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BackgrouIJ.d of Invention 

(1) Field of the Invention 

This invention relates· to harmonic drive transmissions, and 

more .particularly · to the manufacture and use of ·hermetically $.:~~ed. · ..... . . . . ~-... ~ ... ~·<·;··.· --~ _·:_.·:~".-:~. ··: .. _.-~:·: -~ · .. 
harmonic drive transmissions. 

= .•• 

(2) Prior Art 

Hanno,nic · drive devices . have beeµ utilized for qui~ a few 

. ·~ .. . ... . ...... 

. ~ . ·. 

years, wherever a lightweight, compact, high .ratio transmission: .. :~f:.:· ..... ·.;· :" .. · 

power is needed.· All harmonic drive transmissions. employ three 
b~ic · elements. Those elements are a circular spline, a flexsplin~., 

and a wave generator, assembled normally with the. circular· spiirit · 

fixed in a· non-rotating arrangement, with the flexspline rotating as 

ihe output element. The wave generator, which typically functions 
.. 

as the -inpµt element, would be rotated by a primary power source~ 

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, an~ it has fewer teeth. The 

numerical difference in the number of teeth is always a multiple of 

· the number of lobes on the wave generator. 

An early example of a harnwnic drive transmission, is shown .in· 

U.S. Patent 2,969,266 to C. W. Musser,. was issued March 22, 1960, 

the Patent being entitled "Strain Wave Gearing Tubular Shaft". Since 

·.·''·' . .... , ... , 
:·: ... 
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.· tii~:~. time, harmonic drive transmissions have been used for azimuth' ·;.··· · ... • 

drives or antenna syst~ms, or -rotary ca bl( drives for welding 
. . . 

positioners, for valve· :actuators, for consum,~r products such as .. door 

op~:ners or actuators or automotive closur~s, for microscope focusing 

kno~s or far steerin8 mechanisms on rock~t .. boQster propulsion 

systems. 

There are certai#,· industries, however/· \vb.ere· rotary power is 
" 

nee.4ed, yet contam~~af:ion from any part of the machinery within 

th9:>~orked field woqlq>~be critical to the work product. The 

p1:ov~sion of positive,, ~ccurately controlled transmission of motion 

thr91Jgh an uninierrup~yd metallic barrier is desired, also in those 
·. . ' .. ··.. . 

cei:tain fields. S~nce ncf packing, bellows or fallible seal is used, some 

c0-n~~inment of coniamination utilizing a harmonic drive 

traQ.$J.D.ission, may be 01>tained. Such a unit is shown in U.S. Patent 

3,19.6,713 to H. A. Rob~nson, issued in July 27, 1965, entitled 

"l'le.i:pietically Sealed T:r~nsmissions". Such a unit may provide 

typ1cal rotary-to-rot~y . power utilizing the same three basic 
. . 

coll1{>onents of harmo#ic drive transmissions, but their configuration 

has been altered to ni.eet the specific feed through requirement. The 

flexspline is a flexible·. walled tube with one ~nd closed by welding its 

ed8e ·to a disc or diaphragm, and the other e.?d of the tube is bolted 

or welded to a mounting flange. The wave generator, operating 

inside: the stationary flexspline deflects the walls of the tube and 

flex.spline. combination ·into engagement with:·)~e. circular spline, 

which. functions as the. output member and delivers a rotation m the 

same 'direction as the input. 
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It is an object however of the present invention, to provide an 

impr~v~ment over the hermetically sealed transmissions of the prior 

art harmonic drive units. 

It is yet a· f~rther object of the present inventiont to .provid~. a 

hermetically·, sea1e4.;;):iiaimonic cirive transmissio"n which may be 
· · · · · ~ >:~n~\i~.'.: · · · · · - · · : · : -

uti~ized·· in a·. field.=°/where contamination .of any sort· would be 
: . . . . . .• .. :· . ~:: . . . . 

·,,, 

absolutely critical/t6 · the product beiµg produced. ·-;;:;--· .. 

B~ef Snµimary of the Invention 

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 be shown, of a shape similar to that shown in U.S. 

Patent 3,l 96t713, incorporated 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 pre~ent invention, the 

clo.sed end · flexsplin.e . and the mounting flange to which a normal 

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

· ... . 
. :~~=·.:..: ... :=· 

,·.: .. 
'. 

.i.". 
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of forging. Such a piece forging is made:Jtom: a· bar of stainless .. steel 

shaped something like a bell. The forgjn"g __ is placed in a tur~i.ng·' .. : :. 
. . .·. ::· .. -~. . . . . . : 

center of an appr~priate milling· machi11e:, ·.on which the outside . 
... :: 

diameter is machiJ'l~d down to a rough. tpoling:dimension. The bar.is· 
: ~ 

then re-chucked on . that outside diameter~. Then the inside diameter 

may be drilled to ;i~s ·rough internal di~~tet~· .. T)le solid. bar 
. ·. '.: ;: : ~~ .; .. -.~· ·. 

comprising the fle~~pline is again re-c4~:e~~' ·: focated against· its 
··~··' · ..... :: ' ;, <\~- ";·:> 

dimension to anot~iet· .•. tooling dimension "-c>n :'its • rough external sh~pe~ 
.:·. ;~: 

The rough fl~](spline stock is ne!Ct .. · "f:e-chucked on that to~l.ing·. 

dimension, to permit-: the final finish in~rnal. ~onfiguration to be 
. ·:. 

machined. The fle~spline now has an e.Q.~<cap, c.a:lled a diaphragm., 

which is solid and h1tegral with the wal,l~ _of the bell shaped 

flex spline, and the walls of the flexspline critically are also integral· 

with its mounting fl~nge. 

The outside fi~nal diameter of the combination flexspline with 

the integral mounting flange and diaphrag~ is now finished by 

placing the flexspline assembly on a turnlr1:8 .. mandrel. The 

combination mandrel. and flexspline assem~ly is. placed into an 

alignment fixture. One end of the alignn>-~tlt fixture includes a 

housing having a piston with a spring lo~~.~d. cup which presses 

against the diaphragm of the flexspline as;$e,JAbly. A vacuum is 

created in .the head of the alignment fixtrir~:'. to evacuate air from the 
=·::,:;·" . 

bore of the flexspli1~e assembly. : ' . ··~ 

The alignment mandrel, as known in: ihe" art, is utilized to 

support the hollow fl~xspline cup during tlje machining operation in 

• 

.-~-
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.. 
which the outer wall is turned down to .010 inches and the 

..... ·· 

diaphragm is turned down to .020 inches. . A low ·melting. point '.alloy:· .. :; .. :.->.~:?=p;~ 
~teel known as S'~ra Metal 117, sold by the·Sera Metal Company;·is"; .. ·:::·:· .. ' 

. ,:·· . . . . .. . . 

pou_red into the· ~ottom · of the holding mandrel. The low melting· 
. . . ··~' ': .. 

pqf~t of alloy s.~~el runs through a plurality of channels ·in the 

ho~~ing mandrel,>i~nd into the bore of. the ~exspline cup. 
•:,.it;:. 

·."i.·;_'::··.· 

. ... 
"' .. ";"" ... 

-~ .. . _~::- :. . . 

.. ;Y The · holdi#j,:Y'11andrel with the . fle11;~plln~.<¢up,._,assembly . thereon·, : :< '. . :· 
·: ha~lhg th~· 1ow ;~~~l:ting point alloy. steel -~.thbr~~iihiri~- ··is ins~lled onto . 

a:1~1he for· fina{/t~i;ning of the walls to the ·thin outer diameter. 
·,·.:···.· .. · 

After the dj~phragm, the flexspline walls, and ~ountirig fhµig~ ". · .. , · 
. · ... ',,. I 

are: all turned to.'. :'.tile appropriate outer configuration, the mandrel 

with· the flexspli~e .. assembly thereon ~s removed and the 

con1binatio~ is h~'a(ed to just above the melting pointing of the low 
·.~··· ·. . 

melt.tng_ point alloy steel, to for example, about 130 degrees 
' . ' ; ~: . . .. . .:. :· . 

Fa.hJ;enheit, where.J11 the mandrel and alloy are ·removed from.'. the · · 
flexkpline assembly. 

The harmonfo drive unit includes a first drive shaft having .a 

.. distal end which is secured to a flange, which flange is bolted to the 

first. closed end of a circular spline. The circular spline comprises 

annular ring having a second end on which there is disposed an 

array of circular spline teeth. The closed end of the flared or bell 

shaped flexspline ·1s disposed within the bor~ of the circular spline. · 

The fle'.'spline infludes a cup shaped wall having a diaphragm acros_s 

its ~~stal end. The: :bell shaped or flared end of the flexspline is 

.. ;, 

·."··. 

·: .. 
}·:· 

. -~ 

. . · .... ··· .. ··· 
: . : .. ~ -:,. :., ... ·. 

-~=~-.;~ :-.~.:; 
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integral with the mounting flange. The flexspline assembly thus. 

critically being made . of one unitary piece of stock to absolutely · 

prevent leakage of gases or contaminants through the flexspline, 

which could occur if the diaphragm were welded to the wa~L of the 

flexspline. A solid . f ~rging of stock also permits the grains · of the steel 

for~ng the walls :a.p.d_ diaphragm. to be oriented in a more leakproof 

way (that is, parallel to. the walls) .than if the flexspline were iµ.a<ie 

any other way. The annular array of flex- spline teeth is engaged 

·with the circular spline teeth. . The flexspline teeth are disposed on 

the outwardly radially directed edge of the walls. of the flexspline. 

An annular wave generator i.s disposed radially inwardly of the 

flexspline teeth. · A wave generator is mounted on an input shaft 
. i 

which extends through a wall opening in a housing, which housing is 

utilized for the manufacture of contamination-free components, such 

as computer chips or sophisticated electronic ·devices. The annular 

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

harmonic drive transmission 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 flange which is critically integral to the 

flexspline, · may be welded or bolted along its annular periphery, to 

the wall of the housing in which the products to be made, . to insure 

contamination free utilization of the harmonic drive transmission 
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capabilities. The_ welding along ·this Jµribtµre does _not have flexing 

forces -acting upon it as does the diap~_:i~ID.-.. and fl~:lspline w~ls. 
:·.' ._,·: 

.-.:·· 

In operation of the harmonic driYe )LS8-~mbly,. as is known in 
-.. :·: 

the art, the drive·· shaft rotates the cit~~'i,,r: __ :~pli~e. :about_. the . . ." ... -~.:._r-:~.; .. __ ;2<r 
stationary bell shaped ·(flared) flexspli#~'/J .f{ptation · about the. flared " - -· .... · ::;·"'. 

flexspline induces~ Jl wave mo~on · witb~~-'.·;~~: :flexspline te~th and 

hence a rotary motion within the_ aim~laf'· w·~ye- g~ilerator. That . . t"::-:.-:· .. :· '· . . . . 
_, .. ;:.:: •> .. 

rotary motion within the annular way~·:::'.ge~¢rat9r _causes rotary 
·, .··-· ... ···· .. 

. -~:.·~~-L 

motion within the. input shaft, to driye }th~ ~ppropriate mechanis~. 
. .. :.· .-:. .. 

_· .. ·.::·>_;:f ·.·.~··:·~ 

within the housing_ of the contaminati~~-l·trC.e -prod~ction area. 

Th~ invention thus comprises a :h:i~th~~ •of manufacturing· of .:·a 

harmonic' drive flex-spline assembly, irtpiudin:g a flexspline cup 

· having an integral diaphragm at one cJp~ed- }~iid and an integral 

inounting flange at its other _open end~_:;¢<)mprising ·the steps of 

arranging a solid steel forging in a ch1:1c* arrangement in a m~ta~ ·. -

turning machine, drilling a center bore within the solid steel . forging~· .. 

turning the external surface of the soliq ,~teel forging to a preset 

outside dimension, machining the integf.~l ¢9'unting flange on the 

open proximal e11d of the flexspline : a#$~~bly:, to its finished outer 
: .. · .·.:. 

configuration. The method also inclu,4e~,~:-the, steps of placing the 

rough turned solid steel forging into a•.tji~thine tool for full bore 

drilling of the internal diameter of sa~<i"-:fJ.eX.spline cup assembly, 
~: . . 

placing the finished internal bore orit~·:r-~}::tu.~hing. mandrel for support 

of said flexspline assembly, suction dr~~i#g :-~< low melting point allqy 
.·.;;· ·.-~::>.:· ·.; ··:--.: ·; 

steel into the flex-spline cup assembly·::fi)'t ·internal annular support 

of the flexspline walls during subsequ~rit machining operations, 

. .·. . · ... -~--
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supporting the turning mandrel in a turning_ machine, while t~uning 

the flexspline walls d.own to its finished diµtension o~ about .~010 

inches and the integral diaphragm down· to a thickness of .020 

inches . 

. ln another . a~p¢ct of invention comprises a harmonic ·drive 
·· ... : · .. 

:· · .. ~ 

transmission device:-for the transmission of rotary energy from an 

input source to an .'~~tput mechanism within a wall of a sealed 

housing while proy:~di,ng a hermetically sealed re_lationship to the 
. -·~· ... 

output shaft within<. the sealed housing, comprising an input shaft 
. ·. ; 

having a wave _geri.~r~tor arranged at one end thereof, the wave · .. , , ._.: ... 

generator rotatively_:dJsposed within a unitary flexspline having a 

unitary diaphragm and mounting flange therewith, a circular spline 
. . . . 

rotativ.ely supported ·around the flexspline in a ·gear tooth motion 

communicating relatiortship therewith, the flexspline having a side·:· 

wall, the diaphragm ajld the mounting flange alt machined ~ro:m a_ 

single solid forging. 9.f steel, so that the arrangement of gear teeth .on 

the fl~xspline and t1ie· circular spline engage one another in an 

advancing wave, to ·p~rmit rotary. motion to be provided to an output 

shaft, which output shaft actuates a mechanism within a hermetically 

sealed contamination-free production housing. The unitary · mouritj_ri~- ··?· 
'• 

flange is attached to the inner side of said housing, to minimiZe . the_. 
likihood of contamination from components within the flexspline . 

itself. ~. : : 

i.J 
'.\ 

:i. 
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Brief Description of the Drawings 

The objects and advantages of the present inventj._on will 

become more apparent, when viewed in conjunction with the 
following drawings, . in which: 

Figure 1 is a .side elevational view of a flexspline forging wi~ ·: 

the outer diameter profile steps overlaid thereon showing such outer 

profiles the flexspline is constructed according 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 principles 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. 

Descrjption of the Preferred Embodiments 

The present invention relates to a process of the manufacturing 

of a hermetically sealed harmonic drive tr~nsmission 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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In the manufact_!lring of the present invention, a flexspli.ne ·of a · ·_. ·. ·;:~_:. 

flaring or bell shape will be shown, of a shape .sinijlar· ~- th~t,::_sbq~n/ .· ::.·,;,~:~, 
. . . . . . . ·. . ; ... ~ .. • : .. ,::;-,; -~ 

in U.S: Patent 3·,196,713, incorporated .here in the ·reference,", tbough.(it_ ... ,-··:._.',. 
·. . -~ : . 

would be understood that a flexspline of different shape ·may'·. be 

employed, for example, one cup..;shaped. ·:. : ... : .. 

-. 
stock of stainles·s steel. Such a bar is placed in_ a chuck of an · 

appropriate turning center of a· lath~. The flexspline 15 is. then 

machined to its rough external shape and l~ter to · is final .external · 

shape, as shown by the outside profile lines of step 1 "a" . and step 2 

"b 11
• The rough outline is also shown in figure 2a. The initial. rough .. 

internal 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 flex spline stock is next ·re-chucked to permit the 

final inside finish. internal bore conf~~ur~tion to be machin~d to th~ 

-~hape indicated by the dashed lin~s 18, as shown in figure 2c. The 

flexspline 15 now has an "end cap" 20, which· includes the diaphragm 

1 7, which is solid and integral with the 'walls of the flute (bell) 

shaped flexspline 15. The walls . 19 of the flexspline critically are also 

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

. ·.: .. 

. · :-·: ... ·: 
:· ... ":. 

. ··· .. i 
.. 

. . . . •: 

_.:.·-· ·"·,:-

:.~.-. _:.·". 
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The outside final diameter of the combination flexspline 15 

with the. integral mounting· fl~.ge 22 and ~iaphra~~ -11·::.is fi~ished:: . . ;:· 
.. · . 

• by placing the flexspline assembly 15 on a turning.-_mandrel, ·_not: .. : .. 
• • f • . ••. • • . .•• ~· .°'.-: ·. :~~-· .. :. . . ~·::// 

shown. The combiµation mand:rel · and ... the. flex,pl~e · assem~lf·-··~-S/~-:- . ·· ';.: ~.:::\~ 
.· . . . . .... ·..... .·. 

are placed into an alignment fixture, also not shown, _for clarlcy~ .· J?~e-: .. 
. . ·, : ·'..""· .. . . 

end of the alignnient fixture includes . a housi11g having a . piston ·with · 

a spring loaded cup which presses against the diap~ragm of the· flex-
. . 

spline assembly. A vacuum is created in the Jiead (lf ·· the alignment. ~ 
. . ·. _: ·. .· ·.. . : . ·. .• _. .... ·:~::~.J: 

fix~ure to evacuate·. air from the· bore 14 of the:'flex~pline 15. to · '·'.·<:-:· ·:.:·.;/. 
permit the Cerra metal to totally fill the bore of the 'flexspline- 1,~· 

The alignment mandrel, as known in the art, is utilized to 

internally support the hollow fle?tspline 15 during the machining 

operation. In that operation, the outer . wall 19 is t~rned down ·.t~ 

about .010 inches and the diaphragm i7 is turned down to· about . 

. 020 inches, as shown in finished state in figure 2d. A low melting 

point alloy steel known as Cerro 117 steel, is ladelled into the 

bottom of the holding mandrel. The low melting point of alloy steel 

runs through a plurality of channels in the alignment mandrel, and · 

into the bore of the flex spline 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 lath~, not shown, for clarity, for final turning of the walls 19 and 

diaphragm 17, to the thin outer dimensions. 

: . ~:: 

: ... 
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After the diaphragm 17, the flexspline walls 19, and. _moµnHi;lg. · · · · · . · 
. . . . . .. : .:: ... .;.·::;.-.;:·· ·. ;" . . . . ·. 

flange 22 are all turned to -the appropriate outer configuration; as·. 
. ~ . 

shown in figure 2d, the mandrel with the flexspline assembly·.· 15 . 
. 

thereon is removed and the combination is heated to just above ·.the 

melting pointing of the low melting. point· alloy st~e1, fo~·.:.~x~~~l~,. :i~· 
about 130 degrees Fahrenheit, .wherein the mandrel and .. alloy are· 

. .·· 

removed from the flexspline assembly15. 

The finished flexspline 15 is ~ .:c.omponent of a harmonic-. drive 
. . =..: . . : . . . 

assembly 30, as shown in figure 3, ·which includes a first output shaft 

32 having a distal end ·34 which is secµred to a flange 36. The flange 

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

circular spline 40 comprises a rigid annular housing 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 "4() .... 

The flared flexspline 15 includes a cup shaped wall having its 

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

flexspline 15 critically is integral with the mounting flange 2~ .. The 

flexspline assembly thus critically being made of one unitary piece·· of 

stock to absolutely prevent leakage of gases or contaminants· through 

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

walls 19 were separaie 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 grains of the steel forming the walls and· diaphragm to be 

oriented (parallel to the walls) · in a more leakproof way than if the 
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flexspline were made any other way. The annular array. of flex:-

spline teeth 46 is engaged with the circular spline tee~ 44. The 

flexspline teeth 46 are disposed on the outwardly r~dially directed 

edge of the walls 19 of the flexspline 15. 

An annular wave generator 50 is disposed radially inwardly of 

the flexspline teeth 46, as . shown in ·figure 3. The wave ·generator .·.:so· 

is mounted on an input shaft 54 whi~h extends through a wall 

opening 52 in a housing 56, which housing 56 may be utilized for the 
.. · . 

location and containment/manufacture - of contamination-free 
·. . . '.:~ . ·.: 

: . . . . . 

components, such as computer chips· .or sophisticated electronic 

devices. The annular wave generat()r 50 has two or more lobes 

thereon, .as is known in the harmonic drive transmission field. A ball 

bearing assembly 60 is disposed on the radially outer periphery of 

the annular wave generator 50. The · bearing assembly 60 comprises : . 

an inner bearing race 62, an outer bearing, race 64 and ·plurality ·of 

roller balls 66 spaced circumferentially therebetween. 

The mounting flange 22 wh~th is critically integral to the 

flexspline 15, may to be welded or bolted, along its annula_r .. 

pe:riphery, to the wall of the housing in which the products ·to be 

made, to insure contamination free; ;utilization . of the harmonic drive. · 

transmission capabilities. 

In operation of the harmonic>drive assembly 30, as is known in 
. . ~ ... 

the art, the input shaft 54 rotates the lobed wave generator within 

the stationary flared flexspline 15. The mounting flange sealing the 
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open end of the flexsp}ine to a housing. ~he ·moupting ~~ge_: being 
... 

considerably heavier and thicker than t~~;·~~xspHne, suffic~en(·t9'_,_.· '::. 

provide the anchoring and stability neede4/.··~bile the. walls of-.. ~~·:._.:·· .. '. : 
. . .· .. · .. . · ...... • :;;.v.. ·-· 

.. ··'· ........ : . -~ . ·. . 

flexspline where the radially out~ardly directed teeth are, ma}f:'.have . .-.·. 

a wave-like motion imparted therein. Rotation of tJie wave · 

generator 50 within the . flared flexspline )5 thus iJJduces rotary 

motion within the circular spline 40 and .~e~.ce a rotary motion 

within the output shaft 32. That rotary :in.otion. within the outp~t-· 

shaft 32 causes rotary motion to drive an,:~ppropriate gearing. 37 to 
. : .:.-·· .. ·· . . . 

turn production mechanisms such. as a card~sel 39 o.r X-ray 

lithography equipment f6r the manufacture .<of electronic· chips .·or:.>Iike· 
.. . .. ·'. :·:- .. 

substrates where contamination from anytb,ing including·· that: whi~~·_.·. ·. 

might come from gear transmissions and g~t within the housi.q.g :: 56 of 
::· . : : : .' .. 

The harmonic . -drive the contamination free production area. . ···~~< 

assembly 30 in the prefferred embodiment J~ arranged . on the inner 
·. :; ,. 

·side of the wall comprising the housing 56," ... so ,that tbe:,_bearings",:6_6;::> .. 
. . . . : . - ;. . ·-: ~. . 

the wave generator 50 and the input shaft 54 are not being exposed 

co any atmosphere within. the housing 56, which might otherwise 

contaminate any product being manufactu,fed, therewithin, and the . 

evacuated area of the production housing i$ :~xposed only to the ~:ai:~a- . 

radially outwardly of the · flexspline, and nof to the bearings and · 

associated mechanisms therewithin. 

. ,-.; . 

. : .. ·, 
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We claim: 

1. A method of manufacturing of a harmonic drive flex-spline 

assembly, including a flexspline- cup having an integral diaphragm:··at 

one Closed end and an integral mounting flange at its other:.·open end, . 

comprising the steps of: 

arranging a solid steel ~orging ·.in· a ~huck ·arrangement ill·· a · · · · 
metal turning machine; 

drilling a center bore within said solid: steel forging; 
. . :·.'' . 

tun~ing the external surface of said. so.lid steel forging to a 

preset outside dimension; 

machining said integral mounting flange·· on said open : prox~81 

end of said flex spline assembly, to its finishetl outer configuration. . . 

2. The method of claim 1, also incl~ding the steps of: 

placing said rough turned solid steel forging into a machine tool 
.-: ·. 

..... 
.. -:.~: : ·.. . . 

--:--
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3. A harmonic drive transmission devic,~·:fo:r the transmission- of 

rotary energy from an input source to a~.·;-~utput :mechanism :·within a • 

wall of a . sealed housing while providin~: ~; · hermeticaily ·seal¢~_;.-.".;:,y·:. __ ·. _ ... · ·. :._ .. / 
. .. ... : ..... :._ .. :· ..... "; .. :·:.: 

relationship to said output shaft within ·said: seated housing,. ·. ·. '· 

comprising: 

an input shaft having a wave generator arr.anged ·.a~ -~~e .. end. · 
... ·· 

th~reof, said wave generator rotatively disposed. within .. a ·~n~tary­

flexspline having a_. unitary diap~agm and ~o~ntirig ·fi~ge ..... 

th.erewith; 

a circular spline rotatively support~d around · said flexspline in 

a gear tooth ~otion communicating relationship therewiih~ 

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~ one another in an. 

advancing wave, to permit ·rotary motion to be provided to an output 

shaft, which output shaft actuates a mechanism within a herme"tically 

sealed contamination-free' production housing. 

4. The harmonic drive transmission device as recited in claim 3, 

wherein said unitary mounting flange is ~tt~ched to the inner side of 

said housing. 

.·; .. : 

.•. 


