-1- PLANETARY GEARI NG ASSEMBLY DESCRI PTION This invention relates to a

pl anet ary gearing assenbl'y having w de ap | ications for decelerator or 5
aceelerator”,espe0|ally to an asymetric planetary gear assenbly mnth

uni fi ed asynnetrlc pl anetary .gears and an asymetri:c internal gear

pl anetary gearing assenbly may consist of a sun gear, three or fgyép'§5§31+fSLf
pl anet ary- gears, an internal 10 gear and a carrier. At six or

poi nt s-p} anetary gears mesh with a sun gear or an internal gear. The nunber

of engagenent points exceeds éﬁFN"l nhggégﬁa t as refore it is
difficult to equalize 15 e s e acting upon the

engagenent points. OMng to very small size errors the transmtting
forces are likely to be uneven. Uneven engagenent neans too deep engagenent
on the one hand and too shall ow engagenent on the other 20 hand. Deep

engagenent between planetary gears and a sun gear or an internal gear
causes great vibration, |oud noise and DESCROPTE®NI oss.

This invention relates to a planetary gearing
assembly having wide applications foE decelerator or
3 accelerator, especiaily to an asymmetric planetary gear
assembly with unified asymmetric planetary gears and
an asymmetric internal gear.
A planetary gearihg assembly may consist of a
sun géar, three or four planetary gears, an internal
10 gear and a carrier. "
At six or eight points planetary gears mesh
with a sun éear or an internal gear.
The number of engagement points exceeds the
number of parts. Therefore it is_difficult to equalize
15 all the transmitting forces.acting upon the engagement
W | points. Owing to very small size errors the transmitting
forces-are likely to be uneven. ’ -
Uneven engagement means too deep engagement
on the one hand and too shallow engagement on the other
20  hand. |
Deep engagement between planetary gears and a
sun gear or an internal gear causes great vibration,

loud noise and big energy loss.



-2--To solve the problem of uneven engagenent, inproved plaﬁetary'gear
assenblies having planetary gears with discs and an internal gear with

ri ngs:'on both sides or on one side ther<€of have been proposed. 5° The
diianeters of the planetary discs or the internal rings are equal to the
di aneters of pitch circles of the planetary gear or the internal gear
respectively. FIG 8 shows a planetary gear using this inprovenent. The .
pl anetary discs contact with and roll on 10 ‘the internal rings. ;=

These pitch discs angiddiyd i tHS EJERd V& Yud & & déﬁ%agélﬁéﬁé, engagerf&eﬁ’t
bet ween planetary gears and an internal gear. - Now thi'sS type of

| provenentjfpr SRR 'PRfh thdp gedit (dsnBri s twmﬁgr?pm@ﬁfngearwny_
variations of this type have been proposed 15 so far. This is because
the pitch GiitH liiscs atid Qe irivedmal Wedr Geith Mwgs pon Cho th se€ad@gd pitch
rings are rotated at the sanme speeds wth their -gears, the line velocities
of the pitadr dcmanids ttHerdofhavre weprmlprdpdded cont act 20 poi nt s.
No slipping occurs between the pitch discs and pitch rings. Therefore
tradsmtti Mhefdiamaetans iof rite rpdiredh ryThil shed awenthne sinfeypmakhdi scs and
rings are insignificant. However the pitch circle type of planetary gear 25

LY

assenbl y hayingsirammaauahddo thy diannkars of pitels aixcles of the

planetary'gear or the iﬁternal.gear Eespectively.
FIG.8 shows a planetary gear using this improvement.
The planetary discs contaét with and roll on
10 the internal rings. These pifch'discs and pitch rings Q)_
effectively forbid an exdéss-engagement between planetary o
gears and an internal gear. Now this typé of impfovement
is referred to as a pi£6h~circle type for convenience,
‘Many variations of this typé.haVe been proposed
15 so fér. This is because the pitch circle is-a unique
circle for a gear.
When pitch discs and pitch rings are rotafed
at the same speeds with their gears, the line velocities
.of the pitch discs and pitch rings are equal at the contact ;;)
20 points; No slipping occurs between the pitch discs and _ )
| pitch rings.
Therefore transmitting efficiency is not reduced.
The defacements of pitchdiscs and rings.are insignificant,
‘However the pitch circle type of planetafy gear

25 assembly has a drawback that a great number of parts are



-3- required to construct an assenbly. The pitch circle has an i nt er medi’at e
si ze betyeen a tooth-edge circle and a tooth-yoot circle. Thus two pitch
di scs and a: planetary gear cannot be made i nb?® piece. Simlarly 5

pitch rings and an internal gear cannot be madein onepiece. In the case of
tthe pitch circle type, a planetary gear consists of three parts and an

I nt er nal~ gear consists of three parts. Because the nunber of parts is

| arge, Lhe cost for manufacturing parts is increased. 10 Furt hernore
because an inter o the

m ddl e and two plnktaEl Fl ngs%pn ?ﬁ'(ge&s:ﬁj eésmrgpro%'wlyo‘f nTE%Iqid?ﬁ%rﬁai

among the three pgt & higs cgﬁg t ed a
novel 15 pl anet ary geaéradjia%%?ﬁ){[ | I{ll-snowéac?cg%lll té(;fﬁ%%gto# -

edge circle type 4 M%Paéff&lebppl B4 Ofed\p Pch 1PPddS . addVa N9 Open
No: 58- 94656, Laying Open Date 4, June, 1983 ). In this type, a planetary

gear has two di SqflHdtary |gediercadit he dats hneske pllddd.e gty des.
ge CI

An internal gear has two ring portions |arger than t e tooth e cle on
both side$ Becaysitdherinigle and\qmpairit&rialigedfrgainghave r2RAd PRidheplece.,

circle, two side ring portions can be nade in one piece with a central
In the case of the pitch circle type, a planetary gear
consists of three parts and an internal gear consists
of three parts. Because the number of parts is large,
the cost for manufacturing parts is increased,

10 Furthermore because an internal gear consists of three
parts -————— a gear in the middle and two pitch ringson
the sides, a problem of misaligmnent occurs among the three
parts in radial directions.

This applicant then iniented a novel
15 planetary gear assembly, which isnow referred to asa tooth-
edge circle type ( Japanese Patent Application No.56-
193113, Laying Open Ne.58-94656, Laying Open Date 4,
June, 1983 ).
W | In this type, a planetary gear has two discs

20 larger than the tooth-edge circle on both sides.

An internal gear has two ring portions larger than the
tooth edge circle on both sides. Because the side ring
pertions are larger than the tooth-edge circle, two

side ring portions can be made in one piece with a central

25 gear portion.



25 - gear portion. ~ -4- Therefore an internal dear can Be matle as a

.single part. In practicesuch aninternal gear is nade by injection nolding

of polyacetal. The nunber of parts is =4weduced by two, because an intertnal
gear tonsists of one part instead of 5 ° three. This fact reduces’is
only the cost for manufacturing individual parts but also the cost for
constructing an assenbly. At first there was a theoretical question 10.
whet her all the gears of the planetary gear assenbly could snmoothly rqgfate,:

because the contacti muetaddrd lad iidrlas gl sl B4 aadehgs i sehgre Cf es.
However when the applicant had constructed such a planetary gear assenbly

~and had exgaritaed The prelctticy@hchrapbnterngl tdeariSis madeapyassenbly, all
the gear rotated as snoothly as an assenbly of the pitch circle type. This
t oot h- edgeinypetionspoiding of wallyaceg=dd to the axial direction. The '
appl i cant has al so I nvented a novel 20 pl anetary gear assenbly
whi ch i s asynmetri calThe mumbegaraf tpantee i&i atedlicattbportwo,
because an intefnal gear consists:qf one'part-instead of
) three. | |
This fact reduces is only the cost for
manufacturing individusl parts but also the cost for
constructing an assembly.
At first there was a theoretical question | _Qu;'
10 . whether all the gears of the planetary gear assembly
could smoothly rotéte, because the contacting and rolling
circles deviated from the pitch circies. However when
the applicant had constructed such a planetary gear |
assembly ah& had examined the rotational property of tﬁe
15 gear a’ssembly., all the gear rotated as smoothiy as an
assembly of the pitch tircle type.
This tooth-edge type is symmetrical with
regard to the axial direction.
The applicant has also invented a mnovel
20 - planetary gear.assembly which is asymmetrical with
regard to the axial directiqn. |
(é) Patent Laying Open No.60-34553
Laying Open Date ; 22, February,1985
(b) Patent iaying Open No.60-252845
25 Laying Open Date ; 13, December, 1985
(c) Patent Laying.Open No.61-27337
Laying Open Date ; 6, February, 1986



(a) Patent Laying Open No.60-34553 Laying Open Date ; 22, February, 198'5'(b)'
Patent Layi ng Open No. 60-252845 25 Layi ng Open Date ; 13, Decenber,
1985 (.c) Patent Laying Open No.61-27337 Laying Open Date ; 6, February,
1986 °  -5- (a) is an asymmetric planetary gearing assenbly ih which every
gear has a disc or a ring on one side. (b) and (c) are asymmetric planetary
geari ng<5 assenblies in whichevery pl anetarygear and an internal gear
have twg/ discs or two rings on both sides. However the discs and the rings

areasymretrical wthregard(ia tilze aaXiadlymilet2dlci Plane thArdi pearyp edon one
side of the planetary gear is larger than the tooth-edge circle of 10
the planetary geassembdyadbt wbvicthi esveryugead bast lae ditseerorsiade ing ol | er
than the tooth-root cirecle. Following fromthis, a ring forned on one side
of the internal gmersidelarger than the tooth-edge circle of the internal
gear, and another ring forned onthe other side is smaller than 15 t he
tooth-root circle of interk®) gadr (c) ame misysmeityichpleavesanyy £eaninge

former inyention of i toolh-efige type, there was a theorotical guestion
| | gear have two discs or two rings on both sides.
However the discs and the rings areasymmetric.al with regard
to the axial direction. '~ A disc mour:ted onone side of
the planetary gear is larger than the tooth-edge circle of
N\ 10 the planetary gear, and another disc mounted on the other -
side is smal.ler_ than the tooth-root circle. Following from
this, a ring formed on one side of the internal gear
is -larger than the tootﬂ-edge circle of the internal gear,
and anothef ring formed on the other side is smaller than
15 = the tooth-root circle of internal gear. At‘first in
the same wayas in the former invention of the tooth-edge
type, there was a theoretical question whether such an
asymetric planetary . gear assembly could smoothly rotate,
Q because the line velocities of side discs and side rings
20 appeared to be different at the contacting and rolling
points on both sides.

Then the applicant had constructed such an
asymmetric assémbly, had examined its rotational property,
and had confirmed that there was smooth rotations of all gears.

25 | The asymmetric type of planetary gearing

assémbly has an advantage that a. sun gear or a sun gear shaftcan



~asymmetric planetary gear assenbly coul d snoothly rotate, because the l'ine
*"velocities of side discs and side ringsg20 appeared to be different at
the centacting and rolling points on both sides. Then the applicant had
constructed such an asynetric assenbly, had examned its rotational °
'property, and had confirnmed that there was snooth rotations of all gears.
The asymmetric type of planetary gearing assenbly has an -
advantage that a sun gear or a sun gear shaft can . be inserted fronthe
si de af ter boriknsertedrfrap the ehdeapftrrafongi¥usddeninventing variols
ki nds of anomal ous pl angé ary gear assenbly in seeking an ideal planetary
gear assenbly with | W@ 5far’t %l%PB.%%ﬁ“thhﬁﬁ PeeRshNeeRbENgf fi ci ency and

| ow cost for construpt Bot h | t he fases of the tooth- e e circle type
or "the. asy LIS (6HAS o5 Shanalole af Sastark 8e0r ARPUISER Lo, They

her ebar wedh ste“%#“rgﬂd%ar?&%%%“ﬁﬁéﬁsﬁm BR8r, RPEmBY; S RpAa et ary gears
and 5each pl‘giee ﬂf’orgeat[ i)gs%“egfp e{ﬁ%?%ih&qldra}%r,e%ﬁ@unber of :

part's have n requﬂr o co ruct an ass has
hei ght ened g¢die Jdohstruc@dnf OF nanufacturlng parts and the cost for’
assenbl yi ng

Both 1n the cases of the tooth-edge circle
~ type or the asymmetrlc type, a planetary;gear conslsts
of three parts..' They are a gear in the middle and two
10 side discs which hold the gear thereeetween. _@;)
A planetary gear assembly has'three.or four planetary
gears and each ﬁlanetary gear consists of three parts.
Then a great numﬁer of parts have beeﬁ required to
construct an assemﬁly. This_fac£ haS'heightened_the
15 cost for maﬁufacturing parts and the cost for assemblying
them. _ 7
If a planetary gear could bé formed integrally as
a single body, the costs for manufacturing and for
assembling would be significantly reduced.
20 _ ~  In the pitch circle type a planetary gear
consiste‘of'three parts. It might be peSSible to make
a planetéry gear in two pafts, but such an asymmetric
structure would cause an undesirable'ﬁhbalance in the
planetary gear.
25 _ In the tooth-edge eircle typee, it is unavoidable

to constitute a planetary gear with three parts, because



them |f a planetary gear could be formed integrally as a single body, the
costs for manufacturing and for assenbling would be significantly reduced.
2Q - ) ' . In the pitch circle type a planetary gear consists of
thrée-partis. It mght be possible to nake a planetary gear in tw parts,
but such an asymmetric structure would cause an undesirabl e unbal ance in
the planetary gear. 25 In the tooth-edge circle type , it is
unavoigable to constitute a planet ary7gear with three parts, because -7-
it is equipped with two discs |arger than the gear part on both sides of
the gear part. A ph¥ pcsewirped svith, d&wpj disgss ﬁ-érﬁ?§vi@'@"a ghanegear gear

assenbl y havi ng pl anet In a single part. Another

purpose of the inv_@?‘ﬁ"'f E@iﬂrﬁypg%g(r);. %B&Zgagrﬁ%m gear assenmbly with |ow
To "M The bl anet &y PRERRG o hiey FReFRIEN ARiP BOVRR Aue
planetary gearing geSRly, GOUP'dsudithy®nsVihe?pihnetary gears unified
5 in a single part. | |
Another purpose of the invention is to pfovide a
planetary gear assembly with low .noise and low
vibration by improving the material of the internal

' geafs .

: ~ 10 The planetary gearing assembly of this invention
prbvides a pla_netazy gearing assembly comprising:
a sun gear; ) |
a plurality _of planetary gears meshing with the
sun gear,
15 a internal gear meshing with the planét.ary
gears,
a carrier _rotat;ably supporting the planetary
gears with planetary shafts; characterised in that the
o/ planetary gear consists of a planétary gear part in

20l the middle, a planetary smaller disc part smaller than
| the tooth-root circle of fhe planetaiy gear part on a
side thereof, a planetary bigger disc part bigger than

the tooth-edge circle of the planetary gear part on
another side thereof and a planetary boss axiaily
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a plurality of planetary gears neshing with the sun géar, “15° R a
I nternal gear nmeshing with the planetary gears, a carrier rotatably
supporting the planetary gears with planetary shafts, characterised in that _
the planetary gear consists of a planetary gear part in 20 the niddle,
a planetary smaller disc part snmaller than the tooth-root circle of the

pl anetary gear part on a side thereof, a planetary bigger disc part blgger
than the tooth-edge circle of—tﬁg_planetary gear part on another side

t hereof and a planetary boss axially -8- perforated with a shaft hole

t he pl anet ar ypegifaragedt witlha Bhaftt hode sthiel plaseterygehr pawer pl anetary

bi gger disc part and the planetary boss are integrally formed as a single
body; the i nthe ngplagetary ismalldesdisc part, thetplamstaggabigger neshing
wth planetary gear part, a smaller inner cylindrical part smaller than the
t oot h- edge cididce pairtt &nd i theeplanhetaxy homst ave integihalifreferfedind a bi gger

i nner cylindrical part bigger than the tooth-root circle of the i nt er nal
gear part 10 as ansinglecrbasiyie ther.dgtternnd jgeax ndnciudesmant, the

smal | er inner cylindrical
internal gear part meshing with planetary gear part,. a

smaller inner cyl:.ndrlcal part smaller than the
" tooth~edge circle of the mternal_ gear part on a side
thereof and '.a bigger inner cyiindrica_l part bigger
than the tooth-root circle of the internal gear part
10 on another side thereof; |
the internal gear part, the smaller inner cylindrical
part and the bigger inner cylindrical part are made of
nylon or polypropylene; the planetary smaller disc
paﬁ:s ‘roll on smaller inner cylindrical part and the
15 planetary bigger disc parts roll on the bigger inner
cylindrical part.
‘Namely in this invenﬁion a gear part and two
side discs are integraily um.f:.ed in a single body.
~ Furthermore the internal gear of this invention "/
20 is made from elastic materia.l w:.th low _rigidity e.g.
nylon 66, nylon 6 or pdlYpr'opylene instead of
polyacetal. ' '
The invention will be more fully understood from

the following description given by way of 'example only
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part and the bigger inner cylindrical part are made of nylon or

pol ypropyl ene; the planetary snmaller disc parts roll on snaller inner
cykindrical part and the 15 pl anetary bigger disc parts roll on the

bi gger inner cylindrical part. Namely in this invention a gear part and
two side discs are integrally unified in a single body. Furthernore the
internal, gear of this invention 20 is made fromelastic material with
low rigigity e.g. nylon 66, nyl en -l 6~or pol ypropyl ene instead of
pol yacetal . The invention will be nore fully understood fromthe foll ow ng
description given withayeflerengeplto othe sevexal réfiguesse ofo the

sever al figures of the acconpanying drawings in which: FIG 1 is a
partial |y secti one@c¢empanyingnwdsawinasiin wicehsy nmetric pl anetary gear
assenbly as an 5 enbodi nent of the invention. FIG 2 is a partially
sectioned rear view RiGz 3 is & pastipbhy sestdanedrony ydgwaofide 111 -

1 inFIG 1
'n _ unified asymmetric planetary gear assembly as an

5 embodiment of the invention.
FIG. 2 is a partially sectioned rear view.

™



FIG4 is an enlarged sectional view only of a planetary gear**shown® in
FIG3. 5 FIG5 is a front view of a planetary gear. FIG'6
is a sectional view near a planetary gb@ -of anot her enbodi nent of thi’s
invention. FIG7 is a sectional view of a planetary gear of the tooth-edge
type. 10 FIG8 is a sectional view of a planetary gear of
the pitch circle type. Referring nowto the drawings a unified asymretric
pl anetary gear assenbly consists of a sun gear (1), planetary gear (ZA;,an
internal gear (3) a”dF§6153 is G2k E%Ho%%h E% %dﬁ§d35¥&¢%%@ﬁ,%9 i n"the
center. In this exanpl & folr Ianetary ‘gears se a B Wi tht he
sun gear (1ly1t T@igelglp@@ta&y gears (2) are also available instead of

four. 20 An i niernal gear (3) encloses and nmeshes with aII'
the planetary gears (gl¢.4& €8 bheenldkged RBelclthioNalln vA iRigh1§20f & di sC
(4a) and a sub-carrier di sc (4b). The carrier (4) rotatably supports the

pl anetary gpaafietdryby¥eBrashbehy iBSFIG.3shafts (5). The main carrier disc
(4a) has four-( or three ) prOJectlng parts (10) on the inner surface.
5 FIG.5 is a front view of a planetary gear.
FIG.6 ié a sectional view néar a planetary
gear of another embodiment of.this invention.
FIG.7 is a sectional view of a planetary gear
of the tooth-edge type. '
10 | FIG.8 is a sectional view of a planetary gear \/
of the pitch circle type.
Referring now to the drawings a unified
asymmetric planetary gé;r assembly consists of a sun
gear (1), planetary gear (2), an 1nterna1 gear (3) and a
15 carrier (4)
There is a sun gear (1) in the center.
In this example foﬁr planétary gears (2) enclose and mesh
with the sun gear (1). Three planetary gears (2) are
also available instead of four. \;,
20 " An internal gear (3).encloses and meshes with
all the planetary gears (2).
A carrier (4) is built with a main carrier
disc (4a) and a sub-carrier disc.(ab). The carrier (4)
rotatably supports thé planetary gears (2) by planetary
25 shafts (5). | |
The main carrier disé (4a) has four ( or three )

projecting parts (10) on the innef surface.



Correspondi ngly the sub-carrier disc (4b) halfs\af our (orthree)
secondprojecting parts (11) on the inner sur¥ace. A plugpart (12)is

f or medori a®setondprojecting part (11) of the sub-carrier disc (4b). A
socket (13) is 5 perforated in the axial direction in the first
projecting part (10) of the:main carrier disc (4a). To connect two carrier
di scs, an operator inserts the plug parts (12) of the sub-carrier disc (4b)

into the ket - ' 1 t d f

e o8, parte. (O hrEouAPRlp' EnERELbEEafkaty( 4the luny, his ERLTTHE eBfge)
pa . i "E

G oo’ (dm) with {heoonG TSt DRt L) S B R R ion i s

available if the 15  nai na Ganig partd{$2) 4atoRed bhta S Hecotd pPb jebEnkHrt
are made fromsintered alloy or almniumdie-casting. If the-carrrer diScCs
(4a) and (4b) ar@l1ndef fcloen phbstagpierhdipeof8bdi.ng Andscked) (28)ths pl ug
parts (12) are bonded to the sockets (13) by - ultra sonic bonding. 20
Four (or tipee) pewforayedrbnethéngxpalt dité8ripar far shedditht projecting
shaft-supporting holes (16) are fornmed on the inner surface of the main
carrier disc (4aarthé10hwafdthepmejinccempriear ddsclq)haj.e positioned at the
m ddl e of two nei ghbouring projecting parts (10). 25 Simlarly
four ( or three ) further Pootenneatphvescarojepediscas cannwoperator
shaft-supporting holes (16) are forned '

B X )
o

inserts the plug parts (12) of the sub-carrier disc
(4b) into the sockets (13) of the main éarrier- disc (4a)
10 till the ends of the plug pérté (12) project out of
cavities (29). And the projecting ends are crushed
round. The crushed ends (28) firmly couple the main
carrier disc (4a) .with the sub-carriér disc (4b).
o This method of coﬁﬁection is available if the

15 main carrier disc (4a) and the sub-carrier disc (4b) are

- made from sintered alloy or‘alminium die-casting.
If the carrier discs (4a) and (4b) are made frbm plastics,
the brojecting ends (28) of the plug parts (12) are bonded
to the sockets (13) by ultra sonic bonding.

(O 20 . Four (or three) inwa‘rdly. projectiﬁg'parts (18)
perforatedwith shaft-suppbrting holes (1 6') are formed on the
inner surface of the main carrier disc (4a), The inwérdly
projecting parts (‘iB) are pbsitioned at the middle of two
neighboﬁring projecting parts (10).

25 Similarly four ( 6r'three ).further projectingparts
| (19) perforated with shaft-supporting holes .(16)- are formed

on the inner surface of the sub-carrier.di_sc (4b).



on the inner surface of the sub-carrier disc (4b). *  Boths *ends® of the

. planetary shafts (5) are fixed in the shaft-supporting holes (16) of the
“main.carrier disc (4a) and the sub—ch®yier disc (4b). The shape of the

pl anetary gear is a novel feature 5 of this embodi ment of the
invention. Therefore it will be explained in detail referring to FIG 4
and FIG 5. The planetary gear (2) has a planetary gear part (8) in the

m ddl e, a planetary smaller disc part (6) and a planetary bi gger dlscqlgt
(7) on both sides, Thus the % | anet ary ﬂe ié I's as nnetrlc -
regarding its aX|%PtHFrEE@FoH Bhei Rhapetaryi §ha Fst )pﬁﬁﬁe ax@dgear part

égaleﬁ’z:‘:ais Tlsa&z?@ésa %Sézs'éi%arzzgﬁ?asvgh%fnﬁﬁarz%%ﬁ%%e é%%)-l
p _

The planet oy SEB! BhelLIBrAEELER) qiseSTRbDer Lhan he tooth-root circle
el OTs thar { EnkPShRpEHE EhEChE 9%?9 gkanetar s differ Hiatumortant

matter is that the planetary gear pl ane ary smal T'er disc

Dy, BT PR it e e il P SRERERIRE I WL e 1
I ntegrall ye%'lfa'i?fed Qnadél_tag.h.er@fetrringﬂ’ﬁos pm,orie gHd tHEs CIBy acteristics
The planetary gear (2) has a”planetary gear part
._(85 in the middle, a planetary smaller disc part'(6) and a
planetary bigger disc part (7) on both sides. Thus the N
10 planetary gear (2) is asymmetric regarding its axial direction. ._ o/
An inner portion of the planetary gear part (8)
connects w1th a planetary boss (9) through which a shaft
hole (21) is perforated. A planetary shaft (5) pierces
the shaft hole (21) . |
15 - The planetary smaller disc part (6) is smaller
than the tooth-root c1rcle-of planetary gear.  On the
other hand the planetary bigger disc parts (7) is bigger
than the tooth- edge circle ofthe planetary gear.
The important matter is that the planetary gear part (8), ";)
20 planetary smaller diec part (6), planetary.bigger disc part
(7) and planetary boss (9) are made in abody. The planetary
gear (2) is not divided in three parts but is integrally

unified in a 51ngle part. This is one of the characteristics
of the invention. - Such an asymmetric planetary gear is

25 able to be made by plastic injeetion-molding or sintering
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of the invention. Such an asymmetric planetary gear is 25 abl'e to be”
made- by plastic injection nolding or san I ng of powder netal. To
coerespond with t he pl anetary gear %éf? the internal gear (3)
consists of three parts. Nanely the internal gear (3) has an internal gear
part 5 (23) in the mddle, an smaller inner cylindrical part (26) and

a bigger inner cylindrical part (27) on both sides. The internal gear part -

(25) maghes wi-th the planetary gear part (8) to transmt rotation torque

t hereto. The pd@anet giowdd@iderardl sc part (6) contacts 10 w th and

rolls on the smaller i'mmer cylindrical part (26) of the internal gear (3).

O course there is somTelcarnpoiEtwesy t W e | pIuhstdd r net i mes

two parts (6) and (26) touch each other but other ?ines tﬁ239%z A%?piouch.
Sihe |anterddie gdanal3) edngipers dSctinsgd gaptsontacts with

and rolls on the bigger inner cylindrical part (27). There is al so sone
cl earances bet wetamely the linemnalf e (3Niapaan siftBrmald ge2id) maonet i nes
touch but other times do not touch each other. 20 Owning to the.

contact Hetween ¢3d pimntdreamiddie | @an @malker tiqmyr ol indrisal IpaT Y nner

cylindrical part 6) and the contact between the pl aneta bi gger -di sc
y P (éés)and a bigger inner cylindricaf)part (29) éﬁlboth'sides.

The internal gear part (25) @?shes with the
planetary gear part (8) to transmit rotation torque
thereto. The planetary smaller disc part (6) contacts

~ 10 with and rolls on the smaller inner cylindrical part (26)
of the internal gear (3). Of course there is some
clearance between two rolling surfaces. Sometimes two
parts (6) and (26) touch each other but other times they
do not touch. _ o

15 - Simiiarly the planetary bigger disc part (7)
contacts with and rolls on the bigger inmer cylindrical
part (27). There is also some clearances between two
rolling surfaces. Two parts (7) and (27) sometimes

K;f | touch but other times do not touch each other,

20 'Owing'to the contact bétween the planetary smaller
disc part (6) and the smaller inner cylindrical part_
(26) and the contact between the planetary bigger disc
part (7) and the bigger inmer éylindrical paft (27),
radial forces are transmitted from the planetary gears (2)

25  to the internal gear (3).



part-(7) and the bigger inner cylindrical part (279° radial Torcés ‘are
~transmitted fromthe planetary gears (2) 25 to the internal gear (3).

A sun shaft hole (14) is axially pefforated in the sun gear (1). ‘Asplihe,
serrationor D-shape hole is formed on the inner surface of the sun shaft
hol e (14). Abosspartofthe main carrier disc (4a) is thickened 5 to
reinforce it. A carrier shaft hole (15) is axially perforated in the.

t hi ckened boss part. A spline, serration or other coupling device is EQLned
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(14). The internaj tﬂ?saépég‘); o8 tRRU M £ich | o G | s 1@ Y ei’serﬂh%él@eﬂég er nal

gear (3) fromrotating wth regard to the casing, several radia
projsecti ongd FPirdfdrdeoried om el Vdndfl ikele SUrIRcEs (3ally The

casing 20 S _ formed to have conplenentary projections on its
i nner surf gexforated Hirs theamtic kdred bbesrpdr ged spRine, serration
or other coupling.device is formed'aL§o on the inner
surface of the carrier shaft hole (15).
When the planetary geaf assembly is used as a .
10 redgctj_on gear, an input shaft (shall be ) is inserted into the N
sun shaft hole (14) and an output shaft i{s inserted
into the carrier shaft hdle (15). On the contrary when
it is used as astep up geér, an input shaft is i'nsgrted
into the carrier shaft hole (15) and an output shaft
15 is inserted into the sun shaft hole (14).
The intefn#l gear (3) is mounted in a casing.
To prevent the internal gear (3) from rotating with
regard to the casing, several radial projections (31) are
formed on smooth cylindrical surface (32). The éasing \;)'
20 is .' formed to have complementary projections on its
inner surface. In this example the internal gear (3)
is r#ther loosely mounted in the casing.
Of course other kinds‘of mouhting'are'alsé-
~ possible. For instance By perforating axial holes onan

25 internal gear and the flange of a casing, one can fix the

internal gear to the casing by screwing bolts in the holes.
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i s rather | oosely mounted in the casing. O course ot her ki nds of

mounting are al so possible. For i nstqu _hy perforating axial holes on
ang 25 internal gear and the flange of a Casing, one can fix the -
internal gear to the casing by screwing bolts in the holes. In the

enbodi mrent shown in the figures, the radial projections (31) deviate from
the mddl e plane. The plane for receiving torque isaxially spaced fromthe
pl ane Q¥ which the radial projections (31) exist. If a strong torque acts,
the internal gear (3) can distthée émbadimpenal showmnedn thevdigurew, phenesdial
Such spiral distortion is effective to absorb anyabrupt, strong shock.
Furthermore the iptejectiopsir(3B) déviate frnomnthemiddle planevlded in a
body fromnylon 66, nylon 6 or polypropylene. These naterials are nore

el astic than pol yeetlang £or trecebping aberqgue beaxialdiyspagedofiram as
the material of the infernal gear. Because_of their high elasticity

nyl on 66, nylon 6tk BARerepyhichitherradialcPreiestinns: ©31) waisbn 15

or noi se-ggneration. In the exanple shown by FIG . 3 the jnwardl

proj ectingparts (]%)a SIS t HEWD 2t Png pathe ’(’i”@?r‘?ﬁje 8%?%%32)&‘?%e

I nner surface of garrier discs (4a), and (4b). t revent the planetar ear
(2) from displ aci‘f}’gs%%'élﬂl abys;slrgl manr(ner)begwgen two pfang . y 9

Such spiral distortion is effective to absorb any abrupt,
strong shock. - . )
Fur;hermofe the internal gear (3) of this invention
N\ 10 is molded in a body from nylon 66, nylon 6 or polypropylene.
These Materials'are more elastic.than'polyacetal which the
applicant haslbeen employing so far as the material of the
internal gear. Becau%e-of“thgir high elasticity ﬁylon 66,
nylon 6 or polypropylene is effective to alleviate vibration
15 or noise-generation. |
In the example shown by FIG. 3 the inwardly
projecting parts (18) and further projecting parts (19) are
formed on the inner surface of carrierdiscs (4a) and (4b) to
_ prevent the planetary gear (2) from displacingaxially by
20 holding the planetary boss (9) therebetween.
The planetary bigger disc parts (7) prevent the
sun gear (1).fr6m coming out leftward in FIG.3.
An inner boss (22) of the thickened main carrier disc-
(4a) prevents the sun gear (1),froh coming out rightward.

25 Thus the sun gear (1) is kept ata correctaxial position,
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20 hol di ng the planetary boss (9) therebetweén. The pl anet af y- bi gger
disc parts (7) prevent the sun gear (l) fromcomng out leftward in FIG 3.
An inner boss (22) of the thickened fi-# carrier disc (4a) preverits the sun-, -
gear (1) fromcom ng out rightward. 25 Thus the sun gear (1) is kept

ata correct axial position. Furthernmore in this exanple, the main disc
(4a) is larger than the smaller inner cylindrical part (26) of the internal
gear. This fact prevents the carrier (4) fromcom ng out of the’int@i@a
gear (3) leftward 5t . ténother eqbodiﬁpnt Qf this igy ntion is
shown in FIG 6. |PEtRERASRENtDl tBEFERAPRIFS (hE BAHE 433End“Rdr mer |
enbodi nent i L ment4¢LLC r_Protrusi ( a (37) are
shaped on %ﬁel%g%é? gﬂ%ﬁgggsn%QL%EEEng%ﬁegafyﬂéﬁ%gﬁggl(%g%taggsgu8¥carrier

di sc (4b) 1 . pfe ‘the n y S+ (2hnbr amdi: Spl @giyngi n
anaxi al di%ggtggﬁ?rnQiBégggée tﬁgigiSégEongﬁgﬁééaﬁyes%gkgéggdﬁgg part (6)
and bi 996%9@&%%@%0539 YEt BneDentebAllapeREO(BYS QL VREE). and (37), Lhe

pl anetary gears (2 re kept at a correct axial position. Besides in this

15 5  enbodi nent ARetheBOk@Bod BBener 6£PERLSr hodnithoan idXisAbwdi Aact i on. By
inserting bolts in the bolt holes (38) and screwng theminto screw hol es

of a casinpIGtbe iTEerNMdneritdB)strusthpbyibitiRd safeldle thastdmer
embodiment. In fhislembodimeht circ91ar protrusions
(36) and (37) are shaped on thé inner surfaces of the
main carrier'disc'(Aa) and sub-carrier disc (4b) to -
10 prevent the planetary gears (2) from displacing in anaxial ~
direction. Because the sides of planetary smaller disc
part (6) and bigger part (7) touch with the circular
protrusions (36) and (3;), the planetary gears (2) are
kept at a correctaxial poéitio_n. Besides in this
15 embodiment bolt holes (38) are perforated in anaxial direction,
By inserting bolﬁs in the bolt holes (38) and screwing |
.them into screw holes af a casing, the internal gear (3)
is safely fixed on the casing.
The sun gear (1) is madglffom piaétics, sintered g;;
20 alloy, iinc or steél. | Tﬁe planetar& gear (2) is made
from plastiés_or sintered'alloy._  In sPite'of the #nomalous
shape, the planefary gear can-be madg'in a body by
molding.  The carrier (4) is made from plastics, aluminium,
éluminium'alloy, sintered ailoy, zinc or steel. | | .
25 The internal gear (3) can be mc;ded from nylon 66, .nylon 6
or polypropyiene{ | | |

In the embodiment shown in FIG.1 to FIG.6, the



The sun gear (1) is nade fron1p|astics,_s¥ﬁ%g£ed 20 all oy, zinc or

st eel . The planetary gear (2) is made fromplastics or sintered alloy.

I n, spite of the anomal ous shape, the planetary gear can be made in a body
by ndl di ng. The carrier (4) is nmade fromplastics, alumnium aluni nium
alloy, sintered alloy, zinc or steel. 25 The internal gear (3) can be
nol ded f.rom nyl on 66, nylon 6 or polypropylene. In the enbodi nent shown in

FIG1 {G FIG6, pihRetarh angidey ayst! gardi €6)Pakl ghEbuei BDRNES mqnt he
main carrier disc (4a) and the planetary bigger disc part (7) neighbours to

the sub-carriercdirgge4disco(padvand the planaeary( biggeendied pareuy7)>5
This disposition can be safely reversed. I f the disposition is reversed,

the sun gear (1lpedghbberkreel yhensabtedrpiedr ddscotbldf ter peersntughieon.
Desirabl e size relations of gears, disc and cylindrical parts will now be
expl ai ned. 10 sun gear (INefpbmneomiggsomtler disc part (6) of the
pl anetary gear (2) is 0 to 2 nodules smaller in radius than the tooth-root
circle ob thepl anet ar y§bas. dimpopibherasgnnbggeafelycrpuersed) isIf the2
nodul es bigger in radius than the tooth-edge circle of {he planetarygear.
The 15 snalﬁéFPPﬁﬁéﬁOEyﬂPnHFY@EﬁeﬁarFhGZSP“ogeﬁﬁe(ihtEﬁﬁapegéﬁﬁe y
inserted or drawn out after construction.
Desirable size relations of gears, disc and cylindrical
parts will now be explained. |
10 The planetary smaller disc part (6) of the planetary
| geér (2) is 0 to 2 modules smaller in radius than tHe-
tooth-root circle of the planetary gear. The p'lane.tary
bigger disé part (7) is O to 2 modules bigger in radius
than the tooth-edge circle of the planetarygear. The
15 smaller inner cylindrical part (26) 6f'the internal gear
(3) is O.to 2 modules smaller in radius than the tooth-
edge circle of the internal gear. The bigger inner
cylindrical part (27) is 0 to 2 modules bigger in radius
than the tooth-root circle of intérnal,gear. |
“ 20 By way of explanation, the module of a gear wheel
is defined in Chambers Technical Dictionary as being the |
pitch diameter divided by the number of teeth).
The functions of the planetary gear_éssembly will
now be explained. _ | |
25 ' | The planetary gear pérfs (7) of the planetary gears
(2) mésh'with the internal gear part (25) to transmit
rotation torque. B

The planetary bigger disc parts (7) contact with



(3) is 0 to 2 nodules smaller in radius than the® t'obth- edge citcle of the '
I nt ernal The bigger inner cylindrical part (27) is 0 to 2 nodul es

bi gger. in radius than the t oot h-reot|& +cl e of internal gear. 20°

(By way of explanation, the nodule of a gear wheel is defined in Chanbers-
Technical Dictionary as being the pitch dianmeter divided by the nunber of
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(26). RadIBL Egrggﬁ are transmtted fron1the side disc 5 parts (6) and
(7) to the"si ?ndrical parts (26) and (27). . The contacts of the side

disc parts and Cyhg&@hlcﬁbrEEEt§rEOE?hﬂsﬁ&QQ%8 QQ%&QQEEnkl el wggR the

pl anetary gears an e Internal gear. Al'though the line velocities of the
dlss partspapdslQ6) andhe7hnesr thxl shdel egllipdricadr paditsl €@t anld t he

FQ| e (27). The contacts-of the side disc parts and cylindrical,
parts forb1d excess engagement between the ‘planetary
gears and the internal gear.
Although the line velocities of the disc parts and .
10 the inner cylihdrical parts are different at the rolling _ o
points; the difference of line velocities does not hinder
a smooth rotation of gears.
| Some amounts of tolerances are usually allocated to
the side disc parts (6) or (7) and the side inner cylindrical
15 parts (26) ar (27).  The disc parts and the inner cylindrical
parts are not always eontacting each other. But they are
separated nearly all time owing to tolerances.
For this reason the difference of line velocities
does not hinder smeoth rotation of gears ' ~;J
20 The assembly of gears will now be explained.
(1) A sub-carrier dlSC (4b) is put on a table as the second
projecting parts (11) face upward, _
(2) Planetary shafts (5) are inserted into the shaft-
supporting holes (16).
25 (3) Planetary gears (2) are inserted around the planetary

shaft (5) as the planetary bigger disc parts (7) face

-downward.
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points, the difference of line velocities does not hinder a snoboth rotation
of gears. Sone anpunts of tolerances are u Ily allocated to the side disc
parts (6) or. (7) and the side inner cyITﬁdf?iéT 15 parts (26) or (27).
The disc parts and the inner cylindrical parts are not always contacting

each ot her. But they are separated nearly all tinme owing to tol erances.
For this reason the difference of line velocities does not hinder snooth
The assenbly of gears will now be

rotatigg?of_gears. 20 o _ _
expl ai ed. (1) Qa?i??cg%&b%haQ' %g%?g?)'iquhs%§t%ﬁ;%??%P@§t%ﬁepigﬁgQ Iy

projecting parts ace upwa Plranet ar arerinser

into the shaft- supp@hlisng2hohgs thébbiggar innkd) cH13MAAcU19%aks (27)2FSce
i nserted around the planetary shaft (5? as the planhetary blgggr SISC parts
(7) face downward. downtardn internal gear (3) is inserted around the
pl anetary gears (2) as the bigger inner cylindrical part (27) face
downwar d. (5) A(SynAgean géari 19 ighsllightlygt edtanedd asdr faderted 3nto
the center of planetary gears (2). (6) A min carrier disc (4a) is fitted
onto t heSsub-carri ethdi sentdb) of planetary gears.(z).
(6) A main carrier disc (4a) is fitted onto the sub-carrier
disc (4b). .
(7 Top ends of plug parts (12) projecting on the cavities
(24) are pressed and flattened.
— 10 The advantages of this invention will now be explained.
First of all, a planeﬁafy gear is integrally unified.
It consists of one part instead of three.
The reaéon why ﬁhe pianetary gear can be unified in
one piece can be understood by referring FIG.3, FIG;S
15 or FIG.6. One sideof the planetary gear part (8) is
a planetary smaller disc part (6) smaller than the tooth-
root circle. The othér side of the planetary gear part
(8) is a planetary bigger disc part (7) bigger than
U the tooth;edge_circle. The peripheral aiameter
20 changes continuously in the axial direction.
Therefore such an anomalous planetary gear can be
- made by injection molding with.a paired metallic
'._mold. . On the other hand the planetary gears shown in
FIG.7 or FIG.8 cannot be molded in one operation, because

25 : the peripheral diameter does not change continuously,



- (7) Top ends‘of plug parts (12) projecting on the cvities-(24)%are pressed '
..and flattened. 10 - The advantages of this invention will now be
explained. First of all, a planetary, is integrally unified. "It

consi sts of one part instead of three. The reason why the planetary gear

can be unified in one piece can be understood by referring FIG3, FIG5 -
15 or FIG 6. .One sideof the planetary gear part (8) is a planetary
smal l er disc part (6) snaller than the tooth- root circle. The other sqgge

of the planetary gear part (8) is a planetary bigger disc part (7) big

than the tooth-edtte cutitf ted plaweperyppeanl rddasesethéOcosts forchanges
continuously in the axial direction. Therefore such an anomal ous pl anet ary
gear can bmamsfiec tyring eand oms sehbll ningi paraspaired netallic nold. On-
the other hand the planetary gears shown in FIG 7 or FIG 8 cannot be

nol ded in one opdbecavse thealmterwal gear ishwader fpbmrelasticeter does
not change conti nuously. The unified planetary_gear reduces the costs
for manuf dea tey il srwil e skhrb| BY hep pﬁar@s pgbyprerylene; ntheninteraali s nade
fromelastic material -nylon 66, nylon pol ypropyl ene, the internal 5
geat di st Bear Abstorks ¢lagtical byian saiﬁ%"bﬁ 8 hetﬁbﬁﬂ’ém%en an excess

torque acts on th ears
9 torque w Phgn an excess torque acts on the gears.

The elastic distortion of the internal gear reduces
noise-generation and vibration;'
To confirm this advantage of '.t':h'e '__i.r.\vent;ion, the

10 Inventor has made the following ' examiﬁa_tion. \J

Four kinds of planetary gear assemblies o’f the same size ahd
" using the same materials except 1;1 the matter of internal gears |
have been manufactured. The internal gears have been made
" from nylon 66, nylon 6, polypropylen.e' or polyacetal,

15 | The outer diameter of the ifit‘e_:‘nal gears is 75 mm,
Th_emodule of the gears is 0.75. 'The tooth number of the
‘internal gears.is 75. ' The reduction ratio is 4.8.

The tooth number of the sun gears is 20. The tooth number
of the planetary gears is 28. The sun gears are made of o/

20 sintered alloy. Ths planetary'geafs'are'made of |
pblyaceta1; " These planetary gear assembiies have been
mounted in electrir Washefs for testing the nbise-geﬁeration
property. 4 kg of clothes have been thrown into each
electric washer, " Then the electric washers have

25 been switched on. Then the InVentor has measured the



. os o ee
* e » ®

The elastic distortion of the internal gear reduces noise-generation and

vi bration. To confirmthis advantage of _t i nvention, the 10 | nvent or
has made the * fol | owi ng exani nati on. FouPRiTds of planetary gear
assefbl i es of the sane size and using the sane materials except in the
matter of internal gears have been manufactured. The internal gears have
been made fromnylon 66, nylon 6, polypropylene or polyacetal. 15

The outer dianeter of the internal gears is 75 nm Thenodul e of the gears
is 0.75. The tOﬁbhsauﬁbﬁHn@EstEQ.hnﬁeiﬂ@|dﬁﬁﬁhﬁcb8 15meter @ omednet i On
ratio is 4.8. The tooth nunber of the sun gears is 20. The tooth nunber of
the planetary gedestric2@ashébe sunTheanambee ofdeanpld® is tEmifvred

al | oy. The pl anetary gears are made of polyacetal. These pl anetary
gear assenbl i esehahekiedn nouBhedreaudtecofi theameesurieaterites ey sHvm

noi se-generati on property. 4 kg of clothes have been thrown into each

el ectric washerin TableTAen the el ectric washers have 25 been switched
on. Then the Inventor has measured the noi se | oudness at a point

di stanced 1 neter fromthe electric washer.  The nunber of sanples is ten
for each kind. The &egg of the neasurenents are ihorn in Table 1. 5
Table 1 5 Measurement Rotse- | Be@RUEemgpt of noise-loudness of

electric washers equipped with
different kinds of planetary gear

assemblies
o _
Material of internal gear | Noise loudness
10 nylon 66 48 - 43 phon
nylon 6 . 49 - 43 phon
polypropylene o 49 - 46 phon
polyacetal 54 - 47 phon

These results have proved that the planetary gear
15 - assemblies of this invention can reduce noise loudness
about 4 to 6 phons in comparison with the case of poly-
K~2 : acetal. .
Radial forces are transmitted in two ways :
‘one way is between the planetary bigger disc parts (7)
20 and the.bigger inner cylindrical part (27) and the
other way is between the planetary smaller disc parts
(6) and the smaller inner cylindrical part (26).
Radial forces are not transmitted from-gears to

gears. Because the radial forces are small, teeth of gears



el ectric washers equi pped with different kinds of p1anetary geaf ‘assenbl i es '

Mat erial of internal gear Noi se | oudness 10 nyl on 66

- 48 - 43 phon nylon 6 49 - 43 phon pol ypropyl ene
49 - 46 phon pol yacet al ' 54 - 47 phon These resul ts* have-
proved that the planetary gear 15 assenblies of this invention can

reduce noi se | oudness about 4 to 6 phoE&éDn—conparlson with the case ot
_poly- acetal. Radial forces are transnmitted in two ways : one way is &
between the planetary bigger disc parts (7) 20 - and the bigger inner
cylindrical part (27) and the other way is between the planetary snaller
disc parts (6) and the smaller inner cylindrical part (26). Radial forces

are not tranpsnit eg ? a aﬁs Because the radial forces are
smal |, teet °0P°&e pEPLY §ES Fa8868|beﬁésh each other. Even if strong
centrifugal forces h g orces.induced by
Size errors are applleﬁgb §thg?§§gaL8B%%§?§§?1 §3}?§s i 8§§F§ can
smoot hl'y ropghg-RY1t B6raek! 805, of ThBerdiees 3AdubhY bY'Size errors -
are applied to the input or output shafts, the gears can
smoothly rotate by the actions of the discs and the inner

L 3

cylindrical surfaces.
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cy1 I ndrical surfaces. CLAIMS: 1. A planetary gearing assenbly
conprising: a sun gear, 5 a plurality of planetary gears neshing
with theé sun gear, a i nternal gear nmeshing with the planetary gears, a
carrier rotatably supporting the planetary 10 gears with planetary

shafts; characterised in that the planetary gear consists of a planetary
gear part in the mddle, a planetary smaller disc part smaller than the
tooth-gygot circle of the planetary-ge@past on a side thereof, a planetary
bi gger "di sc part bigger than 15 - the tooth-edge circle of the planetary
gear part on another side thereof and a planetary boss axially perforated
with a shaft hole, th | anetary gear part, the planetary snmaller disc
part, the planetar§§ﬁE§§ér disc part and the planetary boss are integrally
formed 20 ‘as a single body; the internal gear includes an internal gear
part meshing with planetary gear part, a smaller inner cylindrical part

smal | er than the t qot h'ﬁdgfargé%eggr%ea.kg&%wlc&ﬁﬁs%} on a side
5 a sun gear, -
c 5 | a plurality of planetary.gears meshing with the
sun gear, _ | , .
.a internmal gear meshing with the -planetary
gears, | :
a carrier rotatably supporting the planetary
10 gears with planetary shafts; characterised in that the
planetary gear consistg of a planetary gear part in
the middle, a'planetary smaller disc part smaller than
the tooth-root circle of the planetary géar part on a
" side thefeof, a planetary bigger disc part bigger than
15 the tooth-edge circle of the planetary gear part on
another side thereof and a planetary boss axially
perforated with a shaft hole, the planetary gear part,
o/ the planetary smaller disc part, the planetary bigger
disc.part and the planetary boss are integrally formed
20 as a single body} the internal gear includes an
'internal.gear part meshing with planetafy gear part, a
smaller inner cylindrical part smaller than the

tooth-edge circle of the internal gear part on a side

* ¢ L M § =



t hereof and a bigger inner cylindrical part biggéf than t'he "t oot h-rdot
circle of the internal gear part on another side thereof; the internal
gear part, the smaller inner cylindrical 5 part and the biggér inner
.cylindrical part are made of nylon or polypropyl ene; the planetary smaller
disc parts roll on smaller inner cylindrical part and the planetary bigger
disc parts roll on the bigger inner cylindrical part. 10 2. A planetary
gearing assenbly as clainmed in. pkgim1l, wherein the planetary smal | &
disc part is O to 2 nodules snaller in radius than the tooth-root circ?g of
the planetar yriggofPabhdandl HikgeMBinr cplehddival pavti Biggeal part is 0
to 2 nodules snmaller in radius that the tooth-edge circle of the inner gear
part. 3. A pleauai ahe ge6th+kbasetible ofs theainteimal clheain 2partierein the

pl anetary bigger disc part is 0 to 2 20 nodul es bigger in radius than.

t he t oot h- edgen @natherosiddctheraoétary gear part and - the bigger inner
cylindrical part is O to 2 nodules bigger in radius that the tooth-root
circle of thetheneémntgenalpgear part, the smaller inner cylindrical '

.

-

5 part and the bigger inner cylindrical part are made of

nylon or polypropylene; the planetary smaller disc
~ parts roll on smaller inner Cylindricai part and the

planetary bigger disc parts roll on the bigger inner
cylindrical part.

10
2. A planetary gearing assembly as claimed in claim
1, wherein ' the planetary smaller disc part is 0 to 2
‘modules smaller in radius than the tooth-root circle
of the planetary .gear paf£ and the smaller inner

15 cylindrical part is 0 to 2 modules smaller in radius
that the tooth-edge c;rcle'of the inner gear part.

3. A planetary gearing assembly as claimed in claim
2, wherein the planetary bigger disc part is -0 to 2 \?J-
20  modules bigger in radius than the tooth;edge circle of |
 the planetary gear part and the biggér inner
cylindrical part is 0 to 2 modules bigger in radius

that the tooth-root circle of the inner gear part.

(e



47 A planetary gearing assenbly as claimed in claim3, wherein a carrier.
consists of a main carrier-disc having a carrier shaft hole for fitting an
out put shaft *and a sub-carrier disc with a wi de opening, and 5 t he

pl ariet ary’ bi gger disc part and the bigger inner cylindrical part are
located on the side nei ghbouring to the sub-carrier disc. 5. A planetary
gearing assenbly as claimed in claim éégi 3, wherein a carrier consists of
a mainy carrier disc having a carrier fT hole for fitting an output shaft
and a ¥Ub:carrier disc mnth wi de opening and the planetargﬁblg er disc

part and the bi gg%? fhRd P‘“EMWE&PQ sembly pgcet e S %Pé“
Claimed | n ol aim Sor BTGB &t PRERLeR-FoRALRER, OF 4B SEERASE RIS boss
From di eptact ng | TAARS.S, SrEte ¥hnty °*S°1fe°r2°9 BRucte, atggf?iﬁﬁs%iiﬁm
oyl inder surt ace SiEEt (ARACA tiBar P B 1 %ii’{’“ﬁ'prm e
Y110 She o ek e g el Mg g 119
cylindrical part are located on the side neighbouring
to the sub-carrier disc. .
5. A planetary gearing assembly as claimed in claim
10 3, wherein a carrier consists of a main carrier disc
having a carrier shaft hole fqr fifting an output
shaft and a'sub—carri?r_disc'with a wide opening and
the planetary bigger disc part and the bigger . inner
cylindrical part are located on the side neighbouring

15 td the main disc.

6. A planetary gearing assémbly as claimed in claim 4
_ or 5, wherein the main carrier disc has an inner boss
\/ inwardly projectihg on the inner wall for forbidding

20 the sun gear from displacing in the axial'direction.

7. ' A planetary gearing assembly as claimed in claim
3, wherein the internal gear has a flat smooth

cylinder surface, and a plurality of -radial

Iy



m ddl e plane 'of the internal gear. 58. A pl anet-ary geari-ng assenbly as
clainmed in claim7, wherein the planetary gears are nade of plastics or
sintered alloy. 10 9. A planetary gearing assenbly as clained in’
claim8, wherein the main carrier disc has a plurality of inwardly

pro jecting parts defi ni ng axial shaft-supporting holes, the
sub-carrier disc has a plurality of inwardly projecting parts defl ning.wth
15 axi al shaft-supporting_hgtas and the shaft- supportl ng holes s p rt
both sides of the planetary shaft 0. A pl anetary gearing assenbly as™

clainmed in c ?mg | Se{BCEPf s, (sintered 20
al l oy, zinc, st eeﬁﬁ*{gelﬁrnpkEG anet ft?}kgegrl ngq'aegsg%b y %‘g C le med in
claimo, wh ‘é' N 1h8EHA ' | Gbar! Sin MadecasPhg aNPStheS: radial

fibre-rei nforced plastic, aldm nium alum ni um all oy, sintered all oy, zi nc
or steel. 12prf§ ébﬁﬂ@ﬁ@rMéJQﬁrangl&@%%hll_le&iﬁi&béh' Y£PSm O a

her ei nbefore described with reference to Figures to 6 of the
acconpanyi ngndaamengb‘ane of the internal gear.
5
8. A planetary gearing assembly as claimed in claim
7, wherein the planetary gears are made of 'plastics-_or

sintered alloy.

10 9. A planetary gearing assembly és claimed in claim
8, wherein the main carrier disc has a plural:.ty of
inwardly project.mg- - parts defining axial
shaft-supporting holes, the sub-carrier disc has a
plurality .of imwardly projecting parts defining with

15 axial shaft-supporting holes aﬁd tﬁe .sha;ft-.-supportinq
holes support both sides of the planetary shaft.

10. A planetary gearing assembly as claimed in claim
9, wherein the sun gear is made of piaétics , Sintered

20 alloy, zinc, or steel.

11. A planetary éearing assembly as_él'ai:ned in claim

9, wherein the carrier is 'made_ of plastics,

R



- Q7 —

fi.bre-reinf:orced plastic, aluminium,' aluminium alloy, -

sintered alloy, zinc or steel.

12. A planetary gearing assembly substantially as
hereinbefore described with reference to Figures 1 to

6 of the accompanying drawings.
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