v LMe3eBx?, "N6$Tx+0A SI NGLE- PHASE | NDUCTI ON MOTORAND ROTOR ASSEMBLI NG
APPARATUS BACKGROUND OF THE I NVENTION 5 Field of the | nvgrﬁmi on The &)resent
i nvention relates to a singl e-phase induction notor in alRd¥euember 2002
-conpressor used in a refrigerator or an air conditioner. Description of the

Prior Art FIG 11 is a cross sectional view of a rotor 9 of a l

si ne-phase 10 15 induction notor disclosed in the Japanese Lai 3mm’mmw|“mmﬂl l“l
Utility Mddel publication No. 58 1720{5. In FIG 11, the rotor 9 caggiiSe
a circunference 9a of the rotor 9, slot portions 12 filled with di e-(‘:@it

al um num whi ch consti tW G -i’ﬁ}i @I’f(fN Qt or 9, teetmmmm
each slot portion 12, agh;ggr 1%{ § '\%’F n i ach tooth
rotor circunference 9a d %é [Vc(?ﬁp *5 a cross sect i-gmeb*

|
view of a rotor 9 of a conventional single-phase induction notor discl osed
in the Japanese Lai d-open Patent No. 60-3932. In FIG 12, the rotor 9

conpri ses a circunferenddAGKGROYNP QBIHBE BNVENBIONpeni ng portions 12a, and

teeth 13, respectively. In the rotor 9 in FIG 11, the slot portion 12
const i tut Eigldof ce in the 20 25 rotor 9. The inside of the closed
space is filleg with the die-cast al um nu Si nce the shape of the slot
portion 12 is cloRgsnt f“c"@‘é"“g‘éﬁ@?&ﬁ}“&lﬁ‘fpg}’ﬁc Ycgom motprip g hermedror . | n

ot her words, the bridd es .14 atre | ai d between the rotor circunference 9a and
the respeTiHRFESSYY B ﬁ%?ﬁfﬂ%?aﬁortad’ AHRAONS ch tooth 13. The effici ency of

a notor iﬁegm tri(g)nv(%qh Hiot&? width of the bridge 14 is nade narrower.
However , TTT;EV‘UWET_%TFOIQ'E’14 tends to generate magnetic saturation and

causes el ect 1 opRINAL G ARk SErofiNOG 1Rl AARELI B aG hissgener at ed

particularly during a high-torque operation when a capacl e of a driving

capacippor mh&tﬂoﬂrnfllﬁor disclG eV ﬁg@zﬁi'angsg%idz?})mq}tﬂ%‘aMOdgl duﬂgé(lt;?n NK2 sghows an

exanpl e of open slots, having sl'ot apertures 1 I nst'ea the bridges 14

connect i ng7203shid PRG Mt 11 hdtor®admphiSesH @fcuR®rénc@9a b2 tiRR6tot Y&sifot or
circunference 9a. However, the rotor circunferences 9a have to be cut off

or buf f edpaiforaf efilledivEithcdis chdd GlupTiMGR SEhiti E6lititufes Gl dse@ §hadt!in thE t&br & core
| am nating 5 process, because alum num spouts out of the slot aperture 12a
t owar d t I teeth 13 between each slot portion 12, and bridges 14 for connecting cach tooth 13
on the rotor circumference 9a side, respectively.
15 FIG. 12 is a cross sectional view of a rotor 9 of a conventional single-phase
induction motor disclosed in the Japanese Laid-open Patent No. 60-39352. In FIG.
12, the rotor 9 comprises a circumference 9a of the rotor 9, slot opening portions 12a,
and teeth 13, respectively.
In the rotor 9 in FIG. 11, the slot portion 12 constitutes a closed space in the
20 rotor 9. The inside of the closed space is filled with the die-cast aluminum. Since the
shape of the slot portion 12 is closed, it is generally referred to as a closed slot. In
other words, the bridges 14 are laid between the rotor circumference 9a and the
respective sjot portions 12 to connect each tooth 13. The efficiency of a motor is
improved, if the width of the bridge 14 is made narrower. However, a narrower
25 brdge 14 tends to generate magnetic saturation and causes electromagnetic noise. A

large electromagnetic noise is generated particularly during a high-torque operation

when a capacitance of a driving capacitor is large.



circunference during the alum num di e-casting process. A conventional

si ngl e- phase i nduction notor constructed in the above neniioned way S
foll owi ng problens. (1) The rotor 9 having closed slots ﬂéﬁ@yenﬁxﬁéﬁgﬁate
magneti c saturation 10 due to narrow bridges 14 during a high torque
operation when a capacitance of a driving capacitor is |large, and generates
a el ectromagneti c noi se which nmakes a | arge noi se during operation. (2) The
rotor 9 having open slots needs cuttigqg-off or buffing-up of the rotor
circunference 9a after die-casting, because al um num spouts out of the slot
15 apertures 12a t d i.fcunt erenc rin he_al um num di e- casti ng
rocess. 1t i s R LTS 12 ARSI REGR e el Sets Bafipt ToLiES

si ngl e- ph@%&t@%&th@ﬂﬁ%& 4 cYfiHeGth Ce%@h ﬁ)‘d PrifwiddGnd @B%&E\;\%ﬂb 8hd

el ectromegnet1 ¢ noi se even duri ng & g orque operation en a

capaci t ange rQhy SRS F2RRAKIVEY, tlileSrot(ﬁrcggumﬂePcnic& @aﬂ%&@ﬁba@%& gftlt of the

invention 1s to provide a rotor assenbling apparatus whi m nat es

the need Gfp @tttitipreP ldic-QhkuMHbERY WHR NN Baratd bR GReOf cdrb BinlifhRk
circunference after die-casting if a rotor having open slots I's used, by

prevensi NgroaésdThdtdibc iR e dt@@u@!ﬁhe@ﬁoﬂ@?@rhﬁé%@%ﬂ thees during the
al um num di e-casting. SUMMARY OF TES | NVENTI ON 25 According to one aspect

of the i nsirnhifébncealusing Herphiac® diaciithg processt or conpri ses, a nmai n wi ndi ng;
an auxiliary winding which is arranged so that an el ectrical 18 Novenber
2002 3 angl e oA dohecntional lsingteyphaseiidagion snadorf doestartedfin thm dbbed- of t he mai n
winding; a plurality of driving capacitors connected to said auxiliary

wi ndi ng; ment@inay whphag folowaig problemn/ of f of said driving capacitors in
response to a driving |load;, and a rotor having apertures on the gap side
(ci rcunf er ence(19i deYhefoter{thaying dosedgloty tdndsgo genezato niagnetigspfutationf t he
invention, a rotor assenbling apparatus conprises a bush to which a rotor
core d8settsity npgow bsideescht dusingqy higheigaque pgeralipievbemha sanaraaee®ice bet ween sai d
bush and sai.d rotor core assenbly is narrower to the extent that said rotor
core asseHHIPe EapACIE 1 lareenans gengates p clgrigorpagpeticnpiseaich makeset 8535 havi ng a

cl earance het yween thet.core band and the bush in the circunferenti al
di r ect i o€ operation.

2) The rotor 9 having open slots needs cutting-off or buffing-up of the

rotor circumference 9a after die-casting, because aluminum spouts out of the slot
15 apertures 12a toward the circumference during the aluminum die-casting process.

It is an object of the present invention is to provide a single-phase induction
motor which can suppress the generation of electromagnetic noise even during a high
torque opcration when a capacitance of a driving capacitor is large.

It is another abject of the invention is to provide a rotor assembling apparatus

20 which eliminates the need of cutting-off or buffing-up the surface of the rotor
circumference after die-casting if a rotor having open slots is used, by preventing

aluminum from spouting out of the slot apertures during the aluminum die-casting.

SUMMARY OF THE INVENTION
25
According to one aspect of the invention, a single-phase induction motor

comprises,a main winding; an auxiliary winding which is arranged so that an electrical



10 bush, said core band is engaged with said bush so that novenent in the
axis direction is restricted. According to further aspecﬁ] E‘Ich iw tion,
a rotor assenbling apparatus conprises an oil pressure c g Novent r€h a
rotor core assenbly is inserted for alum num di e-casting, wherein, the

cl earance between said rotor core assenbly and IS the oil pressure chuck is
| arger during inserting said core assenbly by decreasing the oil pressure,
and said clearance is narrower duringie-casting by increasing the oil
pressure. BRI EF DESCRI PI TON OF THE DRAWNGS 20 FIG 1 is a circuit diagram
of a single- | I.on. rdi a f.irst..enbodi ment of the

i nventi on.agﬁ{% ?ﬁ?l%’ 4“29‘435{1‘?"%3?%& g{%\?ﬁ%r?]gmg] tﬁ%iotsfglelnéa\l/%lw%qm%laé)glfl? Fagnet i

noi se gen L i - s I i e first
erbodi ent A sehilh bR B RR EhARE LBh0 foPRRLBP NI de0°

noi se | evehidtdqivideSGipsiioys iafrcgpbﬁse%%gﬁwgggatzﬁsﬁ&a fb@&ﬁ%xgxggﬁéxﬁk&%' n the

si ngl e- phase i nduction notor accordi ng e first e nment of the

i nventi on.the %iwﬁmﬂe&@adé)&h{ésl&&i s a diagram showi ng a curve of
noi se | evel %o frequency of the el ectromagnetic noi se generated in the

si ngl e-phase i NalstotdigNtomibMEr RHER bHIHRGncAtibA & rbiof SésemBliRLipiaAtusOf t he
invention. FIG 5 is a cross sectional view show ng howto press-fit a

rotor coreompeisserthlsy té Whicha rbies bor Assemibbit 8 finsagakfob dicaghstimi, hddreag gor di ng to
a second enbodinent. FIG 6 is a cross sectional view of a die-casting jig
accor di ng desraacskbtwenh sitbloshrmd said Fit@G core asemblyiosarcestio tuakteni that show ng
the state of taking-off the rotor care assenbly fromthe bush according to
t he secondaidmbiodicereassembly ¢ine takep ouafier dig cottingt ansrosorabanddwaving amanuf act ur e
the rotor assenbly accordi n% to the second enbodinment. FIG 9 is a cross
sect i onal cepBRchctvera theeere bardsandghe bshdp tercireymiesmtiabdirectionpisaisodi ment  of
t he inveni)igon. FIG 10 is a flow chart showi ng how to manufagcture the rotor
assenbly Pyshsakhorabpndds engeeed vithysaidButh sechat movementyip thesaxss diregian sect i onal

vi ew of a.écl oseg-sl ot) rotor of a conventional
1S restricted.

According to further aspect of the invention, a rotor assembling apparatus
comprises an oil pressure chuck into which a rotor core assembly is inserted for
aluminum die-casting, wherein, the clearance between said rotor core assembly and

15  the oil pressure chuck is larger during inserting said core assembly by decreasing the
oil pressure, and said clearance is narrower during die-casting by increasing the oil

pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

20
FIG. 1 is a circuit diagram of a single-phase induction motor according to a
first embodiment of the invention.
FIG. 2 is a diagram showing a noise level of electromagnetic noise generated
in the single-phase induction motor according to the first embodiment of the invention.
25 FIG. 3 is a diagram showing a curve of noise level to frequency of the

clectromagnetic noise generated in the single-phase induction motor according to the

first embodiment of the invention.



si ngl e-phase induction notor. FIG 12 is a cross sectional view of an
(open-slot) rotor of a conventional single-phase inducti tor.

DETAI LED DESCRI PTI ON OF TI LE PREFERRED EMBODI MENT Enbodi ﬁ@ﬁ{afm%ré%#)&
enbodi nent of the present invention is described by referring to the
drawings. FIG 1 is a circuit diagramof a single-phase induction notor
according to a 25 first enbodi nent of the invention, which conprising a
si ngl e- phase induction notor 1, a naia winding 2 which is wound around
stator of the electric motor 1, an auxiliary winding 3, a first driving

capaci tor 4 whigg§l 4 $s £B8EAZRHWMY 4 &6t RiRAVe o AQfuRhcylofitfe = 18 Novenber
2002 5 energized, a second driving capacitor 6 which is energized only

during t hglefidihgh@iciifseqRAERH Mthe 31hBlcl ShaSéind@dtfon MWotdr 4@b@AlgIo e i Ng a | ow
torque operation, a starting capacitor 7, and a PTC therm stor 8 which is a
starting figk aybbdimentofakd inv&xgiont arting capacitor 7 inmediately after the
notor is started-up. El ectromagnetic noi se when using an open-slot rotor of
FIG 12 or a clFbGef isd absy setidonabviewlsGowink liow tolpeessifitgl rotopbase i nducti on
nmotor of FIG 1, is explained below. FIG 2 is a diagramshow ng the

exper i fentsabmblysinfota tsh iimng raodvsspmblmg quethalecatlingrto @isceond eimbodigleay. 5 t ur ns
on and both the first driving capacitor 4 and the second capacitor 6 are
ener gi zed) andF&Gl 6is a epsprsciegrel view®f a(dic-eastinghiig aesordingstotaseepndof f and 10
only the first driving capacitor 4 is energized). The el ectronmagnetic noi se
gener at edehodimentopen-sl ot rotor is |ower than the noise generated by the
cl osed-slot rotor during a |l owtorque operation and_also during a

hi gh-t or que op&F4t 7 & crpgySeetinabyigWshoyHgthe state b FakineRff ths GORECTRI gh- t or que
operation, the difference is remarkably large,, FIG 3 and FIG 4 are

di agrams SHERPHJTem hehyisi acqo “ﬁteﬂﬁggﬁﬁmgﬂgmﬁ§'15 rotors 9 having a

di fferent w dt fothe_slo erture 12a, r ectively. As shown in FIG 4,
when tile widt hg!) '?Fﬁeag?‘ﬁfh%{g wd?%g‘i“g%(ihﬁﬂﬁ'e%&%beefm RSBt r omagnet i ¢
noi se of th en-slot rotor i.s |lower than the closed-slot rotor at around
400 Hz. Cﬁwﬁﬁ@P 'toﬁ%f %rh(g?rg?%imgftéctrormgneti c noi se of the open-slot rotor
generated by t g LCoil i £ 6% .fotor at
around 1000 Ft?ﬁ?bag§%§?£§% 38 gvg§éﬁkﬂ$§6%%£%@b ‘%a@%ectﬁgﬁgaﬁg?ic noi se
gener at edeAyodieni R e mlQltiohot or is lower than that of generated by the
closed-slot rotor. FIG 3 is a diagramshow ng an experinmental result of
the el ectromagpeti 00 RQI fikv Wi sHoRenghdll b Mhndfidurs kigd rodpeassembsy 12a is 0.5
nmm The | evel of the el ectromagnetic noi se generated by the open-slot rotor
is | owsr adsnliidretthothirtdkmbodiaseat- sl ot rotor over whol e frequenci es,
especially the level 25 difference between the closed-slot rotor and the
open- sl ot r ot oFIGs11 arageosatsectionsindewt 008 (dHased Flot) ot d mtconvenidorial on

especially concerns the el ectromagnetic noi se at around
single-phase induction motor.

FIG. 12 is a cross sectional view of an (open-slot) rotor of a conventional

single-phase induction motor.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment 1.
A first embodiment of the present invention is described by referring to the
drawings. FIG. 1 is a circuit diagram of a single-phase induction motor according to a
25 first embodiment of the invention, which comprising a single-phase induction motor
1, a main winding 2 which is wound around stator of the electric motor 1, an auxiliary

winding 3, a first driving capacitor 4 which is energized while the electric motor 1 is



18 Novenber 2002 6 400 Hz, which generally belongs to a |ow frequency tone.
. Since this |ow frequency tone is, for exanple, radiated f{ t he syrface of
the conpressor and permeated fromthe refrigerator main ﬂé%,en?eherho(&ery
difficult to cut off the noise perfectly. Therefore, the nost effective way
for preventing the noise radiation and noise pernutation is to 5 | ower the
| evel of the sound source. According to the first enbodi nent, when a
driving-load is high, the capaci tanceSis increased to obtain a hi gh torque,
and when a driving-load is |ow, the capacitance is decreased to obtain a

| ow t or quenerdzedyradiengid/dritihgcapatithr 6opeclaisesergeey oalyfduringnbd higiltorqog a | ow
driving-load, and overall it results in a highly efficient 10 operation.
Mor eover , op¢retipmtapd isent off o whies duripg adpwrengre sparadomiaistitingasapaciorbr i dges
14 which exist between each slot 12 and the rotor circunference 9a to joint
each toot M, amd a FRErthergrigor § which inyp startipe aelayp o pE thagantiag geracorsht ur at i on
and to suppress the generation of .the electromagnetic noise even during a
hi gh- | oad “BWB‘?‘HWCBTPQCBF*&JBM%@FHMCQWP- As a result, a | ow noise single-phase
i nduction notor_can be obtained. 15 Enbodi ment 2. %Eﬁg}cggd enpodi nent of
the preésent inJarfioTRENICHONEMIsBYSIHG ap open-slohipter Pt G- d2raslfscdri G 5 s

hod f fitti. , Ty bush i
L R A R PRI L BB 2 L2100
et oot VR 10 BSpE iy SHb e ABR TR * E1 e,

the fi 9Uf%ggﬁf?%f’gié% lag%ttf?fns%ﬂraﬁd B&tﬁ%@;ﬁéb é&viﬁ@%{ﬁgﬁﬂ%g zﬂﬁi[tlg@%ﬁ%?% y

punched st tes o pen-sl ot rotor I'n t he

rotor cor %a;?a’éﬁ@rrﬁ)!ar)é cihérgiz’éd)? d?ﬁ%%@%&ﬁﬂ@ Bpéi%t%rﬁ(?.%? ih@chafF‘S GRS aMenRor tion 16a
which is formed on the periphery of the bush 16, a renovable jig 25 17, a

fixed jo 9ohR, thefis@UbvidRdpakRotishergize@) IR dechoiighdiR nBie Redfatk@BYi NY a

cl earance between their surfaces, and a convex porfion 19a which is

i nt er | ockeik opehidthétot reauvethRthcindRe birAttd bytheeised-B1es fordiuring8 Novenber

2002 7 FIG is a flow chart show ng how to nmanufacture the rotor

assenbl y. léw-teigep opiatian adratsoaksiaphlhyeh-wrquepeiationi RootheliechomdpntGec | n step

31, the renovable jig 17 and the fixed jig 18 closely contact to the

respect i vaosdgesngfhethhgh-toqe aesdiob) the differdnge & remerkaBly,larzel oad i s appl i ed

to the renovable jig 17 to fix the locatjon of the rotor. After die-casting

in step 33, onlf?d-ﬁeﬂﬂddﬂé"r- 4jase digams suewing thayeoise leyel Bycase of usieg dr awi ng, t he

convex §orti on_ 19a of the core band 19 is engaged with the concave portion
h

16a of 1% h&oBishhawane p difigreng Width ob HiesHY BPERIGESh 1$REFH Ve naeshoM@ Bonvex

it of 10 Fifle Aot Hieidust 1 sibtpSrint s F GHA P PBFG AR EOBREINE bush 16 1 n
The same dPisEQ Hedlop Ut Ry b{ RS iR R dduolr ebROUAT A o Fna " he
the core SEOREMRIPAE Ry Bknbh QR SARLhsen. R Y LBRAAELERER € PE L o

from spougrrme%hn&ﬁem ARG Re Qs&aaes%a rsdaﬁat%%ﬁ,dlﬁmﬁgmiogeéé. d the

bush 16 during die-casting. Accordingly, the core asse can be taken
out eagg | Ywarhll févefberhe dREtrdHagndtid foigt! geferdlel By MR Gentd\& 1@ % 1I8Wvefthhhi Ng- Of f
or buffing-up of the rotor circunference 9a after die-casting, since
spouting akdt o0fertkated byl thclhidse@elot idier. FIGe 346 & @iptayn siovaiig at he bush 16 can
be prevented, even if the open-slot rotor 9 is used. As a result, the cost
required fegperimentidl acduitraf tig: dldverompgnretis noise 2den dicoviddeof the sist gerthidecant | y
decreased. Moreover, since the bush 16 is fixed to the die-casting nachine
t oget her \ii2afs §.8enmorhelenetiofithe elebtramagnetiy ndiscegsnerated ydbe apep-sbdt rotor
press-fitting. Furthernore, since only the rotor 9 is taken out, this
facilitatdsloves thandhatef grpudesedslos sotoppver wholetfeequenciern espsaiallptheigieddi ment 3.
A third enbodi nent of the present invention is described by referring to
the dr&Ww rfherepgedhetweendheclpsegesiotaator prehihe opsTsROSION % rast axwadpt 9t g
structureﬁ)él the oil

The present invention especially concerns the electromagnetic noise at around



18 Novenber 2002 8 pressure chuck system according to the rotor assenbly

. method of the third enbodi nent of the invention. FIG 10 js,a flow chart
showi ng a rotor assenbling process. According to the man@lb Vl?lmt??d%d}@cess
of the third enbodinment, the core assenbly 15 5 is inserted into the oil
pressure chuck 20 in the core band 19 (step 40). The renovable jig 17 and
the fixed jig 18 closely contact to the respective edges of the core
assenbl y 1400 Hagwhivhngenbmllgitelqnge $ aew ifrequérey abhe. (Bimesthiseloohfiedueady i s

rai sed (step 41) which makes the cl earance between the core assenbly 15 and
t he oi | pressus,doc bxmipl Oradaatedofuemn ths sefacé 2)f.thel bampretdoe aad permeated from
die-casted (step 43). Then the oil pressure 10 in the oil pressure chuck 20
(step 44) ihe refrigerator mainefnamenit ys vdrg difficolt to sutt ofk ¢he mise perfeefly 4Therefune,ch
prevents the alum num from spouting out fromthe slots apertures 12a of the
ci r cunf er ethe angzo etffective Wiefarrpireventihg theammsceradption hed mpise pegpwtatien chiock 20
is finely-controlled by changing the oil pressure, which nmakes it possible
t o make fhlewel dar kemeleofitbe wewrd sduececore assenbly 15 and the oil pressure
chuck 20 zero. 15 On the other hand, since the clearance between the core
assenbl y 15 andAct¢mrding|to phe &igatiembodimeiat, 2@hdnsa frivige-loadf isrhagh, ahei ng t he oi |
pressure, the core assenbly 15 can be easily set in the oil pressure chuck
20. Mor eoveapacilance fireingregsasihto ehtain @i ighh torqup candi wihgnoudriving-ddadnisdaw theom
between the core assenbly 15 and the oil pressure chuck 20 can be prevented
duri ng di ecapaeitanag) is dasgieaserk feplipia a low tosque. Awserdingly,1the grgionopasates yelyl y
taken out by lowering the oil pressure after die-casting. As described
above, t hi efficiently duriag atlpw drseeg-lopd.cand ovegalbitiregtts jofar higl)y (gifieipet
circunference of the rotor 9 after die-casting, and therefore an open-sl ot
rotor cafl eperatinmuMencayasd theowtaregore incluges ylot apgstwesdl g which havn ve drideefal
process which requires cut-off or buff up. Mreover, since the core

assenbl y 15} whicheaxis betveceaarh glot 12 apd theorotorypipcupderence Sotoiging each tooth

manuf acturing tinme and cost, Furthernore, the process of the third

enbodi nent 13-sThsrefprss dbisepassiblere ayaidathe Imaspetiss safgration and (o sUpRESas théon wi t h
the process in which the bush 16 is engaged, because none of the jig is

wor n down. genenagionf dhe) glecoorpaengtioyngise jexen: fupinged high-load and bigh oEqushase

i nduction notor conprising: . a main winding;.5 an auxiliary winding which is
arranged sOPEFHIN. A reseliy f dow Ny sWelsrPhgRp indcan @P@?rmﬁ? P§aiRedy; £ f er ent
fromthat of the main wnding; a first driving capacitor permanently
connectéd in series to said auxili ary winding; a starting capacitor and

means for selecgtively connecting said starting 10 capacitor in series to
sai d auxi |E@hﬁm:%?ng and in parallel with the first driving capacitor
only U1 19 oL ot oo e RS A BB AR eyt oL
SRR A GRS FE LY SRR e e
rotor assembling method according to the second embodiment. FIG. 6 is a cross
20 sectional view of a die-casting jig. FIG. 7 is a diagram showing a state for taking off
the rotor core assembly from the bush. In FIG. 5 ~ FIG. 7, the figures comprises a
rotor core assembly 15 which is laminated by punched steel plates of open-slot rotor
shape, a bush 16 into which the rotor core assembly 15 is inserted when die-casting, a
concave portion 16a which is formed on the periphery of the bush 16, a removable jig
25 17, a fixed jig 18, a core band 19 which is engaged with the bush 16 leaving a
clearance between their surfaces, and a convex portion 19a which is interlocked with

the concave portion 16a of the core bush 16.



a rotor, having apertures on the gap side (circunference side) of the slots.
A AU Ah_ AU . AU AA2. A A . A(@ ?[]tdgj@X[= <*t 5
{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj‘é&f%"ff’&%ﬁrc%qoga] ca]
ca] ca] ca]ca] c”a]calcal]c”alcaljcalczal5 ~ #s]Vor &
r<?*,s20}xsni d_Z]]ca] ca] ca] ca] ca]ca] ca] ga] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Ok&Cf ks Z! " Q#$%&&
""i((|wmhc”Y]]ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]c”a
]ca] ca]ca] ca] ca]cal calca]ca]calca]ca]cal ()-*y+| ++,///3 6#6166669;
) ="?07q7???7? QVAgEG A\B{ v flbgbdhxitcshpwinlgclagve & mahufadtos] tha rowk asdeatblyallnca) ca) ca]
ca] ca] ca] ca] ca] c”*a] ca] ca] ca] ca] ca] ca] ca] c™a]ca] ca] ca]ca! BcBB| ++,///3
6#6166669; step 30, a core assembly is inserted into the bush 16. In step 31, the removable jig 17
) =7?07q???? @@ AAB{ vgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] caldcthi dixefl gig) thtlosdly apmadicta]tha fespedtiva jedgdscaf] the epiet askembdy 15. In
10%& ()-110%r& ()- 10%m& ()--10%& ()-,t10%m& ()-
L10%r&' (- @384 {daddgjapliedS116emBh¢yablediig 3580 (fix- thd 08dalbr of the rotor. After
10%r&' () -y" 10%r& ()-310%m&' () - @O%m& ()-UX[i _UKS&L0%r&' () - 10nlOnlOns, 10%m&
() - - y510%die{chstingOnsneep( 33, sonkyl Otm@tqr) is 37ke0 dmg ir( Jhe=step 34.
<i K-K,,10%¢& ()-L10%Z& ()-Y
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10 the core band 19, if the frictional force acts on the bush 16 in the axial direction, when

the core assembly 15 is inserted or taken out. The same effect results if the core band
19 has a convex portion and the bush has a concave portion on its periphery.
By making a clearance between the core assembly 15 and the bush 16 narrower,
it can prevent the aluminum from spouting out from clearance between the core
15 assembly 15 and the bush 16 during die-casting. Accordingly, the core assembly 15 can
be taken out easily after die-casting. This also eliminates the need of cutting-off or
buffing-up of the rotor circumference 9a after die-casting, since spouting out of
aluminum between the core assembly 15 and the bush 16 can be prevented, even if the
open-slot rotor 9 is used. As a result, the cost required for manufacturing the open-slot
20 rotor can be significantly decreased. Moreover, since the bush 16 is fixed to the
die-casting machine together with the core band 19, this stabilizes the accuracy of
press-fitting. Furthermore, since only the rotor 9 is taken out, this facilitates the mass

production as well as the automation.

25 Embodiment 3.
A third embodiment of the present invention is described by referring to the

drawings. FIG. 9 is a cross sectional view showing an assembling structure by the oil



r<?z[9fE: ! S/ 109& ()-s-10% U& ()-+10% U& ()-! 3! 10%

& ()-1110%& ()-!9% 10%JU&' ()-*,srS4 10%4| & ()- 10%] & ()-9!.10%4| & (),-..10SS
10SS 10SS! S/ ! 1098S& ()-!S/ 1 10% U 18 Noverber 2002

U& ()-s2dErS4” 1010%| & ()-10%}| & ()-S! 10%4| & ()-10%| & ()- 10%4| & ()- @
10%4| & ()-Ok&CdErS4° 10 10%4 & () - &10%4|8& () - Y

10%4| & ()-f10%4| & ()-10%4| & ()-10%4| & () - Cf dEr S4” 10Y+10%4| & () -y): 10%4| & ()
-1 10%4 & () - V0% & () - #109%4| & () -1 10%4| & () - kdEr S4° 106! 10%4| & () - 4-

10%4| & ()-210%4| & ()-110%4| & ()-",/10%| & ()-"-10%4| & ()-pqrsbC 1y

109B&' () - spues@es (huck! sySe@Radchedidg ] the Grdfor BEstmblyl Oftod' ¢f) the 116i9d! p@bédiment

Z!I " QESWX6DC! | %" 109&' () - gF" 10%@& () -! F' 109& () -!

F' 109BB& (df the'inGyEBE FIG.! 10 500808 chyprt $BORING8roter asparnbligopucéss- 10 10

10! . G'10%&' ()-'!.G 109BB& ()-'!.G 10%&' ()-'| %" 109B& ()-g

" () - * y+according | tp1the empuiagtugng prevesy 9t thh Shitd embedimenSHhe vpug {spemblgHBOYR, (
)-, t1098& () -y+| ++|,,,.//~\:,1

1088! - #1698d8sefted intplthewil(presssrelcinak, 20)intheseargdand )9 (step 40). The removable

L$" 109 ()-1"10%v& ()-/////001a?1 _

1088! | c#10i&'17 yanddthe: figedkjig) | 8 @ eselooguegt (9 thegeepavhvg pdges nIhrCery-assapgdy
108812F334 6162X9?1 , , , o ,

10885" 10%vk5, (and! thenaeooik pressure snagheooikprepsisa obual 20 is@nised Gsigp ¢1)- ehiek109& () -
@.666666679uS110! "z#10%& ()-! qz#10%&' ()-@10% & ()- 110% & ()- 10 10

10! 5" 10%& pkegbe clearance between the core assem ly 15 and the oil pressure chuck 20

; <) =y>}A<uS110! M. SH109& ()- $"10% & ()-!{ $"109%& ()-z#10% & (_} -1 zZ#109%& ()
-7#10% u&' @nwﬂt_apﬁpo’l}m?WpL@;mm 1s die-casted (step 43). Then the oil pressure

10 in the oil pressure chuck 20 (step 44) is lowered. Then, only the rotor is taken out
(step 45), which prevents the aluminum from spouting out from the slots apertures 12a
of the circumference portion. The internal diameter of the oil pressure chuck 20 is
finely-controlled by changing the oil pressure, which makes it possible to make the
clearance between the core assembly 15 and the oil pressure chuck 20 zero.

15 On the other hand, since the clearance between the core assembly 15 and the oil
pressure chuck 20 is large before raising the oil pressure, the core assembly 15 can
be easily set in the oil pressure chuck 20. Moreover, in the present embodiment,
spouting out of aluminum from between the core assembly 15 and the oil pressure
chuck 20 can be prevented during die-casting, and therefore the core assembly 15 can

20 be easily taken out by lowering the oil pressure after die-casting. As described above,
this eliminates the need of cutting-off or buffing up the circumference of the rotor 9
after die-casting, and therefore an open-slot rotor can be manufactured cost-effectively
compared with a conventional process which requires cut-off or buff-up. Moreover,
since the core assembly 15 is set quite easily, it is possible to reduce both

25 manufacturing time and cost. Furthermore, the process of the third embodiment is
preferable in the durability of the jig in comparison with the process in which the bush

16 is engaged, because none of the jig is worn down.
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1. A single phase induction motor comprising:
a main winding;
5 an auxiliary winding which is arranged so that an electrical angle of the

auxiliary winding is different from that of the main winding;

a first driving capacitor permanently connected in series to said auxiliary
winding;
a starting capacitor and means for selectively connecting said starting
0 capacitor in series to said auxiliary winding and in parallel with the first driving
capacitor only during start-up of the motor;
a second driving capacitor and a relay for selectively connecting the second
driving capacitor in series to said auxiliary winding and in parallel with said first

driving capacitor and said starting capacitor in response to a driving load; and

a rotor having apertures on the gap side (circumference side) of the slots.



