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[ Title of Invention]
Rotary motor and method of manufacture

57 [ Abstract]

[Subject] To simplify the ability to complete aligned winding ol a coil and (o enable effective utilization of the slot
part as the coil occupied space.

[Constitution| A stator core 1 is divided into a ring-shaped outer yoke 3 and a plurality of magnetic pole teeth 2
that are [astened to the inner-diameter side. Coil bobbins 5 that are mated with these magnelic pole teeth 2 are
coupled in non-annular shape via thin parts 13a that are frecly bent (o the outer-diameter side of the magnetic pole
teeth 2. This is struclured so that the gap between adjacent coil bobbins 5 would be maximized when the thin parts
15a are bent to the opposite side.
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|Scope of Patent Claim]

[Claim 1] A rotary motor provided with a slator that has coil bobbins mated lo the magnetic pole teeth of the stator
core in which the coil is wound concentrated about said coil bobbius and also provided with a rolor that is disposed
on (he inner-diamcter side of said stator, wherein the aforementioned stator core is divided into a ring-shaped outer
yoke and a plurality of the alorementioned magnetic pole leeth that are fastened to the inner-diameter side, wherein
the aforementioned coil bobbins that are mated with these magnetic pole tecth are coupled in non-annular shape via
thin parts that are [rcely [lexed to the outer-diameler side of the aforementioned magnetic pole teeth.

[Claim 2] The rotary motor of Claim | in which a neutral terminal member (hat connects the ncutral point side
terminal of the aforementioned coil and a connector terminal member that connects the connector side terminal are
installed on the outer-diameter side of (he aforementioned coil bobbins.

[Claim 3] The rotary motor of Claim 1 in which the aforementioned stator is molded from resin.

[Claim 4] A method of manufacturing a rotary molor in which the coil bobbins are situated in annular shape
opposile from that when the thin parts arc asscmbled by bending them so as to be located on the inner-diameter side,
coils are wound about the coil bobbins in that state. the aforementioned coil bobbins are reversed so that the
aforementioned thin paris arc on the ouler-diameter side after coil winding, and (he magnetic pole teeth that arc
inserted in the aforementioned coil bobbins belore or after coil winding are fastened to the outer yoke.

[Claim 5] A rotary motor provided with a stator comprising coils wound concenltrated about the individual magnetic
pole teeth of the stator core and a rotor that is disposed on the inner-diameter side of said stator, wherein the
aforementioned stator core is divided into a ring-shaped outer yoke and a plurality of (he aforementioned magnetic
pole teeth that are fastened to the inner-diameler side, (he rotor-facing member of cach of the alorementioned
magnetic pole teeth that faces the aforementioned rotor is structured from the assembly of a plurality of rectangular
members that shift in steps in the circumferential direction of .the rotor {rom one end of the axial direction of the
aforementioned rotor to the other end, and (he scections of the aforementioned magnetic pole teeth where the coil has
been wound are configured with a rectangular profile.

[Claim 6] The rotary motor of Claim 5 in which the sides ol (he aforementioned rectangular members of the
aforementioned adjacent magnetic pole teeth are brought into contact at a plurality of places.

[Claim 7] A rotary molor comprising a stator on which coils are situated and a rotor with a rotor core on the outer
circumferential side of the rotor shaft and with rotor magnets situaicd on the ouler circumferential side of said rotor
core, wherein gaps are created between the alorementioned rotor core and the rotor shaft, protrusions and recesses
72 are created on the surface facing the alorementioned rotor shaft and rotor core, and the aforementioned rotor
shaft, rotor core and rotor magnets are integrated via molded resin while the outer circumference of the
aloremenlioned rotor magnets and rotor shaft are coaxially aligned.

|Claim 8] The rotary motor of Claim 7 in which the stepped members for positioning of rotor bearings are integrally
molded from (he aforementioned resin.

[Detailed Description of the Invention]

[0001]

[Field of Industrial Utilization] The present invention concerns a rotary motor such as an alternating current servo
motor and a method of its manufacture.

[0002]

[Related Art]

Conventional Example 1. Figure 22 is an exploded perspective view illustrating a conventional rotary motor
presented in the gazette of Japanese Kokai Publicalion Sho-63-299734. In the diagram, the stator core 1 is divided
into radial magnetic pole teeth 2 thal arc integrated on the inner-diameler side and a ring-shaped outer yoke 3 that is
faslened on the ouler-diameter side of the magnetic pole tecth 2. In tlus electric molor. coil bobbins 5 about which
coils 4 are wound arc individually fitted to cach of the aforementioned magnetic pole (ceth 2. Outer-diameler side
end members of the magnetic pole teeth 2 are mated and [ixed to the inner-diameter members of the outer yoke 3
thereupon. The pin terminals 6 of the coil bobbins 5 in which are tucked the terminals of the coil 4 are connected
by solder to the printed circuit board 7. thercby compleling the stator 8.

[0003] Conventional Example 2. Figure 23 is an exploded perspective view illustrating a conventional rotary motor
presented in the gazette ol Japanese Kokai Publication Sho-57-180448. In (he diagram. the stator core 1 is divided
into radial magnetic pole tecth 2 (hat are integrated on the inner-diameter side and a ring-shaped outer yoke 3 that is
fastened on the outer-diameter side of the magnetic pole (ceth 2. In this clectric motor. the stator 8 is construcled by
winding the coils 4 about the coil bobbins 5 that are coupled on the inner-diameter side via the coupling plate
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member 3a. by filling the coil bobbins 5 on the magnelic pole (ceth 2. and by then mating the magnctic pole teeth 2
lo the outer yoke 3.

{0004] Conventional Example 3. Figare 28 is a sectional side view ol a conventional electric motor presented in the
gazelle of Japanese Kokai Publication Hei-3-168181. In this diagram, reference numeral | denotes the stalor core, 4
denotes the coil, 10 denotes the rolor. and 34 denoles the rotor magnels. In this electric molor. the climination of
rotational [luctuation due to cogging torque is attempled by installing rotor magnels 34 at a skew angle.

[0005] Conventional Example 4. Figure 23 is a transverse section of a conventional electric motor presented in the
gazelte of Japanese Kokai Publication Hei-1-270757. In this diagram, the stator core 1 is divided into a ring-shaped
outer yoke 3 and a plurality of independent magnetic pole teeth 2. The rotor-facing member 2a of the magnetic pole
teeth 2 has a skew angle (skew S) imparted that slopes toward the axial direction as shown in Figure 30.

[0006]

[Problems Solved by the Invention] The coil bobbins 5 are independently structured in the electric motor of
conventional example 1, as presented above. As a resul(, the terminals at the beginning and end of the coil 4
windings are individually processed and musl be connected to the printed circuit board 7 via pin terminal 6. Even
though coils 4 of the same phase can be sequentially wound by conneclion at the section termed the crossover wire,
the problem of excess increase in the number of steps arises in this conventional example because once the coil 4 is
cut, it is reconnected via the printed circuit board 7.

[0007] In addition, sequential winding can be carried oul without cutting the crossover wire in the electric motor of
conventional example 2 since the coil bobbins 3 are connecled, but adequate space for operations cannot be {aken
when winding the coils 4 because the coil bobbins 5 are connected on the inner-diameter side, which means that the
coils 4 cannot be wound with alignment. An additional problem is that the slot part cannot be effectively utilized as
a space for the coil to occupy.

[0008] This point is explained in detail using diagrams. Aligned winding is sequential winding of wound wire 12
from one end of the coil bobbin 5 (o the other end in the transverse direction, as illustrated in Figure 24, Itisa
winding method in which the wound wire 12 is rcgularly laminated from the inner circumferential side to the outer
circumferential side. The numbers in the profile of wound wire 12 in Figure 24 represent the winding sequence.
This aligned winding enables high winding density in a given space and enables a stable wound shape to be
realized. Consequently, the output of a rotary motor can be raised, the characteristics can be stabilized, and the size
can be reduced.

[0009] In aligned winding, cach coil bobbin 3 is shiflled in the transverse direction while the wire winding nozzle 13
is relatively moved, as shown in Figure 25. By so doing. the wound wire 12 emerging [rom the wire winding
nozzle 13 is wound as it is fed, but when coil bobbins 5 arc coupled. as shown in Figure 26, maintenance of
adequate space to handle the wire winding nozzle 13 becomes dilficult and aligned winding becomes impossible.
Thus, the wound wire 12 becomes disorganized. as shown in Figure 27, with increase in gaps between the wound
wire 12, decline in the wire winding density, and limitations on enhancement of the characteristics arising,

[0010] In the rotary motor from conventional example 2. the coil bobbins 5 that are situated radially are coupled via
each coupling plate member 3a during assembly. Consequently, the space belween adjacent coil bobbins 3, 5 (this
corresponds to the slot part during assembly) is narrow, which makes adequate maintenance of a space for handling
the wire winding nozzle 13 difficult. Not only does aligned winding become impossible, but the coil loses the
ability to elfectively occupy the space of the slot part.

[0011] The rotary motor [rom conventional example 3 is structured so thal a skew angle is created in the rolor
magnet 34, but the method of imparting a skew angle in magnetization of the rotor magnet 34 does not permit the
skew angle (o be very precise. Nol only does this prevent slabilization of the characteristics, but it also reduces the
ability to adequately lower the cogging torque.

[0012] The rotary motor [rom conventional example + strives (o reducc the cogging torque by imparting a skew
angle (skew S) (o the rotor-facing member 2a of each of the magnetic pole teeth 2, but considerable time is required
to alter the shape of cach of (he laminated iron cores in press machining of the stalor core 1. This is also
undesirable in terms of processing cfficiency.

[0013] The invention pursuant (o Claims I 10 3 was devised (o climinalte the aforementioned problems. The
objective is to provide a rotary molor that permits continuous winding ol coils of the same phase without cutting the
crossover wire, (hat enables aligned winding of coils and that cnables effective utilization of the slol part as a space
[or the coil to occupy.
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[0014] The objective of the invention of Clain 4 is to provide a method of manuflacture of a rotary motor that
cnables aligned winding of (he coil (o be casily accomplished and that permits the space of the slot part of the stator
lo be clfectively occupiced by wound wire.

[0015] The objective of the invention of Claims 5 to 8 is to provide a rotary motor in which (he rotational
[luctuation due to the onset of cogging lorque can be reduced without lowering the machining cfficiency.

[0016]

[Mcans of Solving the Problems] In the rotary motor pursuant lo Claim 1 of the present invention, the stator core
is divided into a ring-shaped ouler yoke and a plurality of (he aforementioned magnetic pole teeth that are fastened
to the inner-diameter side. Coil bobbins that are mated wilh these magnetic pole leeth arc coupled in non-annular
shape via thin parts that are freely [lexed (o the ouler-diameler side of the magnetic pole teeth.

[0017] A neutral terminal member that connects the neutral point side terminal of the coil and a connector terminal
member (hat connects the conneclor side ierminal are installed on the outer-diameter side of the coil bobbins in the
rotary motor pursuant to Claim 2 of the present invention.

[0018] In the rotary motor pursuant (o Claim 3 of the present invention, the stator core from the invention of Claim
1 is molded from resin.

[0019] The method of manufacturing a rotary molor pursuant to Claim 4 of the present invention employs the
manufacturing method of Claim 1 in which the coil bobbins are situated in annular shape opposite [rom that when
the thin parts are assembled by bending them so as to be located on the inner-diameter side, coils are wound about
the coil bobbins in that state, the coil bobbins are reversed so that the thin parts are on the outer-diameter side after
coil winding, and the magnetic pole teeth that are inserted in the coil bobbins before or after coil winding are
fastened to the outer yoke.

[0020] In the rotary motor pursuant to Claim 35 of the present invention, the stator core is divided into a ring-shaped
outer yoke and a plurality of magnetic pole tecth that are [astened (o the inner-diameter side, the rotor-facing
member of each of the aforementioned magnetic pole teeth that faces the aforementioned rotor is structured from the
asscmbly of a plurality of rectangular members that shift in steps in the circumferential direction of the rotor from
one end of the axial direction of the rotor to the other end, and the sections of the magnetic pole teeth where the coil
has been wound are configured with a rectangular profile,

[0021] The rotary motor pursuant (o Claim 6 of the present invention is a variant of the invention of Claim 5 in that
the sides of the rectangular members of the adjacent magnetic pole teeth are brought into contact at a plurality of
places.

[0022] In the rotary motor pursuant to Claim 7 of the present invention, gaps are created between the rotor core and
the rotor shafl, protrusions and recesses 72 are crcated on the surface facing the rotor shaft and the rotor core, and
the rotor shaft. rotor core and rotor magnets are integrated via molded resin while the outer circumference of the
aforementioned rotor magnets and rotor shaft are coaxially aligned.

[0023] The rolary motor pursuant to Claim 8 of the present invention is a variant of the motor of Claim 7 in that the
stepped members for positioning of rolor bearings arc integrally molded from molded resin.

[0024]

[Action] In (he rotary motor pursuant (o Claim 1 of the present invention, the coil bobbins that are mated to the
magnetic pole teeth of (he stator core are coupled in a non-annular shape via thin parts on the outer-diameter side of
the magnetic pole teeth, Consequently, the coil bobbins can be aligned in a straight line or in reversed annular
shape by extending the thin parts or by bending them to the opposite side. The gap between adjacent coil bobbins
on the outer-diameler side is broader than the gap between adjacent coil bobbins on the inner-diameler side because
the coil bobbins arc radially situated following the magnetic pole teeth during assembly in this case. Consequently.
the pitch between coil bobbins would be longer and the spacce separating them would be broader when coil bobbins
arc aligned in a straight line when they are coupled on the outer-diameter side rather than being coupled on the
inner-diameter side. The gap between adjacent coil bobbins would be broader when situated in annular shape bent
1o the opposite side. Consequenty. the wound wire space [or each coil bobbin would be expanded and aligned
winding would be facilitated. Furthermore. handling of the wire winding nozzle thal [eeds out wound wire would
be casicr, and the space of the slot part could be elfectively occupied by wound wire. In addition, sequential
winding can be carricd out without cutling the crossover wires between coils of the same phase since coil bobbins
are coupled and integrated. and the number ol connections at the coil tips can be minimized.

[0025] The rotary motor in he invention of Claim 2 has the actions ol the motor of Claim 1 and the beginning and
end of the wound wire can also be directly guided through antomation to the ncutral terminal member and to the
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connector terminal member during wire winding since the neulral terminal member and the connector (erminal
member are installed on the ouler-diameter side of the coil bobbins.

[0026] The rotary motor in the invention of Claim 3 has improved heat dissipation propertics because (he stalor
from the molor of Claim [ is integrally molded [rom resin.

10027] In (he method of manufacture of a rotary motor pursuant to Claim 4 of the present invention, coils arc wound
about coil bobbins while the thin parts of the coil bobbins arc on the inner-diameter side. The coil bobbins made ol
resin are reversed after wire winding of the coils so that the thin parts would be on the outer-diameter side, as a
result of which the space between adjacent coil bobbins during wire winding could be enlarged, the degree of
freedom to handle (he wire winding nozzle would be expanded, aligned winding could be lacilitated, and the space
of the slot part could be effectively occupied by wound wire.

[0028] The rotary motor in the invention of Claim 5 has a stator core that is divided into a ring-shaped outer yoke
and a plurality of magnetic pole tecth, wherein the rotor-facing member of each of the magnetic pole teeth that faces
the rotor is structured {rom rectangular members (hat shilt in steps. Consequently, the shapes of the laminated iron
cores can be efficiently machined by merely setting up the required amount of machining when press machining the
stator core. In addition, by shaping the magnetic pole teeth in steps, the rotor magnets can be straightened with
good magnetization accuracy to retain skew effects. This stabilizes the characteristics and enables rotational
fluctuation due to cogging torque 1o be reduced. Furthermore, aligned winding can easily be carried out and the
cross-sectional area of (he section where the coil has been wound can be minimized since the section where the coil
is wound has a rectangular cross section.

[0029] The rotary motor in the invention of Claim 6 has the actions of the motor from Claim 5 as well as leakage of
part of the magnetic flux generated by coils to adjacent magnetic pole teeth because the sides of the rectangular
members of adjacent magnetic pole teeth are brought into contact at a plurality of places. The leaking magnetic (Tux
in this case has an effect on reducing the drive torque, but it also has the effect of reducing the cogging torque.
Thus, the alorementioned skew clfects are compounded and the cogging torque is reduced still further.

[0030] The rotary motor in the invention of Claim 7 has gaps created between the rotor core and the rotor shaflt.
The rotor shalt, rotor core and rotor magnels are integrated via molded resin while the outer circumference of the
rotor magnets and rotor shalt arc coaxially aligned. This enables rotors with good coaxial properties to be
manulactured easily and inexpensively. In addition, since protrusions and recesses are created on the surface facing
the rolor shaft and rotor core, the binding of (he two is intensilied even though the parts are joined via resin.
Furthermore, the vibration due (o cogging torque is absorbed by the damper cflect of the resin in the gaps between
the rotor shalt and the rotor core.

[0031] The rotary motor in the invention of Claim 8 has the actions of the motor from Claim 7 as well as
elimination of the need for a retaining ring or the need to fashion a retaining ring groove to immobilize the bearings
because the stepped members {or posilioning of rotor bearings are integrally molded from resin.

[0032]

[Embodiments)

Embodiment 1. Embodiments of the present invention are explained below wilh reference 1o the appended
diagrams. Figure 1 is a [ront view illustrating the rotary motor (an alternating current brushless motor in this
example) based on an embodiment of the invention from Claim 1. In this diagram, reference numeral 1 denotes a
stator core, + denoltes the coil. 5 denoles the coil bobbins made of resin, 8 denotes the stator comprising the stator
core |, coil bobbins 3 and coil +. while 10 denotes the rotor. The coil bobbins 5 should be made of insulating
malcrial, but they need not be made of resin.

[0033] Figure 2 is a front view illustrating the stator core 1. The stator core | is divided into magnelic pole tecth 2
(magnetic pole teeth) (hat are independently separated into the same number as the number of slot parts [4 (in this
example. 6 = 3 phases x 2-fold) and a ring-shaped outer voke 3 that is situated on the outer-diamelter side. The
magnetic pole teeth 2 and the outer voke 3 arc structured from laminated iron cores. Specifically. block laminales
arc conslrucled by blanking and caulking thin plates of magnetic material. The outer yoke 3 1s constructed {rom a
regular hexagonal hole 3a in the center with mating concave portions 3b along the edges ol the inner circum(erence
of the hexagonal hole 3a. These mating concave portions 3b engage the outer cdges (tips on the outer-diameter
side) of each of the magnetic pole (ccth 2. Prior to assembly. cach of the magnetic pole tceth 2 is independent.
Upon assembly. the rotor-facing member 2a of cach of the magncetic pote (ceth 2 that faces the rotor 10 on the inner-
diameler side is shaped into a (lange shape.
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[0034] Fig. 3(a) illustrales a correspondence relationship between the coil bobbin connector 15 formed (rom resin
and the individual magnetic pole tecth 2. The coil bobbin coupling body 15 has six coil bobbins 3 serially coupled
that are [itted respectively to the six magnetic pole teeth 2 and that are non-annular (non-annular indicates that one
part s non-continuous), Said body is [ormed (o a size such that it [its perfectly into the hexagonal hole 3a of the
ouler yoke 3 at the time ol assembly. [ the resin malterial, for example, is polypropylene resin, nylon resin, or ABS
resin, good moldability and sufficient supplencss to withstand [lexing several times can be obtained. Fig. 3(b)
illustrales a state in which magnetic pole teeth 2 are fitted to the individual coil bobbins 5 of the coil bobbin
coupling body 15. Thin parts 15a are created at the coupling sections of the coil bobbin 5. The thin parts 15a are
portions that are thinly formed so as to be suffliciently flexible to bend. As shown in Fig. 4, cach of the thin parts
15a is formed to a length from one end to (he other end in the transverse direction (= axial direction of coil bobbins
3) of the coil bobbin 3.

[0035] Projections 16 are inslatled on both sides of each of the thin parts 15a in order to hook crossover wires, etc.,
as shown in Figure 5. Additional examples of the thin parts 15a include the opening of a hole 17 in the center of
cach of the thin parts 15a, as illustrated in Figure 6, or the creation of notches 18 on both edges of each of the thin
parts 15a as illustrated in Figure 7. The thin parts 13a are able to bend more readily when a hole 17 or notches 18
are formed therein. Crossover wires may be hooked on the notches 18 illustrated in Figure 7 as a substitute for the
projections 16 shown in Figure 3.

[0036] The coil bobbin connector 15 is housed in the hexagonal hole 3a of the outer yoke 3, as illustrated in Figure
1, with each of the coil bobbins 5 rounded to an annular shape on the inside. When each of the coil bobbins 5 of {he
coil bobbin connector 15 is housed in the hexagonal hole 3a of the outer yoke 3, in shorl when a stator 8 is
assembled, they are coupled at the sections that are on the outer-diameter side. Since each of the coil bobbins 3 is
situated radially during assembly, the gap between adjacent sections expands when each of the thin parts 13a is
stretched and opened to a straight shape, as shown in Figure 3, when they are mutually coupled on the outer-
diameter side morc than when (hey arc mutually coupled on the inner-diameter side.

[0037] Figure 15 illustrates wire winding about the coil bobbins 5. Here, the gap between adjacent coil bobbins 5 is
enlarged further when cach of the thin parts 15a is bent to the opposite configuration from the normal state (slale
during assembly) and rounded to turn the coil bobbin connector 15 inside out. Thus, the winding of coils 4 on each
of the coil bobbins 3 is lacilitated and atigned winding using a wire winding nozzle is simplified by expanding the
space between adjacent coil bobbins 5.

[0038] Each of the coil bobbins 5 of the coil bobbin connector 135 is mated to the magnetic pole teeth 2 while the
respeclive coils 4 are in a concentrated wound state, as shown in Figure 1. The outer edges of the magnetic pole
tecth 2 are mated and fixed to the outer yoke 3 so as to be housed in the hexagonal hole 3a of the outer yoke 3.
They are held in place by the magnetic pole teeth 2 to thereby complete the stator 8.

[0039] Figure 8 illustrates the connected slate of each coil 4. Figure 9 illustrates the wire winding direction of each
coil 4 and the confliguration relationships. The coils 4 may be any of three phases, U phase, V phase, W phase.
They have Y connections in this example. A A connection is acceptable in addition to Y connection. P in Figure 8
represents the ncutral terminal point while Q1, Q2 and Q3 represent the connector side terminals of the individual U
phase, V phasc and W phasc coils. There are two U phasc coils, Ua and Ub, two V phase coils, Va and Vb, and two
W phase coils, Wa and Wb. The coils of each phase are situated at a position of 180 degree opposilion and are
connected in series. Coils of the same phase at 180 degree opposition are connected by crossover wires. and are
continuously wound without disconnection during the process. This is possible because the coil bobbins 5 are
mutually coupled. The direction ol wirc winding of cach coil is shown in Figure 9. In Figure 9. YA represents the
head of the arrow while YS represents the tail of the arrow. The arrow direction is the direction of wire winding,
[0040] The operation is explained next. Figure 15 illustrates the state of winding of cach coil 4 about cach of the
coil bobbins 5. In order to share this Figurc 15 with other embodiments. details that differ [rom other embodiments
are presented. The coil bobbin connector 15 is rounded to roughly the annular shape on the opposite side [rom the
stale during assembly (spectfically. Lhe side facing the rotor is the outer side and cach of the thin parts 15a is
rounded to an annular shape o (he inner-diameter side) when winding cach coil 4 about each of the coil bobbins 5.
as shown in Figure 15. and the space between adjacent coil bobbins 3 is expanded. Each of the coil bobbins 3 is
filted to cach of the magnetic pole teeth 2. and wire winding can be efficiently carried out while Lhe coil bobbin
conneclor 15 1s held in place utilizing the magnetic pole teeth 2 when operations are carried out. In this casc of wire
winding ol coils - of (he same phase. coupling the coil bobbins 5 permits continuous winding withoul cutling of the
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crossover wire. In addition. obstructions during asscmbly are eliminated by hooking the crossover wires on
projections 16. as illustraled in Figure 5.

[0041] Once cach coil 4 has been wound. (he coil bobbin conncctor 13 is reversed, rounded to the normal state. and
cach of the magnetic pole tecth 2 is mated and fixed to the outer yoke 3 to complete the structure of the stator 8.
Coils + may be wound during wire winding withoul fitting each of the magnetic pole teeth 2 to the coil bobbins 3,
and the magnetic pole teeth 2 may be [itted to the coil bobbins 5 immediately prior to mating with the outer yoke 3.
[0042] Embodiment 2. Figure 10 is a [ront view of a rotary motor pursuant to an embodiment of the invention of
Claim 2. Figure 11 (a) is a diagram illustrating the relation between the coil bobbin connector 15 and the magnetic
pole teeth 2. Figure L1 (b) is a diagram illustrating the state of fitling each of the magnetic pole (ecth 2 to each of
the coil bobbins 5 of the coil bobbin conneclor 15. The dilference between this Embodiment 2 and Embodiment 1
is that the neutral terminal member 21 that connects the neutral point side {crminal of the coil 4 and the connector
terminal member 22 (hat connects the connector side {erminals are integrated on the outer-diameter side of the coil
bobbin connector 15. This Embodiment 2 otherwise is identical with Embodiment 1.

[0043] The neutral (criminal member 21 and the connector terminal member 22 are situated at positions that arc 180
degrees opposile. They are integrally formed in a shape protruding to the outside of the coil bobbins 5. The ncutral
terminal member 21 has three connection terminals 2 1a, 21b, 2 1c that mutually conduct coil lerminals that are
joined. Inaddition, the connector terminal member 22 has three independent connection terminals 22a, 22b, 22b
with the connector (crminals 23a, 23b, 23¢ formed on their tip sides.

[0044] The action is explained next. When each of the coils 4 is wound, continuous winding is carried out without
culting the crossover wire between coils of the same phasc, as shown in Figure 12. The winding start and end of
cach coil of the same phase are joined by being automatically tucked by a wire winding device to the connector
terminal member 22 and the neutral terminal member 21. By so doing, all of the coil connections can be
automatically treated by a wire winding device, which enablcs a rotary motor to be produced inexpensively and
without connection failures.

[0045] Embodiment 3. Figure 13 is a front view of a rotary motor pursuant to an embodiment of the invention of
Claim 3. Figure 14 is a laleral cross-sectional diagram of the same rotary motor. In the diagrams, relerence
nuimeral 30 denotes molded resin (resin), 31 denotes the motor flange, 32 denotes (he rotor shaft, 33 denotes the
rotor core, situated outside of the rotor shaft 32, 34 denotes the rotor magnets situated on the outer periphery of the
rolor core 33. 35 denotes the rotor bearings that supportt the rotor shaft 32 so as to freely rotate, In this rotary motor
pursuant to Embodiment 3. completion of the stator 8 in the same manner as in the case of Embodiment 1 or 2 is
followed by molding the outer contour of the stator 8, excluding the rotor 10, and the interior of the slot parts 14
including the coil 4 using molded resin 30 such as epoxy resin. In this manner, the heat dissipation propertics ol the
coil 4 are improved by resin molding of the stator 8.

[0046] Embodiment 4. Figure 15 is an explanatory diagram of an embodiment of the invention of Claim 4. Figure
16 1s an explanatory diagram that illustrates the sequence of wire winding. In Figures 15 and 16, reference numeral
40 denotes a wire winding [lyer of an automatic wire winding device, 41 denotes an index member, 12 denotes the
wound wire and 13 denotes the wire winding nozzle. The wire winding flyer 40 is run about the periphery with the
base line 45 as the center. The wire winding nozzle 13 is furnished at the tip. The wire winding nozzle 13 has its
tip directed toward the base line 45, and wound wire 12 from the tip is fed in the direction of the base line 45. The
index member 41 is cylindrical or columnar. It is rotaled and driven so as to circle the center of rotation 46 that
intersects the basc linc 45, Six positioning recesses 4 1a are installed on the outer circumference of (he index
member 41 as uniform scparations in the circumferential direction,

[0047] The coil 4 1s wound about cach of the coil bobbins 3. as shown in Figure 135, when constructing the stator 8
of Embodiment | or Embodiment 2. Specifically. the magnetic pole tceth 2 are first fitted to cach of the coil
bobbins 5 of Lhe coil bobbin connector 13. Then. the thin parts 15a are bent so that the rotor-facing member 2a of
each of the magnetic pole tecth 2 opposite the rotor would become the outside. While rounded to the annular shape
reversed rom the normal assembly state. the outer edges of each of (he magnetic polce teeth 2 (localed on the inner
circumlerential side here) arc mated (o the positioning recess 41 on the outer circumfcrence of the index member 41.
In this state. the coil bobbins 5 protrude radially toward the outside and the separation between the adjacent coil
bobbins 5 is opened considerably. This is because the coil bobbins 5 are coupled on the outer-diamcter side rather
than being coupled on the inner-diameter side.

[0048] The coil bobbins 5 about which wire is wound arc positioned on the base line 45 by rotation of the index
member 41, The wire winding flyer 40 is wound aboul (he base line 45 while wound wire 12 is fed [rom the wire
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winding nozzle 13. and the wire winding [lyer 40 is moved parallel along the base line 45 in synchronization with
that. By so doing. aligned winding of wound wirc 12 about cach of the coil bobbins 5 can be completed.
Furthermore. the stacked height of the wound wire can be [reely controlled since the space between two adjacent
coil bobbins 5 wound with wire can be incrcased. As illustrated in the diagrams, coils 4 can be wound in truncated
cone shape with a greater winding diameter on the base edge side of each of the coil bobbins 5. Accordingly. the
space of each ol the slot parts 14 can be effectively occupied by a coil 4, as shown in Figure | and Figure 10. In
this cmbodiment, the wound wire 12 can wind about each of the coil bobbins 5 directly horizontally. which enables
unlimited maintenance of (he wire winding space and accurate, high-density formed of coils 4.

[0049] Figure 16 tllustrales the state of wire winding. As shown in the diagrams, coils of the same phase such as Ua
and Ub can be continuously wound without cutling the crossover wire 50. Terminals at the beginning and end of
the winding can be connecled to the suitable connection terminal of terminals 21 or 22, the neutral terminal member
21 or the connector (erminal member 22.

[0050] When wire winding is completed, the coil bobbin connector 15 is removed [rom the index member 41 and
the coil bobbin connector 15 is reversed. Specifically, the thin parts 15a are bent so that the rotor-facing member 2a
of cach of the magnetic pole tceth 2 would face the inner circumferential side, and the coil bobbin connector 15 is
rounded to annular shape. Each of the magnetic pole teeth 2 and the coil bobbin connector 15 arc housed in the
hexagonal hole 3a of the ouler yoke 3, after which each of the magnetic pole teeth 2 is mated to the mating
hexagonal hole 3a of the oulter yoke 3. By so doing, the stator 8 shown in Figure 1 or Figure 10 is completed.
[0051] In this fourth embodiment, excess manufacturing steps are rendered unnecessary since coils of the same
phase can be continuously wound without cutting the crossover wire 50. Furthermore, since the slot parts 14
(consult Figure 1, Figure 10) can be elfectively utilized as spaces for occupation by the coils 4 as aligned winding
of the coils 4 is possible, the output of the rotary motor can be raised, its characteristics can be stabilized, and it can
be miniaturized.

[0052] The coils 4 may be formed without fitling of the magnetic pole teeth 2 to the coil bobbins 5 during winding
and the magnelic pole teeth 2 may be [itted to the coil bobbins 5 immediately before mating the magnetic pole teeth
2 to the outer yoke 3.

[0053] Embodiment 5. Figure 17 is an oblique view of the stator core 1 in a rotary motor from an embodiment of
the invention of Claim 5. [n this rotary motor, the stator core 1 is divided into a plurality of magnetic pole teeth 2
that are independently separated and a ring-shaped outer yoke 3. The shape of each rotor-facing member 2a of the
magnetic pole teeth 2 is formed by combining a plurality of rectangular members 60 having the same shape that are
shifled in steps in the circumferential direction of the stator core 1 as one moves rom one end to the other end in the
axial direction of the stalor core 1 (the same direction as the axial direction of (he rotor 10). In this casc, the
reclangular members 60 are assembled in a shape in which they are shifted in steps by a given quantity. Reference
numeral 61 denotes the slep between the rectangular member 60 and the rectangular member 60.

[0054] In addition, the section where the coil of each of the magnetic pole teeth 2 is wound is shaped with a
rectangular cross section, The advantages of forming the section of coil winding with a rectangular cross section
are that the winding densily can be increased with decrease in the cross-sectional area and that aligned winding is
facilitated. That. in turn, results in greater stabilization of the characteristics, smaller size and higher outpul.

10055 In manufacturing cach of the magnetic pole teeth 2, the shape of the press die is arranged as a function of the
number of steps of the rectangular members 60. The blocks are sequentially laminated through blanking and
caulking. The blocks per step of the rectangular members 60 may be created first and the individual blocks may
then be Jaminaled (o complete formation of the magnetic pole teeth 2. In any event. skew cflccts may be imparted
to the magnetic pole (ceth 2 while enhancing the processing cfficicncy by assembling the rectangular members 60
with a shift in steps. Consequently. the characteristics of the rotary motor can be stabilized and rotational
fluctuation due (o cogging torque can be reduced without imparting any skew angle to the rotor magnets.

[00536] The stator core | of this embodiment can be applied to the rotary motor from any of Embodiments 1 to 4.
when conslructing the stator 8 from the stalor core 1, each of the magnetic pole teeth 2 can be inserled in the coil
bobbin connector of Embodiment 1, for example, (o complete the manufacture of the stator 8 in the same manner as
in Embodiment 1.

[0057] Embodiment 6. Figure 18 is an expanded view from the side ol the rotor 10 of (he rotor-facing member 2a of
the magnetic pole teeth 2 in a rotary motor from an embodiment of the invention of Claim 6. This Embodiment 6
has (he sides of adjacent rectangular members 60 (rom Embodiment 5 in contact at a plurality of sites. In this
diagram. reference numeral 62 denotes a contact section. The manulacture can be compleled in the same manner as
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in Embodiment 5. Magnelic [lux leakage is generated between adjacent magnelic pole tecth 2 when the sides of the
rectangular members 60 arc brought into contact in this manner, and the cogging torque is reduced by such
magnetic lux Icakage. In addition, handling of the contact area and of the number of contact siles of the
reclangular members is simplified, which reduces variations in performance of the manufactured items and
slabilizes (he characleristics.

[0058] Embodiment 7. Figurc 19 is a sectional side view illustrating isolated rolor parts of a rolary motor pursuant
to Embodiment 7 of the present invention. Figure 20 is a cross-sectional view along lines XX-XX of Figure 19. In
these diagrams. reference numeral 32 denoles a rotor shaft, 33 denotes a rotor core, 34 denoles rotor magnets, 33
denotes rotor bearings, 36 denotes a retaining ring for positioning of the rotor bearings 33, and 37 denoles a mating
groove 37.

[0059] A gap 71 is crealed between the outer circumference of the rotor shaft 32 and the inner circumference of (he
rotor core 33 in the rotor 10 of the rotary motor from Embodiment 7. In addition, a plurality of protrusions and
recesses 72 are installed on the inner circumlerence of the rotor core 33, nolches 73 (protrusions and recesses) arc
installed in part of the outer circumference of the rotor shaft 32, and rotor magnets 34 are situated on the outer
circumlerence of the rotor core 33. The molded resin 70 is integrally molded with the rotor shaft 32 and the outer
circumference of the rotor magnets 34 coaxially matched, and the rotor shaft 32, rotor core 33, and rotor magnets 34
are {ixed in place. PPS resin or PBT resin may be used as the molded resin 70, and they may be integrated via
injection molding. In this case, injection molding is carried out in the manufaclure using dies so that the outer
circuinference of the rotor magnets 34 and the rotor shaft 32 would be constrained. Even if there are errors in
thickness of the rotor magnels 34 in such a structure, such errors would be absorbed by the gap 71, thercby enabling
the inexpensive derivation of rotors with good coaxial properties. A rotary motor with reduced vibration can be
derived since the molded resin 70 in the gap 71 between the rotor shaft 32 and the rotor core 33 absorbs vibration
due to cogging lorque through its functioning as a damper.

[0060] The rotor 10 of this embodiment can be incorporated in any of the rotary motors of Embodiments | to 4. In
addition. Embodiment 7 could also be incorporated in Embodiment 6.

[0061] Embodiment 8. Figure 21 is a lateral cross-sectional diagram of a rotary motor pursuant to an embodiment of
the Claim 8 of the present invention. Rotor bearings 35 were positioned using the retaining ring 36 in Embodiment
7, but in Embodiment 8, step sections 75 to position the rotor bearings are integrally projected at both edges of the
resin molded scctions in the axial direction via molded resin 71. The rotor bearings 35 are positioned as a result of
the edges of the step sections 75 abutting the rotor bearings 35. This enables reduction in the procedures associated
with positioning of the retaining ring 36. This step section 75 can be structured merely by modifying the shape of
the injection molding die, which greatly facililates the procedure.

[0062]

[Effects of Invention] As explained above, in the invention pursuant to Claim 1, the coil bobbins maled to the
magnetic pole (ceth of the stator core are structured so as to be coupled in non-annular shape via thin parts on (he
outer-diameter side of the magnetic pole teeth. As a result, the space during wire winding of each coil bobbin can
be expanded. Therefore, the versatility associated with handling of the wire winding nozzle of wire winding
equipment can be expanded, and aligned winding is facilitated. The space of the slot part can be occupied by
wound wire. which permils a small rotary motor with higher coil density and stable characteristics to be produced.
Continuous wire winding without cutting of crossover wires between coils of (he same phase is possible. which
minimizes the connection frequency of coil terminals. As a resull, excess connection procedures are Unnccessary .
which permits the inexpensive derivation of a rotary motor without malfunctioning connections.

[0063] In the invention of Claim 2, ncutral terminal members and connector (erminal members arc structured on the
outer-diameter side of the coil bobbins of the invention of Claim 1. Conscequently. the beginning and end of the coil
windings can be directly guided by automatic equipment (o the neutral terminal member aud (o the conneclor
terminal member, Thus. all of the coil wire connections can be automatically processed by wire winding cquipment
in addition to (he effects of the invention of Claim 1. which has the effect of enabling the inexpensive derivation of
a rotary motor without malfunctioning connections.

[0064] In the invention of Claim 3. (he stator of the invention of Claim 1 is structured so as to be integrally molded
from resin. This results in good heat dissipation propertics and the derivation ol a rotary motor with low magnelic
noise in addition (o the cffects of the invention of Claim 1.

[0065] In the invention of Claim 4. coils are wound about coil bobbins while the (hin parts of the coil bobbins are
on the inner-diameter side. After wire winding of the coils, (he coil bobbins arc reversed so (hat the (hin parls
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would be on the ouler-diameter side. This enables a relatively large space to be available between adjacent coil
bobbins during wire winding. This [acilitates aligned winding and permits the space of (he stot parts (o be
elfectively occupied by wound wire. Accordingly, this has the effect of permitting the inexpensive derivation of a
small, high-torque motor with high coil density.

[0066] The rotary motor in the invention of Claim 3 has a stator core that is divided into individual magnetic pole
teeth and a ring-shaped outer yoke. The rotor-facing members of the magnetic pole teeth that face the rotor are
structured so as to form rectangular members that shift in steps. Consequently, the number of processing steps in
pressing of the stator core can be reduced, which enables enhancement of the processing clficiency. Furthermore,
the characteristics can be stabilized and the rotational fluctuation due (o cogging torque can be reduced since the
magnetic pole teeth have a skew cffect. Finally, the cross-sectional area of the seclions where coils are wound can
be minimized since those sections where the coil is wound are formed with a reclangular cross section. That
stabilizes the characterislics, permits miniaturization of the motor, and raises the output.

[0067] The invention of Claim 6 is structured so that the sides of the rectangular members of the adjacent magnetic
pole teeth are brought into contact at a plurality of places. This provides the effects of the invention of Claim 5 as
well as the ability to reduce cogging torque through magnetic flux leakage between adjacent magnetic pole tceth.
Furthermore, variations in performance of manufactured units can be reduced since the number of contact sites of
reclangular members and the contact area can be easily managed. That permits the provision of manufactured
products with stable characteristics.

[0068] The invention of Claim 7 has gaps created between the rotor core and the rolor shaft. The rotor shaft, the
rolor core and the rotor magnets are integrated via molded resin while the outer circumference of the rolor magnets
and the rotor shaft are coaxially aligned. Consequently, rotors with good coaxial properlics can be easily
manufactured inexpensively. Furthermore, the vibration due to cogging torque is absorbed by the damper effect of
the resin in the gaps between the rotor shaft and the rotor core. That has the effect of enabling the provision of a
rotary motor with low vibration.

[0069] The invention of Claim 8 has the actions of the motor from Claim 7 as well as elimination of the need fora
retaining ring or the need to fashion a retaining ring groove to immobilize the bearings because the stepped
members for positioning of rotor bearings are integrally molded from resin. This has the effect of permitting the
accurale, inexpensive positioning of bearings.

[Brief Description of Drawings]

[Figure 1] Front view of (he stator of a rotary motor based on Embodiment | of the invention.

[Figure 2] Front view of the slator core of a rotary motor based on Embodiment 1 of the invention.

[Figure 3} Front view of the magnetic pole teeth of the stator core and of the coil bobbin connector of a rotary motor
based on Embodiment 1 of the invention. (a) is a front view illustrating the state prior to asscmbly of the two. (b) is
a front view illustrating the state following assembly of the two.

[Figure 4] Oblique view illustrating one example of the thin parts that couple coil bobbins of a rotary motor based
on Embodiment | of the invention.

[Figuie 5] Oblique view illustrating an example of projections in (he thin parts.

[Figure 6] Oblique view illustrating another example of the thin parts.

|Figure 7] Oblique view illustrating still another example of the (hin parts.

[Figure 8] Diagram illustrating the connection state of coils in (he stator of a rotary moltor based on Embodiment 1
of (he present invention.

[Figure 9] Front view of the stator illustrating the assembly of wound coil wires in a rolary motor based on
Embodiment 1 of the present invention.

[Figure 10] Front vicw of a stator in a rolary motor based on Embodiment 2 of (he present invention,

[Figure 11] Front view of the magneltic pole teeth of the stator core and the coil bobbin conneclor in a rotary molor
bascd on Embodiment 2 of the present invention. (a) is a front view illustrating the state prior (o assembly of the
two. (b) is a {ront view illustrating (he statc following assembly of the (wo.

|Figure 12] Diagrammalic cross-sectional view illustrating the connection relation between the coils of the stator of
a rotary motor based on Embodiment 2 ol the present invention.

|Figure 13] Front vicw of the stator of a rotary molor based on Embodiment 3 of the present invention.

[Figure 14] A lateral cross-sectional diagram of the rotary motor based on Embodiment 3 of the present invention.
[Figure 15] Explanatory diagram ol the method of manufacture of the rolary motor based on Embodiment 4 of the
present invention,
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|Figure 16| Explanatory diagram of the scquence ol wire winding in the same manufacturing method.

[Figure 17] Oblique view of the stator core of the rotary motor based on Embodiment 3 of the present invention.
|Figure 18] Partial detailed diagram viewing the stator corc of the rotary molor based on Embodiment 6 of the
present invention {rom the side of the rotor.

[Figurc 19] Lalteral cross-scctional diagram of (he rolary molor bascd on Embodiment 7 of the present invention.
[Figure 20] A cross-sectional view along lines XX-XX of Figure 19.

|[Figure 21| Lateral cross-sectional diagram of the rotary motor based on Embodiment 8 of the present invention.
|Figure 22] An exploded perspective view illustrating a rotary motor [rom conventional example 1.

|Figure 23] An exploded perspective view illustrating a rotary motor [rom conventional cxample 2.

|Figure 24] Explanatory diagram of the method of wire winding on a coil bobbin, a cutaway drawing illustrating
aligned winding.

|Figure 25] Cutaway drawing illustrating aligned winding of a coil on a coil bobbin using an automatic wire
winding device.

[Figure 260] Front view illustrating the state of wire winding of a coil on a coil bobbin using an automatic wire
winding device.

[Figure 27] Explanatory diagram of the winding method of a coil on a coil bobbin, a cross-sectional view
illustrating the state when aligned winding is not possible.

[Figure 28] Lateral cross-scctional diagram of a rotary motor from conventional example 3.

|Figure 29] Lateral cross-sectional diagram of a rotary motor from conventional example 4.

|[Figure 30] An exploded perspective view of the magnetic pole teeth in a rotary motor [rom conventional example
4.

[Explanation of Notations]

1 stator core

2 magnelic pole teeth

2a rotor-facing member

3 ouler yoke

4 coil

5 coil bobbins

8 stator

10 rotor

I5a thin parts

21 neutral terminal member

22 connector terminal member

30 molded resin

32 rotor shaft

33 rotlor core

34 rotor magnets

35 rotor bearings

60 rectangular members

70 molded resin

71 gap

72 protrusions and recesscs

73 nolch (protrusions and recesses)

75 slep scclion
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Figure 4 Figure 5

Figure 2 Figure &

1

/ 15a '

Key to Figure 9
2a: rotor-facing member
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Key to Figure 1

1 stator corc

2 magnelic polc lceth
3 ouler yoke

4 coil

5 coil bobbing

8 stator

10 rotor

15a thin parts

Key to Figure 20
72 protrusions and recesses
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Figure 10
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Key (o Figure 10
21 neutral tcrminal member
22 connector (erminal member
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Key to Figure 13
30 molded resin

Key to Figure 14
32 rotor shaft
33 rolor core
34 rotor magnets
35 rotor bearings
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Keyv lo Figure 17
60 rectangular members

Key 1o Figure 19
70 molded resin
71 gap

73 notch

Key to Figure 21
75 slep section

Figure 22
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[Amendment of Procedure]
[Submission Date] February 14, 2000
[Amendcd Procedure 1]
[Name of Target Document of Amendment] Specilication
[Name of Target Section of Amendment] 0043
[Method of Amendment] Revision
[Details of Amendment]
{0043] The neutral terminal member 21 and the connector terminal member 22 are situated at positions that are 180
degrees opposite. They are integrally formed in a shape protruding to the outside of the coil bobbins 5. The neutral
terminal member 21 has three connection terminals 21a, 21b, 21¢ that mutually conduct coil terminals that are
joined. Inaddition, the connector terminal member 22 has three independent connection terminals 22a, 22b, 22¢
with the connector terminals 23a, 23b, 23¢ formed on their tip sides.

[Amended Procedure 2|

[Name of Target Document of Amendment] Specification
[Name of Target Section of Amendment] 0047

[Method of Amendment] Revision

[Details of Amendment]

[0047] The coil 4 is wound about cach of the coil bobbins 5, as shown in Figure 15, when constructing (he stator 8
of Embodiment 1 or Embodiment 2. Specifically, the magnetic pole teeth 2 are [irst filted to each of the coil
bobbins 5 of the coil bobbin connector 15. Then, the thin parts 15a are bent so that the rotor-facing member 2a of
each of the magnetic pole (eeth 2 opposite the rotor would become the outside. While rounded to the annular shape
reverscd [rom the normal assembly state, the outcr edges of each of the magnetic pole (eeth 2 (located on the inner
circumferential side here) are mated to the positioning recess 41a on the outer circumference of the index member
41. In this state. the coil bobbins 5 protrude radially toward the outside and (he separation between the adjacent coil
bobbins 5 is opencd considerably. This is because the coil bobbins 3 are coupled on the outer-diameter side rather
than being coupled on the inner-diameter side.

| Amended Procedure 3|

[Name of Targel Document of Amendment]| Specification
[Name of Targel Section of Amendment| 0050

|Mcthod of Amendment| Revision

[Details of Amendment|

[0050] When wire winding is completed. the coil bobbin connector 13 is removed from the index member 41 and

the coil bobbin conneclor 13 is reversed. Specilically. (he thin parts 15a are bent so that the rotor-facing member 2a
ol each of the magnetic pole teeth 2 would face the inner circumferential side. and the coil bobbin conneclor 135 is
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rounded to annular shape. Each of the magnetic pole (ceth 2 and the coil bobbin conneclor |5 are housed in the
hexagonal hole 3a of the ouler yoke 3, afler which cach of the magnetic pole {ceth 2 is mated to the maling
hexagonal hole 3b of the outer yoke 3. By so doing, the stator 8 shown in Figure 1 or Figure 10 is completed.

[Amended Procedure 4]

[Name of Target Document of Amendment| Specilication
[Name of Target Scction of Amendment| 0057

|[Mcthod of Amendment| Revision

[Delails of Amendment |

[0057} Embodiment 6. Figure 18 is an expanded view from the side of the rotor 10 of the rolor-facing member 2a of
the magnetic pole teeth 2 in a rolary motor from an embodiment of the invention of Claim 6. This Embodiment 6
has the sides of adjacent rectangular members 60 {rom Embodiment 5 in contact at a plurality of sites. In this
diagram, reference numeral 62 denotes a contact section, The manufacture can be completed in the same manner as
in Embodiment 5. Magnetic [Tux leakage is generated between adjacent magnetic pole teeth 2 when the sides of the
rectangular members 60 arc brought into contact in this manner, and the cogging lorque is reduced by such
magnetic (lux leakage. In addition, handling of the contact area and of the number of contact sites of the
rectangular members is simplified, which reduces variations in performance of the manufactured items and
stabilizes the characleristics.

[Translator note. The correction comprises the addition of a Japanese preposition that has no meaning in English.]

[Amended Procedure 5]

|Name of Target Document of Amendment] Diagrams
[Name of Target Section of Amendment] Figure 1
I[Method of Amendment] Revision

[Details of Amendment]

[Figure 1]

Figure 1

Key to Figure 1

1 slator core

2 magnetic pole lecth
3 outer voke

4 coil

3 coil bobbins

8 stator

10 rotor
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152 thin parls

| Amended Procedurc 0]

|Name of Target Document of Amendment] Diagrams
[Name of Target Section of Amendment| Figure 10
|[Method of Amendment] Revision

[Details of Amendiment]

[Figure 10|

Figure 10

Key to Figure 10
21 neutral terminal member
22 magnetic pole teeth

[Amended Procedure 7]

[Name of Target Document of Amendment] Diagrams
[Name of Target Section of Amendment] Figure 17
[Method of Amendment] Revision

[Details of Amendment]

[Figure 17]

Figure 17
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Key to Figure 17
60 rectangular members

| Amended Procedure 8]

[Name of Target Document of Amendment] Diagrams
|Name of Target Section of Amendment] Figure 28
[Method of Amendment] Revision

[Details of Amendment]

[Figure 28]

Figure 28
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CERTIFICATION OF TRANSLATION

The undersigned, Richard Patner, whose address is 26357 Lexington Drive,
Bonita Springs, FL 34135, United States of America, declares and states as follows:

I am well acquainted with the English and Japanese languages; | have in the
past translated numerous Japanese documents of legal and/or technical content into
English.

| have been requested to translate into English the attached Japanese
Patent No. 7-245895 titled “Rotary motor and method of manufacture .”

To a copy of this Japanese document | therefore attach an English translation
and my Certification of Translation.

| hereby certify that the attached English translation of Japanese Patent No. 7-
245895 titled “Rotary motor and method of manufacture” is, to the best of my
knowledge and ability, an accurate translation.

And | declare further that all statements made herein of my own knowledge are
true, that all statements made on information and belief are believed to be true, and that
false statements and the like are punishable by fine and imprisonment, or both, under
Section 1001 of Title 18 of the United States Code.

June 8, 2017
Richard Patner Date

Page 43 of 43



