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> The present invention relates to ‘improvements in dia 
phragm mechanisms and chie?y in those diaphragm 
mechanisms which ‘are adapted to be used in pumps, 
compressors, sealed transmission devices and ‘the like. 
This invention is characterized by the fact that it com 
prises one tubular diaphragm, ‘the ends of which are sta 
tionary, as well as at least 2 gear members separated from 
each other by said diaphragm. ‘ 

Such apparatus is ‘inherently reversible, so it may 
operate as motor, and it is intended, within the scope of 
this invention, to include such use, but, for the sake of ‘ 
simplicity of description, the‘mechanism forming the sub 
ject matter of this invention will hereafter be described 
and claimed, without limitation as to motor use, as a 
gurnp or a compressor apparatus or a sealed transmission 
evice. 

One of the objects of the present invention is to pro 
vide a diaphragm mechanism which, when adapted to be 
used in pump or compressor apparatus, will enforce con 
tinuous ?ow of the ?uid conveyed. 

Another object of the present invention is to maintain 
the circular shape :of the diaphragm member, in each 
cross-section thereof ‘throughout a full operating cycle. 
An additional object of the ‘present invention is to assure 

lower and more evenly distributed stresses in the dia 
phragm member, as compared to diaphragm constructions 
used in known mechanisms of ‘this (type. 
A further object of the present invention is to ‘permit 

heating or cooling of the diaphragm member. 
Yet another object of ‘the present invention is to provide 

a diaphragm mechanism which, when applied to sealed 
transmission devices, will permit higher operating speeds 
than known disctype diaphragm-devices. 
With the above objects in view the present invention 

mainly consists of a hydraulic ‘apparatus such as a pump, 
compressor, or ‘the like, having ‘an outer female member 
provided with an inner helically threaded surface. Within 
this female member there is a located a male member 
having an outer helically ‘threaded surface and arranged 
extending in longitudinal direction of the female member. 
The hydraulic apparatus comprises a stationary ‘support 
means ?xedly connected to the female member to main 
tain the same stationary and supporting said male member 
for rotation within said female member. Located be 
tween these members is a ?exible, ‘tubular diaphragm 
superimposed upon the entire threaded surface of the 
male member. The threaded surfaces of the :male and 
female members are so shaped that the diaphragm forms 
with ‘the female member a spiral sealing line of contact 
to provide sealed spaces between the diaphragm and 
female member which move along the length of the latter 
upon rotation of the .male member. The diaphragm has 
opposite end ‘portions which are ?xedly connected to the 
stationary supporting means so that the male member 
rotates with respect to the diaphrgam to laterally recip 
rocate cross-sections of the latter. Suitable means are 
provided for lubricating ‘the mutually engaged surfaces of 
the diaphragm and male member. if desired, the device 
may be used as a transmission means by hydraulically 
locking the male and female members to each other, 
rotatably mounting ‘the female member and providing it 
with a transmission means. 

It is known that tubular diaphragms can be used to 
pump members. Thepumpingaction has been achieved 
in the past by rotating an .cccentricrcircular member inside 
the diaphragm, ‘said diaphragm .being .held in the pump 
body by ?anges andcooperating with said pump body by 
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at least one rib molded integrally ‘to said diaphragm. 
Another known method for achieving pumping action is 
to collapse the tubular diaphragm progressively by apply 
ing outside pressure and releasing said pressure ‘to com 
plete one pumping cycle. 

In both cases the result is an intermittent ?ow, and in 
both cases considerable stresses are created in the ‘dia 
phragm members, at the rib and ?anges in the ?rst case 
and at the periphery of the diaphragm in the second case. 

In a preferred form of construction, the present inven 
tion features a tubular diaphragm with circular icross~ 
sections, the central part of the diaphragm being cylin 
drical while the adjoining parts‘ have conical shapes not 
necessarily identical. Said diaphragm consists, at least 
partlypof an elastic material such as india rubber, synthetic 
plastics, or combinations thereof. 
The dimensions of said tubularidiaphragm are such that 

part of its length surrounds ‘the total length of a rotatable, 
male, helical gearing member, while being arranged within 
a female helical gearing member as well as within the 

- stationary mechanism casing. ‘The ends of said diaphragm 
are secured ‘tightly to members of said mechanism casing, 
which is provided with inlet and outlet conduits for the 
lluid to be conveyed. 
The helical gearing members are of a type described 

in U. ‘S. Patent No. 1,892,217; however their direct coop 
eration is prevented by said tubular diaphragm. 
When the new mechanism is adapted to be used in 

?uid devices, the ?uid is contained in closed spaces formed 
between sealing lines of contact between said female gear 
ing member and said tubular diaphragm. Each individual 
cross-section of said diaphragm is moved back and forth 
within corresponding cross-sections of ‘said female gearing 
members by said rotatable male gearing member and in 
such a way that the ?uid to be conveyed is displaced in 
a continuously spiralling path around the axis of the 
mechanism. 
The diaphragm movement described eliminates wiping 

action between the curved faces of the members conveying 
said ?uid and therefore reduces wearconsiderably, as com 
pared with known ?uid devices provided with helical 
gearing members and especially if the ?uid conveyed is 
contaminated with solids. 
Depending on whether the pitches and pitch diameters 

of ‘the female helical gear and of the deformed diaphragm 
are individually constant or not, the apparatus will ‘be 
suitable for ‘economical use with incompressible or com 
pressible ?uids respectively. 
Depending on whether the ‘female helical gear is sup 

ported rotatably or ‘not, the apparatus will. be suitable 
for use as a sealed transmission device or not. 
Having thus declared the objects and some of the fea 

tures of the present invention, further advantages of this 
invention, as well as the actual working of the mechanism, 

.. will be set forth more in detail in the following'descrip 
tion. 

In the accompanying drawings, which are. given solely 
by way of example, 

Fig. i is a longitudinal ‘section of an apparatus, ‘i. e. 
pump, for use with incompressible ?uids, provided with 
a vstationary, female, helical gearing member cooperating 
with a tubular diaphragm, which is actuated by a rotatable, 
male, helical gearing member according to ‘the invention; 

Fig. '2 is a longitudinal sectionof an assembly of mecha 
nism members comprising a stationary, female, helical 
gearing member cooperating with a tubular diaphragm, 
which is actuated by a rotatable male helical gearing 
member, said assembly being adapted for alternate ‘inser 
tion into apparatus shown ‘in Fig. 1, but for use with com 
pressible ?uids; ‘ 

Fig. 3 is a ‘longitudinal section of an assembly ‘of a 
female helical gearing member supported roitatably in a 
casing member, adapted for ‘alternate insertion into ap 
paratus shown‘ in Fig. 1, but for use as‘a sealed trans 
mission device; 

Fig. 4 is a typical longitudinal section of the preferred 
shape of an undeformed tubular diaphragm; 

Fig. 5 is ‘a typical ‘cross-section of a female gearing 
member taken along line X-X’ of Fig. 1 in the direc 
tion of ‘the arrows; ' ' 

Fig. 6 is a typical cross-section of a male gearing 
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member showing a preferred shape of a lubricating groove 
and taken along line X-X' of Fig. l in the direction 
of the arrows; 

Fig. 7 is a longitudinal section through a rotatable 
female gearing member provided with integral gearing 
according to the inventionyand . 

Fig. 8 is a longitudinal section of a ?exible assembly 
of tubular members according to the invention. , 

In the form of construction shown in Fig. l, the 
apparatus comprises stationary casing members 10 and 
11 provided with conduits 12 and 13, respectively, for 
the ?uid to be conveyed. Members 10 and 11 are bolted 
to each other by bolts 20. Bearing bracket 15 is bolted 
to casing member 11 by bolts 21. 
Member 11 encloses the stationary, female, double 

helically threaded gearing member 16, which is held in 
place by easing member 10, Tubular diaphragm 17, 
disposed within said members 10 and 11, as well as on 
part of its length within said member 16, envelopes close 
ly, on the central part of its length, the rotatable, male, 
single helically threaded gearing member 18, and, on 
each side ofmember 18, a ?exible member, i. e. a spring 
or bellows or the like, both of said ?exible members, 
26-and 27, respectively, preventing collapse of diaphragm 
18 under external pressure. Members 26 and 27 may 
have a cylindrical shape but have preferably a truncated, 
generally conical shape, their outer diameters increasing 
from the ends adjoining member 18 to the ends ad 
joining members 14 and 15, respectively. Lowest stresses 
in diaphragm 17 will be obtained if the difference be 
tween the end diameters of each individual member 26 
and 27 is equal to one-half the reciprocating movement 
of each cross-section of said male gearing member 18. 
Members 26 and 27 are de?ected back and forth trans 
versely to the axis of the apparatus at the same angu 
larity as move the adjoining ends of member 18, respec 
tively, by which members 26 and 27 are preferably but 
not necessarily supported. The reciprocating lateral 
movements of diaphragm 17 as well as the amplitude of 
the lateral movements of its supporting members 26 and ' 
27 decrease from full stroke at the ends of member 18 
to zero movement at the ends where diaphragm 17 is 
clamped tightly between stationary casing members .11 
and 15 on one side and 10 and 14 on the other side. 
Member 14 can be connected to member 10 by various 

means, a preferred way being by means of ?ange 30 and 
bolts 31 and 32. Jack-screws 33 are provided to posi 
tion said ?ange 30 correctly irrespective of variations in 
the length of diaphragm 17 due to manufacturing toler 
ances. 
Male gearing member 18 is shown longer than the 

female gearing member 16 to permit increase of its 
diameter on the high pressure end of the mechanism to 
balance the axial thrust exerted by the ?uid on diaphragm 
17 and transmitted to. member 18, approximate axial 
balance being achieved when the area of the largest cross 
section 39 of member 18 is approximately equal to the 
area of the cross-section 38 of member 16 (Fig. 5) less 
the cross-sectional area of the wall of diaphragm 17 at 
said cross-section 39. - 

Axial balance of the rotatable member can of course 
also be achieved by doubling the number of helical gears 
on both sides of said diaphragm member and by provid 
ing said gear members with right and left hand threads 
respectively to oppose each other, however this con 
struction is rather expensive. 

Rotatable shaft 25 is supported in bearing bracket 15 
and drives ?oating shaft 24 by means of universal joint 
members 40, 41 and 42. Said shaft 24 carries gear 

‘ coupling 43, which cooperates with gear coupling mem 
ber 44 provided inside member 18. 

Lubricant 27 ?lls, at least partly, the space enclosed 
by diaphragm 17, bearing bracket 15 and end plate 14. 
Large numbers ‘of drill holes 28 and grooves 29 are 
provided in member 18 to distribute‘ said lubricant 27 
evenly between members 17 and 18. Said grooves 29 
are preferably wedge-shaped, as shown in Fig. 6, and 
comply generally with the laws of hydrodynamic lubri 
cation concerning groove shapes. Mechanical seal 86 
prevents loss of lubricant, where shaft 25 leaves bearing 
bracket 15. 

Conduits 45 and 46, provided in casing member 11, 
permit circulation of coolant around gearing memberv 
16. Conduits 47 and 48, provided in ‘end plate 14 and 
bearing bracket 15, respectively, permit circulation of 
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4 
lubricant 27 to maintain diaphragm 17 within the tem 
perature range best suited for its material. 1 
Members 16 and 18 arereplaceable by members 16a 

and 18a, respectively, as shown in Fig. 2, to permit effi 
cient operation of the mechanism, shown in Fig. 1, and 
described above, with compressible ?uids. Members 16a 
and 18a have n+1 and n helical threads, respectively, 
but said threads have uniformly and proportionately de 
creasing pitches. 
Members 11 and 16 are further replaceable by members 

11b and 16b, respectively. Said member 16b is sup 
ported rotatably in said member 11b to permit operation 
of the mechanism, shown in Fig. 1, and described above, 
as a sealed transmission device. Key 49 inserted in said 
member 16b establishes a driving relationship between 
member 16b and any desired element of machinery, i. e. 
gears, impellers, or the like, mounted on member 16b 
and rotating therewith in casing 11b. 

Regulating valve 36 connected to conduit 12 controls 
the rate of ?ow of the ?uid conveyed. 

Fig. 7 shows member 160 provided with gears 50 
suitable to be substituted for member 16b, according to 
the invention. 

Fig. 8 shows a ?exible assembly 27b of tubular mem 
bers which may be substituted for elements 26 or 27 of 
Fig. 1. 
The operation of the mechanism shown in Fig. l is 

as follows: 
Rotatable shaft 25 is in driving relationship with gear 

ing member 18 by means of ?oating shaft 24 and coupling 
members 40, 41, 42 and 43, 44. Member 18 deforms 
diaphragm 17 in such a way that closed spaces are formed 
between continuous spiral seal lines established between 
gearing member 16 and diaphragm 17. When member 
18 is rotated, said spaces, wherein the ?uid is contained, 
are displaced spirally around the axis of the mechanism 
so as to communicate alternately with conduits 12 and 
13 provided in casing members 10 and 11, respectively, 
to assure continuous ?ow of the ?uid to be conveyed. 
The movement of diaphragm'17 will be laterally re 

ciprocating in all individual cross-sections thereof so as 
to displace the ?uid contained in the spaces between 
members 16 and 17 without rubbing, wiping or rolling 
action between said diaphragm member 17 and the curved 

' contours 37 of cooperating cross-sections 38 of mem 
ber 16. - 

Solid particles suspended in the ?uid cannot scratch 
the surfaces of the helical gearing members because said 
solids, if not swept out by the spiralling ?uid, would be 
come embedded in the diaphragm until reversal of the 
lateral diaphragm movement would expose said solids to 
the ?ushing action of the ?uid conveyed. 
Due to ample lubrication provided for all movable 

members arranged within said diaphragm member 17, 
friction between and wear of said movable members will 
be nominal. 

Operation of a mechanism of the type shown in Fig. 1 
?tted with gearing members shown in Fig. -2 is essentially 
the same as the operation described above, differing from 
it only by the fact that the volumes of said closed spaces 
formed between continuous seal lines, established be 
tween members 17 and 16a, shrink gradually while 
said spaces are displaced spirally around the axis of 
the mechanism, thus compressing the ?uid conveyed. 

Mechanism of the type shownin Fig. 1 ?tted with 
a rotatable female gearing member 16b or 16c and cas 
ing member 11b can be operated as a ?uid coupling if 
‘?ow of the ?uid contained in the closed spaces formed 
between continuous seal lines, established between mem 
bers 17 and 16b or 16c, is prevented; However, such a 
mechanism can also be operated as stepless ?uid speed 
reduction device if the volume of ?uid conveyed through 
said mechanism can be controlled by outside means, i. e. 
throttling valve 36, connected to one of the conduits 
provided in the mechanism casing. , 

It is obviousithat a mechanism of the kind described 
in some of its modi?cations and claimed as new will pro 
duce continuous ?ow if adapted for use as a pump or 
compressor apparatus, while all known diaphragm mech 
anisms provided with one diaphragm only produce inter 
mittent ?ow. ' i 

It is further evident that‘ the diaphragm is well sup 
ported over its whole‘length and is exposed only to very 
gentle deformations inasmuch as the shape of each cross 
section of ,said,diaphragm remains unchanged throughout 
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a full operating cycle and due to the fact that the de?ec 
tion of the diaphragm produced by the lateral ‘reciprocat 
ing movement of members 26 and 27 is very slight and 
changes gradually, which all tends to keep stresses in said 
‘diaphragm below the ‘stress ‘level observed in diaphragms 
used in known comparable mechanisms under equivalent 
operating conditions. Internal lubrication and circulation 
of the lubricant to maintain the tubular diaphragm within 
a Iproper temperature range is an additional feature not 
found in known mechanisms of this type. 

It will be understood that each of the elements de 
scribed above, or two ‘or more together, may also ?nd a 
useful application in other types of hydraulic apparatus 
differing from the types described above. 

ile the ‘invention has been illustrated and described 
as embodied in hydraulic apparatus ‘having a stationary 
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flexible diaphragm mounted therein, it is not intended to ‘ 
be limited to the‘details shown, since various modi?cations 
and structural changes may be made without departing 
in any way from the spirit of the present invention. 
Without further analysis, the foregoing will so‘fully 

reveal the gist of the present invention that others can ‘by 
applying current knowledge readily adapt it for various 
applications without omitting features that, from the 
standpoint of prior art, ‘fairly constitute essential char 
acterist‘ics of the generic or speci?c aspects of this inven 
tion and, therefore, such adaptations should and are in 
tended to ‘be comprehended within the meaning and range 
of equivalence of the following claims. 

, What is claimed as new and desired to be secured by 
Letters Patent is: 

1. In a hydraulic apparatus, in combination, an outer 
“female member having an inner helically threaded sur 
face; an inner male member having an outer helically 
threaded surface and being arranged within said outer 
female member extending in longitudinal direction there 
of; stationary supporting means ?xedly connected to said 
female member to maintain the same stationary and sup 
porting ‘said ‘male member for ‘rotation with respect to said 
female member; and a non-rotatable, ?exible, tubular 
diaphragm mounted between said members, contacting the 
inner surface of said female member, and being super 
imposed on the entire threaded surface of said male mem 
ber without being in any way ?xed to said male and female 
members, said threaded surfaces of said members being 
shaped so that the outer surface of said diaphragm forms 
with the threaded surface of said female ‘member spiral 
sealing lines of contact forming sealed spaces, between 
said diaphragm and said female member, which move 
along the length‘of the latter tu’pon‘rot‘ati'on of said male 
member, said ?exible diaphragm having opposite end 
portions ?xedly connected to said stationary supporting 
means so‘ that when ‘said ‘male ‘member rotates with ‘re 
spect to said diaphragm cross-sections of the latter are 
laterally reciprocated. ‘ 
_ 2. In a hydraulic apparatus, in combination, an outer 
female ‘member having an ‘inner helically‘ threaded sur 
face; an inner male member having an outer ‘helically 
threaded ‘surface and being arranged within ‘said outer 
female member extending in longitudinal direction 
thereof; stationary supporting means ?xedly connected to 
said female member to maintain the same stationary and 
supporting said male member for rotation with respect to 
said female member; and a non-rotatable, ?exible, tubular 
diaphragm mounted between said members, contacting the 
innersurface of said female member, and being ‘super 
imposed on the entire threaded surface of said male mem 
ber without being in any way ?xed to said male and female 
members, said threaded surfaces of said members being 
shaped so that the outer surface of said diaphragm forms 
with the threaded surface of said female member spiral 
sealing lines of contact forming sealed spaces, between 
said diaphragm and said female member, which move 
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along the length of the latter upon rotation of said male ‘ 
member, said ?exible diaphragm having opposite end por 
tions ?xedly connected to said stationary supporting means 
so that when said male member rotates with respect to 
said diaphragm cross sections of the latter are laterally 
reciprocated and said diaphragm being made of an elastic 
material. 

3. In a hydraulic apparatus, in combination, an outer 
female member having an inner helically threaded sur 
face; an inner male member having an outer helically 
threaded surface and being arranged within said outer fe 
male member extending in longitudinal direction thereof, 
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said male "member being formed with an axially extending 
conduit and with a plurality of spaced openings connect 
ing said conduit with the outer surface of said .male mem 
ber; stationary supporting means ?xedly connected to 
said female member to maintain the same stationary and 
supporting said male member for rotation with respect ‘to 
said female member, said supporting means being formed 
with an inlet passage and an outlet passage which respec 
tively communicate with said conduit; and a non-rotatable 
?exible, tubular diaphragm mounted between said mem 
bers, contacting the inner surface of said female member, 
and being superimposed on the entire threaded surface of 
said male member without being in any way ?xed to said 
male and female members, said threaded surfaces of said 
members being shaped so that the outer surface ‘of ‘said 
diaphragm forms with the threaded surface of said female 
member spiral sealing lines of contact forming sealed 
spaces, between said diaphragm and said female member, 
which move along the length of the latter upon rotation 
of said male member, said ?exible diaphragm having op 
posite end portions ?xedly connected to said stationary 
supporting means so that when said male member rotates 
with respect to said ‘diaphragm cross sections of the latter 
are laterally reciprocated, said conduit and openings of 
said male member permitting a lubricant to spread be 
tween said male member and diaphragm and said inlet 
and outlet passages permitting a lubricant to circulate 
through said conduit. ‘ 

4. In a ‘hydraulic apparatus, in combination, an outer 
female member having an inner helically threaded surface; 
an inner male member having an outer helically threaded 
surface and ‘being arranged within said outer female mem 
ber extending in longitudinal direction thereof, said male 
member being formed with an axially extending conduit 
with a plurality of spaced openings connecting said con 
duit with the outer surface of said male member; and with 
a plurality of wedge-shaped grooves located on said outer 
surface of said male member and communicating with 
said openings, respectively; stationary supporting means 
?xedly connected to said female member to maintain the 
same stationary ‘and supporting said male member for ro 
ration with respect ‘to said female member; and a non 
rotatable, ‘?exible tubular diaphragm mounted between 
said members,>contacting the inner surface of said female 
member, and ‘being superimposed on the entire threaded 
surface of said male member without being in any way 
?xed to‘said male and female members, said threaded sur 
faces of said members being shaped so that the outer sur 
face of said diaphragm forms with the ‘threaded surface 
of said female member spiral sealing lines of contactv 
forming ‘sealed spaces, between said diaphragm and said 
female member, which move along the length of the latter 
upon rotation ‘of said male member, said ?exible dia 
phragm having opposite end portions ?xedly connected ‘to 
said stationary supporting means so that when said male 
member rotates with respect tolsaid diaphragm cross sec 
tions of the latter are laterally reciprocated and saidlcon 
duit and openings'of said male member permitting-a lubri 
cant to be introduced between said male member ‘and 
diaphragm. 

5. a hydraulic apparatus, in combination, an outer 
female member having an inner helically threaded sur 
face; an inner male member having an outer helically 
threaded surface and being arranged within said outer 
female ‘member extending in longitudinal direction there 
of, said ‘inner male ‘member being ‘longer'than ‘said female 
member‘and having‘opposite end portions “respectively ex 
tending beyond said female member; stationary support— 
ing means ?xedly connected to said female member to 
maintain the same stationary and supporting said male 
member for rotation with respect to said female member; 
a non-rotatable, ?exible, tubular diaphragm mounted be 
tween said members, contacting the inner surface of said 
female member, and being superimposed on the entire 
threaded surface of said male member without being in 
any way ?xed to said male and female members, said 
threaded surfaces of said members being shaped so that 
the outer surface of said diaphragm forms with the 
threaded surface of said female member spiral sealing 
lines of contact forming sealed spaces, between said dia 
phragm and said female member, which move along the 
length of the latter upon rotation of said male member, 
said ?exible diaphragm having opposite end portions ?x 
edly connected to said stationary supporting means so 
that when said male member rotates with respect to 
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said diaphragm ci‘oss sections of the latter are laterally 
reciprocated and said diaphragm being longer than said 
male member and having opposite end portions respec 
tively extending‘beyond said male member; and a pair of 
resilient supports respectively mounted on said opposite 
ends of said male member and being located within said 
opposite end portions of said diaphragm to support the 
latter. 

6. In a hydraulic apparatus, in combination, an outer 
female member having an inner helically threaded surface; 
an inner male member having an outer helically threaded 
surface and being arranged within said outer female 
member extending in longitudinal direction thereof, said 
inner male member being longer than said female mem 
ber and having opposite end portions respectively extend 
ing beyond said female member; stationary supporting 
means ?xedly connected to said female member to main 
tain the same stationary and supporting said male member 
for rotation with respect to said female member; a non 
rotatable, ?exible, tubular diaphragm mounted between 
said members, contacting the inner surface of said female 
member, and being superimposed on the entire threaded 
surface of said male member without being in any way 

' ?xed to said male and female members, said threaded sur 
faces of said members being shaped so that the outer sur 
face of said diaphragm forms with the threaded surface 
of said female member spiral sealing lines of contact form 
ing sealed spaces, between said diaphragm and said fe 
male member, which move along the length of the latter 
upon rotation of said male member, said ?exible dia 
phragm having opposite end portions ?xedly connected 
to said stationary supporting means so that when said 
male member rotates with respect to said diaphragm 
cross sections of the latter are laterally reciprocated and 
said diaphragm being longer than said male member and 
having opposite end portions respectively extending be 
yond said male member; and a pair of resilient supports 
respectively mounted on said opposite ends of said male 
member and being located within said opposite end por~ 
tions of said diaphragm to support the latter, said resilient 
supports each being substantially conical and having its 
smallest end located adjacent said male member. 

7. Hydraulic apparatus, comprising in combination, an 
outer female member having an inner helically threaded 
surface; an inner male member having an outer helically 
threaded surface and being arranged within said outer 
female member and extending in longitudinal direction 
thereof; stationary supporting means supporting said fe 
male member for rotation about its axis; a non-rotatable, . 
?exible, tubular diaphragm mounted between said mem 
bers and being superimposed upon the entire threaded 
surface of said male member, said threaded surfaces of 
said members being shaped so that the outer surface of 
said diaphragm forms a plurality of scaled spaces be 
tween said diaphragm and said female member; ?uid con 
trol means associated with said members for preventing 
the ?ow of ?uid between the same so as. to hydraulically 
lock said male member to said female member for rota 
tion therewith; and mounting means located on said fe 
male member for mounting a transmission member 
thereon. 

8. Hydraulic apparatus, comprising in combination, an 
outer female member having an inner helically threaded 
surface; an inner male member having an outer helically 
threaded surface and being arranged within said outer 
female member and extending in longitudinal direction 
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8 
thereof; stationary supporting means supporting said fe 
male member for rotation about its axis; a non-rotatable, 
?exible, tubular diaphragm mounted between said mem 
bers and being superimposed upon the entire threaded 
surface of said male member, said threaded surfaces ‘of 
said members being shaped so that the outer surface of 
said diaphragm forms a plurality of sealed spaces between 
said diaphragm and said female member; ?uid control 
means associated with said members for preventing the 
?ow of ?uid between the same so as to hydraulically lock 
said male member to said female member for rotation 
therewith; and gear means mounted on said female mem 
ber for rotation therewith. ‘ 

9. In a hydraulic apparatus, in combination, an elon 
gated outer female member having an inner helically 
threaded surface; an elongated inner male member having 
an outer helically threaded surface, being located within 
said female member and extending in the longitudinal di 
rection thereof; support means carrying said members and 
supporting at least one of said members for rotation; 
and an elongated ?exible tubular diaphragm located about 
said male member between the latter and said female 
member without being in any way ?xed to said members, 
said diaphragm being ?xed at opposite ends to said support 
means and having inner and outer surfaces one of which 
18 located next to and closely conforms to the helically 
threaded surface of said one of said members and the 
other of which contacts the helically threaded surface of 
the other of said members to form spiral sealing lines of 
contact providing sealed spaces between said diaphragm 
and said other member, which move along the length 
of the latter when said one member rotates with respect 
to said other member. - 

10. In a hydraulic apparatus as de?ned in claim 9, said 
diaphragm being made of an elastic material. 

11. In a hydraulic apparatus as de?ned in claim 9, said 
male member being formed with an axial bore and with 
a plurality of spaced openings passing through said male 
member and connecting said bore with the outer surface 
of said male member to permit a lubricant to pass through 
said bore and openings so as to be located between said 
male member and diaphragm. 

12. In a hydraulic apparatus as de?ned in claim 11, said 
male member being formed on the outer surface thereof ’ 
with a plurality of wedge-shaped grooves respectively 
communicating with said openings. 
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