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2189560 - 1 - MOUNTING OF A PLANETARY GEAR ASSEMBLY IN A CASING ( This

I nvention relates to a nounting of a 5 pl anetary gear assenbly in -
casing. Planetary gear assenblies have a wi de scope of uses as retarde?s or .
accelerators. Planetary gear assenblies are able to be used 2%s8§$5

manners. In nost cases the outer, 10 | nner -t oot hed gear “i.n a
casing. In such cases the outer, inndr-toothed gear is tightly fixed in
the casing by screws araIIe ] axis of the gear assenbly. Recently
pl anetary gear asscHNYEINGQE- 452955Qz#ﬁéﬁ&&éﬁﬂéﬁﬁ%&&&¥4iﬂxﬁ4§§§£§§

reduction devices, eg. for electric washers, instead of belt-pulley
reducti on devi ces. Japanese Patent Publlcatlon No. 60-27320 (published on (
June 28, 1985) disclosed a single-tub 20 el ectric washer having a

pl anetary gear assenbly as the reduction device. Because a planetary gear

assenbly can be used as an 'nEEQEaESQeH@&Bn %El%@%glﬁ% %'ﬂ@dnﬂfﬁgiéylff

the manufacturing process of an electric wash
5 planetary gear assembly in a casing.

Planetary gear assemblies have a wide
scope of uses as retarders or accelerators.
Planetary gear assemblies are able to be

used in various manners. In most cases the outer,

10 inner-toothed gear is fixea'in a casing. In such
caseé the outer, iﬁner-toothed gear is tightly fixed
in the casiné by screws parallel with the axis of the
gear assembly.

Recently planetary gear assemblies have

15 increasingly been adopted as reduction devices, eg.
for electric washers, instead of selt-pulley reduction
devicés.

Japanese Patent Publication No. 60-27320 ~
{published on June 28, 1985) disclosed a single-tub

20 electric washer having a planetary gear assembly as
the reduction device.

Because a planetary gear assembly can be
used as an integrated unit, it enables simplification

of the manufacturing process of an electric washer.



- 2-Inthe prior art, axially-directed screws tightly fix an outer,

I nner-t'oQt hed gear in a casing. Because of the screwfixing, the outer,

i nner -t oot hed.gear is tightly coupled with the casing. Four screws 5

or, eight screws are used in the fixing. However the screwfixing is time
consum ng. A worker must align the hol-es bored through the outer,

I nner-toothed gear with the screw hol es2bered in the casing, insert screws
into the 10 aligned holes and turn the screws with a screwdriver. To
sinplify this process, a nore cbmvehéepriéfxanf.wasidéyvsdiirestedr gerews
protrusions were formed in the axial direction on a casing, the protrusions
corigesponding to theigbtly Hixtae outer, imner-tophhed- g88rhén gegpsinpy
inserting the protrusions of the casing into the holes of the outer,

i nner -t oot hed gear BRERpE&hPhot ReesoueRrfixhAgy - tBEt RUGCHeal PR§rat oot hed

“ring-shaped presser plate, the outer, inner-toothed gear is tightly fixed
in the casing. 20 9gear is tightly C?HB}égiglﬁB ESSagaﬁéégbetﬁgHﬁ RESHSI es

,of the outer, inner-toofhed gear and the grotraﬁhong.of t he casing. Thus
the outer, ?nner-toBf helIREaFCTe"si #hF PPl WF PRoGE*BRIRI ash. This fi xi ng

prevents rel ative novenent betwegen the Eﬁ@iggrgﬂngQ?nBUEQrtime

consuming. A worker must align the holes bored
through the outer, inner-toothed gear with the screw

U/ holes bored in the ca=ing, insert screws into the

10 aligned holes and turn the screws with a screwdriver.

To simplify this process, a more
convenient fixing was devised. Several protrusions
were formed in the axial direction on a casing, the
protrusions corresponding to the holes of the outer,

15 inner-toothed gear. By inserting the protrusions of
the casing into the holes of the outer, inner-toothed
gear and pushing the outer, inner-toothed gear by a
ring-shaped presser plate, the outer, inner-toothed
gear is tightly fixed in the casing.

20 : There is no clearance between the holes of
the outer, inner-toothed gear and the protrusions_pf'
the caéing. Thus the oﬁter, inner-toothed gear is.
firmly fixed without bécklash. This fixing prevents

relative movement between the casing'and the outer,



- 3 - inner-toothed gear. However this fixing is still tinme consum ng,
because a plurality of holes of the outer, inner-toothed gear nust be,
fitted on the corresponding 5 protrusions. In general, reduction
gears generate noise fromthe engagenent of gear teeth. Apart fromin
el ectric washers, reduction gears erplBoyed in any machi nes generate noi se
nore or less. 10 O course other parts, apart fromthe
reduction gear, alB®efeheebhednegese. because a machi ne consists of many
novabl e parts. Planetary gear assenblies have been well known for a |ong

ti me. However they have hardl joBe¥arithis figxdag iis @tddili ddmes reduction ..
devi ces because of practical shortcom ngs. Because a planetary gear (o
assenbly has a hi9 §9ﬂﬁ%@ry?eFP§sFraanP§§#éﬁYePfi@Péﬁ@yqﬁqu@1nyﬁﬁr¢nghL
But that is not ﬁgmags éhe %age.'ZO . Unli ke ot her
gear-train systent Pthet PPEREANIBRT gBYPtcREafiERE P8 Fdey clogespPonding

pl anet ar yg gear as F@@@X iggéause of the many engagenent points between the
gears. Small di st onar - PRAecuracies in parts frequently generate reaction
forces which inpede

3

In general, reduction gears generate noise
from the engagemeht.of gear teeth; Apart from in
electric waéheré. reduction gears employed in any
machines geﬁerate noise more or less;

10 Of course other parts, apart from the
reduction gear, also generate ﬁoise. because a machine
consists of many movable parts.

Planetary gear assemblies have been well
known for a long time. However théy have hardly been

15 used in practice as reduction deéices because of
préctical shortcomings; Because a planetary gear
assembly has a high symmétry. its transmission
efficiency ought ﬁo be high. But that is not always 3
the case. -/

20 Unlike othér gear-tfain systems, the
freedom of gear engagement is very low in a planetary
geér asseﬁbly. because of the many engégement points
between the gears. Small dimensibnal inaccuracies in

parts frequently generate reaction forces which impede



- 4 - relative rotation of the gears. This fact has reduced the nerit of
planetary gear assenblies. Because this difficulty can be resol ved by
ratsi'ng the precision of gear-shaping, good planetary 5 gear
assefhbl i es have -been manufactured by assenbling gears which have been
finished accurately wi t hout di mensional error. Accordingly the conventional
pl anetary gear assenblies nust be expepgsive. This fact may 10 I nhi bit
t he adoption of planetary gear assenblies as reduction devices. Common

sense has taught ugehlaalivil #BEREEYNIBR" theS GEAHLS V’Mﬂ: lF QP RS Tl R ©
useless. Thus it was thought that an outer, “inner- 15 t oot hed gear

shqul d be tightly tiheedepitaoceaphadevalrh u;fé%zi HenHIRASI Onal error. For
that reason fixing by screws, protrusions and hol es has been adopted for a

long tine for nounting a pl aneeabxugeathassarﬂrlmdmtq gl e réGolved by
This inventor has invented a planetary gear assenbly which may be in

conflict wth the paeeding bhecprenhssenses( Japaiadm piaigentg oddpiplaatetar yNo.
. 56-193113, |aid open Japanese Patent Application

5 gear assemblies have been manufactured by assembling
gears which have been finished accurately without
dimensional error. |

Accordingly the conventional planetary
N gear assemblies must be expensive., This fact may

1o inhibit the adoption of planetary gear assemblies as
reduction devices.

Common sense has taught us that planetary
gear assemblies with low precision were useless.
Thus it was thought that an outer, inner-

15 toothed gear should be tightly fixed on a casing with
the least dimensional error. For that reason fixing
by screws, protrusions and holes has been adopted for

L/ a long time for mounting a planetary gear assembly in
a casing. |

20 This inventor has invented a planetary
gear assembly which may be in conflict with the
prevailing common sense (Japanese Patent Application
No. 56-193113, laid open Japanese Patent Application

No. 58-84656, laid open on June 4, 1983).



No. 58-94656, |aid open on June 4, 1983). - 5 - The planetary gear
assenbly disclosed in JP-A-5894656 has a plurality of planetary gears .which
consi sts of a ring-shaped gear and two side discs having a di aneter- | arger
than the dianmeter of the 5 addendumcircle of the gear. The '
ri ng- shaped gear is sandw ched betweensthe two side discs. In '
correspondence with the structure of the planetary gears, the outer,

i nner-toothed gear consists of Thegpaanpéaryagdarwassieadlpadisciadsedg ian 10

i nsi de di aneter which is larger than the diameter of the dedendum circle of
the gear part. Beocluske-3i8dpbGnbaary pldeallitgsofobpllanethlrg gears which .~
i nner-cylindrical surfaces of the side parts of the outer, inner-toothed
gear, radial displeansists o¢f 18§ ring-shapplageaar gndebive isd def fddetcisvel y
suppressed, which ensures snooth rotation of the gears. The inventor thinks
that the planet ar Pajetg &sthdnotarsépsges thaopthes589a886 eirs ofin tinepr e-
cedented i_nvention which apparently _contradicts the 20 - comon sense of
the fieldSf techfAdRpAvAHELLRLepREr BheveeaErt yThe Bipeapbppedemiensd iss

the tangential speed on the_pitch circ|le of :
9 psandwichedpbetween he two side disecs.

'in cdrrespondence with the structure of
the planetary gears, the oﬁter,'inner-toothed gear
consiéts of a'gear part and two side parts having an

10 inside diameter which is iarger than the.diameter of
the de&endum'éircle of the gear part.

Because the planetary side discs roll on

.the inner-dylindrical surfaces of the side parts of
the outer, inner-toothéd gear, radial displacement of

15 ~  the planetary gears is effectively suppressed, which
ensures smooth rotation of the gears.

The inventor thinks that the planetary
gear assembly disclosed in JP-A-5894656 is an unpre-
cedented invention which apparently contradicts the

20 conrmon sense of the field of technology.

The periphéral'velocity of a gear is
defined as the tahgential speed on the pitch circle of
the géar.

A éomplex gear which has one or two side



the gear. A conplex gear which has one or two side - 6 - friction discs
has beén. used for a long time to prevent excessive engagenent of the teeth.
The dianeters- of the side friction discs were equal to that of the pitch
circles of the gears 5 wi t hout exception. |[|f the diameters of the
side discs were different fromthe pitgch circles, the perpheral velocites
of the side discs were different. To’eguélize t he peripheral velocities of .

of the pitch ci rol CELTRER 8 ﬁfoFaﬁaégﬁgSée%féd?‘#fréabﬁﬁ@%”it I nse
approach that the BEBVBNE’ 2xBkabieSEGadinbnerust iR fuudy o Lhe piteh
ci k&l es in conplex gears. net ar ear invented by thi's 15

i nventor and di scl osed in JP— AT§§9g§§ﬁegg§F5|oqle tqlllesgg_\%\ag tfr}itytq_rgq,t %rls_iésarger

. than the dianeter of the addendumcircle o he gear I ch, turn, 1s

larger than the pijebeCieguhe 6 Eh‘étg%@rthlhgi@c@x“%t i} &L YE w@@a\f
havi ng the novel planetary gear can rotate despite the dlfference

- of the perspheral wgt@asuti excebtibg.rokki sgedidgianetBia loFasde Wiad @ Laars
ean were different from the pifch circles, the perpheral
velocites of the side discs were different. To
equalize thg peripheral velocities of the two discs,
U ' the diameﬁeré of the side discs must be equai to that
10 of the pitch circles. | |
The inventor has departed from the common
sense approach that the diameters of the side discs
must be equal to the pitch circles in complex gears.
The planetary gear invented by fhis
15 inventor and disclosed in JP-A-5894656 has side discs
with diameters larger than.the.diametef of.the
addendum circle of the gear which, in turn, is larger
than the pitch circle of the gear. The p;anetary gear
assembly having the novel planetary gear can rotate
20 despite the difference of the peripheral velocities of
the rolling discs. The reason why the gears can
rotate will be explained now.
Of course the peripheral.velocities of the

rolling side discs are different, but the difference



rotate will be explained now. O course the peripheral velocities of the
rolling side discs are different, but the difference - 7 - is very
small. This is one reason. The effect of small differences betweéen’ )
peri pheral velocities can be cancellep by wi deni ng cl earances between the
di scs and the gear parts, 5 because the w der clearance all ows

- slippage between .the side di.scs h This i s another reason.
Thi s inventor be&fngeé.v\‘;arsemaosl t he vé) %g?'gé.. I'B—iggréfnf he difference [err] of

the peripheral 10 vel ocij£s,of el dea tl SEBFF Ok LhBEsIbEExERRN Ot her

is given by [err] 15 where eviation of the disc surface ™

fromthe pitch ci yﬁm\l e1dSiiN16s 20PN 96 ¥ShOE11¥a0hyt heagBahg The
di fference [erhﬁgﬂg? ealrn{ﬁtively estimated as [err] ,Ybecause goth of

the rolling 20 gjeafisifcesAbetiween €éidtsésadn@athe gewraperby, [err]
fromthe pitch circles of the respective gears. But this is wong. A brief
cal cul at ison because the wider clearance allows slippage between
the side discs end the gear parts. This is another
reason.
This inventor became'aware of the two
facts. First the difference AV of the peripheral

10 'veiocities of two eide discs rolling with each other

is given by
AV = 5§ (1)

15 where & is the deviation of the disc surface from the
pitch cirEle and §&@ is the angular éeloeify of the
gear. |

The difference AV may be intuitively
estimated as 2 652 ’ because both of the rolling U/

26 discs and inner cylindrical parts deviate by § -from
the pitch eircles of the respective gears.

But this is wrong. A brief calculation
shows us that the difference is only & S2 .

Furthefmore if wide clearances are formed



shows us that the difference is only [err]. Furthernore if wi de clearances
are forned bet ween the outer surfaces of the discs and the inner

cyl Fndrical ‘surfaces of the side parts, the planetary discs can easily slip
relative tp the side parts. The slippage counteracts the difference between
the peri- 5 ° pheral velocities. Begides, the other wi de clearances
between the planetary discs and the planetary ring-shaped gear nmake the

pl anetary discs slipetwééhi tRetutdre ShAPetasyofCBhe 49scs and the inne
The concept of wi de clearances sharply contradicts with the conventlonar

commen sense of pl apel BRIr DRI SEEEIDEY dsstaa-sBuepFevi:Qi,ngh\éﬁ g€anetary
cl earances between gears, discs and inner cylindrical parts, the demand 15
for precise finishidiscs camvessily Tdbipl nebbtiyegear thesgikypapbshe The
Lconstructed with cheap parts shaped with | ow precision. The | ow precision
can be conpen- sateslippady ¢oenterkecits ebhendiffamenget hetpaehsthéhpeeiore
~the invention disclosed in JP-A-5894656 20 enabl es manuf acture of
.planetary gear assebigral welooikiest. By the invention disclosed in

Besides, the other wide clearances between
the planetary discs and the planetary ring-shaped gear
make the planetary discs slip relative to -the
planetary gear.

-10_ The concept of_wide clearances sharply
contradicts with the conventional common sense of
planetary gear assembly design.

By providing wide clearances between
gears, discs and inner cylindrical parts, the demand

15 for precise finishing is removed. The planetary gear
assembly can be constructed with cheap parts shaped
with low precision. The low precision can be compen-
sated for by the wide clearanées among the parts.
Therefore the invention disclosed in JP-A-5894656

20 enables manufacture of planetary gear assemblies at
low cost.

By the invention disclosed in
JP-A-5894656, planetary gear assemblies are beginning

to be adopted for various pdrposes. That invention is



JP- A- 5894656, planetary gear assenblies are beginning to be adopted for

vari ous purposes. That invention is - 9 - one of the highly significant
inventions in the history of planetary gear assenblies. There, aree various °
forns of dinensional error i'n a planetary gear assembly. One such error is
5 radi al deviation of the sun gear. Another such error is tadial
deviation of the carrier. These errors are caused by errors in radial

| ocation or aligefensfothpl ADghayy s3gaifdcahite iGvienRriiodd 141G dafer mine the
precise 10 positions of planetary shafts in a carrier is called
"division preci shbatoryi gh gilahetanrypgeairsagaeaduli@sensure an excellent -~
pl anetary gear assenbly with | ow noise and high transm ssion efficiency.'Eé
However it is very difficultThrdeeapensvardols formst @fi ddmensd driad di vi si on

precision. Furthernore an input shaft and an output shaft should be fitted .
to the sun gear endorhéncarplenetang geatrt asseabdyppoOned siuch leereasiizg by
bearings. In many cases the centre of the bearings is 20 di spl aced
fromthe centre D3diak daviabionhefctbeesuncgeatre Waotdesr @unin s o -

is radial deviation of the carrier. These errors are
caused by errors in radial location or alignment of
planetary shafts.
The criterion to determine the precise i)
10 positions of.planétary shafts in a carrier is called
"division precision”". High division precision would
ensure an excellent planetary gear assembly with low
noise and high transmission efficiency.
However it is very difficult and expensive
15 to increase the division precision.
| Furthermofe an input shaft and an output
shaft should be fitted to the sun gear and the
.carrier. The shafts are supported in the casing by
bearings. In many cases the centre of the bearings is
20 displaced from the centre of the casing.
Therefore there are various dimensional
errors in finishing parts, determining positions and
assembling parts.

This inventor thinks the conventional



errors in finishing parts, determning positions and assembling parts. This
i.nvent or thinks the conventional - 10 - fixed nmounting of-an outer,
i'nnéer-toothed \gear in a casing disturbs the snoboth rotation of gears,

i ncreases jhe tooth-edge interference and generates |arge noise, because

di rensi onal érrors cannot be 5 cancelled in the case of a fixed
mounting. One purpose of this invention is to provide a nmounting of a
pl anetary gear assenbly in a casing with | ow noi se generation. - Another

purpose of the invention is to 10~ 310 provide a nounting of a planetary

gear- assenbly in a casing which is easy to handle. Therefore this invention

propesses a rel a- fatedomountihe &f @ actedf, ihaenotodthed géamnimw er,

i nner-toothed ring gear in a casing instead of the 15 .conventi onal
fixed mounting. Tesing distetlys | thes smootht rogatiomtafcigeahss | nvention is

enbodied is defined by permtting radial displacements and preventing

rel ative rotationinaneases the toatdh-edgendntesterentregy@ad gemerakesasi ng. 20

~The rel atively | oose nnuntinq requires . _
large noise, cause dimensional errors cannot be

5 cancelled in the case of a fixed mounting.
One purpose of this invention is to
provide a mounting of a planetary gear assembly in a
— casing with low noise generation. - |
Another purpose of the invention is to
10 provide a mounting of a planetary gear assembly in a
casing which is easy to handle.

. Therefore this invention proposes a rela-
xation in the accuracy of the mounting of an outer,
inner-toothed ring gear in a casing instead of the

15 conventional fixed mounting.

The relatively loose mounting in which
this invention is embodied is defined by permitting
radial displacements and preventing relative rotation
between the outer, inner-toothed gear and the casing.

20 The relatively loose mounting requires
o neither screws, pins nor screwholes formed in an axial
direction.
According to this invention there is

provided a mounting of a planetary gear assembly



nei ther screws, pins nor screwholes fornmed in an axial direction. Accordi ng’
to this invention there is provided a nmounting of a planetary gear assenbly
having a sun gear, a plurality of planetary gears and an outer, -

i nner-toothed ring gear positioned in a casing wherein a plurallty of
arcuate coupling parts projecting froman outer cylindrical surface of the
5 ring gear are loosely fitted within.conplenentary arcuate recesses
in an inner surface of the casing,,{he arrangenent being such that a

cl earance eX|sts betmeen t he arcuate coupling parts and the recesses to

permt radial ngﬂ£1 he,r #Efg gﬁgg% sing, a -~
maj or part of” t ﬁ‘fer cy |n§&| cglbis]%? acg wtft ?Egn%{l?n arsl gagpaced fregm
the inner surfass Shtdhe ifiﬂfélzﬂﬂoéi{hédrﬁ %é%ky sdeishafed @ permt

el astic deformation of the ring gear, t ne i n which rotational

forces are transssihgdviaiaseeca pmeraﬁlty of Hﬁﬂﬁtar&oﬂ_@ﬂﬁ‘g Pagtehe ring
gear is displaced axially fromthe plane in which rotational forces are

transnmitted betpeefedtingrivont ancouwpér reyliaidrical shefadcedHade and t he
casing. The characteristic of this invention is 20 -+ the relaxation
mountind i n pl acéngfgede drexddosely fitted within complementary
arcuate recesses in an inner surface of the casing,
the arrangement being such.thaﬁ a clearance exists
between the arcuate coupling parts énd the recesses to
permit radial displacement‘of.the ring gear within the
10 casing, a majér part of the outer cylindrical surface
of the ring gear is spaced from the inner surface of
the casing by a relatively widé.space to permit
elastic deformation of the ring gear, and the plane in
which ;otatiénal forces are tr;nsmitted between the
15 planetary gears and the ring.gear is displaced axially
from the plane in which iotational forces are
transmitted between the arcuate coupling parts of the
ring gear and the casing.
‘ The charactefistic of this invention is
20 the relaxation mounting in place df the fixed
mounting.
In the drawings:-

Fig. 1 is a bottom view of a mounting of a

"planetary gear assembly in a casing in which this



mounting. In the drawings:- Fig. 1 is a bottomview of a nmounting of a
pl anetary gear assenbly in a casing in which this - 1la - invention is
enmbodied. Fig: 2 is a sectional viewtaken along the line Il-11 in Fig. 1.
Frg. 3 iss«a plan view of the sanme 5 nmounting. Fig. 4 is a bottom
vi ew of the casing - 12 - alone. Fig. 5is a sectional view taken al ong
the line V-Vin Fig. 4. Fig. 6 is a plan view of the planetary 5 gear
assenbly alone. Fig. 7 is a side view of the outer, inner- toothed gear
alone. Fig. 8 is a sectional view-ef1Bdanmeunti ng of another planetary gear
assenbly in a casing in

S invention is embodied.

Fig. 2 is a sectional view taken along the
line II-II in Fig. 1.
Fig. 3 is a plan view of the same
5 mounting.

Fig. 4 is a bottom view of the casing




10 which this invention is enbodied. Fig. 9 is a sectional view of .a
nmounti ng of yet another planetary gear assenbly in a casing in which this,
invention is enbodied. Fig. 1 is a bottomview of a nmounting of, a 15

pl anetary gear assenbly (A) in a casing (B). |In an electric washer the
casing (B) and the gear assenbly (A) are installed by positioning the ’
assenbly plane parallel with the ho~ 2é@nt-al pl ane. The inner structure of

t he pl anetary gear 20 -assenbly (A) is arbitrary, because this

i nventi on does noflPBRate to the pl anetary gear assenbly itself but to the
nounting of a gear assenbly in a casing. Fig. 1 shows an exanpl e whose .
pl anetary gears have two si defdfsce WﬁiéhsﬁgéiPQFdeWqu(ﬁ%ﬁﬁﬂeﬁl°n9-tqg -\
t han t he addendun%girc&e of tPe reipective gear. This corresponds to the
Japanese | ai d opeh®P8t &7¥ ABpfifati*on No. 58-94656. A sun gear (1) is

D anct ary gears (2) are di spoEd cfmid A CAARy AESIEE (HE SURTRATY 1)
The top view of thg.pl gOEEALY yI83bne.
| | Fig. 7 is a side view of the outer, inner-
toothed gear alone.
Fig. 8 is a sectional view of a mounting
of another planetary gear assembly in a casing in QJ
10 which.this inQention'is embodied.
Fig. 9 is a sectional view of a mounting
of yet another planetary gear assembly in a casing in
which this invention is emboﬁied.
Fig. 1 is a bottom view of a mounting of a
15 planetary gear assembly (A} in a casing (B). In-an
electric washer the casing (B) and the gear assembly
(A} are installed by positioning the assembly plane
parallel with the horizontal plane. W,
The inner structure of the-planetary gear
20 assembly (A) is arbitrary, because this invention does
not relate to the planetary gear assembly itself but
to the mounting of a gear assembly in a casing.
Fig. 1 shows an examplé whose planetary

gears have two side discs which are larger in diameter



assenbly alone is shown in Fig. 6. 10 The pl anetary gears
(2) are .engaged with the sun gear (1). However the tooth edges of the
planetary gears, (2) do not appear in Fig. 1 or Fig. 6, because they are
conceal ed, by the planetary side discs (6) and (7) (see Fig. 2). 15
An outef, ihner-toothed ring gear (3) is disposed around the planetary
gears (2) whi ch are engaged with it. The ring (3) serves as a housing of
the planetary gear assenbly. A carrier (4) consists of a main carrier 20
disc (4a) and a sub-carrier disc=(%B)+ Four planetary shafts (5) are
supported at either end at respective points on the inner surfaces of the
caxri er discs (4shannthe addentums chudle qf)ther sepgpectivmabary mBhiscal |y
with respect to the centre. - 14 - The planetary gears (2) are supported
. for rotation by FREreSRORAS NP $hef Japarsysediadd pRSB lgﬁemgh them Each
pl anetary gear é ign5|sts of three 5 parts - the two planetary side
di scs (6) and (7} PowkFRHeR Mo épr%155%md a planetary gear ring (8) which

- I's sandw ched between the dISCS (6%ar (1( Qs positioned in the centre

5 of the planetary gear assembly. Four planetary gears
(2) are disposéd symmetrically around the sun gear
(1).

I\ The top view of the planetary gear
assembly alone is shown in Fig. 6.

10 The planetary gears (2) are engaged with
the sun gear (1). However the tooth edges of the
planetary gears (2) do not appear in Fig. 1 or Fig. 6,
because they are concealed by the planetary side discs
(6) and (7) (see Fig. 2).

15 An outer, inner-toothed ring gear (3) is
disposed around the planetary gears (2) which are
engaged with it. The ring (3) serves as a housing of
the plénetary gear assembly.

A carrier (4) consists of a main carrier

20 disc (4a) and a sub-carrier disc (4b). Four planetary
shafts (5) are supported at either end at respective
points on the inner surfaces of the carrier discs (4a)
and (4b). The shafts (5) are positioned symmetrically

with respect to the centre.



Each planetary disc (6) or (7) has a large disc part (23) and a snal

colum part (21). The 10 out si de diameter of the large disc part.(23)
is larger than the dianeter of the addendumcircle of the planetary -gear
ring (8). The small columm part (21) contacts the inner surface of the
planetary gear ring (8) and supports it. 15 The nain °
carrier disc (4a) and the sub- carrier_dipgc_(4b) are coupled together at
four symmetrically-located points which are angul arly displaced fromthe

-adj acent planetary shafts (5) byrdé gegneesry’@ears (2} ar ey
carrier disc (4a) has four protru5|ogs (10) gng four‘sglgofésufffrbn tﬁghn,\

i nner surface. The spbtetiéheby dthe pihhebasyl enarpe0( SHURMIIIC§agsl2) andiw!
four holes (13) correspondi ngly. - 15 - In order to couple the carrier

di scs (4a) and (4b),thheughigwémw. (11) of the main carrier disc (4a) are
inserted into the holes (13) of the sub- carrier disc (4b). Then the outer
ends of the spigots 5 (115aeheppaaetedyagdamﬁdénedonsIhesemWam@&Qe
outer ends (28) urge the sub-carrier disc (4b) against the main
parts - the two planetary side discs (6) and (7]},
which are similar, and a planetary gear ring {8) which
is sandwiched between the discs (6) and (7).
Each planetary disc (6) or (7) has a large
disc part (23) and a small column part {21). The \uj

10 outgide diameter of the large disc'part {23) i? larger
than the diameter of the addendum circle of the
planetary gear ring (8). The small column part {21}
contacts the inner surface of the planetary gear ring
{8) and suppofts it.

15 The main carrier disc (4a) and the sub-
carrier disc (4b} are coupled together at four
symmetrically-located points which are angularly
displaced from the adjacent planetary shafts (5) by 4&\)
degrees. '

20 The main carrier disc (4a} has four

' protrusibns {10) and four spigots (11) on the inner
surface.

The sub-carrier disc {4b} has four pro-

tuberances (12) and four holes {13) correspondingly.



carrier di-sc (4a). In this exanple, the carrier (4) is made from al um ni um
di e-casting. The carrier nmay be made 10 fromzinc, steel or plastics.
In t'he case of *pl.astic carrier discs, two carrier discs are coupled only by
fitting the spigots (11) into the respective holes (13). The elasticity of
the plastic parts maintains the coupled state. If 15 t he outer ends of
the spigots are fixed by an adhesive, the_coupling is reinforced. The outer
ends of the spigots may be wel ded by a SubérSOnic wel di ng machine. In the
case of zinc carrier discs, the 2 re easily . .no

? carrier discs.a ] Idez

froma zinc nelt by a netallic no 8.°rﬁefhg°05§89gf g?ﬁeFaEQFFfeplﬂFgc da)
ACh - Mol ybd t , spnmple.di t. . Then.the_di 4 '

bnd (ab) are comnect cihgy(Tpis, EhEPEB1ERE% (313 BH epalpath) BaRpiER bisk

.pl t 2 . ' deall t , '

D ne. The Prner Sur f abis b STcLhbRELSUTLREET Rl B¥1e8' P2py BEARRECRUBL

Npart (25) between two,gyl{8AT4¢8L (4b). Then the outer ends of the spigots

5 {11) are pressed and widened. The enlarged outer ends
(28) urge the sub-carrier disc (4b) against the main
carrier disc (4a}.

In this example, the carrier [4) is made
from aluminium die-casting. The carriér may be made

10 from zinc, stee; or plastics.

In the case of plastic carrier discs, two
carrier discs are coupled only by fitting the spigots
(11) into the respective holes (13). The elasticity
of the plastic parts maintains the coupled state. If

15 the outer ends of the spigots are fixed by an
adhesive, the coupling is reinforced. The outer ends
of the spigots may be welded by a supersonic welding

/ _ machine.

In the case of zinc carrier discs, the
20 carrier disecs afe easily molded from a 2inc melt by a
metalliq gold.
In the case of steel carrier discs (eg.
Chrome-Molybdenum-steel), simple.discs are cut. Then

the discs {4a) and {4b) are connected by rivets.



surface parts (26) and (27). The dianeter of the cylindrical surface parts -
(26) and (27) is larger than the dianeter of the dedendumcircle of the
gear part (25). 10 ' The gear part (25) is engaged with the .
pl anetary gear rings (8). The large disc parts (23) of the planetary discs.
(6) and (7) are in rolling engagenent with the cylindrical surface parts
(26) and (27) of the ring gear (3). 15 _ ' The | arge disc
parts (23) and the cylindrical sqjtﬁ§q_parts (26) and (27) are displaced
fromthe pitch circles of their respective gears. Thus the peripheral

velocities are different. Thgedk; e Jaetyge i_pher el ocities.
is [err]. 20 6 iIs the gig%%g%gﬁgﬁﬁgo%wﬁhgh%ggbéﬁégﬁgbg%gf S (23) Ok

ﬁge cylindrical g2y faeempaet $rém63idtarad f&@.l%ﬁrt,cgtééiflﬂ%s‘&chhgy
spective gears. [err] is the relative angular velocity of the planetary
gear (2) with regiiagl to carrier (4). - 17 - However there are cl earances
between the planetary gear ring (8) and the planetary discs (6) and (7).
Al'so there are clearances bfheetnnéhesypifaret 3FytHe SESnd Geadn(3§71sand the -
cyllndrlgal formed as a gear part (25) between two'cylindrical |
surface barts (26) and (27). The diameter of the
cylindrical surface parts (26j and (27) is larger than
the diameter of the dedendum circle of the gear part
(25). |
10 The gear part (25) is engaged with the
planetary gear rings (8). The large disc parts (23)
of the planetary discs (6) and (7) are in rolling
 engagement with the cylindrical surface parts (26) and
(27) of the ring gear (3). |
15 ' _' The large disc parts (23) and the
cylindrical surface parts (26) and (27) are displaced
from the pitch circles of their respéctive gears.
Thus the peripheral velocities are different. The
difference between the peripheral velocities is § Q2
20 & is the displacement of the larger disc parts (23)
or the cylindrical surface parts (26) from the pitch -
circles of their respective gears. 3¢ is the relative

angular velocity of the planetary gear (2) with regard

to carrier (4).



5 - surface parts (26) and (27). Therefore these rolling surfaces are

not always in contact with each other. Free rotation of the parts is

al l owed when they are not in contact with each other. Accordingly despite

the difference between 10 t he peripheral velocities, the surfaces of

the planetary discs (6), (7) and the cylindrical surface parts (26), (27)

do not strongly rub with each other. The cl earances cancel the difference

bet ween the peripheral velocities. The cancellation is conplete 15

except in the case of high speed reota@7on. The ring gear (3) is

conveniently a plastic nolding. This is possible, because the cylindrical

surfgce parts (26) are |argerHoweven tbegeapregiearapresopetween the

QO herwi se the ring gear (3) can be made from al um ni um di e-casting. But in
_the case of aluni mlianetare gerpeisn (8 APAgthRPLansFamisEisrs I gned

appropriately for alumniumdie-casting. A major pact of the ring gear (3)
is a - 18 - snodth (Yri nit$e dhexg £ EeFlﬁ?}!j?neﬁpssme?ﬂeaﬁ de vi ew of

~Lhe 11 ng gear (3) o /arRR0L AU & Ll (52hnd Y EG16 AR QR VP €5 oSt O

5 surface parts (26) and (27). Therefore these rolling
surfaces are not always in contact with each other.
Free rotation of the parts is allowed when they are

o/ | not in contact with each other.

Accordingly despite the difference between

10 the peripheral velocities, the surfaces of the
planetary discs (6), (7) and the cylindrical surface
parts (26), (27) do not strongly rub with each other.
The clearances cancel the difference between the
peripheral velocities. The cancellation is complete

15 except in the case of high speed rotation.

The ring gear (3) is conveniently a
plastic molding. This is possible, because the
cylindrical surface parts (26) are larger than the
gear part (25). _

20 | Othexrwise the iing gear (3) can be made
from aluminium die-casting. But in the case of
aluminium, the shape of the ring gear (3) must be
designed appropriately for aluminium die-casting.

A major part of the ring gear (3) is a



But four arcuate coupling parts (19) are forned on one 5 side around ’
the ring gear (3). The arcuate coupling parts (19) are not forned on bdth
sides, nor do they span the wi dth between both sides. The arcuate coupllng
parts (19) are asymetric with regard to the central plane of the 10

gears (1), (2) and (3). The ring gear (3) is |oosely coupled with’ the*
casing (B) by the arcuate coupling parts (19). The nunber of arcuate
coupling parts (19) is not necessarﬁéé four. Two, three or nore than five
15 arcuate coupling parts (19) y be prOV|ded In this exanple the

arcuat e coupllng?,g(%{ (céamgg.g’g sg&,‘.@g& ext ?égal7 G4 rletb 1(:1%0) two e~

arcuate grooves a Ci I’C CaVI structure is -

desi gned to econmxseopw?uaha af o) 2 SHBLER! Surdl (didihabedlei NG the

strength of the arcuate coupli part ('19)." However t r‘b structure may
be changed arbi tg@Ffdde (\&@)ho&@ﬁﬁié’s trﬁbéfh%fC%ﬁé”Sx{@}naﬂ hRuifaBeVi €W i S

shown by Fig. 3 and the bottomview is shown - - by Fig. 4. Fig. 5
shows the sectiopgt fdw@WarclatBi EoSypiry parte ¢as) nﬂré Borned Bfl€one
5' side around the ring gear (3). _
The arcuate coupling parts (19) are not
formed on both sides, nor do they span the.width
between both sides. The arcuaté coupling parts (19) | Q;)
are asymmetric with regard to the central plane of the |
10 gears (1), (2) and (3).
The ring gear (3) is loosely coupled with
the casing (B) by the arcuate coupling parts (19).
The number of arcuate coupling parts (19)
is not necessarily four. Two, three or more than five
15 arcuate coupling parts (19) may be provided.
In this example the arcuate coupling part
(19) comprises an external arcuate rib (30), two
arcuate grooves (31) and a circular cavity (33). This
rib structure is designed té.economise on the plastic
20 material without reducing the strength of the arcuate
coupling part (19). However the rib structure may be
changed arbitrarily.
With regard to the casing (B), the top

view is shown by Fig. 3 and the bottom view is shown



3

fromalumniumin order to increase the heat radiation and the nechani cal
_:strength O herwi se the casing (B) 5 can be nmade from pl astics, cast
“iron, alumniumalloy or other netal. The casing (B) consists of a |large
drun1part J(40), a conical part (41) and a small cylindrical part (42). The
drum part (40) accommodat es the 10 pl anetary gear assenbly (A). The
cylindrical part (42) has an output shaft hole (43) through which an out put
shaft projects outwardly. Mst of the inner surface of the drum part (40)
is formed as snooth arcuate surface qgprdions 15 (44). Four
trapezoi dal coupling projections (45) ate formed on the inner surface of
t hesdr um part (40b¥sm ghad. t Iy .eBt SheWs rtHeh@erxiiohallivisid on. The coupling

projections (45) of the casing (B) define conplenentary arcuate recesses
.(44) 20 to the arcuate doupghisgeyxamplse (the) cakihdie(B) rig gade (3). Wen
the planetary gear assenbly (A) is nmounted on the casing (B), the arcuate
coupling parts (1%romralumseitmedni ardex o dmoursaser theshaat adiagion - 20
.- the drum part (40).
and the mechanical strength. Otherwise the casing (B)
5 can be made from plastics, cast iron, aluminium alloy
or other metal.
The casing'(B) éonsists of a large drum
K~/ part (40), a conical part (41) and a small cylindrical
part (42). The drum part (40) accommodates the
10 planetary gear assembly (A). The cylindrical part
(42) has an output shaft hole (43) through which an
output shaft projects outwardly.
Most of the inner surface of the drum part
(40) is formed as smooth arcuate surface portions
15 (44). Pour trapezoidal coupling projections (45) are
formed on the inner surface of the drum part (40) so
. that they extend in the axial direction.
The coupling projections (45) of the
casing (Bj define complementary arcuate receéses (44)
20 to the arcuate coupling parts (19) of the ring gear
(3). |
When the planetary gear assembly (A) is

mounted on the casing (B), the arcuate coupling parts

(19) are inserted into the arcuate recesses (44) of



The snooth outer cylindrical surface (18) contacts the coupling projections
(45). Acircular rib (47) and radial ribs (48) 5 are formed on tHe
external surface of the conical part (41) for reinforcing the,casing (B). A
flange (46) is fornmed at the forefront of the drumpart (40). A cover
plate (not shown) is to-be fitted on the flange and to be fixed by bolts 10
(not shown) inserted through fixing holes (50). There are clearances (g)
between the arcuate coupling parts é%Ql of the ring gear (3) and the
arcuate recesses (44) of the casing (B) when the planetary gear assenbly

(A) is nounted i{hélgidaaggggs}?qb) (B). For exanple, the outer diameter~

of the arcuate coupling is 75 mm and the inner diameter of tha
arcuate recesses (44) is 767H@ shiothOuEdRYy2inlPEcA] aalrdaee (B)is 0.5 nm

in radius or 20 1 mmin dianeter. The Clearance (g) has an arbitrary
val ue between O @ditabtEMthbNcE8PELRd prvjctitionRr (86§, val ue of the clearance
(g) is 0.5 mMmto 3 mm Furthernore there are cl earances (e) - 21 -

A ci;cular rib (47)_§nd radial ribs (48)
5 are formed on the external surfaée_of the conical part
(41) for reinforcing the casing (B). _
A flange (46) is formed at the forefront
of the drum part (40). A cover plate (not shown) is W
to be fitted §n the flange and to be fixed by bolts
10 (not shown) insérted through fixing hdles (50).
There are clearances (g) between the
arcuate coupling parts (19) of ﬁhe ring gear (3) and
the arcuate recésses (44) of the casing.(B) when the
planetary gear assemblf (A) is mounted in the casing
15  (B). )

For exampie, the outer diameter qf the
arcuate coupling parts (19) is 75 mm, and the inner
diameter of the arcuate recesses (44) is 76 mm. In
the example, the clearance (g) is 0.5 mm in radius or

20 1 mm in diameter. The clea;ance (g) has an arbitrary
value bétwéen 0 and 1 mm.

In general, an appropriate value of the

cleé:ance (g) is 0.5 mm to 3 mm.

Furthermore there are clearances (e)



bet'ween the coupling projections (45) and sloping edges (51) of the arcuate
~coupling.parts. Also there are wide spaces (F) between the snooth outer
cylindrical -surface (18) of the ring gear 5 (3) and the arcuate
recesses (44) of the casing (B). The width is denoted by (f). The functions
of the mbunting in which this invention is enbodied will now be expl ai ned.
An input shaft (not shown in the figures) 10 is fitted in the sun
shaft hole (14) (see Fig. 2). An output shaft (not shown in the figures)
is fitted in the carrier shaft hol e=(2%)+= Splines or serrations are forned
on the shafts and the shaft holes (14 and 15) to couple the shafts with the
par{s of the 15 betwpbanthargouygddhgaprejétyidnd) (45)wandhsidgingspective
shaft holes (14) and (15) are formed. The cover plate (not shown) is fitted
on the flange (46prdged (§1jiockdHey algohatetecoupldngapants¢B) when the
pl anetary gear assenbly (A) is nounted in 20 the casing (B). Wen the
i nput shaft rotates, the out AkSsFaereaprse videspaces &F) JoRENRFsfbed,

--because the planetary gear assenbly (A) .acts_as a redu%tion devi ce.
smooth outer cylindrical surface (18) of the ring gear

5 (3) and the arcuate recesses (44) of the casing (B).
The width is denoted by (f).
' The functions of the mounting in which
N this invention is embodied will now be explained.
An input shaft (not shown in the figures)
10 is fitted in the sun shaft hole (14) (see Fig. 2). An
output shaft (not shown in the figures) is fitted in
the carrier shaft hole (15). Splines or serrations
are formed on the shafts and the shaft holes'(14 and
15) to couple the shafts with the parts of the
15 planetary gear assembly (A) in which the respective
shaft holes (14) and (15) are formed.
The cover plate (not shown) is fitted on
the flange (46) and is fixed by bolts to the casing
(B) when the planetary gear assembly (A) is mounted in
20 the casing (B).
When the input shaft #gtates, the output
shaft also rotates at a reduced speed, because the
planetary gear assembly (A) acts as a reduction

device.



-.22 - However the ring gear (3) can be displaced radially, because it is
not fixed but is |loosely nounted in the casing (B). [err] denotes the
maxi nrum val ue of (g), so 5 that the clearance (g) between the ca3|ng
and the ring gear (3) can take an arbitrary value between 0 and The output
shaft and the input shaft may be eccentric, one relative to the other, to a

smal | extent, that is, the centres of the shafts may deviate 10 from
the centres of the casing (B) and t pl anetary gear assenbly (A). Further
there may be an error in the relali angul arl y- spaced | ocations of the

I hafts; that i nqul of L 1
Some of Lhe adj acent pai rs BTSN (RSnaLAR,SeRE (1 e BB GPRLISH rat hew
bei ng the same fa § oui)%% eg_q__ctlsd?‘g%nﬂgg&tlbﬂ rg_ogggigr# nduce

|

resi stance to ro |on of e gears, ng gear was tly fixed and

very narrom1cleqﬁ@&&ggegﬁr@héuéggl e 20 contact points of the

parts. However t cl earances aI w radi al displacenent of the gears

(1), (2) and (3). Thus suchegadigdndtiezPthechBRiMuPivadine geafg)) eyl to
equal i sation ' -m :

5 that the clearance (g) between the casing and the ring

gear (3) can take an arbitrary value between 0 and s S

The outpﬁt shaft and the input shaft may
be eccentric, one relati#e to the other, to a small
exfent, that is, the centres of the shafts may deviate

10 from the centres of the casing (B) and the planetary
gear assembly (A).

Further there may'be an error in the
relative ahgularly-spaced locations of the planetary
shafts; that is to say the angular spacing of at least

15 some of the adjacent pairs of the planetary shafts may

be different rather being the same as it should be.

Such dimensional errors would induce resistance to W/

rotation of the gears; if the ring gear was tightly
fixed and very narrow clearances were given at the
20 contact points of the parts.
However the wide clearances allow radial
displacement of the gears (1), (2) and (3). Thus such

radial displacements of the gears lead to equalisation

L



- 23 - of the forces acting on the contact points. The dynam cal bal ance of
t he forces reduces resistance forces caused by di nensional errors.
Therefore even-if the planetary gear assenbly itself is finished

W th Iom1preC|S|on the gears (1), (2) (3) and the carrier (4) are able to
rotate wi't hout resistance. Snooth rotation of gears lead to high

transm ssion efficiency. Furthernore-this relatively | oose nounting 10
al l ows random radi al displacenents of the gears (1), (2), (3) -and the
carrier (4). The radi al dlsplacenent32§quallze all forces acting on
arbitrary points and reduce noi se generatjon. Low noise is the nost

i npdet ant  advant agkf dthe HpFces| asinoembhat ¢ertacgts points.  The

Vi brations with various freguen0|es and anplitudes occur at the contacting

points of teeth. R ?WEﬁ&é%E?evaFﬁ?$dﬁ§h§F@ kEEiEFaRCHitted to
the casing (B), begause t he- rlngY 3% Ri tlchtly nounted in the casing
(B). 20 orces d fEEGUScy vi brati ons,

-vi brations having anplitudes & S (g) are not
transmtted to the casing (B)¥né££%1£é Eygﬁ %% ﬁ} n%%%%§ ﬁp%ltudes are
absorbed by the clfalAfi4 G9kelf is finished with low precision, the

gears (1), (2), (3) and the carrier (4) are able to

rotate without resistance. Smooth rotation of gears
o/ lead to high transmission efficiency.
| Furthermore this relatively loose mounting

10 allows random radial displacements of the gears (1),
(2), (3) and the carrier (4). The radial
displacements equalize all forces acting on arbitrary
points and reduce noise generation. Low noise is the
most important advantage of this relaxation mounting.

15 Vibrations with various frequencies anq
amplitudes occur at the contacting points of teeth.
However high frequency vibrations are not transmitted
to the casing (B), because the ring gear (3) is
tightly mounted in the casing (B). )

20 Regarding the low frequency vibrations,
vibrations having amplitudes which are less than the
clearance (g) are not transmitted to the casing (B).
Such vibrations with small amplitudes are absorbed by

‘the clearance (gj.



- 24 - Most of the external part (snooth outer cylindrical surface (18)) of-
the ring gear (3) is spaced fromthe casing (B) by the width (f). The *°
narrow side parts (arcuate coupling parts (19)) of the 5 _ring gear’
(3) contact the casing (B). Hence the ring gear (3) can freely defgrm
elastically. There are two nodes of deformation. Elastic deformation-of
the ring gear (3) can be radial and angul ar. Radial deformation 10
signifies repeated dilation and shribpkage of the smooth outer cylindrical
surface (18). Because of the clearances (g) and (e), the ring gear deforns

towards an el lipsoidal shapgoef &fVeH&l e qrga?ga. od%@p%?gé chode of -

deformation is twsting of 15 the cylindri ace about itsw

axi s, nanely ange&mn&qfc@anaﬁteacew@)mtet% é@ﬁera@éf q&(;l gscaused by the
arcuate coupling parts (19) being forned only on one sid f the ring gear.

The centre of thgpicddtfiremathéos dg?lC(tB NBy2@he wid€W (e rirAg gear (3)
fromthe planetary gears (2) coincides with the centre lI'ine of the outer

gear part (25). fa@erdw mddé pa¥tse(mtcsatdeouplihg partdq 199fabifoshéor ces in
Fig. 2. However the rotational forces are trans-
5 ring gear (3) contact the casing (B). Hence the ring
gear (3) can freely deform elastically. There are two
modes of deformation.
Elastic deformation of the ring gear (3) g;)
can be radial and angular. Radial deformation |
10 signifies repeated dilation and sh:inkage of the
smooth outer cylindrical surface (18). Because of the
clearances (g) and (e), the ring gear deforms towards
an ellipsoidal shape or towards a square shape.
Another mode of deformation is twisting of
15 the cylindrical surface (18) about its axis, namely
angular defermation. This mode of deformation is
caused by the arcuate coupling parts (19) being formed
only on one side of the ring gear.
The centre of the rotational forces acting
20 on the ring gear . (3) from the planetary gears (2)
coincides with the centre line of the outer gear part
{(25). The line X - X denotes the centre of the

rotation forces in Fig. 2.

However the rotational forces are trans-



- 25 - mtted to the casing (B) by the arcuate coupling parts (19). Hence
the centre of the forces in the casing (B) coincides with the working line
Y -*Yin Fig. ‘2. The'line X - X or the plane X differs fromb5 t he
li.-ne Y - Y, or the plane Y. The torque acting on the plane X is bal anced by
the torque acting on the plane Y. However a tw sting torque exists between
the plane X and the plane Y. The twisting torque twi sts the outer
cylindrical surface (18) of the ring gear 10 (3). If the gears rotate
cl ockwi se and counter- clockw se in=t85ns |ike reduction gears in electric
washers, such twi sting deformation alleviates the inpulses occurring at the
nortesit of reversi gittéd to thasmisg (B Pypihe @rcapter RRLNG RALES
generation is reduced al so. The probable elastic deformation is another
_advant age of the di8ferrBeneeiihe eentref of nghe farceg In|tRe f3HMI This

invention relates only to the | \ . . .
(B) coincides with the working line Y - Y in Fig. 2.

The line X - X or the plane X differs from -
5 the line Y - Y or the plane Y. The torque acting on
the plane X is balanced by the torque acting on the
plane Y. However a twisting torque exists between the
—/ plane X and the plane Y. The twisting torque twists
the outer cylindrical surface (18) of the ring gear
10 (3).

If the gears rotate clockwise and counter-
clockwise in turn, like reduction gears in electric
washers, such twisting deformation alleviates the
impulses occurring at the moment of reversion.

15 Because the i@pulses are reduced, noise generation is
reduced also.

The probable elastic deformation is

another advantage of the preferred embodiment of the



nmounting of a planetary gear assenbly in a casing. The inner structure of
the planetary gear assenbly is 5 arbitrary. Any variations are °
avail able with regard to planetary gear assenblies. There may be only three
pl anetary shafts (5) and associ ated planetary gears (2) arranged .
symmetrical |y about the axis of the assenbly. Fig. 8 shows the stfuctlre of
anot her form 10 of planetary geatr 26senbly. A sun gear (1) has two

| ateral cylindrical bosses (54) and (55) whose dianmeter is smaller than the
di anmeter of the dedewewhicinrcle of the sun gear (1). The cylindrical bosses
(54) and (55) contact and roll upon the planetary 15 discs (6) and =~
(7). - This planetary gear asserfidiis Haweantdrenlinslakes oplyate bhen Japane'sd
Pat ent Applica- tion No. 60-201146 (laid open on Cct. 11, 1985). Fig. 9
shows the struct ur @smtdmeSfmietRlanehanibiendr pasendkenbhya €peinganct ary

20 di sc (6) of each pl anetar ear ékf)ehls smal | er than the dedendum
circle. The other phgndPasr (ﬁts"d-"‘}(/?) %f° ¢ RIANTTIRY IeRbt 2PFeRRbY ¥9)

the o 25 o ng QAL TET 1 o NG T ATERPY Y SIRHARES EFED fegdrd!
to planetary gear assemblies. There may be only three
planetary shafts (5) and associated planetary gears (2)
arranged symmetrically about the axis of the assembly.
Fig. 8 shows the structure of another form \;/
10 of planetary gear assembly. A sun gear (1) has two
lateral cylindrical bossgses (54) and (55) whose
diameter is smaller than the diameter of the dedendum
circle of the sun gear {l). The cylindrical bosses
(54) and (55) contact and roll upon the planetary
15 discs (6) and (7). This planetary gear assembly has
been disclosed by laid open Japanese Patent Applica-
tion No. 60-201146 (laid open on Oct. 11, 1985}.
Fig. 9 shows the structure of an \;J
asymmetric planetary gear assembly. One planetary
20 disc (6) of each planetary gear (2) is smaller than
the dedendum circle. The other planetary disc (7) of
the respective planetary gear (2) is larger than the
addendum circle.

One cylindrical surface part (26} of the



The other cylindrical surface part (27) is larger than the dedendum The

sun gear (1) is forned in a one piece 5

body with the sun shaft (59).

Furthernore al arger sun colum (54A) and a smaller sun colum (55A) are
- shaped on .both sides of the sun gear (1). The larger - sun colum (54A) is
| arger than the addendumcircle. The smaller sun colum (55A) is smaller
tooth-root circle. The smaller sun colum (55A) rolls on
the larger planetary discs (7). The larger sun colum (54A) rolls on the
smal l er planetary discs (6). The largegr~planetary discs (7) roll on the 15

than the 10

| arger cylindrical surface part (27). The snaller planetary discs (6)
on e snall er cyrimpirgezd (S0r facemabdr tMan thbi addendureicirelpl anet ary

gear assenbly has been disclosed by | aid open Japanese Patent 20
. Application No. 6The7gdiex cyilidndpicrbrswidflacebpat®8637) As ddrgeragkanf the

asymmetric planetary

can be inserted afededendun after the whol e gear assenbly has

~construct ed.

5
Y
10
15
o/
20

28 -
. The sun gear (1) is formed in a one piece

body with the sun shaft (59). Furthermore a larger
sun column (54A) and a smaller sun column (55A) are
shaped on both sides of the sun gear (1). The larger
sun column (54A) is larger than the addendum circle.
The smaller sun column (552) is smaller than the
tooth-root circle.

The smaller sun column (55A) rolls on the
larger planetary discs (7). The larger sun column
(54A) rolls on the smaller planetary discs (6).

 The larger planetary discs (7) roll on the
larger cylindrical surface part (27). The smaller
planetary discs (6) roll on the smaller cylindrical
surface part (26).

This asymmetric planetary gear assembly
has been disclosed by laid open Japanese Patent
Application No. 61-27337 (laid open on Feb. 6, 1986).
An advantage of the asymmetric planetary gear assembly
is the possibility that the sun shaft can be inserted
and withdrawn after the whole gear assembly has

constructed.

roll

ear assenbly is the possibility that the sun shaft



The advantages of the preferred enbodi nents of the.invention are now
expl ai ned. (1) Because the ring gear is nounted in the casing in a
relatively | oose mounting, the ring 5 gear is free for a certain .
anount of radial displacenent. Radial displacenent of the ring gear absorbs
the effects of various dinensional errors and keeps rotation of gears ’
snoot h. Thus radial displacenents effectively suppress noi se generation. 10
(2) The clearances (e), (g) and (f) between the casing (B) and the ring
gear attenuate transm ssion of virbR8t™ons to the casing. Thus noise
generation is suppressed also by the clearances. (3) The ring gear can ~.

1

def orm 15 el asti cal | y.Thesgdnaptages ofdihe Preferrefcr eases -

transm ssion efficiency and reduces noi se generation. _(4 he i nventor has
neasur ed noi se 6@&8&&?‘%’6"’? i‘?\géﬁ c LRVt 18 ne‘reeépééf% *washer was
equi pped with a planetary gear assenbly fitted in 20 . a relaxation
nmounting in which this invent4 on §u§$kﬁﬁﬁeﬁanAﬁgfﬁéfseT%%?F? washer was
equi pped with a,

_ 29 . et.a fi I.n i ng by
orevs. A maxi mifh ShecResil SR R ARV R pe i Rpe HAE 19Y
5 gear is free for a certain amount of radial
displacement. Radial displacement of the ring gear

absorbs the effects of varibus dimensional errors and

keeps rotation of gears smooth. Thus radial W

displacements effectively suppress noise generation.
10 (2) The clearances (e), (g) and (f)
between the casing (B) and the ring gear attenuate
transmission of vibrations to the casing. Thus noise
generation is suppressed also by the clearances.
(3) The ring gear can deform
15 elastically. Such elastic deformation increases
transmission efficiency and reduces noise generation.
(4) The inventor has measured noise
generation in electric washers. One electric washer
was equipped with a planetary gear assembly fitted in
20 a relaxation mounting in which this invention was

embodied. Another electric washer was equipped with a

%



wer e washed by the washers. The input rotation speed was 820 to 900 5
.RPM (révolutions per mnute). The reduction rate of the planetary gear
assenbly was 1/4.8. A belt-pulley reduction device reduced the notor
r-otation (1800 to 2000 RPM) to the input rotation (820 to 900 RPM. The

| evel of noise generated was measured 10 at a spot spaced fromthe
electric washers by 1 m The |evel of noise fromthe washer incorporating
the rel axati on mounting was 48 phons.-TB8 revel of noise fromthe washer
incorporating the fixation nounting was 55 phons. Many parts other than
reduction gears 15 Planeb%ﬁ%r%ﬁ%rn%?%%@blthéxFéd&BtFgﬂ FasiagePYofcherse
shtws an excel l ent advanfage of . this in eﬁtion. ES) A pounting_in which
this invention is bt aﬂeb%h%dbﬁt%d niPchifiet PEARRLGY cRS gﬁ°9§??ous
machi nes other than eleciric shers. - 30 - CLAI M 1. A
mounting of a planel®r§ % %ﬂeigg%n%ﬁﬁ Wa%PRE%a sun gear, a plurality of

D et B 0 ¢y A SLapbETERE PR PR 85 AOEH! bR,
outer cylingrical sgihaceeddsiions per mindte). The reduction rate of
the planetary gear assembly was 1/4.8. A belt-pulley
réduction device reduced the motor rotation (1800 to
2000 RPR} to the input rotation_(820 to 900 RPM}).
The level of noise generated was measured
10 at a spot spaced from the electric washers by 1 m.
The level of noise from the washer incorporating the
relaxation mounting was 48 phons. The level of noise
from the washer incorporating the fixation mounting
was 55 phons. Many parts other than ;eduction gears
15 generate noise. This reduction in level 6f noise
shows an excellent advantage of this invgntion{
{5) A mounting in which this invention
N2 is embodied can be adopted in reduction devices in

various machines other than electric washers.



ring gear are |loosely fitted within conplenentary arcuate recesses in an
I nner surface of the casing, 10 t he arrangenent being such that a. °*

cl earance exists between the arcuate coupling parts and the recesses to ~ -
permt radial displacenent of the ring gear within the casing, a major part -
of the outer cylindrical surface of the ring gear is spaced fromthe iriner
surface of 15 . the casing by a relatively wide space to permt elastic
deformation of the ring gear, and t pl ane in which rotational forces are
transnitted between the planetary gears and the ring gear is displaced

axially fromthe plane in which ro%géhiﬁgl forces are 20 transmtted —~
bet ween the arcuate coupling parts ring gear and the casing. * C w
L M S * - 31 - 2. A mounting of a planetary gear assenbly

in a casing as clainmed in claim1, wherein the ring gear is made from
plastics. 5 13 R Qf QaﬂeéﬁEﬁ barJgak mbly in a
casing as clained in cIa|n11 when;ﬁ?the r ng gear ?é na§ ?ﬂﬁﬁf

al um ni.um di e- caHdvitig 4. sun gear, £ pRIFANiRG 8f ﬁ&éﬂéﬁﬂ%&a§¥a9§%hu§5Se”b|y
in 10 a casing as clainmed in claim 2, erein the ring gear

5 an outer, inner-toothed ring gear positioned in a
casing wherein a piurality of arcuate coupling parts
projecting from an outer cylindrical surface of the
rlng gear are loosely fltted within complementary K;)
arcuate recesses in an inner surface of the casing,

10 the arrangement belng such that a clearance exists
between the arcuate coupling parts and the recesses to
permit radial displacement of the ring gear within the
casing, a majcr patt of the oﬁter cylindricai surface
of the iing gear is spaced from the inner surface of

15 | the casing by a relatively wide space to permit

" elastic deformation of the ring gear, and the plane in
which rotational forces are transmicted between the
planetary-gears and the ring gear is displaced axially
from the plane in which rotational forces are

20 transmitted between the arcuate coupling parts of the

ring gear and the casing.

A



Is elastically deformable in radial directions. 5. A nmounting of a
pl anetary gear assenbly in a casing as clainmed in claim4, wherein the ring
gear '15 * ds.elastically defornable towards an ellipsoidal shape. 6.

A mounting of a planetary gear assenbly in a casing as clained in claim4,

wherein’the’'ring gear 20 Is elastically defornmable towards a square
shape. 7. A nounting of a planetary gear assenbly in a casing as
clained in claim2, wherein the ringgear * C L M S * - 32 - s

el astically deformable so that it can be tw sted about its axis. 8.

A pounting of a p]anetary ggago@ssSEiElof aNpdanetary fedShB8embl ¢!l med in
anyzone of claims 1 to 7, wherein the clearance between the arcuate
coupling parts amdasdiorsassclaimed him dllagmr 3pgwhdreinmheoringngedr

A mounting of a planetary gear assenbly in 10 a casing as clainmed in
any one of cl ai nks Inade Fronmeptastimh pl anetary gear consists of a

_ planetary gear ring and two side planetary discs with disc parts |arger
than the addendumcircle of the respective gear ring, and the ring gear

conprises a gear_part between
5 3. A mounting of a planetary gear assembly in

a casing as claimed in claim 1, wherein the ring gear

is made from an aluminium die-casting.

4. A mounting of a planetary gear assembly in
10 a casing as claimed in claim 2, wherein the ring gear

is elastically deformable in radial directions.

5. A mounting of a planetary gear assembly in
a casing as claimed in claim 4, wherein the ring gear
15 is elastically deformable towards an ellipsoidal

shape.

6. A mounting of a planetary gear assembly in
a casing as claimed in claim 4, wherein the iing gear

20 is elastically deformable towards a square shape.

7. A mounting of a planetary gear assembly in

a casing as claimed in claim 2, wherein the ring gear

Lo



15 cylindrical surface pafts, the cylindrical surface parts being

arranged for rolling upon the disc parts of the planetary discs. 10. ;

A mounting of a planetary gear assenbly in 20 a casing as.clainmed in’ -
claim9, wherein the sun gear has side cylindrical bosses arranged fqr ’
rolling on the disc parts of the planetary discs. - 33 - 11.

nmounti ng of a planetary gear assenbly Iin a casing as clainmed in any one of
claims 1 to 10, wherein each planetary gear consists of a planetary gear
ring, a side planetary disc |arger™ t n’the 5 - addendumcircle of the
respective gear rjng and .a si.de Iane dIS smal l er than the dedendum -~
circle of the reshe&iaRt éjr p%gong Lr 1L PR iR &vdSERer part, awd

| arger cylindrical qgfqﬁpa%grt and a snaller cylindrical surface part
bei ng arranged fo upon the respective discs of the

pl anetary gears, and the sun gear has a smaller colum for rolling on the
| arger planetary discs and a larger colum for rolling on the snaller

pl anetary di scs 5 12. t JP ) %%%%%b@
assenbly in a casiing as clalrre aat :Ei ngl] w%ge Q ﬁe sun gea |s f or med
integrall g with 33 sdHkishpfals claimed in any one of claJ.ms 1to 7,

wherein the clearance between the arcuate coupling

parts and recesses is within the range 0.5 mm to 3 mm.

9. A mounting of a planetary gear assembly in
10 a casing as claimed in any one of claims 1 to 8
wherein each planetary gear consists of a planetary
gear ring and two side planetary discs with disc parts
larger than the addendum circle of the respective gear
ring,'and'the'ring gear comprises a gear part between
15 cylindrical surface parts, the cylindrical surface
parts being arranged for rolling upon the disc parts

of the planetary discs.

10. A mounting of.a planetary gear assembly in
20 a casing as claimed in claim 9, wherein the sun gear
has side cylindrical bosses arranged for rolling on

the disc parts of the planetary discs.

A
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13. A planetary gear assenbly nounted in a 20 casi ng
substantially as described hereinbefore with reference to the acconpanyi ng
- drawi ngs and as shown in Figures 1 to 7, of Figure 8 or Figure 9.

3

¢

- 33 -
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11. A mounting of a planetary gear assembly in
a casing as claimed in any one of claims 1 to 10,
wherein each planetary gear consists of a planetary
gear ring, a side planetary disc.larger than the
5 addendum circle of the respective gear ring and a side
planetary disc smaller than the dedendum circle of the
reépective gear ring, the ring gear comprises a gear
O/ part, a larger cylindrical surface part and a smaller
cylindrical surface part being arranged for rolling
10 upon the respective discs of the planetary gears, and
the sun gear has a smaller column for rolling on the
larger planetary discs and a larger column for rolling |

on the smaller planetary discs.

15 12, A mounting of a planetary gear assembly in
a casing as claimed in claim 11 wherein, the sun gear

is formed integrally with a sun shaft.

13. _. A planetary gear assembly mounted in a
20 casing substantially as described hereinbefore with
reference to the accompanying drawings and as shown in

Figures 1 to 7, of Figure 8 or Figure 9.
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