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Hermetically Sealed Harmonic Drive
Transmission Manufacture

Backgrour_l_d of Invention

(1) Field of the Invention
" This invention relates to harmonic drive transmlsswns, and

more partlcularly 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 flexspling, o '
and a wave generator, assembled norﬁally with the circular sphne .
fixed in a' non-rotating arrangement, with the flexspline rotating a‘é_
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



that _time, harmonic drive transmissions have been used for azimuth
‘drives or antenna sy'-s’te'ms or rotary cable":':-.(l'riVes for Welding
posrtloners for valve actuators, for consumer products such as door
openers or actuators or automotive closures, for microscope focusing
knobs or for steerlng mechanisms on rocket booster propulsion

| systems

There are certam mdustnes, however where rotary power is

needed yet contammatron from any part of the machmery within

the worked field woul :fijbe critical to the Work product. The

p_rm_{-_rsmn of pos1t1v_e,_—,_f_:a,ccurately. controlled transmission of motion
tlxrgugh an unint'erruggéd metallic barrier is desired, also in those
ce_r__@iin fields. Sjnce no packing, bellows or fallible seal is used, some
cohtainment of contaminaﬁon utilizing a harmonic drive
transrnjssion, 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
"H_ermeﬁcally Sealed fféns@ssions". Such a unit may provide
typlcal rotary-to-rotary . power utilizing the same three basic
co_r__n%ﬁ:onents of harmo-_n'ic. drive transmissions,z but their configuration
has been altered to meet the specific feed through requirement. The
llexsphne is a flexrble walled tube with one end closed by welding its
ec_l__g‘e' to a disc or d1-aph.ragm, and the other end of the tube is bolted
or._we_lded to a mounting flange. The wave_-'g,__'_enerator, operating
msmle the stationary flexspline deflects the walls of the tube and
ﬂexspline combination into engagement withiii:’the circular spline,
whtch functions as the output member and dehvers a rotation in the

same drrectlon as the mput
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It is an obj"eét howcver of the present invention, to provide an

improvement over thc hermetically sealed transmxssmns “of the pI‘lOl‘

art harmonic drlve units.

It is yet af "grther object of the present invention, to provide. a

hermetlcally seale 'armomc drive transm1ssmn which may be

. utilized in a flﬁld; ere. contamination ~of any sort’ would be

absolutely “critical o the product being produced.

Bnef Summary of the Invention
| = ) '

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 thé manufacturing of the present invention, a flexspline of a
flaring shape will'l.)f:-" shown, of a shape similar to that shown in U.S. |
Patent 3,196,713, iﬁcorporated 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.



of forging. Such a piece forging is made from a bar of stainless. steel

shaped something hke a bell. The forgmg 1s placed in a turmng

center of an appropnate milling machm___ -on whlch ‘the outside

diameter is machmed down to a rough toolmg dimension. The bar is’

then re-chucked on that outside dlameter ' .,Then the inside dlameter

may be drilled to- 1ts rough internal dlam ter }The solid- bar

ed 'Zlocated agalnst its

comprising the ﬂexsplme is again re-ch
dimension to anot@g{ - tooling dimension :__._1t.s'; rough external shape.
The rough ﬂexsplme stock is next re-chucked on that tooling
dimension, to pém'{:it;-' the final finish mtemal é:onfiguration to be
machined. The ﬂexsphne now has an end cap, called a diaphragm,
which is solid and mtegral with the walls of the bell shaped
flexspline, and the walls of the ﬂexsphne crltlcally are also mtegral

with its mounting flange

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 turn‘iﬁg mandrel. The
combination mandxcl and flexspline assembly is placed into an
alignment fixture. One end of the ahgnment fixture includes a

hbusing having a piston with a spring logdp__d, cup which presses

against the diaphragm_. of the flexspline as mbly. A vacuum is
created in the head of the alignment fxxtu 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



Wthh the outer: wall is turned down to .010 inches and the
diaphragm is turned down to .020 inches. A low melting pomt alloy
steel known as Sera Metal 117, sold by the Sera Metal Company, is '.
poured into the: bottom of the holding mandrel. The low meltmg
pomt of alloy steel runs through a plurahty of channels in the

holdmg mandrel, and into the bore of the ﬂexsplme cup.

havg the_"-low ting point alloy - steel therewrthm is 1nstalled onto .

- alathe for: finalii nmg of the walls to the thm outer diameter.

After the dlaphragm the ﬂexsplme walls and mountmg ﬂange

e ie appropriate outer conflguratlon the mandrel
wrth the flexsplme assembly thereon is removed and the =
combination is heated to just above the meltmg pomtmg of the low
meltmg pornt alloy steel to for example, about 130 degrees
Fahrenhert whereln the mandrel and alloy are removed froxn the "~

flexsplme assembly

The harmon;‘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. circnlar 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

mandrel with the ﬂexsplme cup assembly thereon, = i -
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integral with the "moﬁnting_ flange. The flexspline assembly thus
critically being mad"e of one unitary piece of étock to absolutely
prevent leakage 'of ' gases or contaminants through the ﬂexspiine,
which could occur if the 'diaphragm were welded to the wall- of the .
flexspline. A solid'_fqrging of stock also permits the grains of the steel
forrhing 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 sgpi’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 bea_ring_--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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capabilities. The welding along this Juncturedoesnot have flexing

forces ‘acting upon it as does the dxaphragmand ﬂéf;ﬁsplihe walls.

In operation of the harmonic c'lr:"':"" 'assembly, as is known in

the art, the drive shaft rotates the cxrcular' ":phnc about - the .

stationary bell shaped (flared) flexspli otatlon about the ﬂared

flexspline induces’ _-_-@_-_ wave motion Wi he ﬂcxsplme teeth and - -

':' wave. generator. That

hence a rotary m_;o‘__t:-__ipn within the ann
rotary motion w1thm the annular wa generator causes rotary
motion within the “.i_l.lput shaft, to dri the-'_':-appropnate mechanism. -
within the housinjg_ of the contaminati 1 __e':j productlon area.

The invention thus comprises a thod of manufactunng of -a

harmonic’ drive flex-spline assembly, m_____ udmg a flexspline cup

“having an integral diaphragm at one clpse_d ___ergxd and an integral

mounting flange at its other open end,__..__pmljfisihg‘.;he steps of
arranging a solid steel forgirig in a chuék ‘arrangement in a metal ..
turning machine, dnlhng a center bore w1th1n the solid steel forgmg, .
turning the external surface of the sohd steel forging to a preset

outside dimension, machining the integral’ mo-untmg flange on the

open proximal end of the flexspline . a :"bly, to its finished outer

_configuration. The method also inclu the steps of placing the
rough turned solid steel forging into a machine tool for full bore
drilling of the internal diameter of said flex pline cup assembly,

placing the finished internal bore ont

mng mandrel for support
of said flexspline assembly, suction dr 2 low melting point alloy
steel into the flex-spline cup assem:bly;.-'--for'1Hternal' annular support

of the flexspline walls during subseqﬁéﬁt machining operations,
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: supporting the turmng mandrel in a turning machme, while- tummg

the ﬂexsphne walls: down to its finished dimension of about 010
inches and the mte:gr.al diaphragm down to a thickness of .020

inches.

In another aspect of invention comprises a harmonic drive
trans&iission device'-'-ij‘-"fOr the transmission of rotary energy from an
input "féource to an 35:6{itput mechanism Withixi a wall of a sealed
housmg while prov1d1ng a hermetically sealed relatlonshlp to the
output shaft w1th1n the sealed housing, comprising an input shaft
having a wave _generator 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 outputﬁ'-Shaft actuates a mechanism within a hermetically

seaied contamination-free production housing. The unitary mountmg-_'-_}"_"-]__

flange is attached to the inner side of sald housing, to minimize the
likihood of contamination from components within the flexspline .

itself.
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Brief Description of the Drawings

The objects and advantages of the present invention 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 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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In the manufacturing of the present invention, a flexspline of a - -7

flaring or bell shape will be shown, of a shape similar to th'.a't'_,_-_..sl;qwxi-ﬁ_';__' | -,

in U.S. Patent 3,196,713, incorporated here in the 'rcfcrcnce,:; thoagh':fj-siﬂt"_::'-,
v'vould bc_ understood that a ﬂcxsplinc of different shape 'may‘*-'be h

employed, for example, one cup-shaped.

In accordance with the features of the_ prcsent mventlon, _ the | S
| ormal ﬂexsplme -

would be attached, is made of one umtary plcce of;____orgmg 10, ‘as |

ﬂcxsphne and the mountmg flange to Whlc'

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 lathc. The ﬂexsplu_xe 15 is. then
machined to its rough external shape and later to is final .eitefnal -
shape, as shown by the outside profile lines of step 1 "a” ,aad "step 2
"b". The rough outline is also shown 1n figure 2a. The initial'_-rough.__ .
ihtcrnal _borc diamcter 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' _tc. 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, thCh includes the diaphragm
17, which is solid and integral w1th the walls of the flute (bell)
shaped flexspline 15. The walls ,19 o_f .-t_he ﬂ_c_xs_plmc critically are also.

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

- 2w . £
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‘The outside final diameter of the combination flexspline 15
with the integral mounting ﬂen-ge 22 and _diaphrag_m -17..is f_il_l_i_shed}

by placing the flexspline assembly 15 on a tuming-mand‘rel ‘not..

shown. The combination mandrel and. the ﬂexsplme assembly 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-

splme assembly A vacuum is created in the head of the ahgnment o

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

permxt the Cerra metal to totally fill the bore of the ﬂexsplme 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 flgure 2d. A low meltmg
point alloy steel known as Cerro 117 steel; is ladelle(i 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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After the diaphragm 17, the flexspline walls 19, ‘and mountmg N S

ﬂange 22 are all turned to "the appropriate outer conflgurauon as
shown m figure 2d, the mandrel with the flexspline assembly 15
thereon is removed and the combination is heated to _]ust above the
melting pomtmg of the low melting point’ alloy steel for - example, to
about 130 degrees Fahrenheit, ‘wherein the mandrel and. alloy are .

removed from the flexspline assemblylS

The flmshed flexspline 15 is a component of a harmonic. dnve
assembly 30, as shown in figure 3, whlch includes a first output shaft-
32 having a distal end -34 which is seeured to a flange 36. The .ﬂen.ge
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 secoed'

end 42 on which there is disposed an array of radially inwardly g

- directed circular spline teeth 44. The closed end 38 of the flared R

flexspline 15 is disposed within the bore of the circular _spline 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'e.'-' 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 grains 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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flexspline were made any other way. The annular array of flex-

" ‘spline teeth 46 is engaged with the circular spllir‘le‘ teeth_'- 44, The
flexspline teeth 46 are disposed on the outwardly radially directed
edge of the walls 19 of the.ﬂexspline, 15.

An annular wave generator 50 is dlsposed radlally mwardly of |
the flexspline teeth 46, as shown in flgure 3. The wave generator 50-
is mounted on an input shaft 54 whlch extends through a wall
opening 52 in a housing 56, which housmg 56 may be utlhzed for the
location and contammentlmanufacture of contammatlon-free
components, such as computer ch_lps_- or sophlstwated _electrom_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 1ad1a11y outer periphery of
the annular wave generator 50. The bearing assembly 60 comprlses :
an inner bearing race 62, an outer bearmg race 64 and plurality of -

roller balls 66 spaced cucumferep_tlally 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 ‘the lobed wave generator within

the stationary flared flexspline 15. The mounting flange sealing the -



: open end of the fiexsp‘line to a housing. The "inoun'ting ﬂange'bein'g
considerably heavier and thicker than th'f flexsplme sufflclent to
_whtle the walls of the

provide the anchormg and stability neede.:_, i

flexspline where the rad1ally outwardly dlrected teeth are, may have. el

a wave-like motion imparted therein. Rotatlon of the wave '
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 motlon 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 anyt_h___l__ng 1_n_clud1ng--that wh_leh__._- o
might come from gear transmissions and -get within' the housiug:—:S'G 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 manufactuge;_l__ _therewithiu, and the .

evacuated area of the pro&uction housing 1s " posed only to the area.
radially outwardly of the- flexsplme and not to the bearings and |

associated mechanisms therew1th1n

R
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We claim: |

' 1. A method of manufacturing of a harmonic drive flex-si;liﬂe
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 forgiﬂg in a chuck arrangement inta o o

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 ﬂjahge":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 ﬂcxsphne 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-
spliﬁe 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.

RS
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r the transmissidn- of

3. A harmonic drive transmission devici"-'
| rotary energy from an input source to an utput mechamsm w1th1n a o
wall of a.sealed housing while providing a'=-'hermet1cally sealed .
relationship to said output shaft within sa1d sealed housmg,
comprising: |

an input Shaft having a wave generator arrangéd- at:"'(":)'.i_;'c_é_‘ cend.
thereof said wave generator rotatively dlsposed w1thm _ a.'l'.ll.nitary-
ﬂexsplme havmg a umtary d1aphragm and mountmg ﬂange
therewith; ' |

a circular spline rotatively supported around said_-ﬂexspline in
a gear tooth motion 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;__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 harmonic drive transmission device as recited in claim 3,

wherein said unitary mounting flange is attached to the inner side of

said housing.




