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Re. 30,334 
1. 

PRESSURE COMPENSATED HERMET CALLY 
SEALEDTRANSMSSON SYSTEM 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to pressure compensated her 

metically sealed transmission systems. Accordingly, the 
general object of the invention is to provide new and 
improved systems of such character. 

2. Description of the Prior Art 
The prior art shows a wide wariety of hermetically sealed 

transmission means, in which a mechanical transmission 
means is sealed by a belows or other diaphragm between a 
nowable element of the transmission means and a sur 
rounding wall. Although such seals have been known at 
least since 1938, official and private searches prior to this 
reissue application have not uncovered any suggestion of 
making the diaphragms for such devices more reliable by 
equalizing the pressures on the two sides thereof. 

In accordance with preliminary novelty searches 
performed on behalf of the applicant, specifically for 
the following concepts: (1) Bearings on both sides of a 
wobble plate, wherein as the wobble plate rocks, the 
output shaft rotates; and (2) bellow belows systems 
with the foregoing, with pressure feedback through an 
upper loop to insure equal pressure on both sides of the 
bellows, the following patents of interest were found: 

U.S. Pat. No. 2,119,955-LITTON 
U.S. Pat. No. 2,137,303-NELSON 
U.S. Pat. No. 2,770,139-SHEN et all 
U.S. Pat. No. 2,771,787-RANSON 
U.S. Pat. No. 2,779, 197-EMBREE 
U.S. Pat. No. 3,010,887-BAUMGARTEN et all 
U.S. Pat. No. 3,028,761-COLE, JR. 
U.S. Pat. No. 3,049,931-LANG, JR. et all 
U.S. Pat. No. 3,424,017-HASQUENOPH et al 
Litton U.S. Pat. No. 2,119,955 and Lang, Jr. et al., 

U.S. Pat. No. 3,049,931 combine the rocking type of 
action in a coupling with sealing means and in the case 
of the Litton patent with a bellows type of seal. 

Cole, Jr. U.S. Pat. No. 3,028,761 also discloses use of 
wobble plates with bellows for hermetic sealing. 

Nelson, U.S. Pat. No. 2,137,303, discloses rotating 
shafts with a bellows type of seal. 

Baumgarten et al., U.S. Pat. No. 3,010,887, also dis 
closes rotation of a shaft and the use of bellows seals. 

Embree, U.S. Pat. No. 2,779, 197, discloses bellows as 
seals with pressure compensation. 
The remaining U.S. patens patents set forth above 

are further examples of bellows used as seals in rotary 
systems. 
Other articles of interest include the following two 

publications: 
1. "Look at Forged Valves for Nuclear" by A. K. 
Velan "Power" September 1973 pp. 44-45 

2. "Operating Experience with Walves in Nuclear 
Power Plants," by K. H. Arriens. "Combustion' 
February 1974 pp. 31-36. 
No prior art was found suggesting the use of equal 

ized pressure bellows sytems with rotating shafts. 
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Among patents found by the Examiner before allowing 

the original patent here being reissued, the most interesting 
s 

French Pat No. 1,099,067 (1955) in which several dia 
phragms were used, warious fills between them being 
suggested, but with no mention of pressurizing a fluid 
fill. 

It is known to provide some degree of compensating 
pressure around a belows that is pumping rather than 
sealing a transmission means, "to keep the differential 
pressures below the critical limit of the bellows'. 

SUMMARY OF THE INVENTION 

This invention includes a combination of concepts 
which provide a solution to the problem of hermetically 
sealing a motion or power transmitting device at high 
pressure. More specifically, the present invention finds 
application in high pressure stem seals for valves, actua 
tors, indicators, pumps, and the like. 
One feature of the invention involves a mechanical 

device for transmitting torque or rotary motion hermet 
ically between two rotatable elements, where the two 
elements are physically separated into different pressure 
or fluid environments. The hermetic seal is achieved by 
using a flexible membrane, such as a bellows or a dia 
phragm to separate the two rotatable elements. 
The second feature of the invention equalizes or mini 

mizes the pressure across the sealing membrane or 
membranes by sealing with a liquid and a standard or 
conventional type shaft seal, such as a packing case, 
friction type mechanical seal, or a magnetic liquid, O 
ring seal, while compensating for a change in liquid 
volume. The second feature also applies to any hermetic 
motion or power transmitting device using flexible seal 
ing membranes other then than the first feature dis 
closed hereinabove, such as, but not limited to the pa 
tents cited above and linear motion or power transmis 
sion devices such as hermetically sealed bellows or 
diaphragm type valves. 
One advantage of this invention permits the use of 

very thin and/or flexible imperforate membranes at 
high operating pressures by eliminating or drastically 
reducing the stress caused by the high pressure. The 
sealing membranes serve the purpose of separating and 
sealing against fluids not at high differential pressure. 
Another advantage of this invention allows the use of 

many different types of materials for sealing men 
branes, such as very thin gauge metal, rubber, plastics, 
and the like which would normally be unsuitable to seal 
against high pressure. 
Another advantage of this invention includes the use 

of very large and/or unusually shaped sealing mem 
branes, such as cylindrical or tapered type bellows, 
bladders of all types, flat diaphragms, free floating pis 
tons and the like. 
Another advantage of this invention is to provide an 

opportunity for a seal comprised of standard, readily 
available and easily machined parts. 
Thus, it is an object of this invention to provide a 

novel hermetic rotary coupling system, which is simple 
in design, utilizing symmetrical parts to facilitate manu 
facture. 
Another object of this invention is to provide a novel 

power transmission device which provides rotary, tor 
sional, or linear motion or power, while maintaining a 
true hermetic seal. 
Another object of this invention is to provide a novel 

power transmission device which provides a high me 
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chanical efficiency in the rotary seal by using shafts and 
bearings as the power transmitting members. 
Yet another object of this invention is to provide a 

novel power transmission device which provides a ro 
tary seal and that has negligible backlash for accurate 
positioning, regardless of direction or change of direc 
tion, such as for use in controls or control valves. 
One object of this invention is to provide a novel 

power transmission device which utilizes a standard 
type seal to seal against pressure regardless of whether 
the processing process fluid is a gas or a liquid. 

Further advantages of this invention include the pro 
vision of a means of adding a sealing fluid which 
when needed inasmuch as some sealing fluid can leak 
through the standard seal without affecting the integrity 
of the hermetic seal containing the process fluid. 
Other advantages include the following: A design 

that can easily have redundant seals and compartments 
to provide a backup seal in the event one of the sealing 
membranes fails or leaks; a hermetic seal is provided to 
transmit rotary or linear motion by utilizing external 
drivers or actuators that can be changed or repaired 
without affecting the integrity of the piping or vessel 
holding the process fluid; a hermetic seal can be pro 
vided that can sustain pressure surges without affecting 
the integrity of the hernetic seal; a sealing liquid can be 
used that can be easily cooled by various methods and 
still maintain a hermetic seal when the process fluid is at 
high temperatures; a hermetic seal can be provided that 
can be easily monitored to indicate a failure of an inter 
nal sealing membrane by monitoring the movement of 
the volume compensating sealing membrane; a hermetic 
seal can be provided to handle a variety of problem 
process fluids such as radioactive sodium, poisonous 
gases, expensive gases such as helium, flammable gas 
and corrosive fluids such as high pressure steam; a stan 
dard pressure seal can be separated from the process 
fluid to eliminate corrosion or other problems at the 
standard seal; multiple packing cases can be eliminated 
along with vacuum seal gas systems as used in conven 
tional seals; and a hermetic seal can be provided that is 
reasonably compact although somewhat larger than a 
conventional type seal. 

In accordance with one aspect of the illustrated em 
bodiment of this invention a power transmission device 
includes a hermetically sealed chamber having a first 
opening in a first wall of the chamber. A second open 
ing is provided in an opposing rear wall of the chamber. 
The two openings having have a common axis. A 
rigid transmission means, capable of being wobbled 
and rotatably engaging the interior wall of the cham 

ber, is arranged so as to wobble about a substantially 
fixed point which lies substantially along the common 
axis. A first flexible imperforate membrane engages the 
transmission means and seals the first opening. Like 
wise, a second flexible imperforate membrane engages 
the transmission means and seals the second opening. A 
rotatable driving member, external to the chamber, 
extends through the first opening of the chamber, 
whereas, a driven member, external to the chamber, 
extends through the second opening of the chamber. 
Means are provided for coupling the driving member to 
the transmission means for converting the rotary mo 
tion of the driving member into a wobbling motion of 
the transmission means. Means are provided for cou 
pling the transmission means to the driven means for 
converting the motion of the transmission means into a 
rotating motion of the driven means. 
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4. 
In accordance with another embodiment aspect of 

the invention, a power transmission system device for 
transmitting power from an external environment to an 
internal environment includes a housing for separating 
the external environment from the internal environ 
ment. The housing has a first opening in a first wall 
which communicates with the external environment. 
The housing also has a second opening in an opposing 
rear wall which communicates with the internal envi 
ronment. The two openings are aligned along a com 
mon axis and form the ends of a first chamber within the 
housing. A third opening in the first wall and a fourth 
opening in the rear wall form open to a second cham 
ber within the housing. Transmission means within the 
first chamber of the housing are adapted to wobble 
about a fixed point which lies substantially in the com 
mon axis. A rotatable driving member extends from the 
external environment through the first opening of the 
housing. Means are provided for coupling the driving 
member to the transmission means for converting the 
rotary motion of the driving member into a wobbling 
motion of the transmission means. A first bearing 
housed within the first chamber supports the driving 
member. A driven member external to the housing 
extends from the internal environment through the 
second opening of the housing. Means are provided for 
coupling the transmission means to the driven means 

for converting the wobbling motion of the transmis 
sion means into a rotary motion of the driven means. A 
second bearing housed within the first chamber sup 
ports the driven member. A first flexible imperforate 
membrane engages the transmission means and seals the 
first opening at (i.e., as to flow through) the first bearing. 
Likewise, a second flexible imperforate membrane en 
gages the transmission means and seals the second open 
ing at the second bearing. A third flexible imperforate 
membrane affixed to an inner wall of the second cham 
ber seals, in communication, ?ie, without disturbing 
communication between then) the third opening and a 
fifth opening which extends from the second chamber 
to the first bearing on the external environmental side 
thereof of this third membrane. A fourth flexible 

imperforate membrane is affixed to the inner wall of the 
second chamber and seals the fourth opening, while 
permitting a sixth opening to be unsealed between the 
first chamber and the second chamber. Pressure sensi 
tive means cover. A check valve prevents outflow through 
the third opening. 

In accordance with yet another embodiment as 
pect of the invention, apparatus for detecting the reli 
ability of a hermetically sealed torque transmission sys 
tem, wherein the system includes a first shaft extending 
from an external environment into the system and a 
second shaft extending from an internal environment 
therein, includes a first housing supplemental to the 
transmission system which extends from the external 
environment to the internal environment and form 
ing forms a chamber therewithin. The housing in 
cludes a first opening (which has designated as the third 
opening in the previous paragraph) at an external environ 
mental side thereof, a second opening at an internal 
environmental side thereof, and a third opening extend 
ing through to the interior of the transmission sys 
tem. A first flexible imperforate diaphragm engages an 
inner wall of the chamber and seals the first opening. A 
second flexible imperforate diaphragm engages the 
inner wall of the chamber and seals the second opening, 
whereby the diaphragm diaphragms jointly seal the 
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third opening from normally free communication with 
either of said first or second openings. A pressure 
checking means covers check valve prevents flow of 
liquid out through the first opening whereby, with 
constant pressures in said external and internal environ 
ments, a change in chamber volume Changes in posi 
tions of the last mentioned diaphragms (detected by said 
pressure checking the "position detection means' 47) 
occurs occur upon one or more of the following 

various failure conditions: (1) a leak or rupture of the 
first flexible imperforate diaphragm; (2) a leak or rup 
ture at the second flexible imperforate diaphragm; (3) 
failure of seal at the first opening by said pressure 
checking means; or (4) failure of reliability the hermeti 
cally sealed torque transmission system, the most com 
mon of which would be gradual seepage of sealing liquid 
past the seal illustrated as conventional packing 36. 

BRIEF DESCRIPTION OF THE DRAWNGS 

Other objects, advantages, and features of this inven 
tion will become more apparent from the following 
specification, when read in conjunction with the accom 
panying drawing, in which: the FIGURE is a cross 
sectional diagram of one embodiment of the invention. 

DESCRIPTION OF A PREFERRED 
EMBODMENT OF THE INVENTION 

Referring to the FIGURE, which is a longitudinal 
cross-section illustrating, in diagrammatic view, one 
embodiment of the invention, there is shown an input or 
driving shaft 11 and an output or driven shaft 12, each 
of which has a circular inner bearing race 13, 14, respec 
tively, attached or machined on the ends of the shafts, 
respectively, for bearings 16, 17, respectively. These 
inner races 13, 14 are positioned at an angle and located 
eccentrically from the common center axis of the shafts 
11, 12. Both shafts 11, 12, are positioned and supported 
at their outer ends by typical combination journal thrust 
bearings 18, 19. Though the bearings 16, 17 are illus 
trated as tapered roller bearings, ball or other type of 
bearings can be used in lieu thereof. 

However, tapered roller bearings are preferred, not only 
for an exceptional use of the usual advantages of such 
bearings, but for a new advantage inherent in the illus 
trated arrangement. As is apparent from a study of the 
drawings, the tapered roller bearings have a double action 
they exert a wobble-inducing or wobble-induced thrust 
substantially axially, and also a cranking action, due to 
eccentricity, by a thrust substantially in a radial plane. It is 
apparent that great ruggedness and precision can be 
achieved. 
A wobble plate 21 is machined from a solid ball so as 

to hold and become the outer bearing races 22, 23 for 
the bearings 16, 17. A slot 24 is machined into the spher 
ical surface of the wobble plate 21 and is positioned by 
a ball or guide member 26 which acts to inhibit the 
wobble plate 21 from rotating, but not from wobbling in 
the main bore 27 of the main casing or housing 28. 
As rotary motion is applied to the input or driving 

shaft 11, such motion is transferred through to the 
wobble plate 21 to the output or driving shaft 12. Such 
action occurs due to the direct moment provided by the 
eccentrically located inner bearings races 13, 14, and 
due to a wedging action caused or contributed by the 
angle of the shafts 11, 12 with respect to the wobble 
plate 21. 

Flexible imperforate membranes, such as flexible 
diaphragms or bellows 30, 31, are attached to the wob 
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6 
ble plate 21 and to its respective journal thrust bearing 
support 32, 33. A packing gland 34, packing 36, and a 
packing case 37 together act as a standard shaft packing 
seal although a mechanical or magnetic fluid shaft seal 
may serve a similar purpose. 
A separate bore 38 in the casing 28 has flexible imper 

forate membranes such as flexible diaphragms or bel 
lows 40, 41 located therein. The bellows 40 encloses the 
leftmost portion of the bore 38, while the bellows 41 
encloses the rightmost portion of the bore 38. These 
bellows 40, 41 have end plates 42, 43, respectively, 
which act to form a seal for the center portion of the 
bore 38, and thus provide two separate cavities or 
chambers from the pressurized side of the output shaft 
seal to the opposite side of the input shaft seal. One 
cavity includes that space (at the top left of the draw 
ing) enclosed by the bellows 40, the left passageway 
(unnumbered) leading to the journal thrust bearing 18, 
and the space enclosed (bottom left of the drawing) by 
the bellows 30. The other cavity includes that space in 
the separate bore 38 (at the top center of the drawing) 
outside of the bellows 40, 41. The two vertical passage 
ways (unnumbere ?unnumbered) and that space in 
the main bore 27 which lies outside of the bellows 30, 31 
form a portion of such other cavity. These cavities or 
chambers are filled with any suitable liquid or lubricant 
depending upon the temperature, pressure and duty of 
the seal. The journal thrust bearings 18, 19 are not seals 
and, hence, fluid is permitted to flow into the bellows or 
flexible membranes 30, 31. The journal thrust bearing 19 
permits the process gas or liquid being sealed to enter 
into the bellows or flexible membrane 31 and encompass 
the bearing races 14, 23. 
As pressure is applied to the inside of the bellows or 

flexible membranes 31, 41 by the process fluid, it is 
equalized by the confined body of liquid throughout the 
central cavity or chamber consisting of the volume on 
the outside of all four bellows or flexible membranes 30, 
31, 40, 41. As seen in the drawing, bellows 41 is free to 
expand to keep the sealing liquid under the same pressure 
as the process fluid Pressure is transmitted by the liquid 
through the bellows or flexible membrane 40 
through to a second body of sealing fluid in the cavity 

or chamber consisting of the inside of the bellows or 
flexible membranes 40 and 30. This eliminates stress due 
to differential pressure across all the bellows or flexible 
membranes 30, 31, 40, 41. 
As the sealing liquid leaks (usually very slowly) 

through the packing 36, the bellows or flexible mem 
branes 40, 41 move to compensate for the loss of liquid 
by reducing the transmitting the pressure of the pro 
cess fluid to it in spite of its reduced volume of liquid. 
Such movement can be monitored to indicate packing 
leakage. The relative movement of bellows or flexible 
membranes 40, 41 to each other can also be monitored 
to indicate an internal leak or membrane failure and 
where the leak is located. 
A pressure checking means, including a standard 
ball check valve 44, covers (ball type being 

shown) prevents outflow through an opening 46 in the 
main casing, which opening 46 is enclosed by the bel 
lows 40. 

With constant pressures on either the external or 
internal environments on both sides of the housing 28, 
a A change in pressure position indicated by the 
pressure checking position detection means 47 occurs 

upon one or more of the following conditions: (1) a leak 
or rupture of the bellows 40; (2) a leak of rupture 
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of the bellows 41; (3) failure of seal of the check valve 
44 of the opening 46 or seepage of the sealing fluid past 
the conventional seal 36; or, (4) failure of reliability of the 
hermetically sealed torque transmission system overall 
shown in the FIGURE, as by leakage through bellows 30 
or 3. 
Although a standard ball check valve 44 is depicted 

in the FIGURE, other check valves can be used in lieu 
thereof. The check valve 44 permits additional sealing 
liquid to be added to the system while the seal is operat 
ing to compensate for any leakage that may occur 
through the packing 36. 
The pressure checking means, desirably, further 

includes a position detection means 47 is for detecting 
the positions of the end plates 42, 43 of the bellows 40, 
41. Such position detection means 47 may be optical, 
mechanical, magnetic, electrical, or any combination 
thereof, in character, depending upon the process 
fluids involved. The side wall of the casing 28 may be 
transparent, in certain applications, so that the positions 
of the end plates may be optically viewed. Desirably, 
however, an automatic alarm system should be pro 
vided, such as an electrical system, to reduce operator 
eto, 

It will be appreciated by those skilled in the art that 
several concepts described herein can be used either 
separately or in combination with each other. For ex 
ample, in addition, perhaps, to concepts noted under 
"SUMMARY OF THE INVENTION', one concept 
involves the tranmission of power by a driving shaft to 
a drive shaft using a wobble plate for the conversion of 
rotary power to wobbling motion, and from wobbling 
motion to rotary motion, whereas another concept 
invloves involves an apparatus for detecting the 

reliability leakage of the hermetically sealed torque 
transmission system utilizing pressure checking means 
in a combination apparatus as set forth more specifically 
in the appended claims. 

It will be appreciated that many variations may be 
performed without departing from the spirit and scope 
of this invention. In particular, various materials may be 
used for bellows, or membranes, depending upon the 
environmental conditions. Bellows or membranes can 
be formed of rubber, plastic, metal and the like. Like 
wise, the bellows or membranes need not form any 
specific configuration; other types of diaphragms can be 
used in lieu thereof. 

ACHIEVEMENT 

According to the present invention, an exceedingly safe 
seal systern is provided for a valve rod or other novable 
means extending into a process environment. A pressure 
equalized membrane or diaphragm provides hernetic seal 
ing, freed from high differential pressures which could 
cause rupture and freed from previous danger of rapid 
escape of any dangerous substances in the working environ 
ment if rupture should occur. Because the outer seal by 
which the external balancing pressure is maintained on the 
membrane is not of the membrane type (and hence not a 
hermetic seal) it can be of a standard type such as is, by 
nature, virtually rupture-proof. The illustrated standard 
packing for example, is known to be capable of withstand 
ing high differential pressures even though not dependably 
hermetic. This makes protection of the membrane depend 
able so long as such sealing liquid as leaks past the outer 
seal is occasionally replenished means preferably being 
provided for observation or other detection of the amount of 
said leakage. Virtually exact pressure equalization is en 
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sured by exposing the sealing liquid outside of the hermetic 
membrane to the same pressure to which the inside of the 
hermetic membrane is exposed, this same pressure being 
transmitted with flexible hermetic separation to avoid con 
tamination of the sealing liquid. Also, an improved wobble 
type drive transmission means is provided in case rotary 
transmission is needed 
What is claimed is: 
1. A power transmission device comprising 
a. a hermetically sealed chamber having an interior 

surface, a first opening in a first wall of said cham 
ber, and a second opening in an opposing rear wall 
of said chamber, said openings having a common 
axis; 

b. rigid transmission means, capable of being wob 
bled, nonrotatably engaging the interior wall 
surface of said chamber, said transmission means 
being arranged to wobble about a substantially 
fixed point lying substantially along said common 
axis; 

c. a first flexible imperforate membrane engaging said 
transmission means and sealing said first opening; 

d. a second flexible imperforate membrane engaging 
said transmission means and sealing said second 
opening; 
a rotatable driving member external to said cham 
ber and extending through said first opening of said 
chamber; 
a driven member external to said chamber and 
extending through said second opening of said 
chamber; 

g. means coupling said driving member to said trans 
mission means for converting the rotary motion of 
said driving member into a wobbling motion of said 
transmission means; and 

h. means coupling said transmission means to said 
driven means for converting the motion of said 
transmission means into a rotating motion of said 
driven means. 

2. A power transmission device for transmitting 
power from an external environment to an internal 
environment comprising 

a. a housing for separating said external environment 
from said internal environment, said housing hav 
ing a first opening in a first wall communicating 
with said external environment, said housing hav 
ing a second opening in an opposing rear wall com 
municating with said internal environment, said 
openings being aligned along a common axis and 
forming the ends of a first chamber within said 
housing, a third opening in said first wall and a 
fourth opening in said rear wall forming a second 
chamber within said housing; 

b. transmission means within said first chamber of 
said housing being adapted to wobble about a fixed 
point lying substantially in said common axis; 

c. a rotatable driving member extending from said 
external environment through said first opening of 
said housing; 

d. means coupling said driving member to said trans 
mission means for converting the rotary motion of 
said driving member into a wobbling motion of said 
transmission means; 
a first bearing housed within said first chamber for 
supporting said driving member; 

f, a driven member external to said housing and ex 
tending from said internal environment through 
said second opening of said housing; 

e. 
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g, means coupling said transmission means to said 

driven means for converting the wobbling motion 
of said transmission means into rotary motion of 
said driven means; 

h. a second bearing housed within said first chamber 
for supporting said driven member; 

i. a first flexible imperforate membrane engaging said 
transmission means and sealing said first opening at 
said first bearing; 

j, a second flexible imperforate membrane engaging 
said transmission means and sealing said second 
opening at said second bearing; 

... a third flexible imperforate membrane affixed to an 
inner wall of said second chamber and sealing in 
communication said third opening and a fifth open 
ing extending from said second chamber to said 
first bearing on the external environmental aide 
side thereof; 

1. a fourth flexible imperforate membrane affixed to 
said inner wall of said second chamber and sealing 
said fourth opening, while permitting a sixth open 
ing to be unsealed between said first chamber and 
said second chamber; and 

m. pressure sensitive means covering said third open 
ling. 

3. Apparatus for detecting enhancing the reliabil 
ity of a hernetically sealed torque transmission system, 
wherein said system includes a first shaft extending 
from an external environment into said system, and a 
second shaft extending from an internal environment 
into said system, comprising 

a- a housing extending from said external environ 
ment to said internal environment, and forming a 
chamber therewithin including 
1. a first opening at an external environmental side 

thereof; and 
2. a second opening at an internal environmental 

side thereof; and 
3. a third opening extending through to the inte 
rior of said system; 

b, a first flexible imperforate diaphragm engaging an 
inner wall of said chamber and sealing said first 
opening; 

c. a second flexible imperforate diaphragm engaging 
said inner wall of said chamber and sealing said 
second opening, whereby said diaphragms 
jointly operating to seal said third opening the 
space between then from normally free communica 
tion with either of said first or second openings; 
and 

d. pressure checking sealing means covering 
for said first opening, whereby with constant 
pressure in said external and internal environ 
ments, and detection means for detection of a 
change in pressure detected by said pressure 
checking means status which occurs upon one or 
more of the following conditions; 

1. a leak or rupture of said first flexible imperfor 
ate diaphragm; 
2. a leak or rupture of said second flexible imper 
forate diaphragm; 
3. failure of seal of said first opening by said 
pressure indicating means; or sealing means. 
4. failure of reliability of said hermetically sealed 
torque transmission system. 

4. Apparatus as recited in claim 3, wherein fluid can 
be added via said pressure checking means to the 

O 

s 

25 

30 

35 

40 

55 

SS 

10 
space on the external-environment side of said first dia 
phragm to compensate for fluid loss from said housing. 

5. Apparatus as recited in claim 2 wherein fluid can 
be added via said pressure sensitive means to compen 
sate for fluid loss past said first bearing. 

6. Apparatus as recited in claim 2 wherein a non-her 
metic seal capable of withstanding high differential pres 
sures movably seals said driving member, sealing liquid is 
confined on the external-environment side of all of said 
diaphragms, and said pressure sensitive means is a check 
walve through which sealing liquid may be supplied to 
compensate for fluid loss past said non-hermetic seal. 

7. A power transmission device comprising 
a, a seal chamber having an interior surface a first open 

ing in a first wall of said chamber, and a second 
opening in an opposing rear wall of said chamber, said 
openings having a common axis 

b. rigid transmission means, capable of being wobbled, 
non-rotatably engaging the interior surface of said 
chamber, said transmission means being arranged to 
wobble about a susbstantially fixed point lying sub 
stantially along said connon axis 

c. a flexible inperforate membrane engaging said trans 
mission means and with it hernetically sealing one 
said opening 

d a rotatable driving member external to said chamber 
and extending through said first opening of said 
chamber 

e, a driven member external to said chamber and ex 
tending through said second opening of said chamber 

f means coupling said driving member to said transmis 
sion means for converting the rotary notion of said 
driving member into a wobbling motion of said trans 
mission means and 

g, means coupling said transmission means to said 
driven member for converting the motion of said 
transmission means into a rotating motion of said 
driven member. 

8. A power transmission device for transmitting power 
from an external environment to an internal environment 
comprising 

a, a housing for separating said external environment 
from said internal environment, said housing having a 
first opening in a first wall communicating with said 
external environment, said housing having a second 
opening in an opposing rear wall communicating with 
said internal environment, said openings being 
aligned along a common axis and forming the ends of 
a chamber within said housing, a third opening into 
said housing from the external environment and a 
fourth opening into said housing from the internal 
environment 

b. transmission means within said chamber of said hous 
ing being adapted to wobble about a fixed point lying 
substantially in said common axis 

c. a rotatable driving member extending from said exter 
nal environment through said first opening of said 
housing 

d means coupling said driving member to said transmis 
sion means for converting the rotary notion of said 
driving member into a wobbling motion of said trans 
mission means 

e, a first bearing housed within said chamber for sup 
porting said driving member 

f a driven member external to said housing and extend 
ing from said internal environment through said sec 
ond opening of said housing 
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g. means coupling said transmission means to said 

driven member for converting the wobbling motion of 
said transmission means into rotary motion of said 
driven member 

h, a second bearing housed within said chamber for 5 
supporting said driven member 

i a first flexible imperforate membrane engaging said 
transmission means and sealing said first opening as 
to flow through said first bearing 

ji a second flexible imperforate membrane engaging said 10 
transmission means and sealing said second opening 
as to flow through said second bearing 

k, a third flexible imperforate membrane affixed to an 
inner wall of said housing and sealing said third open 
ing while leaving communication from it to said first 15 
bearing on the external environmental side of the first 
membrane, 

l, a fourth flexible imperforate membrane affixed to said 
inner wall of said housing and sealing said fourth 
opening, while permitting communication between the 20 
space of said chamber between the first and second 
membranes and the space between the third and 
fourth membranes, 

m. means preventing outflow through said third opening 
and 25 

in a rotary seal for said driven member, of a type not 
dependably hermetic, but suitable for normally re 
taining a liquid sealant from flowing out through the 
first bearing. 

9. A power transmission device for transmitting power 30 
from an external environment to an internal environment 
comprising 

a. a housing for separating said external environment 
from said internal environment, said housing having a 
first opening in a first wall communicating with said 35 
external environment, said housing having a second 
opening in an opposing rear wall communicating with 
said internal environment, said openings being 
aligned along a common axis and forming the ends of 
a chamber within said housing, and a third opening 40 
into said housing from the internal environment 

b. transmission means within said chamber of said hous 
ing being adapted to wobble about a fixed point lying 
substantially in said common axis 

c. a rotatable driving member extending from said exter- 45 
nal environment through said first opening of said 
housing 

di means coupling said driving member to said transnis 
sion means for converting the rotary motion of said 
driving member into a wobbling motion of said trans- 50 
mission nearts 

e, a first bearing housed within said chamber for sup 
porting said driven member, 

f a driven member external to said housing and extend 
ing from said internal environment through said sec- 55 
ond opening of said housing 

g. means coupling said transmission means to said 
driven member for converting the wobbling motion of 
said transmission means into rotary motion of said 
driven member 60 

h a second bearing housed within said chamber for 
supporting said driven member 

i a first flexible imperforate membrane engaging said 
transmission means and sealing said first opening as 
to flow through said first bearing 65 

ji a second flexible inperforate membrane engaging said 
transmission means and sealing said second opening 
as to flow through said second bearing 
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k. a third flexible imperforate membrane affixed to an 

inner wall of said housing while leaving communica 
tion from one side of it to said first bearing on the 
external environmental side of the first membrane; 

l, a fourth flexible imperforate membrane affixed to said 
inner wall of said housing and sealing said third open 
ing, while permitting communication between the 
space of said chamber between the first and second 
membranes and the space between the third and 
fourth membranes 

m. means preventing outflow through said third opening 
and 

n, means for detection of the positions of said third and 
fourth membranes whereby movement of the third 
membrane will show leakage of said rotary seal, and 
movement of the fourth membrane different from 
movement of the third membrane will show mem 
brane leakage. 

10. A sealed transmission device for performing a func 
tion in a hernetically sealed working environment in re 
sponse to a force applied in the external environment con 
prising 

a, a seal chamber having a first opening, for exposure to 
the external environment and a second opening, for 
exposure to the working environment 

b. a movement transmission means extending movably 
through both openings 

c. an imperforate flexible membrane sealed to the trans 
mission means and to the chamber walls and with the 
transmission means forming a hernetic seal separat 
ing said openings 

d. a body of sealing liquid confined within the chamber 
on the external side of the membrane by a pressure 
withstanding seal for the transmission means to main 
tain pressure on the external side of the membrane to 
neutralize pressure on the working side of said men 
brane 

e. said device including a pressure-equalizing means 
movable by virtue of hernetically sealed membrane 
means substantially unaffected by movement of the 
transmission means but novable by any differential 
pressures between the fluids on the two said sides for 
maintaining the confined sealing liquid always at the 
pressure of the working side. 

II. A sealed transmission device for performing a func 
tion in a hernetically sealed working environment in re 
sponse to a force applied in the external environment con 
prising 

a, a seal chamber having a first opening for exposure to 
the external environment and a second opening, for 
exposure to the working environment 

b. a movement transmission means extending novably 
through both openings, 

c. an imperforate flexible membrane sealed to the trans 
mission means and to the chamber walls and with the 
transmission means forming a hernetic seal separat 
ing said openings 

d, a body of sealing liquid confined within the chamber 
on the external side of the membrane by a pressure 
withstanding seal for the transmission means to main 
tain pressure on the external side of the membrane to 
neutralize pressure on the working side of said men 
brane, 

e. said device including a pressure-equalizing means 
movable by virtue of hermetically sealed membrane 
means substantially unaffected by movement of the 
transmission means but nowable by any differential 
pressures between the fluids on the two said sides for 
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maintaining the confined sealing liquid always at the 
pressure of the working side and 

f means for replenishing liquid to the confined body of 
liquid in the event of leakage from it. 

12. A sealed power transmission device for performing a 
function in a hermetically sealed working environment in 
response to a force applied in the external environment 
comprising 

a, a seal chamber having a first opening, for exposure to 
the external environment and a second opening, for 
exposure to the working environment 

b. a transmission means extending movably through 
both openings 

c. an imperforate flexible membrane sealed to the trans 
mission means and to the chamber walls and with the 
transmission means forming a hernetic seal between 
said openings 

d pressure-withstanding seal means external of said 
membrane for sealing between said nowable transnis 
sion means and said first opening 

e sealing liquid confined within the chamber on the 
external side of the membrane to maintain the pres 
sure on the external side of the membrane equal to the 
pressure on the working side of said membrane, 

f said device including a pressure-equalizing means 
nowable by virtue of hernetically sealed membrane 
means substantially unaffected by movement of the 
transmission means but nowable by any differential 
pressures between the fluids on the two sides for main 
taining the confined liquid at the pressure of the work 
ing side. 

13. A sealed power transmission device for performing a 
function in a hernetically sealed working environment in 
response to a force applied in the external environment 
comprising 
a a seal chamber having a first opening for exposure to 

the external environment and a second opening for 
exposure to the working environment 

b. a transmission means extending movably through 
both openings; 

c. an imperforate flexible membrane sealed to the trans 
mission means and to the chamber walls and with the 
transmission means forming a hernetic seal between 
said openings 

d, pressure-withstanding seal means external of said 
membrane for sealing between said nowable transnis 
sion means and said first opening 

e, sealing liquid confined within the chamber on the 
external side of the membrane to maintain the pres 
sure on the external side of the membrane equal to the 
pressure on the working side of said membrane, 

f said device including a pressure-equalizing means 
movable by virtue of hernetically sealed membrane 
means substantially unaffected by nowenent of the 
transmission means but movable by any differential 
pressures between the fluids on the two sides for main 
faining the confined liquid at the pressure of the work 
ing side, and 

g, means for replenishing liquid to the confined sealing 
liquid in the event of leakage from it, and detection 
means for determining the need for such replacement 

14. A sealed power transmission device for performing a 
function in a hermetically sealed working environment in 
response to a force applied in the external environment 
comprising 

a. a seal chamber having a first opening for exposure to 
the external environment and a second opening for 
exposure to the working environment 
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b. a transmission means extending movably through 

both openings 
c. an imperforate flexible membrane sealed to the trans 

mission means and to the chamber walls and with the 
transmission means forming a hernetic seal between 
said openings 

d pressure-withstanding seal means external of said 
membrane for sealing between said movable transmis 
sion means and said first opening 

e sealing liquid confined within the chamber on the 
external side of the membrane to maintain the pres 
sure on the external side of the membrane equal to the 
pressure on the working side of said membrane 

f said device including a pressure-equalizing means 
novable by virtue of hernetically sealed membrane 
means substantially unaffected by movement of the 
transmission means but nowable by any differential 
pressures between the fluids on the two sides for main 
taining the confined liquid at the pressure of the work 
ing side and 

g. means for replenishing liquid to the confined sealing 
liquid in the event of leakage from it, and detection 
means for determining the need for such replacement, 
comprising position detection means responsive to 
movement of a pressure-equalizing means which 
moves as sealing liquid leaks through said seal for the 
first opening to maintain on the residual sealing liquid 
a pressure equal to the working pressure. 

5. A hernetically sealed transmission device for trans 
mitting rotary motion including a drive shaft, a driven 
shaft coaxial therewith, and means drivingly coupling the 
shafts including a transmission means of rigid nature re 
strained against rotation but free to wobble, flexible dia 
phragm means cooperating with the transmission means to 
provide a hermetic seal between the shafts, and a tapered 
bearing assembly coupling each shaft to the transmission 
means, each bearing assembly having its axis at a small 
angle to the associated shaft axis, in a relationship such 
that the turning of the drive shaft causes a wobbling of the 
transmission means, which in turn causes a turning of the 
driven shaft which duplicates the turning of the drive shaft. 

16. A hernetically sealed transmission device for trans 
mitting rotary motion including a drive shaft, a driven 
shaft coaxial therewith, and means drivingly coupling the 
shafts including a transmission ring flexible diaphragm 
means cooperating with the transmission ring to provide a 
hernetic seal between the shafts, and a tapered bearing 
assembly coupling each shaft to the transmission ring, each 
bearing assembly being eccentric to the common shaft axis, 
in a relationship such that the turning of the drive shaft 
causes a movement of the transmission ring, which in turn 
causes a turning of the driven shaft which duplicates the 
turning of the drive shaft 

17. At hermetically sealed transmission device for trans 
mitting rotary motion including a drive shaft having along 
its periphery an eccentric bearing surface which is circular 
about an axis slightly tilted from the shaft axis, a driven 
shaft coaxial therewith and having a like end member, and 
means drivingly coupling the shafts including a wobble 
element of rigid nature maintaining a 180 displacement 
between the eccentricities of the two end members, re 
strained against rotation but free to wobble, flexible dia 
phragm means cooperating with the wobble element to 
provide a hermetic seal between the shafts, and having 
bearing means in bearing relationship with the peripheral 
bearing surface of each shaft end member and coupling the 
shaft to the wobble element, each said peripheral bearing 
surface and bearing means having a connon axis at a 
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small angle to the associated shaft axis, in a relationship 
such that the turning of the drive shaft and its eccentric end 
member causes a wobbling of the wobble element about a 
stationary point on the common axis of the shafts, which in 
turn causes a turning of the driven shaft which duplicates 
the turning of the drive shaft. 

18. A power transmission device according to claim I, in 
which each coupling means is of a type exerting an orbiting 
thrust directed substantially axially against the member it 
acades, 

19. A power transmission device according to claim 1, in 
which each coupling means is of a typewhich exerts both an 
orbiting thrust directed substantially axially and a thrust 
directed substantially in a radial plane against the member 
it actuates. 

20. A sealed transmission device in situ, namely in con 
junction with apparatus having a working environment 
therein to be sealed reliably from the external environment, 
expected to exhibit substantial pressure, and within which 
a function is to be performed by the transmission device, 
said transmission device including: 

a, a seal housing having an opening exposed at its outer 
end to the external environment 

b. a movement transmission means extending movably 
through said opening, 

c. an impervious flexible membrane cooperating with 
said housing and transmission means to allow said 
transmission means to perform a function in the work 
ing environment while forming a hernetic seal be 
tween the working environment and said opening said 
membrane being subject to movement by the trans 
naission means, 

d a pressure-withstanding seal preventing substantial 
leakage through said opening while permitting move 
ment of the transmission means, 

e. a body of sealing liquid confined between the external 
side of the membrane and the opening to maintain 
pressure on the external side of the membrane to 
neutralize pressure on the working side of the men 
brane, 

f said device including an isolative type of pressure 
transmitting means for transmitting to said body of 
sealing liquid the pressure of the working environment 
while isolating the body from the working environ 
ment and leaving substantially unaffected the fianc 
tion-performing movements of the transmission 
pers. 

21. A sealed transmission device in situ according to 
claim 20 in which the device includes facilities for replen 
ishing the body of sealing liquid in the event of depletion by 
leakage past the pressure-withstanding seal. 

22. A sealed transmission device in situ according to 
claim 20, in which the device includes means for detecting 
leakage of liquid from the body of sealing liquid. 

23. A sealed transmission device in situ according to 
claim 20, in which the device includes means for detecting 
leakage of liquid from the body of sealing liquid and for 
replenishing the body of sealing liquid in that event. 

24. A power transmission device comprising 
a. a seal chamber having an interior surface, a first 

opening in a first wall of said chamber, and a second 
opening in an opposing rear wall of said chamber, said 
openings having a common axis, 

b. rigid transmission means, capable of being wobbled, 
non-rotatably engaging the interior surface of said 
chamber, said transmission means being arranged to 
wobble about a substantially fixed point lying substan 
tially along said common axis, 
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c. a flexible imperforate membrane engaging said trans 

mission means and with it hermetically sealing ane 
said opening 

d a rotatable driving member external to said chamber 
and extending through said first opening of said 
chamber 

e, a driven member external to said chamber and ex 
tending through said second opening of said chamber, 

f means coupling said driving member to said transmis 
sion means for converting the rotary motion of said 
driving member into a wobbling motion of said trans 
mission means and 

g, means coupling said transmission means to said 
driven member for converting the notion of said 
transmission means into a rotary motion of said driven 
member 

the means coupling the transmission means to the driving 
member and to the driven member being tapered bearings, 

25. A power transmission device comprising 
a, a seal chamber having an interior surface, a first 

opening in a first wall of said chamber, and a second 
opening in an opposing rear wall of said chamber, said 
openings having a common axis, 

b. rigid transmission means, capable of being wobbled, 
non rotatably engaging the interior surface of said 
chamber, said transmission means being arranged to 
wobble about a substantially fixed point lying substan 
tially along said common axis, 

c. a flexible imperforate membrane engaging said trans 
mission means and with it hermetically sealing one 
said opening 

d a rotatable driving member external to said chamber 
and extending through said first opening of said 
chamber, 

e. a driven member external to said chamber and ex 
tending through said second opening of said chanber 

f: means coupling said driving member to said transmis 
sion means for converting the rotary motion of said 
driving member into a wobbling motion of said trans 
mission means, and 

g. means coupling said transmission means to said 
driven member for converting the motion of said 
transmission means into a rotary motion of said driven 
member, 

the means coupling the transmission means to the driving 
member and to the driven member being of a type which 
exerts an orbiting thrust directed substantially axially 
against the member it actuates, 

26. A power transmission device comprising 
a. a seal chamber having an interior surface, a first 

opening in a first wall of said chamber, and a second 
opening in an opposing rear wall of said chamber, said 
openings having a common axis, 

b. rigid transmission means, capable of being wobbled, 
non-rotatably engaging the interior surface of Said 
chamber, said transmission means being arranged to 
wobble about a substantially fixed point lying subsian 
tially along said common axis, 

c. a flexible imperforate membrane engaging said trans 
mission means and with it hernetically sealing one 
said opening 

d. a rotatable driving member external to said chamber 
and extending through said first opening of said 
chamber 

e. a driven member external to said chamber and ex 
tending through said second opening of said chamber, 

f means coupling said driving member to said transmis 
Sion means for converting the rotary motion of said 
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driving member into a wobbling motion of said trans 
mission means and 

g, means coupling said transmission means to said 
driven member for converting the motion of said 
transmission means into a rotary motion of said driven 
member 

the means coupling the transmission means to the driving 
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member and to the driven member being of a type which 
exerts both an orbiting thrust directed substantially axially 
and a thrust directed substantially in a radial plane against 
the member which it actuates, 
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