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Hé(rretlcally Seal ed Harnmonic Drive Transmi ssi on Manuf acture Bac Lg#cl)'ﬁn of

“I'nvention (1) Field of the Invention This invention relates to harnonic
‘drive transm ssi-ons, and nore particularly to the manufacture and use of
hermetically sealed. harnmonic drive transm ssions. (2) Prior Art Harnonic
drive devices have been-utilized for quite a few years, wherever a

| i ght wei ght, conpact, high ratio transmi %sron of povver I s needed. All
harnoni ¢ drive transm ssi ongef ﬂPhQMh; Isre s_. Those e_I emants
are a circular spline, a flexi, I ne enerator, assenbl edz.: IR
normal |y with the circul ar spl F?\%smisﬁ@a‘ ﬁ’iér otating arrangenent, wifh:.
the flexspline rotating as the output elenent. The wave generator, which * -
typically functions as the i npBackgrowadtof Invehtione rotated .by a primary -
power source. Teeth on the flexspl Ine and the circular spli-ne are cut to

the same circular pitch. i's somewhat smaller in
P oS Fold B the Kifiddsh

circunference than the circul as fewer teeth. The
afBoh

nunerical diffet u feal S fnd he
nunber of | obes ?;lm?hgﬂvmgﬁoge?l%?g?sgrm &n ear ?cyadefsgarrpfrgng@kgﬁﬁggrr%m&c drive

transm ssi oppotes ﬁaﬁﬁwﬁlaﬂy to the manufacture and use of hermetlcally sealed

harmomc dnve transmlssmns

| (2) Pnor Art
Harmoruc dnve devices have been uuhzed for qmte a few

years, wherever a llghtwe1ght compact, high ratio transmission . of
power is needed. All harmonic drive transmissions employ three
Bpsic ‘elements. Those elements are a circular spline, a ﬂexsplme, - '
and a wave generator, assembled normally with the circular sphne :
fixed in a non-rotating arrangement, with the flexspline rotating as
the output element. The wave generator, which typically functiox.is
as the .input elemenat,) would be rotated by a primary power sourcef;l
Teeth on the flexspline and the circular spline are cut to the same ...
circular pitch. However, the flexspline is somewhat smaller in

circumference than the circular spline, and it has fewer teeth. The
numerical difference in the number of teeth is always a multiple of

- the number of lobes on the wave generafor.

An early example of a harmonic drive transmission, is shown in- °
U.S. Patent 2,969,266 to C. W. Mausser, was issued March 22, 1960,
the Patent being entitled "StrainWave Gearing Tubular Shaft". Since




ol S Pat.ent . 2, 969, 266 to C. W Misser, was issued March 22, 1960, the

Patent beéi ng entltled "Strai n\Wave Gearl ng Tubul ar Shaft". Since -2-
arnoni ¢ drive transm ssions have been used for azinmuth drives
ystems, or rotary cable drives for welding positioners, for
ators, for consumer products-sech as door openers or act uators or
‘cl osures, for mcroscope focusing knobs or for steering-

- mechani s n roc et boaqst ul si,on, systens. There ayre, certai.n
ndustri B FATTaE o OFiyn tARSBHERORS heseeaee@evssc{)rﬁoanmpush from

3{3?3? Esﬁﬁs'stsh%gg BieoaRsulebr. pot Pﬁ%t%“r'élr kc§ &rif%‘r%{sﬁgpiﬂﬁ%t 't flg'nsﬁfstsihﬁn
O omot OBMAISHAL, r WRECLEHALSH, "B bh Sl bl G 35,0908 useq,
o COTbpLABRNo gésﬁﬁafbﬁérﬂ&a?{s’%ﬁﬁ{# 0%955’5 o s
Robi nsonyyhps ”Sf’ tg}c;]lt%éhﬁ tmegﬁaﬁusﬁ{st o ‘?gcke'{e st préputsib s

Transm ssi’'ons”
systems

__ There are certam mdustnes, however," where rotary power is
needed yet contammatwn from any part of the machmery within

the worked field would be critical to the Work product. The

p;py-;smn of pos1t1v_e,_—,_f_;gccurately. controlled transmission of motion
thf@gh an unint'er:uggéd metallic barrier is desired, also in those
certam fields. Since no packing, bellows or fallible seal is used, some
centalinment of contadiinaﬁon utilizing a harmonic drive
tiansinjssion, may be obtamed Such a unit is shown in U.S. Patent
3,196,713 to H. A. Robinson, issued in July 27, 1965, entitled
“Hezr:nletically Sealed fféns@ssions". Such a unit may provide
typlcal rotary-to-rotary . power utilizing the same three basic
cdiﬁﬁbnents of harmo-n'ic. drive transmissions,z but their configuration
has been altered to meet the specific feed through requirement. The
llexsphne is a flex1b1e walled tube with one end closed by welding its
ec_l__ge' to a disc or d1-aphragm, and the other end of the tube is bolted
er._welded to a mounting flange. The wave_-'é,__'_enerator, operating
msmle the stationary flexspline deflects the walls of the tube and
ﬂexs-pline combination into engagement withf-z:'the circular spline,
Wthh functions as the output member and dehvers a rotation in the

same d1rect10n as the mput

& ar



o typical rotary-to-rotary power utilizing the sane three basi ¢ conponents of
harmoni ¢ dri've transmi ssions, but their configuration has been altered to
neet the cific feed through requirenent. The flexspline is a flexible

W th one end closed by welding its edge to a disc or diaphragm

ot her end of the tube is bolted or welded to a nounting flange.

The wave:generator, operating inside thegetatlonary fl exspline deflects the

wal | s of the tube and flexspline conbination into engagement with the

circular spline, which functions as the output nenber and delivers a

rotation in the sanme direction as the input. 3 1t is an object however

of the present invention, to provide an inprovenment over the hernetically

seal ed transm ssi ons of Lhe prior art tflm)nlc dri,ve .units. et a

further object df ¥hanppicat: hoWevET | ¢ oPISAENt daventien rré‘t’l W‘Qgs@&l ed

har nmoni c dr|vetransm55|on whi ch utilized in a fie _
cont ani nat LBWPTGVCHENLs OVEr \Hhs dh?}@l%t%ga&t %?%le rFIiaf‘égPs?Bth@i@hﬁt%lﬂﬂoﬁel ng
pr oduced. %rtehar%ngTxTPrydr?I'etﬂgttlsnventlOn

It is : yet a fﬁither object of the pre'sent invention, to provide. a
hermetlcally sealed harmomc drive transm1ssmn which may be

_ utlhzed in a fleld hcre contammatlon of any sort would be

" the product being produced.

Bnef Summary of the Invention
| | g ; '
The present_f invention relates to a process of the
manufacturing of a ‘hermetically sealed harmonic drive transmission
which will be utili-_zéd in environments where contamination would
’ be critical, such as in the electronic industry in the manufacture of.

computer chips.

In the manufacturing of the present invention, a flexspline of a
flaring shape will'l.)e-" shown, of a shape similar to that shown in Us.
Patent 3,196,713, itlcorporated here in the reference, though it would
be understood that a flexspline of different shape may be employed,

for example, one cup-shaped.

In accordance with the features of the present invention, the
closed end flexspline and the mounting flange to which a normal

flexspline would be otherwise attached, is made of one unitary piece

R - L.
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o dhe present invention relates to a process of the manufacturing of a
hernmetically seal ed harnonic drive transm ssion which will be utilized in
envi ronments where contam.nation would be critical, such as in the
el ectroni:c industry in the. manufacture of conputer chips. In the
manuf act-uring of the present invention, ,a flexspline of a flaring shape
wi Il be 'shown, of a shape simlar to thét “shown in U.S. Patent 3,196,713,

i ncorporated here in the reference, though it :would be understood that a
f1 exspl i ne off foligingr eSuchhappiecayfosgingnis anade fram axbamiof, staidessugteshaped.
I n accordance with the features of the present'si.nvention, the closed end -
f I exspl i ne shaped heomsthingnlike| ankrllt o Thei forgingds nplaced cits 9 WRINGUI d be
ot herwi se attache is made. Qf one_ynitary. p . ~4- of forging. Such. a
pi ece for giGeRIeE ohade appEapHAtsa mibfing; E14chne, ‘OncHhich they QRN ng |1 ke

o . on iBREReE s BuBLET dof o o LS VHIE AP Bhs COuAERIBR. P R g

dimension. FE BRCHRbEo0n’ S SRde RidBer 0 THEF Bl TRLEe aliERP
 .-': .The solid bar

may be drilled to.its rough internal diam
comprising the ﬂexsplme is again ref_(;hil ed, 'i_chated against- its

dimension to another ‘tooling dimension on :__.,1"t's' _rough external shape.

The rough ﬂexsplme stock is nextre—chucked on that tooling
dimension, to permxt the final finish mtemal ébnfiguraﬁon to be |
machined. The ﬂgéépline now has an endcap, called a diaphragm,
which is solid and mtegral with the wallsof the bell shaped
flexspline, and the _wﬁa__lls of the ﬂexsplin_é_ E_{éritica_l'ly. are also integral

with its mounting ﬂ_ahge.

The outside final diameter of the combination flexspline with
the integral mounting flange ‘and diaphragm is now finished by
placing the flexspline assembly on a turnmg .mandrel. The
combination mandrel :_and flexspline assembly is placed into an
alignment fixture. | One end of the ahgnment fixture includes a
hbusing having a piston with a spring loaded cup which presses
against the diaphragm_. of the flexspline assembly A vacuum is
created in the head of the alignment fxxtur to evacuate air from the

bore of the flexspline assembly.

The alignment mandrel, as known 1n the art, is utilized to

support the hollow flexspline cﬁp during tht_i machining opei'ation in



s -y be drllled toits rough internal diameter The solid, bar conprising
the flexspline is again re-chucked, |ocated against its dinension to

anot her toalihg di nension on its rough external shape. The rough fl exspline
stock is nex'__e chucked on that tooling dinension, to permt the final
finish internal configuration to be nachined. The erxspllne now has an end
cap, called a.diaphragm which is solid and integral with the walls of the.
bel | shaped f!exspline, and the malls of the flexspline critically are also
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fixtuEe to g’\jogﬁuate ai r ?rom&}ﬂﬁ ore o?l‘%lﬂg ?faexséﬁ gg gsse‘ﬁnb#ﬁmﬁg o

al i gnment myypelof aﬂ%%vwzi fuds'ehAigh laS Pmﬂah't}eéf tchafiniBROkA éﬂee hol I ow

erxspllne cup..during chining operatfon in
holding mandrel; 'and into the bore of the ﬂexspl;ne. cup.

_ andrel with the ﬂexsplme cup assembly thereon, =~ .. -
havng the_"-low ltmg point " alloy . steel therethhm is mstalled onto . o

mmg of the walls to the thm outer diameter.

After the dlaphragm the ﬂexsplme walls and mounting ﬂange',_ R

are. all turned to he appropriate outer conflguratlon the mandrel

thh- the flexsplme assembly thereon is removed and the
combination is heated to just above the meltmg pomtmg of the low
meltmg pomt alloy steel to for example, about 130 degrees
Fahrenhelt wherem the mandrel and alloy are removed from the -

flexsplme assembly

The harmor'_x_.;‘i_'c. drive unit includes a first drive shaft having a
- ..distal end which 1s secured to a flange, which flange is bolted to the
first closed end ofa circular spline. The. circhlar spline comprises
anpular ring havi_nl'g a second end on whieh there is disposed an
array of circular epline teeth. 'i‘he closed end of the flared or bell
shaped flexspline '.-i'_s dispo.sed within the bore of the circular spline.
The flexspline ing::::_ludes a cup shaped wall having a diaphragm across

its d1sta1 end. The -bell shaped or flared end of the flexspline is




o

+*<5- which the outer wall is turned down to .010 inches and the diaphragmis
turned down to .020 inches. A low nelting point alloy steel known as Sera
Metal 117, 'sold by the Sera Metal Company, is poured into the bottomof the
hol di ng nan_drel The | ow nelting point of alloy steel runs through a
plurality of channels in the holding mandrel, and into the bore of. the

fl exspline cup. The hol di ng nandrel -wié Ir t he fl exspline cup assenbly

t hereon, having the low nel'ting point alloy steel .therewithin, is installed
onto a- Iathe for flnﬁ| turning of the walls to the thin outer dianeter.
After the HitasFalagwith the rmerapngn&langer sT @nﬂem}m ressemitye thie al |
turned to the a rlate ut e} confl urati,on, e dreI lstphthe

fl exspli necrlgé’ﬁﬁgfb Ing, Jpage ok )érﬂef’ﬁeo ét%‘? 20; ahsolitel¥at ed t o
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di sposed aE‘grmmg the walls and diaphragm to be oriented in a more leakproof

way (that is, parallel t§ .the Wﬂls) .than if .the flexspline were madé

any othér way. The -annular ai'ray of flex- spline teeth is engaged

with the circular spi’iln-e teeth. The fle’xsbline teeth are disposed on

the oupwardly radialﬁ!y: directed edge of the walls. of the flexspline.

An annular wave géﬁerator is disposed radially inwardly of the

flexspline teeth. " A.'wave generator is mounted on an input shaft

which extends thrbugh a wali opening in a housing, which housing is

utilized for the ma};ﬁfacture of contamination-free components, such

as computer chips _' or 'sophisticat'ed electronic "devices. The annular

wave generator has two or more lobes thereon, as is known in the

harmonic drive tra_r__l_-g_mission field. A ball bearing assembly is

disposed on the radially outer periphery of the annular wave

generator. The bearing -assembly comprises an inner bearing race, an

outer bearing race-and plurality of roller balls spaced

circumferentially therebetween

The mounting ﬂénge which is critically integral to the
flexspline, ~ may be welded or bolted along its annular periphery, to
the wall of the housi_ng'in which the products to be made, to insure

contamination free utilization of the harmonic drive transmission
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Yarray of circular spline teeth. The closed end of the flared or bell shaped
flexspline is disposed within the bore of the circular spline. The

fl exspline includes a cup shaped wal |- having -a- di aphragm across its distal
end. The bell shaped or flared end of the flexspline is -6- integral
with the nmounting flange. The flexspline assenbly thus critically being
made of -one unitary piece of stock to abdotutely prevent |eakage of gases .
or contaminants through the flexspline, which could occur if the di-aphragm
were wel ded taphbilities.! Thet helding wong thid jatinde’ 8664 HbtOhas Méxitles O
permts the grains of the steel form ng the waltl-s:and di aphragm to-’ée_
oriented in dormeseattingpupoh itans(dbes the, diapheagml ah@ flegspliné l&)vallb.an i f

the flexspline were made any other way. The“annular array of flex- spline
teeth is engaged with the circular spline teeth, The flexspline teeth are
di sposed on t.he outwardly radially directed edge of the walls, of the .

flexspline. An anduol gpevatian qifhéhet harmaenidi dpigscdssemblyl, | 35 iisvknown @i t he
fl exspline teeth. A wave generator is nounted:on an:input shaft which
extends t hr ol &twdhe dpei shaftn retates shageirenlarhsplingi abputs the i | i zed. f or -
t he manufacture,of co tﬁm'. at-ign-free cqQmnmpon such .

: stationary bell shaped "(flared) flexspl

flexspline induces'___{éx__-_ wave motion’ w1th the ﬂexépline teeth and = =

tation about the flared " .

hence a rotary motion within the an wave. generator. That

rotary motion within the annular wave:generator causes rotary

motion within the input shaft, to dr ¢ appropriate mechanism il

within the housin_'g_ of the contamina : ree p'r(')di:_lcition area.

The invention thus comprises a thodof manufacturing of -a

harmonic’ drive flex-spline assembly, mcludmg a flexspline cup

“having an integral diaphragm at one closed end and an integral

mounting flange at its other open end;" __bmljfising‘.the steps of
arranging a solid steel forgirig in a chuck arrangement in a metal . .
turning machine, drilling a center bore ?vkithin the solid steel 'fd'rging;..

turning the external surface of the solii_c':lj'__'__;__g._teel_ forging to a preset

outside dimension, machining the integral® mounting flange on the
open proximal end of the ﬂéxspline._ag_'__s'e‘r_hbf_ly,' to its finished outer

_configuration. The method also inc_lujdés the. steps of placing the

rough turned solid steel forging into a i

achine tool for full bore

drilling of the internal diameter of ‘sai""': e%:zsﬁpline cup assembly,

placing the finished internal bore ont urmng mandrel for support

of said flexspline assembly, suction drawin low melting point alloy
steel into the flex-spline cup assemi)ly; __O'r'iﬁternal' annular support

of the flexspline walls during subseqﬁéﬁt machining operations,
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» as conputer chi.ps or sophisticated electronic devices. The annul ar wave
generator has.two or nore |obes thereon, as is known in the, harnonic drive
transm ssion - | d. A ball bearing assenbly is disposed on the radially
outer peri phe i. of the annular wave generator. The bearing assenbly
conprises an‘i.nner bearing race, an outer bearing race and plurality of
rol l er balls spaced circunferentially thér sbet ween. The nmounti ng fl ange
which i's critically integral to the flexspline, may be wel ded or bolted
al ong i ts suppdréingorehepbeming! mandrelvinl aoftutrdiaghonadhige) rwhile cturhieg
products to be nade, to insure contam nation free utilization of the
har noni ¢ dihiev élexsplinei s&illsn down %o dspfinished elimension vofl dbogt ald@g this
juncture does not have flexing forces acting upon it as ‘does the di aphragm
and f| exspinches vaitd sthel integraktdiaphuwignn hdowar bord dhickness aefefB0y, as is
known in the.art, the drive shaft rotates the circular spline about the.
st at i onar yingdies. shaped (flared) flexspline. Rotation about the flared
fl exspline induces a wave notion within the flexspline teeth and hence a
rotary notion within the annul ar wave generator. That

.In another aspect of invention comprises a harmonic drive '

transmission device for the transmission of rotary energy from an

input "féource to an E{itput mechanism within a wall of a sealed
housmg while prov1dxng a hermetically sealed relatlonshlp to the
output shaft w1th1n the sealed housing, comprising an input shaft
having a wave genexator arranged at one end thereof, the wave: ...
generator rotatively .'.d:isposed within a unitary flexspline having a
unitary diaphragm and mounting flange therewith, a cn’cular spline
rotatively supported around the flexspline in a gear tooth motlon
communicating relatlo'nshlp therewith, the flexspline having a s1de -
wall, .the d1aphragm and the mounting flange all. machined from a
single solid forging of steel, so that the arrangement of gear teeth on
the ﬂpxsphne and the circular spline engage one another in an
advancing wave, to ‘permit rotary. motion to be provided to an output
shaft, which outpu_tf"'-Shaft actuates a mechanism within a hermetic,ally
seaied contamination-free production housing. The unitary mountmg
flange is attached to the inner side of sald housmg, to minimize the
likihood of contamination from components within the flexspline .

itself.

B
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srotary notion within the annul ar wave generator causes rotary notion within
the input shaft, to drive the appropriate nmechanismw thin the housing of
the contam nation free production area. The invention thus conprises a
met hod of manufacturing of a harnonic drive flex-spline assenbly, including
a flexspline cup having an integral diaphragm at one closed end and an
i ntegral nounting flange at its other open end, conprising the steps of
arranging a solid steel forging in a chuck arrangenent in a netal turning
machine, drilling a center bore within the solid steel forging, turning the
extermal surface of the $ii¢fd Ddseeiption @fnthet Drawdngset outsi de di nensi on,
machi ni ng the-integral nounting flange on the open proximal end of the
flexspline assenbly, to its finished outer configuration. The net hod al so
i ncludes the steps of placing the rough turned solid steel forging into a
nmachi ne tool .f &hef objedstsr andradvantgges ofhdhenpresent inventioar will said-- .
fl exspline cup assenbly, placing the finished internal bore onto a turning -
mandr el fbecemepsaoreofapparent, | | iviewadsimixonjusotionowith atheng a low
mel ting poi.nt allqg steel into the flex-spline cup assenbly for internal
annul ar sﬁﬁb@“@?gﬁ kavengsexigpwhishival | s during subsequent machi ni ng
oper ati ons,

Figure 1 is a side elevational view of a flexspline forging with
the outer diameter profile steps overlaid thereon showing such outer
profiles the flexspline is constructed abcording to the principles of

the present invention;

Figures 2 a, b, c, and d, are views similar to Figure 1, showing
the step wise process in the manufacture of a flexspline assembly

according to the p_ri'néiples of the present invention; and

Figure 3 is a side elevational view, partly in section, of part of a
harmonic drive assembly secured to a housing where contamination

free parts are manufactured.

Description of the Preferred Embodiments

The present invention relates to a process of the manufacturing
of a hermetically sealed harmonic drive transmission which will be
utilized in environments where contamination would be critical, such

as in the - electronic_industry in the manufacture of computer chips.
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+ -8- supporting the turning mandrel in a turning nmachine, while turning the
flexspline walls down to its finished dinensi on of about 010 i nches and the
i ntegral di aphragm down to a thickness.of .020 inches. In another -aspect. of ..
i nvention conprises a harnonic drive transm ssion device for the
transnissjon of rotary energy froman input source to an output nmechani sm
within awall of a seal ed housing mhlleqH}OV|d|ng a hernetically seal ed
relatlonshlp to the output shaft mnthln t he seal ed:- housi ng, conpri si‘ig” an %
i nput shaft havi ng, 3heesmd@ARUHTY %ﬂ@s@ﬁt IRPertich,! faemsthheeowe
generator rotatively di sposed mnt tary flexspline havihg:a unltary“.
di aphragm afigrin@ust itedl fsha Peewmebévden aoﬁ'i@h'a?é Siphil4¥e t6 Ofhat | shdwm < 3¢

supported around the flexspline in a gear ‘tooth notion conmuni cating
rel ati onshi pnt RSeWPatentt 1 96, 'klaplmc@rpmuuedghereuﬂethellﬂefetdmedlthbhgngm
and the nounting flange al | machi ned from a si ngle solid forging of steel,
so that the woukhdeeramderstopehthaeat Hlexspline fofedifferent shape mayibeul ar. .-
spline engage one another in an advancing.wave, to permt rotary, ‘notion tO'-".-‘-
be provi ded amployesit for example, wlmmchcnpt-;hnpedhaft actuates a mechani sm: :
within a hernetically seal ed contam nation-free production housing. The
unitary mounting flange is attached to the |nner S|de of sai d housi ng to

m nimze the _

In accordance with the features of the" present mventlon, _ the o
ormal ﬂexsplme T
would be ‘attached, is made of one umtary piece ‘of forgmg 10,as .

ﬂexsplme and the mountmg flange to whlch

shown in-figare 1. Such a plece of forgmg 10 is made from a'bar
stock of stainless steel. Such a bar is placed m a chuck of an
appropriate turning center of a lathe. The ﬂexsplme 15 is. then
machined to its rough external shape and later to is final .eitemal -
shape, as shown by the outside profile lines of step 1 "a” ,aad fetep 2
"b". The rough outline is also shown 1n figure 2a. The initial'_-rough. .
ihternal _bore diameter is shown as dashed line 14 in figure 2a,. and

che next rough bore shape is shown by line 16 in figure 2b.

The rough flexspline stock is next re-chucked to permit the
final inside finish internal bbre conf_:i'_g_u_l_';a_ticn' _te. be machined to the
shape indicated by the dashed lines 18, as shown in figure ic. The
flexspline 15 now has an "end cap" 20, :_'whi_ch'includes the diaphragm
17, which is solid and integral with the walls of the flute (bell)
shaped flexspline 15. The walls 19 of the '-ﬂe'_xs_pline critically are also.

integral with its mounting flange 22, as" shown in figure 2d.

RS . Ex



. i kihood of contam nation from conponents within the flexspline itself.

-9- Brief Description of the Drawi ngs The objects and advantages of the
present invention will becone nore apparent, when viewed in conjunction
with the follow ng drawings, in which: Figure 1 is a side elevational view
of a flexspline forging with the outer dianmeter profile steps overlaid

t hereon -showi ng such outer profiles theifilexspline is construct ed according.
to the principl esB;)f t he resent invention; Figures 2 a, and d, are

views sinmilar to @u‘?‘é‘sl wHamgters 0§ ptha combination |ﬂ¢’tsﬁbmﬁar1§f act ure'
"hventi on: " atal gt dna%%%&&%ffi%é‘qegﬁzalaﬁp DiREm | 7 s Sesbed” of

Free SLr?S“S{'”‘)ﬂ%ﬁ‘ Finen i % &g%rse“&tﬁyoi?tﬁg“&? rgwﬁ“ere W ar',‘.?""%'hin
present i nv%%' W elj‘ aet %Sém& ma ornocﬁzsxgdrefl thcf tﬂ% He%%i)ﬁne gssembly '15'

are placed into an alignment fixture, also not shown, for clanty One S

end of the ahgnment fixture includes a housing havmg a .piston w1th
a sprmg loaded cup whlch presses against the dlaphragm of the  flex-

spline assembly A vacuum is created in the head of ‘the ahgnment

flxture to evacuate alr from the bore 14 of the’ ﬂexsplme 15 to o

permxt the Cerr-_a metal to totally fill the bore of the ﬂe_xsplm_e- 15.

The alignment mandrel, as known in the art, is .utiliz_ed to
internally support the hollow flexspline 15 during the machining
operation. In that operation, the outer. wall 19 is tumed down o -
about .010 inches and the diaphragm 17 is turned down to- about _
.020 inches, as shown in finished state in figure 24d. A low meltmg
point alloy steel known as Cerro 117 steel; is ladelled into the
bottom of the holdi-ng mandrel. The low melting point of alloy steel
runs through a plurality of channels in the alignment mandrel, and
into the bore of the flexspline 15, to fill up the evacuated space and

internally support the flexspline 15.

The holding mandrel with the flexspline assembly 15 thereon,
-having the low melting point alloy steel therewithin, is installed onto
a lathe, not shown, for clarity, for final turning of the walls 19 and

diaphragm 17, to the thin outer dimensions.
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+of a hernetically sealed harnonic drive transm ssion which wll be utilized
in environnents where contam nation would be critical, such.as in the

el ectronic industry in the nmanufacture of conputer chips. - 10 - Inthe ..

manuf acturi ng  of the present invention, a flexspline of a flaring or bell
shape will be shown, of a shape simlar to_fhat shown in U S. Patent

3,196, 713, incorporated here in the ref efeh e;though it woul d be under st o'od_--:

cup-shapea. 1 adeophace St RHE Folth STeRTRL el S awilfe e,
fLexspline, dhgdoomugt b10ni a0 %o “heipbloftiaR Ster ShiRliraoo s e

attached, is ne unirtary piece as stown Irn’firgure 1.

Such a pi ecqpglyd I L0245 tgedfni.{dfa A" 1 Fxsplind! AQbimbly Al
Such a bar is placed I'n a chuck of an appropriate turning center of a
lathe. The fheperil iferebRoVéd AMPNhEREbMIRadion | isS heaiedh t6 %t "Abovd ale and
later to is final external shape, as shown by the outside profile:lines of
step 1 "a" aheltiigepointifg . of MRe’ i hmelting Poine allo3o stdel\vfor nesdmaples (2.
The initial rough internal bore diameter is shown as dashed tine 14 in
figure 2a,. abodt 130 degrees Fahrenheit, wherein the mandrel and. ._all_oyA are -

removed from the flexspline aésemblylS.

The finished flexspline 15 is a __:c_gi_;ﬂponént of a harmonic:_dr_iVe_

aésembly 30; as shown in figure 3, wh1ch includes a first outpui shaft

32 having a distal end -34 which is secured to a flange 36. The flange

36 is bolted to the first closed end 38 of a circular spline 40. The o

circular spline 40 comprises a rigid annular housing having a secoﬁd'

end 42 on which there is disposed an array of radially inwardly :
- directed circular spline teeth 44. The closed end 38 of the flared

flexspline 15 is disposed within the bore of the circular _splin(; 40.. -

The flared flexspline 15 includes a cup shaped wali having its -

diaphragm 17 across its distal end. The flared end 21 of the

flexspline 15 critically is integral with the mounting flange 22. The

flexspline assembly thus critically being made of one unitary - piec'é.'-' of _

stock to absolutely prevent leakage of gases or contaminants -thfoﬁgh

the flexspline 15 , which could occur if ‘the diaphragm 17 and the

walls 19 were separate pieces welded to one another to make the

flexspline, as is done in the prior art. A machined unitary ﬂexspline__

and mounting flange machined from a solid forged bar also permits |

the gfains of the steel forming the walis and- diaphragm to be |

oriented (parallel to the walls) in a more leakproof way than if the
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‘t he next rough bore shape is shown by line 16 in figure 2b. The rough

fl exspline stock is next re-chucked to permt the final inside finish
internal bore configuration to be nmachined to the shape indicated by the
dashed lines 18, as shown in figure 2c. The flexspline 15 now has an "end
cap"” 20, which includes the diaphragm 17. yhich is solid and integral with
the wall's of the flute (bell) shaped fiexspline 15. The walls 19 of the
flexspline critically are also. integral with its nounting flange 22, as
shown in fj o) [ fi di t t ORPI Jon
flexspli n{élég%ﬂ?\ﬁl %ﬁv?ﬁ?e rlﬁgﬁ%gra}f %ﬁ%t‘? g fl gir%'e Eegarl{dggﬂagpﬁgagén* 17 is
fini shed Bh; | f | ida t . _ rel, not
shown. ' H(%)?%#ﬂgt%d;ﬁsna eId gﬁg@f@g”ﬁr@%& ?@éﬁ%sﬂségﬂiblmg'lg?ﬁgre pl aced
Into an aﬁ?ﬁ@ﬁﬂé {dethUne, apd Sdisgﬁkeé hennthef Gut@asdlyt radfAlky edigeotedt he
alignment fixture 1 ncludes a houSing having a piston wi'th a spring | oaded
cup whi che@gessfetherdfallst1gd if teadtuxaplinef 15.he flex- spline assenbly. A
vacuumis created in the head of the alignment fixture to evacuate, air
fromthe bore 14 of the flexspline 15 to pernit the Cerra netal to totally
fill the bore of the flexspline 15. The alignment mandrel, as known in the
art, is utilizAmh tamnular wave generator 50 is disposed radially inwardly of

the flexspline teeth 46, as shown in -figure 3. The wave 'ggné;;atof 50
is mounted on an input shaft. 54 wﬂiqh extends through a wall

opening 52 in a housing 56, which__quusing 56 may be ut_ilized for the
location and containmentlmﬁnufadtii’géj‘ of contaminatibﬁ-ffi:g |
components, such as computer chlps ;or sophisticaied _eiéctréni_c
devices. The annular wave generator 50 has two or more lobes
thereon, as is known in the harmonié drive transmission field. A ball
bearing assembly 60 is disposed on_" the radially outer periphery of
the annular wave generator 50. The beaﬁng assembly 60 comprises: :
an inner bearing race 62, an outer bearing race 64 and ‘plurality of -

roller balls 66 spaced circumfereg_tially therebetween.

The mounting flange 22 whlchls critically integral to the
flexspline 15, may to be welded or j_--bbltéd: along its annular .
periphery, to the wall of the housi;ié in which the products to be
made, to insure contamination frdef utlllzatlon _of the harmonic driye'; :

transmission capabilities.

In operation of the harmonic.-}?f"gr;givc assembly 30, as is known in
the art, the input shaft 54 rotates ‘thé lobed wave generator within

the stationary flared flexspline 15. The mounting flange sealing- the -
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« internally support the hollow flexspline 15 during the nmachini ng operation.
In that operation, the outer wall 19 is turned down to about .010 inches
and the diaphragm 17 is turned down to about .020 inches, as shown in
finished state in figure 2d. A low nelting point alloy steel known as
Cerro 117 steel, is ladelled into the bottomof the holding mandrel. The
| ow nel ting p0|nt of alloy steel runs$ Pﬁrdugh a plurality of channels |n

he SLLorTHy ERCR e Pl U° o0 o8otle b4 UBERRHAE hes ikl 1 o
por nt al Y“oé&sﬁéé;ﬁafﬂlﬁérﬁgh‘v{%ﬁ. ARa°ihbkef MhliSHRO IR ?ﬁ%ﬁ*’fa"?ﬂ et
clartty, [oudgthe dnphosing! ahhe sy e, B AT (g %QSM;H s ..
19, and mypdpithd | whese 2&@%&1&%&@% %ﬁ‘@?t%%p:tﬁ@ﬂ%%ﬁ L' have . o

configuration, as shown in figure “2d exsptine . .
assenbl y 15 wiesile ifiotiof0vepaned thérefPMORGIABA b theaksfvel 0 | USt "above .

the nelting pointing of the |ow nelting point alloy steel, for exanple, to., -

generator 50 within the flared ﬂexsphne 15 thus mduces rotary
motion within the c1rcu1ar spline 40 and hence a rotary motlon

within the output shaft 32 That rotary motmn w1th1n the output

shaft 32 causes rotary motmn to drive a appropnate gearmg 37 to
turn production mechdmsms such as a carousel 39 or X-ray
lithography equipment for the manufacture . of electromc chlps or hke
substrates where contamination from anythmg mcludmg that’ whlch
might come from gear transmissions and get W1th1n the housmg 56 of
the contamination free producuon area. The harmonic drive
assembly 30 in the prefferred embod1ment 1s arranged -on the mner :
-side of the wall comprising the housing 56 so -that the bearmgs 66
the wave generator 50 and the input shaft 54 are. not being exposed
to any atmosphere within the housing 56, which mlght otherwise

contaminate any product being manufactqge'_c_l__ _therewithiri, and the .

evacuated area of the pro&uction housing 1s xposed only to the area.
radially outwardly of the- flexsplme and no te the bearings and

associated mechanisms therew1th1n

N
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“about 130 degrees Fahrenheit, wherein the nandrel and,alloy are renoved
from the—. . : IyI 5. The finished flexspline 15 is a conponent

of a har) ;Iy 30, as shown in figure 3, which includes a
first out Dﬂg!"ji ‘ng a distal end 34 which is secured to a flange
36. The fl -*=Qd to the first closed end 38 of a circular spline
40. The-.circular- spllne 40 conprlseslé ri gid annul ar housi ng having a
second end 42 on which there is disposed an array of radially inwardly
directed circular spline teeth 44. The closed end 38 of the flared
flexspline 15 is disposed within the bore of the circular spline 40. The
flared fNggsglaime 15 i ncludes a cup shaped wall having its diaphragm 17 .. ..
across its distal end. The flared end 21 of the flexspline 15 crltlcably |s*'“
i ntegral with It he Amaheghiodd of | aiapafZcéturingheoff 4 chamenie dsivenflex-splise
critically being nade of one unitary piece of stock to absolutely prevent

| eakage absgmbby, dncindingna nflexsplinie ocwh hidwing! ansintegealldiaphragoi-atoul d -
occur if the diaphragm 17 and the walls 19 were separate pieces welded.to
one anot lose tlosedkendhand| axsintégral mountingoflange ahdtgpither apen gndachi ned:
unitary flexspline and mounting flange nachined froma solid forged bar
al so perﬁpﬂﬁﬂ@ﬁéggﬁb$ﬁﬁﬂﬁ$ efie steel forming the walls and dlaphragntto_be'

oriented arallel .to the [ls a:nofre | eakpyoof way than.if: the
(_p arranging a soﬁ%al stegl forgmg r a ck ug arrange/ment nin a - .

metal turning machine;
| drilling a center bore within said sohd steel forging;
turning the external surface of saxd solxd steel forging to a
“preset outside dimension;
machining said integral mounting ﬂ'_ahge":on said openjprqximﬂ"."

end of said flex spline assembly, to its fiﬁishe’d outer configuration. ..

2. The method of claim 1, also including the steps of:
placmg said rough turned solid steel forging into a machme tool
for full bore drilling of the internal diameter of said ﬂexsphne cup
assembly; _
placing said finished internal bore onto a turning mandrel for
~ support of said flexspline assembly,

- suction drawing a low melting point alloy steel into said flex-
splibe cup assembly, for internal annular support of said flexspline
walls during subsequent machining operations;

supporting said turning mandrel in é__turning machine, while -
turning said flexspline walls down to its finished dimension of about
010 inches and said integral diaphragm ddwn to a thickness of .020

inches.

B g L



* 13 - flexspli ne%fﬂe—ﬁﬂadeany ot her way. The annular array of flex-
spllneteet wi'th the circular spline teeth 44. The

fl exspline: @I Hllﬂ!m m )osed on the outwardly radially directed edge of
“the:walls ne 15. An annul ar wave generator 50 is disposed
radially inwardly of - the flexspllne teeth 46, as shown in figure 3. The
wave generator 50 is nmounted on an i npuléshaft 54 which extends through a
wal:l opening 52 in a housing 56, which housing 56 .may be utilized for the

| ocation and contai nnent/ manuf acture of contam nation-free conponents, such
as ‘conput er _chi ps or sophisticated el ectronic deyices. The annul ar wave
generat or 58. ha® hasmenieodEve otransmissionnde vic j..mﬁbmuansmmlmmf)ni c .
dri;zve transmission field, A ball, bearing assenbly.60 is di sposed ‘on.the .
radial ly ouf%&ﬂﬁ%f yfr@m tafe iRRRL| SQUTGRVIO g"@né}"épmf gec aﬂiéﬂbéﬁﬂhﬂg a
assenbly 60, c gprtlrses ner , bear | race, an outer -hearin race 64. -.
and pl ur al | Walhrof & jsgp %‘SG‘&S}Y dPE‘?Y‘ElHF&e@ rmgtica e"heé Lween.:. The

22.which is,cri raI exs

O T AR s o S <l Wi 15 T

comprising:

an input shaft having a wave generator arranged at’ one end

thereof said wave generator rotatively dlsposed w1th1n - a umtary

ﬂexsplme havmg a umtary d1aphragm and mountmg ﬂange
therewith; | | R

a circular spline rotatively supported around said_-ﬂ¢xspline in
a gear tooth motion communicating relationship therewiih_;-:
o said flexspline having a side wall, said diaphragm and said
mounting flange all machined from a single solid forging of steel, so-
that the arrangement of gear teeth engag;__e"_::-_one another in an
advancing wave, to permit rotary motion'f"'t'o be provided to an output
shaft, which output shaft actuates a mechanism within a hermeucally

sealed contammauon free productmn housing.

4. The harmonlc drive transmission dev1ce -as recited in claim 3,
wherein said unltary mounting flange is attached to the inner side of

said housing.
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s periphery, to the wall of the housing in which the products to be nade, to
i nsure contamnation free utilization of the harnonic drive transni ssion
capabilities. In operation of the harnonic drive assenbly 30, as is known
in the art, the input shaft 54:rotates the | obed wave generator within the
stationary flared flexspline 15. The nounting flange sealing the - 14 -
open end of the flexspline to a housind?-The nounting flange being
consi derably heavier and thicker than the flexspline, sufficient to provide
the anchoring and stability needed, while the walls of the flexspline where
the radially outwardly directed teeth are, may:have a-wave-|ike notion.
inparted therein. Rotation of the wave generator 50.-within the flared
fl exspline 15 thus induces rotary notion within: the circular spline 40 and
hence a r GiERMETICALD.WSERILED BATMONIC BREVE THRANSKASSION MANUEACPURE hi n
the output shaft 32 causes:rotary notion to dri:ve an- appropriate gearing 37
to turn production mechani sms such as a carousel = 39 or X-ray lithography
equi pnent for the manufacture of electronic ChIpS or like substrates where
contanlnaABSﬂRﬂKﬁH1anyth|ng i ncluding that: mhlch .

The present mvenu 'n comprises a harmonic dn”le_ transmlssmn assembly (10)

for use in contamination free manufacturing fields suc as co puter chip making. The

harmonic drive unit 1nc_11_;_d_¢s -a flexspline (15) having 2 diap gm at one end and an

outwardly flared lip adj t its.other end which is mte' ly connected to a mounting

flange. The flexspline :_,_,_:___:__'dlng the diaphragm and m __untm ‘:_ﬂange (22) are all
integral with one another all bemg machined from a smgle plece of steel bar stock.

Fig. 1
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nlght come from gear transm ssions and get within the housing 56 of the
contami nation free production area. The harnonic drive assenbly 30 in the
prefferred enbodinmerit is arranged on the inner side of the wall conprising
t he housing 56, so that the bearings 66, the wave generator 50 and the

i nput shaft 54 are not being exposed to any at nosphere wi thin the housing

- 56, which mght otherw se contam nate aﬁ& product being nmanufactured
therewi thin, and the evacuated area of the productiion housing is exposed
only-to the area radially outwardly of the flexspllne and not to the

beari ngs and associ ated nmechani snms therew t hin.: 15 - W claim 1. A
met hod of manufacturing of a harnonic drive flex spllne assenbly, including
a flexspline cup having an integral diaphragm at. one closed end and an
integral nounting flange at its other open end, conpr|5|ng the steps of:
arranging a solid steel forging in a chuck arrangenent i.n a netal turning
machine; drilling a center bore within said solid steel forging;




.

;turnlng t he external surface of said solid steel forging to a preset
outsi de di nensi on; machining said integral nounting flange on said open
proxi mal -end:of:-said flex spline assenbly, to its finished outer .

confi gurat: :2. The nmethod .of claim1, also includiing the steps of:
ugh turned solid steel fprging into a nachine tool for ful
of the internal dianeter of said flexspline cup assenbly;

pl aci ng. finished internal bore turning mandrel for support of
said flexspline assenbly; suction difaw ng é\IOM/neltlng p0|nt al | oy steel
“into sajid.flex- spline cup assenbly, for int Eport of said

flexspline walls during subsequent fachiri-ng-operatians;_sypporting said
turning mandrel in a turning maching, while turning said fkekspline walls
down to its. finished dinension of about . 010 |_ghg§_and_saLdTLntegra

di aphragm down to a thickness of 420 inches. - 16 - 3( A" har noni c
drive transnission device for e tiansm ssi on of : ! .
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?JBtary energy froman input source to an output nechanismw thin a wall of
a seal ed housing while providing a hernetically sealed,. relationship to
sai d out put: aft within said seal ed housing, conprising: an input shaft

Wwave *generat or arranged at one end thereof, said wave generator
disposed within a unitary fif?spllne haV|ng a unitary diaphragm
ange therewith; a circul spline rotatively supported
exspllne in-a gear tooth notion comunicating relationship
_ h; side wall; <gsai.d di aphragm and sai d
anuntlng flange all machined fromg §ﬂ-oLe SO|Id forgi ng of steel, so that
the arrangement of gear teeth Jgge Jonemanot her. i n an. advanci ng wave, to
permt rotary notion to be prow»ded'uu an out put shaft, which output shaft
actuates a nmechanismw thin a herng 5pally sealed contanlnatlon free
producti on housing. 4. The harnonifC-fdr{¥e .t ransmni-ssi on device as recited in
claim 3, wherein said unitary mountijng|-flange is attached to the inner side
of said hou3|ng o -




