STEPPIRG -MJFOR [ Det ai | ed Descri ption of thie 2 N@e'rﬂgmgae% % aL I?Eeﬁd of <
the Invention] The present invention relates to a st fa o aﬁﬁ,ennre %
particularly, to a hybrid-type stepping notor used in, for exanple, an

inkjet printer or a scanner. [Description of the Related Art] An|éxgnpl e of
a known conventional hybrid-type steppitng notor is illustrated in Fig. 7.
The stepping notor 1 includes a three-phase six-pole stator 6; a pair of
brackets 7a and 7b, one externally fitted to each end portion of the stator
6 in an axial direction thereof; and a rotor 9 inserted in the inner
peripheral side of the stator 6 and rotatably supported by the pair of
brackets &g §?gNébM§96ﬁ“9h beari ngs 8a and 8b. The rotor 9 conprises a
rotary sha ; a di sc-shaped pernmanent nagnet 11 secured to the rotary
shaft 10; and gear-like rotor cores 12a and 12b, each of which is secured
to a corresponding end of the permanent magnet 11 in an axial direction

t her eof . [Det2aillexl rimagriplrion 2 ithesdpaeatddnfirom the rotor core 12b by
half a pitch in a peripheral direction thereof, and is positioned so that a
t oot hed pole (not shown) of the rotor

[Industrial Field of the Invention]
The present invention relates to a stepping motor, and,
more particularly, to a hybrid-type stepping motor used in,

for example, an inkjet printer or a scanner.

[Description of the Related Art]
An example of a known conventional hybrid-type stepping

motor is illustrated in Fig. 7.

The stepping motor 1 includes a three-phase six-pole
stator 6; a pair of brackets 7a and 7b, one externally
fitted to each end portion of the stator 6 in an axial
direction thereof; and a rotor 9 inserted in the inner
peripheral side of the stator 6 and rotatably supported by

the pair of brackets 7a and 7b through bearings 8a and 8b.

The rotor 9 comprises a rotary shaft 10; a disc-shaped
permanent magnet 11 secured to the rotary shaft 10; and
gear-like rotor cores 12a and 12b, each of which is secured
to a corresponding end of the permanent magnet 11 in an

axial direction thereof.



core I2b is®disposed between adjacent toothed poles (not shown) of the
rotor core 12a. In Fig. 7, reference nuneral 15 denotes a bolt for securing
the pair of brackets 7a and 7b to the stator 6. [Problemto be Sol ved by
the Invention] It is well known that hybrid-type stepping notors have a

hi gh noise level and vibrate consideraply. In reality, however, a
technol ogy which allows effective reduction of such noise and vibration has
not yet been proposed. The present inventor et al. have anal yzed the
causes. of noise and vibration in hybrid-type stepping notors. It was found
that for a standard hybrid-type stepping notor with an air gap of 50
[err]m when the generated torque was 1, the radial attraction/repulsion
force (the vibration force) between the stator 6 and the rotor 9 was over

10, while therpgi pbtbereeré tiva Magnripatatedulrsoan ther eetbet weea tps stator
steel plates) was about 0.1. By suppressing vibration of the stator in a

radi al dbyehkil@nat petehf inaasperiyhdiel réidtedt Aobraiarewf,0aned, igoi se and
vi bration can be effectively reduced. 3 The present invention has been
achi evedpbasedonrdt Ebsthabwk etigetlzedl prde aeatt shuyractoft heprotiogi on of a
stepping notor which nmakes it possible to reliably and effectively

core 12b is disposed between adjacent toothed poles (not

shown) of the rotor core 12a. 1In Fig. 7, reference numeral

15 denotes a bolt for securing the pair of brackets 7a and

7b to the stator 6.

[Problem to be Solved by the Invention]-
It is well known that hybrid-type stepping motors have
a high noise level and.vibrate considerably. In reality,
however, a technology which allows effective reduction of

such noise and vibration has not yet been proposed.

fhe present inventor et al! have analyzed the causes. of

noise and vibration in hybrid-type stepping motors. It was
found that for a standard hybrid-type stepping motor with an

. air gap of 50 um, when the generated torque was 1, the
radial attraction/repulsion force (the vibration force)
between the stator 6 and the rotor 9 was over 10, while the
axial force (the magnetic repulsion force between the stator
steel plates) was about 0.1. By suppressing vibration of
the stator in a radial direction thereof caused by the
radial vibration force, noise and vibration can be

effectively reduced.



reduce noi §e and vi bration by suppressing vibration of a stator in

direction thereof caused by a radial

rotor.

notor of Claim 1l conprises a stator

[ Means for Solving the Problen] To achieve this object, the

a radi al

vi bration force between a stator and a

st eppi ng

including a stator core and a w ndi ng,

the stator core having a plurality ofgnagnetic poles formed on an inner
peri pheral portion thereof, at a predetermned interval in a peripheral
direction thereof, each magnetic pole including a support and a

smal | -t oot hed portion,

pol es;

sandw ched in

and the wi ndi ng being placed upon the nagnetic

a rotor which is inserted in the inner peripheral side of the stator
and which is rotatably supported through a pair of bearings; and a
brackets, one fitted to each end portion of the stator in an axial
direction thereof; wherein the stepping notor further conprises: a
internally fitted nenbers, one disposed at each end portion of the
in the aX|aITHGrEé??@htt¥@N%Rﬁl°Q§h§$|hﬁﬁ9w%%W¥FV?ﬂtPé&eﬁeﬁBeF h8ving a
first fitted partion internally fitted to an inner peripheral

of the &apwégssmﬁﬁs bad 55&?%%36%&%% RIAVIsHN G, 3 SEeppangr

i I I on
motor w 1c%dma eg 1 CEOSSlble to reliably and effectively

reduce noise and vibration by suppressing vibration of a
stator in a radial direction thereof caused by a radial

vibration force between a stator and a rotor.

[Means for Solving the Problem]

To achieve this object, the stepping motor of Claim 1
comprises a stator including a stator core and a winding,
the stator core having a plurality of magnetic poles formed
on an inner peripheral portion thereof, at a predetermined
interval in a peripheral direction thereof, each magnetic
pole including a support and a small-toothed portion, and
the winding being placed upon the magnetic poles;

a rotor which is inserted in the inner peripheral side

. of the stator and which is rotatably supported through a

pair of bearings; and

a pair of brackets, one fitted to each end portion of
the stator in an axial direction thereof;

wherein the stepping motor further comprises:

a pair of internally fitted members, one disposed at
each end portion of the stator in the axial direction

thereof, each internally fitted member having a first fitted

pair of

pair of
st at or

surf ace
S



thereof by‘the first fitted portions of the internally fitted menbers and
second fitted portions of the brackets, each second fitted portion being
externally fitted to an outer peripheral surface of the correspondi ng end
portion of the stator in the axial direction thereof; and wherein the
internally fitted nenbers and the brackets are separately formed in order
not tolimt the freedomw th which the brackets are positioned with
respect to the internally fitted nenbers in a radial direction thereof.
According to this means, vibration of the stator in a radial direction

t hereof caused by vibration force in the radial direction which is about
100 tinmes larger than the axial force can be suppressed from both the

i nsi de di aneter side and the outside dianeter side of the stator, so that
noi se apdrdilvratinvernanllge fattedt tuehy ipnereperipleraisisinfdagy off the
brackets with respect to the outside dianeter of the stator, and the

posi t i ordhey cefr nespandtiagnandy pbrtien oEnbeesstatdry espect to the inside
di aneter of the stator can be perfornmed separately. Therefore, the stator
can be sandwiwbkezeibetheeataher is Ssandwighed il ia radifdnPdreCcaA@nbet ween
the brackets, respectively, with high precision, and thus be reliably
sandwi chiéereet: by the firgtr éétted B?rgh%n%t%ﬁcﬁhﬂr%ﬂﬁqRR%;ly

fitted members and second fitted portions of the brackets,
each second fitted portion being externally fitted to an
outer peripheral surface of the corresponding end portion of
the stator in the axial direction thereof; and

wherein the internally fitted members and the brackets
are separately formed in order not to limit the freedom with
which the brackets are positioned with respect to the

internally fitted members in a radial direction thereof.

According to this means, vibration of the stator in a
radial direction thereof caused by vibration force in the
radial direction which is about 100 times larger than the
axial force can be suppressed from both the inside diameter
side and the outside diameter side of the stator, so that

noise and vibration can be effectively reduced.

The positioning of the brackets with respect to the
outside diameter of the stator, and the positioning of the
internally fitted members with respect to the inside:
diameter of the stator can be performed separately.

Therefore, the stator can be sandwiched between the



the i nner peri pheral surface and the outer peripheral surface thereof.
According to the stepping notor of Claim2, in Caiml, friction reducing
means i s provided for reducing friction between the surfaces of the
brackets and the surfaces of the internally fitted nenbers that contact
each other in an axial direction thergof. According to this nmeans, when the
brackets are being nounted, they can be slid with respect to the internally
fitted menbers. Therefore, it is possible to prevent the internally fitted
menbers fromlimting the freedomw th which the brackets are positioned,
to facilitate assenbly of the brackets; and to separately sandw ch and
position the stator fromthe inner side and outer side thereof. According
to the stepping notor of Claim3, in Cdaiml or Caim2, a vibration

absor bi ngteenbaily £ithedr pemberdecane dretiveers ifeadaacikietishe brackets and the
surfaces of the internally fitted nenbers that contact each other in the
axi al direspectavelyy;ewith high/preeisinnt andithusedes relilgbddi on at the
side of the internally fitted nenbers and vibration at the side of the

br acket sagdwichedniar fBrerafinl cdthedt nn o &heh &t ateits £6pmbbRIthon can be

effectively reduced. . .
the inner peripheral surface and the outer peripheral

surface thereof.

According to the stepping motor of Claim 2, in Claim 1,
friction reducing means is provided for reducing friction
between the surfaces -of the brackets and the surfaces of the
internally fitted members that contact each other in an

axial direction thereof.

According to this means, when the brackets are being
mounted, they can be slid with respect to the internally
fitted members. Therefore, it is possible to prevent the
internally fitted members from limiting the freedom with
which the brackets are positioned; to facilitate assembly of

“ the brackets; and to separately sandwich and position the

stator from the inner side and outer side thereof.

According to the stepping motor of Claim 3, in Claim 1
or Claim 2, a vibration absorbing member is interposed
between the surfaces of the brackets and the surfaces of the
internally fitted members that contact each other in the

axial direction thereof.



According td the stepping nmotor of Claim4, in any one of Clains 1 to 3,
the pair of brackets are secured to the stator with a bolt, on a |line
extending fromthe support of the correspondi ng magnetic pole of the
stator. According to this neans, vibration transmtted fromthe supports in
a radial direction thereof can be suppressed at a | ocation where the bolts
are secured, so that noise/vibration can be reduced nore effectively.
According to the stepping notor of daim5, in any one of Clains 1 to 4,
the bearing is nounted to the internally fitted nenbers. According to this
means, conpared to the case where a bearing is supported by brackets, the

i nside dianeter of the stator and the rotary shaft of the rotor can be
brought closer to a position where axes coincide, so that a uniformair gap
can be fornmed between the rotor and the stator. 7 According to the
stepping notor of Caim6, in any one of Clains 1 to 5 arib for

rei nforcing tBecogsomy ftio ttdd spaeansnsviibratoondat oee thide0f Wie br acket s.
According to this neans, the rigidity of the second fitted portions of the
bracket s intennaleds ok tted manbeanse afdavdbrazaobeatarlifi Ehde @breheel i ably

bet ween the second_fitted portions and the first fitted portions of the
brackets do not interfere with each other, so that

noise/vibration-can be effectively reduced.

According to the stepping motor of Claim 4, in any one
of Claims 1 to 3, the pair of brackets are secured to the
stator with a bolt, on a line extending from the support of

the corresponding magnetic pole of the stator.

According to this means, vibration transmitted from the
supports in a radial direction thereof can be suppressed at
a location where the bolts are secured, so that

noise/vibration can be reduced more effectively.

According to the stepping motor of Claim 5, in any one
. of Claims 1 to 4, the bearing is mounted to the internally

fitted members.

According to this means, compared to the case where a
bearing is supported by brackets, the inside diameter of the
stator and the rotary shaft of the rotor can be brought
closer to a position where axes coincide, so that a uniform

air gap can be formed between the rotor and the stator.



inte?nallyvfitted menbers in a radial direction thereof. [Description of

t he Enbodi nent] . A description wll now be given of an enbodi nent of the
present invention with reference to the drawings. Fig. 1 is a perspective
view illustrating an enbodi nent of the hybrid-type stepping notor in

accordance with the present invention. Fig. 2 is a sectional view of the
hybri d-type stepping notor. Fig. 3 is a plan view of the stator core as
viewed in an axial direction thereof. Fig. 4 is a plan view of a
nodi fication of the stator core as viewed in an axial direction thereof.
Figs. 5 and 6 each show a nodification of the pair of brackets. Referring
to Figs. 1 to 3, the hybrid-type stepping 8 notor 100 includes a
t hr ee- phase six-pole stator 101; a pair of internally fitted nenbers 103a
and 103b, one fitted to each end portion of the stator 101 in an axi al
direction thereof; a rotor 105 inserted in an inner peripheral side of the
stator 101 ahecerdirgbty theprerming moter gfefAanmy 6 iRe@n¥edBers 103a
and 103b through bearings 104a and 104b; and a pair of brackets 106a and
106b, ol Filgil§ Loteaéh enBiBofer greinfquming fhe seeendy fiféedyi al
direction thereof. The stgéo%?lol i ncj udes a stator core 107 having an

n

out si dePeR&pBNFI £A BToUpd atP§ Ryt RFAGk&tEs-on the

According to this means, the rigidity of the second
fitted portions of the brackets is increased, so that the
stator can be sandwiched more reliably between the second
fitted portions and the first fitted portions of the

internally fitted members in a radial direction thereof.

[Description of the Embodiment ]
.A description will now be given of an embodiment of the

present invention with reference to the drawings.

Fig. 1 is a perspective view illustrating an embodiment‘
of the hybrid-type stepping motor in accordance with the
. present invention. Fig. 2 is a sectional view of the
hybrid-type stepping motor. Fig. 3 is a plan view of the
stator core as viewed in an axial direction thereof. Fig. 4
is a plan view of a modification of the stator core as
viewed in an axial direction thereof. Figs. 5 and 6 each

show a modification of the pair of brackets.

Referring to Figs. 1 to 3, the hybrid-type stepping



i nner’ peripheral portion of the stator core 107, six magnetic poles A, Bl,
ad, A2, B2, and C2, each of which is forned by a support 108 and a
smal | -t oot hed portion 109, are provided at an equal interval in a
peri pheral direction thereof. Each small-toothed portion 109 conprises a
plurality of small teeth 109a, and eagh support 108 is provided at the
center portion of its associated snmall- toothed portion 109 in the
peri pheral direction thereof, with a winding 110 bei ng placed around the
supports 108. An arc-shaped chanfered portion 107a is fornmed in each of the
four corners of the outer peripheral portion of the stator core 107, and a
bolt insertion hole 107b which extends in the axial direction of the stator
101 is forned 9 near its associated arc-shaped chanbered portion 107a.
The intemﬁﬁwxyl@¢t¥ﬁﬁﬂﬁﬁ#ﬁnﬁs$hﬂﬁ§r9§@§el@35-§Pgec§Fﬁﬁ§¥iéﬁl?n@nﬁ@%%, each
i ncluding_a,lar e-dianeier(yortion 111 whose dianeter is slightly |arger
t han t heOf nkRbRIRRLEtBFttRd mambars J03f0#ndaAg3k. sRael F4EEREt 8P portion
(first fitted rtion) 102 ose dianmeter i,s about .the_ sane _as the inside
(i airot or SR | A RO bIoA G KRS O Torhit SR RBnBHERL pBLEPEREOA0 ar o
internajé% fitted to the i ersﬁgki heral surfaces of éhe esggctife end
portions FEEe? <1 arf%t}orloll | PO SR A 8P ABPFONPEREP BFa+t RedSnat | -

the stator 101 and rotatably supported at the internally

fitted members 103a and 103b through bearings 104a and 104b;

and a pair of brackets 106a and 106b, one fitted to each end

portion of the stator 101 in the axial direction thereof.

The stator 101 includes a stator core 107 having an
outside shape with a substantially square section. On the
inner peripheral portion of the stator core 107, six
magnetic poles A1, Bl, Cl, A2, B2, and C2, each of which is
formed by a support 108 and a small-toothed portion 109, are
provided at an equal interval in a peripheral direction
thereof. Each small-toothed portion 109 comprises a
plurality of small teeth 109a, and each support 108 is

_ prdvided at the center portion of its associated small-
toothed portion 109 in the peripheral direction thereof,

with a winding 110 being placed around the supports 108.

An arc-shaped chamfered portion 107a is formed in each
of the four corners of the outer peripheral portion of the
stator core 107, and a bolt insertion hole 107b which

extends in the axial direction of the stator 101 is formed



di anet er portions 102 are disposed at the corresponding end portions of the
stator 101, respectively, in the axial direction with respect to a common
center. The bearings 104a and 104b which rotatably support a rotary shaft
112 of the rotor 105 are, for exanple, press- fitted to the inner

peri pheral portion of the internally ditted nmenbers 103a and 103b,
respectively. The rotor 105 conprises the rotary shaft 112; a disc- shaped
per manent magnet 113 secured to the rotary shaft 112; and gear-1like rotor
cores 114a and 114b, each of which is secured to a corresponding end of the
per manent magnet 113 in an axial direction thereof. The pernmanent magnet
113 and 10 the rotor cores 114a and 114b are positioned between the
internally fitted nenbers 103a and 103b; are disposed in the inner

peri phenedrsitie assonbatedtarc-i9apethchamberedaprédonr df/ahe stator 101 by
a very small air gap with a size of about 50 [err]mto 100 [err]m The
rotor core 1l14a is separated fromthe rotor core 114b by half a pitch in a

peri pheral direction thereof, so that a toothed poleéénot shown) of the
rotor core 1 InEernallvoddd use meaRezd 40dat apdot P2B #BPes (not shown) of

he r r re.l114a. Th rack 1 nd 1 h m an
the Otgylggdgicalamembé}gnEggéﬁsﬁné¥¥§f%§ja qggggéggam% %rapgggggn and a

111 whose diameter is slightly larger than the inside
diameter of the stator 101, and a small-diameter portion
(first fitted portion) 102 whose diameter is about the same
as the inside diameter of the stator 101. When the small-
diameter portions 102 are internally fitted to the inner
peripheral surfaces of the respective end portions of the
‘stator 101 in the axial direction thereof, the small-
diameter portions 102 are disposed at the corresponding end
portions of the stator 101, respectively, in the axial

direction with respect to a common center.

The bearings 104a and 104b which rotatably support a
rotary shaft 112 of the rotor 105 are, for example, press-
. fitted to the inner peripheral portion of the internally

fitted members 103a and 103b, respectively.

The rotor 105 comprises the rotary shaft 112; a disc-
shaped permahent magnet 113 secured to the rotary shaft 112;
and gear-like rotor cores 1145 and 114b, each of which is
secured to a corresponding end of the permanent magnet 113

in an axial direction thereof. The permanent magnet 113 and



squar e cylfndrical out si de shape, which is virtually the sanme as the shape
of the stator 101. An insertion hole 115 for inserting.the rotary shaft 112
of the rotor 105 therein is formed in the center portion of the bottom wall
of each of the brackets 106a and 106b. A chanfered portion 116a is forned
in each of the four corners of the oufger peripheral portion of each of the
brackets 106a and 106b, in correspondence with its associ ated chanfered
portion 107a of the stator 101. Fitted protrusions (second fitted portions)
117 externally fitted to their respective chanfered portions 107a of the
stator 101 are provided at their respective chanfered portions 116a of the
bracket 106a and the bracket 106b so as to extend in the axial direction of
the stator 101. The stator 101 is provided so as to be sandw ched between
the fittde gramsAares lilAaarad: Ad4bnake- BPakbiered opet¥RaN 1018 of t he
internally fitted nenbers 103a and 103b in_a_radial djrection thereof. At
the fourlitermaldsoff itfed nambergalf38r apfelPphekare 196300334 cidd $hol es 118

are formed concentrically with their respectiye bolt insertion hples 107b
formed 1iineTo REFARIISTa): 517 OTAThenBERERT  LB] neRld GFTS rARARALSH wal | of

t he bracket. 6b, balt insection holes 1 ate formed concentrically with
their ré{rﬁé‘btg\?es&ﬂq'to’ﬁ r}rsbzrr ;blyoﬁ NSFXSS“‘&H alr gap with a size OP Y
about 50 uym to 100 pm.

The rotor core 1ll4a is separated from the rotor core
114b by half a pitch in a peripheral direction thereof, so
that a toothed pole (not shown) of the rotor core 114b is
positioned between adjacent toothed poles (not shown) of the

rotor core llda.

The brackets 106a and 106b each have a bottom and a
square cylindrical outside shape, which is virtually the
same as the shape of the stator 10i. An insertion hole 115
for inserting the rotary shaft 112 of the rotor 105 therein
is formed in the center portion of the bottom wall of each
of the brackets 106a and 106b. A chamfered portion 1l6a is
formed in each of the four corners of the cuter peripheral
portion of each of the brackets 106a and 106b, in
correspondence with its associated chamfered portion 107a of

the stator 101.

Fitted protrusions (second fitted portions) 117

externally fitted to their respective chamfered portions



107b. By screwing securing bolts 120, inserted in their respective bolt

I nsertion holes 119 and their respective bolt insertion holes 107b, into
their respective threaded holes 118, the brackets 106a and 106b are secured
to the stator 101. When the brackets 106a and 106b are secured to the
stator 101, a stator 101 side end surface of the |large- dianmeter portion
111 of each of the internally fitted nbers 103a and 103b contact a side
surface of the stator 101, and a peripheral edge portion of an end surface
of each 12 of the internally fitted menbers 103a and 103b faci ng away
fromthe stator 101 contacts the bottomwall of each of the brackets 106a
and 106b. A fluoroplastic coating (friction reducing neans) 121 or the like
is applied to the surfaces of the internally fitted nmenber 103a and the
bracket 10%a ¢ofiatheostaier ebth artehqroandieido athehetirf aeepeotivée internal ly
fitted nmenber 103b and the bracket 106b that contact each other, in order

t o r educehéamierednpoetivns IIfes ok dipobaeickesr 196aAandabhhbebnadkest ood from
t he foregoi ng description, in the enbodi nment, since the fitted protrusions
117 of th@6hrsekas staowatent rodhemkinle ddmectidnanét thepstatons 102 of

the internally fitted nenbers 103a and 103b are provi ded
101. "The stator 101 is provided so as to be sandwiched

between the fitted protrusions 117 and the small-diameter
portions 102 of the internally fitted members 103a and 103b

in a radial direction thereof.

At the four corners of the bottom wall of the bracket
106a, threaded holes 118 are formed concentrically with
their respective bolt insertion holes 107b formed in the
stator core 107. At the four corneés of the bottom wall of
the bracket 106b, bolt insertion holes 119 are formed
concentrically with their respective bolt insertion holes
107b. By screwing securing bolts 120, inserted in their
respective bolf insertion holes 119 and their respective
bolt insertion holes 107b, into their respective threaded
holes 118, the brackets 106a and 106b are secured to the

stator 101.

When the brackets 106a and 106b are secured to the
stator 101, a stator 101 side end surface of the large-
diameter portion 111 of each of the internally fitted
members 103a and 103b contact a side surface of the stator

101, and a peripheral edge portion of an end surface of each



so as to sandwich the stator 101 in a radial direction thereof, vibration
of the stator 101 in the radial direction thereof caused by vibration force
in the radial direction that is about 100 tines the axial force can be
suppressed fromboth the inside dianeter side and the outside dianeter side
of the stator 101. As a result, noise2and vibration can be effectively
reduced. A test was conducted on the stepping notor of the enbodi nent and
the stepping notor of Fig. 7 having the conventional structure. The
st eppi ng notor of the 13 enbodi nent and the conventional stepping notor
of Fig. 7 were rotated at a speed of 1020 rpm and the |level of the noise
generated fromthese stepping notors was neasured at a distance of 10 cm
fromthese stepping notors. The results are given in Table 1. According to
Tabl e lpfwhte tiheeshalilyurttbéd tivemisérppl 08p raxidrl 06 tfae iegbadiayent is
used, the noise |evel can be significantly reduced, regardl ess of whether
t he st efipomgthet stateruietl edbnnacts ihve riritaml walla ofr iedcsr offo theed sheet s.
[ Tabl e 1] Conventional Type New Type of New Type of dB (A)
St ruct ubratkets %Pfacandel@6dB (&) fluoroplastd® Gmating (friction

reducing means) 121 or the like is applied to the surfaces

of the internally fitted member 103a and the bracket 106a

that contact each other and to the surfaces of the

internally fitted member 103b and the bracket 106b that

contact each other, in order to reduce friction between

these component parts.

As can be understood from the foregoing description, in
the embodiment, since the fitted protrusions 117 of the
brackets 106a and 106b and the small-diameter portions 102
of the internally fitted members 103a and 103b are provided
so as to sandwich the stator 101 in a radial direction
thereof, vibration of the stator 101 in the radial directiomn
thereof caused by vibration force in the radial direction

. that is about 100 times the axial force can be suppressed
from both the inside diameter side and the outside diameter
side of the stator 101. As a result, noise and vibration

can be effectively reduced.

A test was conducted on the stepping motor of the
embodiment and the stepping motor of Fig. 7 having the

conventional structure. The stepping motor of the



St eppi ng Mot or 43.5 39.6 39.6 Used Al one

St eppi ng Motor Mounted in Printer 59.7 56. 3 56.0
for Feeding Sheets The brackets 106a and 106b and the internally fitted
menbers 103a and 103b are separately forned so that the brackets 106a and
106b can be freely positioned in a rgdial direction thereof with respect to
the internally fitted nmenbers 103a and 103b, respectively. Therefore, the
positioning of the brackets 106a and 106b with respect to the outside

di anmeter of the stator 101 and the positioning 14 of the internally
fitted nmenbers 103a and 103b with respect to the inside dianeter of the
stator 101 can be perforned separately. As a result, the stator 101 can be
preci sely sandwi ched between the internally fitted nenbers 103a. and 103b,
and bet embodfinenbr anéetse 106Gavemti ddb , s repgpiact imeeloy, ofi Fighi gh preci si on,
making it possible to reliably sandwi ch the stator 101 in the radial

di rect i wareheotatefir am dospeedeof NhE20 pepmi plemdaitheudexed afdthire out er

peri pheral surface thereof. A fluoroplastic coating 121 or the like is
appl i ednodsehgeperabedsivomt thesetstenping matasd Vasbaeasyzgdand ehe

distance of 10 cm from these stepping motors. The results
are given in Table 1. According to Table 1, when the
structure of the stepping motor of the embodiment is used,
the noise level can be significantly reduced, regardless of
whether the stepping motor is used alone or is mounted in a

printer to feed sheets.

[Table 1]
Conventional Type New Type of New Type of
dB (A) Structure 1 Structure 2
dB (A) dB (A)
Stepping Motor 43.5 39.6 39.6
Used Alone
Stepping Motor
Mounted in Printer 59.7 56,3 56.0
for Feeding Sheets

The brackets 106a and 106b and the internally fitted
members 103a and 103b are separately formed so that the |
brackets 106a and 106b can be freely positioned in a radial
direction théreof with respect to the internally fitted
members 103a and 103b, respectively. Therefore, the
positioning of the brackets 106a and 106b with respect to

the outside diameter of the stator 101 and the positioning



bracket 106a that contact each other and to the surfaces of the internally
fitted nmenber 103b and the bracket 106b that contact each other, in order
to reduce friction between these conponent parts. Therefore, when the
brackets 106a and 106b are being nmounted, they can be slid with respect to
their respective internally fitted nmeppers 103a and 103b. As a result, it
I's possible to prevent the internally titted nenbers 103a and 103b from
limting the freedomw th which the brackets 106a and 106b can be
positioned. This nmakes it possible to facilitate assenbly of the brackets
106a and 106b, and to separately sandwi ch and position the stator 101 from
the inner side and the outer side thereof. 15 The bearings 104a and 104b
whi ch support the rotary shaft 112 of the rotor 105 are directly supported
by the ot ehealinyefrnbileg feobed smémBersandIDInd 103 wikh kesipesitde .

di aneter of the stator 101. Therefore, conpared to the case where the

beari ngtol@te dndified4diametenppdrtie dyatdre laclet el gex farnetocb, the

i nside diameter of the stator 101 and the rotary shaft 112 of the rotor 105
can be bepaghtediyoseAste zepoitiithe wiatordsl @amdied®resdsglyesult, a
uniformair gap can be fornmed between the rotor 105 and the stator 101.

Al t hougsandwiibedbbeswaenctheeiineapril Henfittted members 103a. and

103b, and betweén the brackets 106a and 106b, respectively,
with high precision, making it possible to reliably sandwich
the stator 101 in the radial direction thereof from both the
inner peripheral surface and the outer peripheral surface

thereof.

A fluoroplastic coating 121 or the like is applied to
the surfaces of the internally fitted member 103a and the
bracket 106a that contact each other and to the surfaces of
the internally fitted member 103b and the bracket 106b that
contact each otﬁer, in order to reduce friction between
these component parts. Therefore, when the brackets 106a
and leb are being mounted, they can be slid with respect to

. their respective internally fitted members 103a and 103b.

_As a result, it is possible to prevent the internally fitted -
members 103a and 103b from limiting the freedom with which
the brackets 106a and 106b can be positioned. This makes it
possible to facilitate assembly of the brackets 106a and
106b, and to separately sandwich and position the stator 101

from the inner side and the outer side thereof.



fluororesin coating 121 was used as nmeans for reducing friction at the
surfaces of the internally fitted nenber 103a and the bracket 106a that
contact each other and at the surfaces of the internally fitted nmenber 103b
and the bracket 106b that contact each other, the present invention * is
not limted thereto. In order to redyge friction, the contact surfaces my
be subjected to surface treatnent so"as to reduce the area of contact of
the contact surfaces. In place of the friction reducing nmeans or in
addition to the friction reducing neans, vibration absorbing nmenbers (not
shown) such as resilient nenbers or |ow resiliency rubbers may -be
I nt erposed between the surfaces of the 16 internally fitted nenber 103a
and the bracket 106a that contact each other and between the surfaces of
t he i nt ernal Mhef behedngenbedaland hddib teiddn sekeportOBihe attaxgnt act each
other. Wien this is done, it is possible to prevent vibration at the side
of the ighafitndlly dfi tithed nokolre1651808e dadetdBp swpperbedtbwrthe the side of
the brackets 106a and 106b frominterfering with each other. Therefore,
noi se/ viibrayinad lyarf 4 ede tepberaod3af fndt L03byfitked tte e uknsigeolts 120
can be prevented from!loosing due to the resiliency of the vibration
absor bi Wjanstey £ the stator 101. Therefore, compared to the case

where the bearings 104a and 104b are supported by the

brackets 106a and 106b, the inside diameter of the stator

101 and the rotary shaft 112 of the rotor 105 can be brought

closer to a position where axes coincide. As a result, a

uniform air gap can be formed between the rotor 105 and the

stator 101.

Although in the above-described embodiment a
fluororesin coating 121 was used as means for reducing
friction at the surfaces of the internally fitted member
103a and the bracket 106a that contact each other and at the
surfaces of the internally fitted member 103b and the
bracket 106b that contact each other, the present invention

. is not limited thereto. 1In order to reduce friction, the
contact surfaces may be subjected to surface treatment so as

to reduce the area of contact of the contact surfaces.

In placé of the friction reducing means or in addition
to the friction reducing means, vibration absorbing members
(not shown) such as resilient members or low resiliency

rubbers may be interposed between the surfaces of the



’ §
Al t hough in the above-descri bed enbodi nrent a hybrid- type stepping notor
with a three-phase six-pole stator 101 was used, it is obvious that the
present invention nay also be applied to, for exanple, a hybrid-type
stepping nmotor with a two-phase eight-pole stator illustrated in Fig. 4 or
to other types of generally used hybr# -type stepping notors, regardl ess of
t he nunber of phases and nunber of poles. In the stator core 200 of the
stator of Fig. 4, the insertion holes 107b for inserting their respective
securing bolts 120 therein are di sposed on respective |ines extending from
the supports 108 of their respective magnetic poles Bi, 17 B2, B3, and
B4 in a radial direction thereof. Therefore, vibration transmtted fromthe
supports 108 in a radial direction thereof can be suppressed at the

| ocat i oninttermalilye Kiaied megmbelrt 30330aadethechradke®si@6a eshdt, it is
possi bl e to reduce noise/vibration nore effectively. As showmn in Fig. 5,
when t heedntaaid gaadt midieonantl betwepndthe sheféoces cbhriiees of the bracket
106a and the four corners of the bracket 106b are connected by di agonal,

l i ne- | ilkdenned 1301fitdedagmepbewnl0dbFagd thewbrackéeie 061 ethat ot rusi ons 117
formed at the four corners of the bracket 106a and the four corners of the
br acket Crogtack @€asdn®ddedd by diagonal, line-like ribs 202 as well as by
ribs 203 in a

When this is done, it is possible to prevent vibration
at the side of the internally fitted members 103a and 103b
and vibration at the side of the brackets 106a and 106b from
interfering with each other. Therefore, noise/vibration can
be reduced more effectively, and the securing bolts 120 can
be prevented from loosing due té the resiliency of the

vibration absorbing members.

Although in the above-described embodiment a hybrid- -
type stepping motor with a three-phase six-pole stator 101
was used, it is obvious that the present invention may also
be applied to, for example, a hybrid-type stepping motor
- with a two-phase eight-pole stator illustrated in Fig. 4 or
to other types of generally used hybrid-type stepping motors,

regardless of the number of phases and number of poles.

In the stator core 200 of the stator of Fig. 4, the
insertion holes 107b for inserting their respective securing
bolts 120 therein are disposed on respective lines extending

from the supports 108 of their respective magnetic poles BEl,



periﬁheral direction thereof, the rigidity of each of the fitted
protrusions 117 is increased. This allows nore reliable sandw ching of the
stator 101 in a radial direction thereof between the fitted protrusions 117

of the bracket

106a and the fitted protrusions 117 of the bracket 106b and

the small diameter portion 102 of the_internally fitted nmenber 103a and the

smal | - di anet er

portion 102 of the inté?nally fitted nmenber 103b.

[ Advant ages] As is clear fromthe foregoing description, according to the
present invention, by suppressing vibration of the 18 stator in a radial
direction thereof produced by a radial vibration force between the stator

and the rotor,

a stepping notor which nakes it possible to reduce noi se and

vibration reliably and effectively can be provided. [Brief Description of
the DraBngH3,[ Hrd B4 if @ rhdialadieespéohi vhevee i | Thistefdtdg an

enbodi ment of the hybrid-type stepping notor in accordance with the present
i nvent i oribdafiigpn AraFismitdead faometheosapporesy D68t e dybadikl ype st epping

not or .

direction thereof can be suppressed at the location where

the securing bolts 120 are secured. As a result, it is

possible to reduce noise/vibration more effectively.

As shown in Fig. 5, when the fitted protrusions 117

formed at the four corners of the bracket 106a and the four

corners of the bracket 106b are connected by diagonal, line-

like ribs 201, or as shown in Fig. 6, when the fitted

protrusions 117 formed at the four corners of the bracket

106a and the four corners of the bracket 106b are connected

by diagonal, line~like ribs 202 as well as by ribs 203 in a

peripheral direction fhereof, the rigidity of each of the

fitted protrusions 117 is increased. This allows more

reliable sandwiching of the stator 101 in a radial direction

thereof between the fitted protrusions 117 of the bracket

. 106a and the fitted protrusions 117 of the bracket 106b and

the small diameter portion 102 of the internally fitted

member 103a and the small-diameter portion 102 of the

internally fitted member 103b.

[Advantages]

As is clear from the foregoing description, according

to the present invention, by suppressing vibration of the
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[Fig. 3] Fig. 3is a plan view of a stator core as viewed from an axi al
direction thereof. [Fig. 4 Fig. 4 is a plan view of a nodification of the
stator core as viewed fromthe axial direction thereof. [Fig. 5] Fig. 5is
a plan view of a nodification of the pair of brackets. [Fig. 6] Fig. 6 is a

pl an view of another nodification of jighe pair of brackets. [Fig. 7] 19
Fig. 7 is a sectional view of a conventional hybrid- type stepping notor.

[ Ref erence Nunerals] 100 ... Hybrid-type stepping notor 101 ... Stator 102
... Small-dianeter portion (first fitted portion) 103a, 103b ... Internally
fitted nmenbers 104a, 104b ... Bearings 105 ... Rotor 106a, 106b ...

Br acket s

stator in a radial direction thereof produced by a radial
vibration force between the stator and the rotor, a stepping
motor which makes it possible to reduce noise and vibration
reliably and effectively can be provided.

[Brief Description of the Drawings]

[Fig. 1]

Fig. 1 is a perspective view illustrating an embodiment
of the hybrid-type stepping motor in accordance with the
present invention.

[Fig. 2]

Fig. 2 is a sectional view of the hybrid-type stepping
motor.

[Fig. 3]

Fig. 3 is a plan view of a stator core as viewed from
an axial direction thereof.

[Fig. 4]

Fig. 4 is a plan view of a modification of the stator

. core as viewed from the axial direction thereof.

[Fig. 5]

Fig. 5 is a plan view of a modification of the pair of
brackets.

[Fig. 6]

Fig. 6 is a plan view of another modification of the
pair of brackets.

[Fig. 7]



107 '... Stator core 108 ... Support 109 ... Small-toothed portion 110 ..

Wnding 112 ... Rotary shaft 113 ... Permanent nagnet 114a, 114b ... Rotor
cores 117 ... Fitted protrusion (second fitted portion) 120 ... Securing
bolt 121 ... Fluororesin coating (friction reducing nmeans) 201, 202, 203

Ri bs 20 WHAT IS CLAIMED: [C ai{g1] A stepping notor conprising: a
stator including a stator core and a w nding, the stator core having a
plurality of magnetic poles forned on an inner peripheral portion thereof,
at a predetermned interval in a peripheral direction thereof, each
magneti c pole including a support and a small-toothed portion, and the
wi ndi ng being pl aced upon the nagnetic poles; a rotor which is inserted in
the inner peripheral side of the_stator and which is rotatably supported
through a paifidf b itngectipnad paevw of praereestieral fh¥REkdt o each end

portion of .
type stepping motor.

[Reference Numerals]
100 ... Hybrid-type stepping motor
101 ... Stator -
102 ... Small-diameter portion (first fitted portion)
103a, 103b ... Internally fitted members
104a, 104b ... Bearings
105 ... Rotor
106a, 106b .«+ Brackets
107 ... Stator core
108 ... Support
109 ... Small-toothed portion
110 ... Winding
112 ... Rotary shaft
113 ... Permanent magnet
ll4a, 114b ... Rotor cores
. 117 ... Fitted protrusion (second fitted portion)
120 ... Securing bolt
121 ... Fluororesin coating (friction reducing means)

201, 202, 203 ... Ribs



the stator ‘in an axial direction thereof; wherein the stepping notor
further conprises: a pair of internally fitted nenbers, one disposed at
each end portion of the stator in the axial direction thereof, each
internally fitted nmenber having a first fitted portion internally fitted to
an inner peripheral surface of the corégsponding end portion of the stator;
wherein the stator is sandwi ched in a dial direction thereof by the first
fitted portions of the internally fitted nenbers and second fitted portions
of the brackets, each second fitted portion being externally fitted to an
21 outer peripheral surface of the corresponding end portion of the stator
In the axial direction thereof; and wherein the internally fitted nenbers
and the brackets are separately fornmed in order not to limt the freedom
Wi t h whi clWHATe ISr &ERaEMEDar e positioned with respect to the internally
fitted menbers in a radial direction thereof. [Claim2] A stepping notor
according to Claiml, wherein friction reducing neans is provided for
reducing friction between the surfaces of the brackets and the surfaces of
the internally fitted nenbers that contact each other in an axial direction

thereof. [Q&ifimlif S PR IP IR oRhPr1gihg. G aim 1 or

a stator including a stator core and a winding, the
stator core having a plurality of magnetic poles formed on
an inner peripheral portion thereof, at a predetermined
interval in a peripheral direction thereof, each magnetic
pole including a support and a small-toothed portion, and
the winding being placed upon the magnetic poles;

a rotor which is inserted in the inner peripheral side
of the stator and which is rotatably supported through a
pair of bearings; and

a pair of brackets, one fitted to each end portion of
the stator in an axial direction thereof;

wherein the stepping motor further comprises:

a pair of internally fitted members, one disposed at

~each end portion of the stator in the axial direction

thereof, each internally fitted member having a first fitted
portion internally fitted to an inner peripheral surface of
the corresponding end portion of the stator;

wherein the stator is sandwiched in a radial direction
thereof by the first fitted portions of the internally
fitted members and second fitted portions of tﬁe brackets,

each second fitted portion being externally fitted to an
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d aih12, wherein a vibration absor bi ng nenber is interposed between the
surfaces of the brackets and the surfaces of the internally fitted nenbers
that contact each other in the axial direction-thereof. [Caim4] A
st eppi ng notor according to any one of Clains 1 to 3, wherein the pair of
brackets are secured to the stator wibhR a bolt, on a line extending from
the support of the corresponding magnetic pole of the stator. [Claimb5] A
st eppi ng notor according to any one of Clains 1 to 4, wherein the bearing
is mounted to the internally fitted nmenbers. [Claim®6] A stepping notor
according to any one of Clains 1 to 5, wherein arib for reinforcing the
second fitted portions is provided on the pair of brackets.
outer peripheral surface of the corresponding end portion of
the stator in the axial direction thereof; and
wherein the internally fitted members and the brackets
are separately formed in order not to limit the freedom with
which the brackets are positioned with respect to the
internally fitted members in a radial direction thereof.
[Claim 2] A stepping motor according to Claim 1,
wherein friction reducing means is provided for reducing
friction between the surfaces of the brackets and the
surfaces of the internally fitted members that contact each
other in an axial direction thereof.
[Claim 3] A stepping motor according to Claim 1 or
Claim 2, wherein a vibration absorbing member is interposed
between the surfaces of the brackets and the surfaces of the
internally fitted members that contact each other in the
axial direction thereof.
[Claim 4] A stepping motor according to any one of
Claims 1 to 3, wherein the pair of brackets are secured to
the stator with a bolt, on a line extending from the support
of the corresponding magnetic pole of the stator.
[Claim 5] A stepping motor according to any one of
Claims 1 to 4, wherein the bearing is mounted to the
internally fitted members.
[Claim 6] A stepping motor according to any one of

Claims 1 to 5, wherein a rib for reinforcing the second

fitted portions is provided on the pa'ir of brackets.
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