as shown in FIG. 18B. The scraping punch 150 is 
inserted into the cylindrical material 161 such that the escape 
grooves 154 (see FIG. 13) do not overlap the resultant grooves 
122 as viewed from the center of the cylindrical material 161. 
In the escape grooves 154, the outer circumferential surface 
of the scraping punch 150 does not make sliding motion with 
the inner circumferential surface of the cylindrical material 
161. Specifically, resistance is not generated against sliding 
motion resulting from insertion of the scraping punch 150, so 
that the scraping punch 150 is easily inserted. 
0087. Then, the pressing and bending portion 152 and the 
connecting portion 153 press the first inner claws 121 to bend 
the first inner claws 121 radially inward, as shown in FIGS. 
18A and 18B. The outer diameter (p5 of the scraping portion 
151 is larger than the inside diameter p1 of the cylindrical 
material 161 (or segment assembly) and Smaller than the 
outer diameter (p3 of the cutting blade assembly composed of 
the cutting blades 142. Thus, as shown in FIG. 20, insertion of 
the scraping portion 151 folds the opposite side walls of the 
opening 123 of each resultant groove 122, specifically the 
opposite side walls of each opening 123 having projected in 
response to the cutting and raising by the cutting punch 140, 
so that the opening area of this opening 123 is reduced. 
Specifically, the opposite side walls of the opening 123 facing 
each other in the circumferential direction are folded to 
approach each other, thereby forming the undercut 124. 
0088 Next, the scraping punch 150 is removed. Then, a 
thermosetting plastic is poured into the cylindrical material 
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161 by using a die (not shown). As a result, the thermosetting 
plastic flows into all the grooves including the resultant 
grooves 122 as shown in FIG. 21. After the pouring, the 
plastic is chemically reacted to be cured, thereby forming the 
insulator 11 shown in FIG. 10. 
I0089. Next, the partition grooves 13 (see FIG. 10) are 
formed in multiple places not overlapping the resultant 
grooves 122 in the outer circumferential surface of the cylin 
drical material 161 integral with the insulator 11 to extend in 
the axial direction. As a result, the cylindrical material 161 is 
cut into the eighteen segments 120 electrically isolated from 
each other, thereby completing the commutator 101 of FIG. 
10. 
(0090. Operation of the commutator 101 will now be 
described. 
0091. As shown in FIGS. 20 and 21, the undercuts 124 are 
formed at the openings 123 of the resultant grooves 122. The 
insulator 11 composed of the cured thermosetting plastic fills 
the resultant grooves 122, so that the undercuts 124 achieve 
the anchor effect. This increases the force of engagement 
between the segment 120 and the insulator 11. 
0092. In each segment 120 formed by cutting the cylindri 
cal material 161, the partition groove 13 does not overlap the 
resultant groove 122. Thus, as shown in FIG. 21, the openings 
of the resultant grooves 122 are not continuous with an edge 
of the segment 120 in the circumferential direction of the 
insulator 11. This allows formation of the undercuts 124 at 
both openings 123 of the resultant grooves 122 arranged in 
the circumferential direction of the insulator 11. As a result, 
force of engagement between the segment 120 and the insu 
lator 11 is increased. 
0093. As described in detail above, the second embodi 
ment achieves the following advantages in addition to the 
advantages of the first embodiment. 
0094 (6) The first inner claws 121 are formed by forming 
cuts in an inner Surface of the segment 120 facing the insulator 
11 and raising the cuts. The undercuts 124 are formed at the 
openings 123 of the resultant grooves 122 resulting from 
forming and raising the cuts in the Surface facing the insulator 
11. The insulator 11 composed of the cured thermosetting 
plastic fills the resultant grooves 122. This achieves anchor 
effect, so that the force of engagement between the segment 
120 and the insulator 11 is increased. 
0.095 (7)In each segment 120 formed by cutting the cylin 
drical material 161, the partition groove 13 does not overlap 
the resultant groove 122. Thus, the openings of the resultant 
grooves 122 are not continuous with an edge of the segment 
120 in the circumferential direction of the insulator 11. This 
allows formation of the undercuts 124 at both openings 123 of 
the resultant grooves 122 arranged in the circumferential 
direction of the insulator 11. As a result, force of engagement 
between the segment 120 and the insulator 11 is increased, 
compared to the case where an undercut cannot be formed at 
at least one of these openings. 
0096. Each of the aforementioned embodiments may be 
modified as follows. 

0097. In the first and second embodiments, an undercut 
may be formed as follows. As shown in FIG. 8A, the wedged 
punch9 is pressed into the metal plate material 20 at an angle 
of 40 degrees with respect to a plate surface. Then, the 
wedged punch 9 is pulled out of the metal plate material 20. 
As a result, a recess 80 is formed and the plate surface projects 
in an area surrounding the recess 80 as shown in FIG. 8B. 
Next, as shown in FIG. 8C, a dice-shaped punch 85 greater in 
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width than the recess 80 is pressed into the metal plate mate 
rial 20 in the direction of the thickness of the metal plate 
material 20. This folds the projecting area surrounding the 
recess 80, and the folded area forms an undercut 81 as shown 
in FIG. 8D. 
0098. An undercut may also be formed as follows. As 
shown in 
0099 FIG. 9A, a wedged punch 95 is pressed into the 
metal plate material 20 at a right angle (90 degrees) with 
respect to a plate surface. Then, the wedged punch95 is pulled 
out of the metal plate material 20. As a result, a recess 90 with 
a vertical surface 92 is formed as shown in FIG.9B. Next, as 
shown in FIG. 9C, the punch 95 is pressed into an area near 
the vertical surface 92 of the resultant recess 90. This folds the 
vertical surface 92 of the recess 90, and the area that has been 
the vertical surface 92 forms an undercut 91. An undercut 
formed by the steps shown in FIGS. 8A to 8D and FIGS. 9A 
to 9D achieves the same advantages as those of the aforemen 
tioned embodiments. 

0100. An undercut may also be formed as follows. As 
shown in FIG.22A, recesses 90 in a pair are formed with the 
aforementioned wedged punch95 such that vertical surfaces 
92 in a pair are arranged close to each other. Next, as shown 
in FIG.22B, a wedged punch96 of a different shape is pressed 
into between the recesses 90 in a pair, specifically between the 
vertical surfaces 92 in a pair. The wedged punch 96 has a 
shape that is tapered from its proximal end toward its distal 
end, which is configured to be pressed into the metal plate 
material 20. Thus, during the press, the distance between the 
base end of the punch96 and each vertical surface 92 becomes 
longer than the distance between the tip of the punch 96 and 
the corresponding vertical surface 92. This folds the vertical 
surfaces 92 of the two recesses 90, and the areas that have 
been the vertical surfaces 92 form undercuts 91 as shown in 
FIG. 22C. According to this process, multiple undercuts can 
be formed simultaneously in a single course of work. 
0101. An undercut may also be formed with a punch 180 
as follows. As shown in FIG. 23A, the punch 180 has a first 
processing Surface 181, a second processing Surface 182 con 
tinuous with the first processing surface 181, and a third 
processing Surface 183 continuous with the second process 
ing surface 182. A vertex between the second and third pro 
cessing Surfaces 182 and 183 is defined as a processing tip 
184. The punch 180 as a whole is tapered toward the process 
ing tip 184. 
0102 First, as shown in FIG. 23A, the processing tip 184 
of the punch 180 is pressed into the metal plate material 20 
Such that the first processing Surface 181 becomes at a right 
angle with respect to a plate Surface of the metal plate material 
20. 

0103) This forms a recess 190 in the metal plate material 
20 as shown in FIG. 23B. The recess 190 has a first processed 
surface 191 corresponding to the first processing surface 181, 
a second processed Surface 192 corresponding to the second 
processing surface 182, and a third processed surface 193 
corresponding to the third processing surface 183. The first 
processed surface 191 is at a right angle with respect to the 
plate surface. The recess 190 further has a first processed 
ridge 194 formed between the first and second processed 
surfaces 191 and 192, and a second processed ridge 195 
formed between the second and third processed surfaces 192 
and 193. 
0104) Next, as shown in FIG.23C, the punch95 is pressed 
into an area near the first processed surface 191 of the result 
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ant recess 190. At this time, the punch 95 is pressed such that 
the distance between the tip of the punch 95 and the plate 
surface of the metal plate material 20 becomes the same as the 
distance between the first processed ridge 194 and the plate 
surface of the metal plate material 20. 
0105. This folds the first processed surface 191 relative to 
the first processed ridge 194, so that the first processed sur 
face 191, which has been a vertical surface, forms an undercut 
196 as shown in FIG. 23D. This process can be conducted 
easily since it uses a smaller amount of the plate material to be 
folded from a vertical state, compared to the case where an 
undercut is formed by the steps shown in FIGS. 8A to 8C. 
0106. In the first embodiment, the recess portion 30 has 
two recess rows 31. The recess portion 30 may also have only 
one recess row as in the second embodiment or may have 
three or more recess rows. These achieve the same advantages 
as those of the first embodiment. 
0107 While the two recess rows 31 extend in the longitu 
dinal direction of the segment 12 in the first embodiment, they 
are not always required to extend in this longitudinal direc 
tion. 
0108. The third recess 34 is deeper than the first and sec 
ond recesses 32 and 33 in the first embodiment. However, the 
third recess 34 may be the same in depth as the first and 
second recesses 32 and 33. This achieves the same advantages 
as the advantages (1) to (4) of the first embodiment. 
0109. In the first embodiment, the undercuts 32a to 34a 
may tilt in the same direction. This achieves the same advan 
tages as the advantages (1) to (3) and (5) of the first embodi 
ment. Further, in the second embodiment, undercuts formed 
at the recess portion 130 may tilt in the same direction. 
0110. Although the recess portions 30 and 130 each 
include multiple recesses in the first and second embodi 
ments, they may each include one or more recesses. 
0111 Although two first inner claws 15 and two second 
inner claws 16 are formed in the first embodiment, only one 
first inner claw 15 and only one second inner claw 16 may be 
formed. The first and second inner claws 15 and 16 are not 
always required to form a pair in the longitudinal direction of 
the segment 12. One the first and second inner claws 15, 16 
may be omitted. Additionally, in the second embodiment, 
only one first inner claw 121, or three or more first inner claws 
121 may be formed. 
0112 Although an undercut is formed at each of the first to 
third recesses 32 and 34 in the first embodiment, it may also 
beformed at at least one of the first to third recesses 32 to 34. 
0113. In the first and second embodiments, the number of 
the segments 12 is ten and eighteen, respectively. However, 
the number of the segments 12 is not limited to these numbers 
and it may be changed as necessary depending on a structure. 
0114. In the first embodiment, the cylindrical material 22 

is formed by rolling up the blank material 21 punched out of 
the metal plate material 20 and then the segments 12 are 
formed by cutting the cylindrical material 22. Alternatively, 
the segments 12 may be punched directly out of the metal 
plate material 20. 
0.115. In the second embodiment, the escape grooves 154 
may be omitted from the scraping punch 150. 

1. A commutator comprising: 
a cylindrical insulator, and 
a plurality of commutator pieces formed on an outer cir 

cumferential Surface of the insulator, the commutator 
pieces being arranged side by side in a circumferential 
direction of the insulator, wherein 
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the commutator pieces are each composed of a conductive 
plate material, 

the commutator pieces each include 
a connection claw, which extends outward in a radial direc 

tion of the insulator and is configured to be electrically 
connected to an armature coil, and 

an engagement claw extending inward in the radial direc 
tion of the insulator, the engagement claw engaging with 
the insulator, and 

the commutator pieces each include a recess portion with 
an undercut formed in a Surface facing inward in the 
radial direction of the insulator. 

2. The commutator according to claim 1, wherein 
each commutator piece includes opposite ends with respect 

to an axial direction of the insulator, with engagement 
claws arranged at the opposite ends, and 

each recess portion is provided between two of the engage 
ment claws with respect to the axial direction of the 
insulator. 

3. The commutator according to claim 1, wherein 
the recess portions are first recess portions 
the undercuts are first undercuts each having a first tilt 

direction, 
each commutator piece further includes a second recess 

portion, and 
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the second groove portion has a second undercut having a 
second tilt direction different from the first tilt direction. 

4. The commutator according to claim 1, wherein 
each commutator piece has two or more of the recess 

portions, and 
the depth of each of the recess portions that are formed in 

an area facing one of the connection claws is deeper than 
that of the recess portions formed in other areas. 

5. The commutator according to claim 1, wherein 
each engagement claw is formed by forming a cut in the 

Surface of the corresponding commutator piece facing 
inward in the radial direction of the insulator and raising 
the cut, and 

the recess portions each include a resultant groove result 
ing from formation of one of the engagement claws. 

6. The commutator according to claim 5, wherein 
each commutator piece has two or more of the engagement 

claws that are spaced in the circumferential direction of 
the insulator, and 

the engagement claws are each formed by forming a cut 
and raising the cut, wherein the cut is formed in an area 
of the commutator piece different from an edge of the 
commutator piece with respect to the circumferential 
direction of the insulator. 
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