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5] ABSTRACT

‘A device is provided, such as a compressor, expansion

machine, pump, hydraulic motor and the like, to vary
the pressure of a fluid. Such device comprises a rotor
having a toroidal surface and provided with a plurality
of threads, a casing having symmetry of revolution

~about the axis of said rotor and adapted to cooperate

with the crests of the threads of said rotor, and at least
a pinion whose teeth come into mesh with said threads.

- According to the invention, the device is mainly char-

acterized in that the teeth of said pinion are cut in a
surface having symmetry of revolution about the rota-
tion axis of said pinion and are inclined to said axis at an

“angle smaller than 90 degrees, in that milled slots are

formed in said casing to enable said teeth to pass
through the latter and to engage with said rotor and in

“that ports for admission and discharge of said fluid are

provided on each side of said rotor, the ports for pas- -
sage of the fluid on the high pressure side being located
in the immediate vicinity of said pinion.

17 Claims, 17 Drawing Figures
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GLOBOID-WORM COMPRESSORS

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. |

In order to form compression or expansion chambers
of the variable volume type, it is known to make use of
‘combinations comprising a rotor having a toroidal sur-
face and projecting threads having a generally helicoi-
dal shape which may or may not be truncated. The
crests of said threads are intended to cooperate with a
casing which closes said compression or expansion

S
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threads have fairly sharp crests. In consequenCe, only a -

very small free space is provided between the threads
and this results in an excessive reduction in the maxi-

mum volume of compressed gas which can be gener-

ated by a compressor of this type.

‘The aim of the present invention is to overcome the

disadvantage which has just been mentioned.

According to the invention, the device for varying

~ the pressure of a fluid such as a compressor, pressure

10

regulator, pump, hydraulic motor and the like com-

- prises a rotor having a toroidal surface provided with a
~ plurality of projecting threads whose crests are adapted

~ to cooperate with a casing having symmetry of revolu-
" tion with respect to the axis of said rotor and adapted to

15
chambers and the rotor is adapted to cooperate with
one or a number of pinions of flat shape, the teeth of

which are in meshing relation with the threads formed

on the rotor. | - |
By “toroidal surface” is meant a surface which has
symmetry of revolution about an axis [and the merid-

jan line of which is a circular arc whose plane contains

but does not intersect said axis.}, which surface is gener-
ated by a curve in a plane containing or not containing the
axis. Such surfaces may be “circularly toroidal” or ““toric”,

20

come into mesh with the teeth of at least one pinion. .
Said device is essentially distinguished by the fact that
the teeth of said pinion are cut in a surface having sym-
metry of revolution with respect to the axis of rotation
of said pinion and are inclined to said axis at an angle
which is smaller than 90 degrees and that milled slots

are formed in said casing so as to permit said teeth to
~pass through this latter and to engage with said rotor

~ and that ports for the admission and discharge of fluid

25

when the curved generatrix is a circle or a circular arc lying

in a plane containing said axis, or “non-circularly toroi-

dal”, when the curved generatrix is defined by a circle or a ':

circular arc lying in a plane disposed at an angle to the
meridianal plane of the surface. S
. In the following specification, the rotor which i1s
described above will be referred-to as a “globoid
worm.” o |

The space
globoid worm of this type can accordingly form a

fdr,méd between two adjacent threads of a |

are provided on each side of said rotor, the ports for the

passage of fluid on the high-pressure side being located

in the immediate vicinity of the aforesaid pinion.

It will be seen later that the arrangement outlined
above permits the pinion to penetrate into the worm

~ while providing in respect of a same number of threads

which are capable of engaging simultaneously with a
pinion of this type a useful space between said threads

~ which is correspondingly greater as the angle of inclina-
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chamber which is sealed off at one end by a tooth of one

of the aforesaid flat pinions and sealed off at the other
end by means of a stationary portion in which at least
one discharge opening is formed preferably in the im-
mediate vicinity of the flat pinion which cooperates
with the aforesaid chamber. | |

" When a fluid such as air or gas which can be at atmo-

spheric pressure has been sucked from a chamber of this
type, the rotation of said globoid worm permits of a
progressive reduction in volume of the chamber; thus,
said fluid is continuously displaced in the case of an
‘incompressible fluid or compressed in the case of a gas
‘until said chamber is put into communication with an
outlet formed either in the above-mentioned casing or in
a stationary support plate, said plate being provided at

 that extremity of the globoid worm which is located at

the end remote from the fluid intake. |
" In the majority of known designs, one or a number of
flat pinions are employed, the respective axes of rota-

tion of said pinions being located at right angles to the’

axis of rotation of said globoid worm and the planes of
said pinions being intended to pass substantially through
said axis of rotation. A

In other designs, the plane
offset or even inclined with respect to

the axis of said
globoid worm. AR
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of the pinions is slightly

60

In the present state of the art, the number of threads '

formed on the globoid worm cannot usually be in-
creased at will. Especially when it is desired to employ
single-unit components, the pinions can engage with the

65

globoid worm only if the base of each thread, that is to

say the portion of thread which is located nearest the
axis of said globoid worm, is relatively large whilst the

tion. of the teeth of
smaller. o |
" In the extreme case of a pinion of cylindrical shape,

the pinion to its axis of rotation 1s

~ the problem of interengagement no longer exists and it

is even possible to provide the threads with any shape
based solely, for example, on their resistance to the

pressure exerted by the compressed gas.

According to a preferred embodiment of the inven-

tion, the teeth of the pinion are cut in a cylinder which

is coaxial with the rotational axis of the pinion and said
axis is inclined with respect to the axis of rotation of the
rotor. o . | _

In a particular embodiment of the invention which is

“adapted in particular to the delivery of an incompressi-

ble fluid, the port through which the fluid passes on the
high-pressure side provides simultaneous communica- -
tion with all the chambers which are completely sealed
off by one tooth of the pinion. |
The object thereby achieved is to prevent the pro-
duction of dangerous overpressures, especially in the
case of incompressible liquids. .
Further advantages of the present invention will be
more readily understood from the following description
of different forms of construction of globoid-worm
machines which emply pinions of generally conical or
cylindrical shape in accordance with the invention, said
forms of construction being given by way of nonlimita-
tive example and described with reference to the ac-
companying drawings, in which: o
FIG. 1 is an exploded view in perspective showing a
first embodiment of the invention comprising a globoid
worm having truncated threads forming a conical pro-
file and a pinion having teeth which are cut in a periph-

‘eral conical portion;
- FIG. 2 is a diagrammatic. view of a pinion with coni-

cal teeth,;
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FIG. 3 is a diagrammatic view showing the type of
tooth having a maximum useful surface which can be
employed in a pinion having conical teeth;

FI1G. 4 is a cross-section along line IV—IV of FIG. 3:

FIG. § is a view in perspective showing a second 5
embodiment of the invention comprising a pinion hav-
ing cylindrical teeth and a globoid worm having a gen-
| erally cylindrical external shape in which the compres-
sion of gas takes place on the internal side of the pinion
- teeth; 10
- FIG 6 is a view of the cut casing which is adapted to

cooperate with the globoid worm of FIG. 5;

F1G. 7 1s a view which is comparable with FIG 5 but
relates to the case in which the compression takes place

on the external side of the teeth;
- FIG. 8 1is a view of the cut casing which is adapted to
cooperate with the globoid worm of FIG. 7;

FIG. 9 1s an exploded view in perspective showing a
third embodiment of the invention comprising 2 globoid
worm which is adapted to cooperate with a casing of 20
substantially flat shape and with a cylindrical-tooth
pinion; in this form of construction, the compression is
carried out within the interior of the pinion;

FIG. 10 is an exploded view in perspective showing
a compressor which is comparable with that of FIG. 9 25
but in which the compression is carried out externally
of the pinion; |

FIG. 11 1s a diagrammatic view showing the position
‘to be occupied by the center of a cylindrical-tooth pin-
ion which is adapted to cooperate with a globoid worm 30
of the type shown in FIGS. 9 and 10 so that the angle of
slope of the flanks of said pinion should vary only to a
shight extent during the travel of this latter within said

15

- WOorm;

FIG 12 is a sectional view of a flat double compres- 35
sor in accordance with the invention, wherein two sym-
metrical globoid worms are coupled together and
adapted to cooperate with four pinions having cylindri-
cal sets of teeth and mounted on the casing which coop-
erates with the thread crests of said globoid worms:

FIG. 13 is a part-sectional view taken along line XIII-

—XIII of FIG. 12;
- FIG. 14 is a view in perspective showing a casing
- which is intended to cooperate with the worm and the
pinion of FIG. 7 in order to deliver an incompressible
fluid; |

FIG. 15 1s a view in perspectlve showing another
construction of a casing which is intended to cooperate
with the worm and the pinion of FIG. 7 in order to
deliver an incompressible fluid;

FIG. 16 is a sectional view taken along line XVI-
—XVI of FIG. 15;

FIG. 17 is a developed diagrammatic view of a worm
and a pinion which is adapted to cooperate with the
casing of FIG. 15. |

There is shown in FIG. 1 a rotor 1 which will be
generally referred-to hereinafter as a “globoid worm”
and which has a toroidal surface, the meaning of this
term being as defined earlier. Said rotor is provided
with projecting truncated helical threads forming a 60
conical external profile and adapted to cooperate with a
conical casing 2 and with a bevel pinion 3 having teeth
4, a number of said teeth being adapted to cooperate
with the different threads of the worm 1.

It 1s also apparent that the shaft 3a of the pinion 3 is
substantially -perpendicular to the axis of the worm but
1s offset so as to pass behind the rotor shaft 1a which is
driven in rotation in the direction of the arrow 1b. Thus,
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the teeth of the pinion 3 which come into mesh simulta-
neously with the threads of the worm 1 and which pass
through a milled slot 6 formed in the casing 2 drive the
pinion 3 in rotation in the direction of the arrow 5 and
the outer faces of the pinion teeth compress the gas

~ which is present within the corresponding compression

chambers.

The compressed gas passes through the casing 2 and
flows out at the level of a triangular aperture formed in

the internal wall of said casing. Said aperture corre-
sponds to three sides 7 which are shown in FIG. 1 and

is located in the immediate vicinity of the [millet]
milled slot 6.

The cross-section of said aperture is transformed
through the wall of said casing so as to terminate in a
substantially circular outlet cross-section as shown at 8

in FIG. 1.

The flanks of the pinion teeth are relieved as shown in
FIG. 4 in such a manner as to ensure that the line of
contact between said teeth and the worm is located in

the 1mmediate vicinity of the tooth face which is sub-
jected to the pressure, that is to say the outer face of the

teeth 4 1n the case of FIG. 1.

- Similarly, provision is made for a minimum clearance
between that portion of the casing which is located on
the left-hand side of the milled slot 6 of FIG. 1 and said
outer face of the teeth 4 of the pinion 3; the clearance
which is provided on the other side of the milled slot
has no incidence.

There 1s shown in full lines in FIG. 2 a pinion 3b
having teeth 9 which are assumed to be located in the
same plane as said pinion. -

In this example, the central teeth can penetrate simul-
taneously into the spaces formed between the threads of
a globoid worm having a vertical axis inasmuch as the

- flanks 10 and 10a which correspond respectively to the

top portion of the uppermost tooth and to the bottom
portion of the lowermost tooth are parallel.

Assuming now that said pinion 3b is provided with
teeth 11 having the same dimensions as the teeth 10 but
disposed so as to conform to a conical profile of the type
shown in FIG. 1 as represented in cross-section along

- the line AB in the lower portion of FIG. 2, the projec-

tion of said teeth onto the plane of the central portion of
the pinion 3b corresponds to the teeth 11 which are
shown in dashed lines in FIG. 2.

The projection of the top flank of the uppermost
tooth and of the bottom flank of the lowermost tooth of
the set of teeth 11 corresponds to two straight lines 12
and 12a which converge towards the exterior of the
pinion instead of being parallel.

In order to be able to cause the pinion teeth to come
into mesh simultaneously with the threads of a vertical
globoid worm, the convergence mentioned above is not
necessary and it is therefore possible to endow said
teeth with profiles having a lesser degree of sharpness
such as the profiles of the teeth 13 shown in FIG. 3.

In the case of this tooth profile as shown in transverse
cross-section at 14 in FIG. 4, the top flank 15 of the
uppermost tooth and the bottom flank 15a of the lower-
most tooth 13 are both parallel. This permits the simul-
taneous penetration of the teeth 13 into the spaces
formed between the threads of a vertical globoid worm
while endowing said teeth with a larger cross-sectional
area thereby increasing the output of the apparatus.

It should be pointed out that, when the set of pinion
teeth finally becomes cylindrical, said teeth are oriented
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with respect to the globmd worm in a direction parallel
to the axis of said cylindrical set of teeth.

In this case, the teeth may have any trapezoidal shape
and may even be rectangular.

" FIGS. 5§ and 6 relate to a device which calls for the
use .of a globoid worm 16 having truncated threads
which conform to a cylindrical external profile and a
pinion 17 having a cylindrical set of teeth. In this de-
vice, the directions of rotation of the shaft 18 of the
rotor 16 and of the pinion 17 correspond reSpectwely to

the arrows 19 and 20.

- The cylindrical casmg 21 whlch is adapted to cooper-
ate with the rotor 16 is provided with a milled slot 22
through which the teeth of the pinion 17 are intended to
pass and with an opening for the evacuation of the

compressed fluid, said opening being provided exter-

Re. 30 400
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‘contact with the worm can be reached by the different

streams of liquid which are projected by said mjectors |

and which are propagated in a stralght line. |
It should be pointed out that, in both cases of FIGS.

5 and 7, the plane of the pinions is not parallel to the axis

of the worm and is inclined, thereby tending to reduce

the height of the threads on the high-pressure side and

thus to increase the compression or expansion ratio.

It will also be noted that the plane which is tangent to

the pinion cylinder in the zone which cooperates with

the worm is substantially parallel to the axis of the

 worm so that the pressure which is exerted on the teeth
 of the pinions generates a force which is substantially

15

nally with a substantlally circular shape as shown at 23

in dashed lines in FIG. 6.
It can readily be understood that, in the arrangement

- shown in FIG. 5, the internal face of the set of teeth of

the pinion 17 is subjected to the pressure of the com-

pressed gas. .

It will be seen below that the use of a cylmdrrcal
tooth worm of this type usually makes it possible both

~ to prevent any axial thrust on the antifriction bearings

 or bearing-bushes which carry the shaft of the globoid
worm and to simplify the machmmg of a worm of this

type. |
A nozzle which serves to 1n_|ect a hquld into the inte-
- rior of the pinion 17 so as to ensure both cooling and
leak-tightness of the compressor is shown at 24 in FIG.
6.

As 1s apparent from this figure, the liquid Jet 1s dis-
charged in the direction of the arrow 24a so as to have

the effect of sweeping the interior of the different teeth

20
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in the vicinity of the milled slot 22 of the casing 21. Said

jet, not shown in the figure, has a w1dth whrch 1s equal
‘to the height of said teeth.

- The velocity of said jet as it issues from the nozzle is
- chosen so as to be substantially equal to the velocity of
rotation of the teeth; and the liquid which has a ten-

dency to propagate in a straight line is accordingly

applied against the interior of the teeth of the cylindri-
cal pinion and remains applied under the action of cen-
trifugal force during the rotation of said pinion.

- the cylindrical globoid worm 16a is in meshing relation

40

perpendicular to said axis and therefore does not pro-
duce any reaction on the worm in a dlrectlon parallel to
said axis. N - e

The above-described arrangement presents the anti-

friction bearings from being sub_]ected to an axial thrust

of appreciable magnltude

However, if it is also desired to prevent the applica-
tion of any radial force on the worm, it is advantageous
to bring said worm into mesh with two identical pinions
which are placed symrnetrleally with respect to the axis
of rotation of this latter.- | .

FIGS. 9 and 10 relate to flat cempressors which are
also fitted with cyhndrical-tooth pintons and with
worms having truncated-thread -crests which are
adapted to cooperate with a flat casing. |

‘Apart from the simplicity of machining whleh 1S
permitted by this arrangement, the fluid can be sucked
in at the periphery and discharged at the center after
compression. This arrangement secures the advantage
of a reduction in diameter while 1rnpr0v1ng the com-
pression ratio.

- A flat compressor of thlS type has a shape such that
the height of the threads decreases pro gresswely from
the exterior towards the interior and compression ratios

substantially in excess of 10:1 can easily be obtained by

means of worms having six threads and pinions having
appproximately thirty teeth, for example either twenty-
nine or thirty-one teeth, since the numbers of threads
and teeth should. preferably be 1ncommensurable with

—.each other.

| 45
Referring now to FIGS. 7 and 8, it is apparent that

with a pinion 17a. The outer face of the set of pinion

teeth is intended to withstand the pressure of the com-

pressed gas.

- The respective directions of rotatlon of the globcnd

~ 'worm and of the pinion shaft are shown at 19a and 20a
in FIG. 7. | | |

There is formed in the casing 21a a milled slot 22a

which performs the same function as the slot 22 and the

discharge of compressed gas takes place through an

50

35

opening having a substantially circular cross-section

The nozzle fer_ the injection of liquid which IS in-
tended to ensure leak-tightness between the external

portion of the teeth of the pinion 17a and the threads of

the worm 16a is shown at 24a in FI1G. 8.

- In this case, the injection is carried out in the vn::nnty
of said external portion of the teeth of the pinion 17a
and the injectors of triangular cross-section have con-
vergent walls and so oriented that all the points of the
- set of teeth of said pinion which are simultaneously in

23a on the outer face of the casing 21a as shown in FIG.

60
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The threads of the worm 25 of FIG. 9 are adapted to
cooperate in this form of construction with the internal
portion of a casing 26 which has a flat shape at the top
and surrounds the external cylindrical portion of the
worm 25 while leaving a suction space at the periphery
of the worm. The cylindrical-tooth pinion 27 also coop-
erates with the threads of the worm 25 and the teeth
which come into mesh simultaneously with said threads
pass throuh a milled slot 28 which 1s formed in the
casing 26; said slot is cut through an internal circular rib
29 which surrounds a central recess 29a providing a
passageway for the rotor shaft 30, the outer portion of
said rib being adapted to fit within a cylindrical recess

' 29b which is formed at the center of the worm 25 at the
top portion of this latter. |

During operation, said rotor shaft retates in the direc-
tion of the arrow 31 whilst the pinion 27 rotates in the
direction of the arrow 32 about a hollow shaft 33 by
means of ball-bearings 33a, compression being pro-
duced by the internal tooth faces of the pinion 27.

From FIG. 10, it is apparent that the reference nu-
merals 25a to 28a, 29c, 29d, 29¢, 30a and 33a have been
employed to designate elements which are similar to
those designated by the reference numerals 25 to 33 of
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FIG. 9 but, in this case, compressien is produced by the
outer tooth faces of the plIllOIl 27a. |

It is to be noted that the axis of rotation of the plIllOIlS
27 and 27a is inclined with respect to the axis of rotation

of the worms 25 and 25a in order that on the one hand
~ the set of teeth cannot intersect twice with a single

thread and that on the other hand the height of the
threads should decrease from the exterior towards the

~~ interior in both cases so as to increase the compression

ratio. -
It is clear that, as in the other embodlments illustrated
“in FIGS. 1, 5 and 7, the profile of the globoid worm at
" the thread base is a toroidal surface and the meridian
~ line of said surface is [a circular arc] a curve which
corresponds in different cases either to the circular in-
- ternal portion or to the circular external portion of the
- tips of a number of pinion teeth which are intended to
‘engage simultaneously with the globoid worm; and the
plane of [said circular arc] the circle defining the curve
never passes through the axis of said globoid worm.
In the case of FIG. 9, steps are preferably taken to

. ensure that the compressed fluid is discharged through

the interior of the pinion shaft, so that provision need

- not be made for a compressed-fluid discharge duct hav-

ing an unnecessarily complicated shape
- To this end, an aperture 34 is formed in the flat casing
- which cooperates with the globoid worm 25. Said aper-
" ture is placed in the vicinity of the milled slots 28 which
- provides a passageway for the pinion 27 and communi-
~ cates with the top face of the casing. An internally
_ hollowed-out member 35 is intended to be fixed exter-
- nally on the outlet of the aperture 34 and 1s provided
‘with ball-bearings which are intended to support the
pinion 27.
- The foregomg arrangement 1s called-for only when
. the apparatus is fitted with a liquid injection nozzle of
‘the type illustrated in FIG. 6 in order that the com-

10

15

20

25

30

35

pressed fluid should be cooled to a sufficient extent and

. in order to prevent any possibility of abnormal heating

of said hollow member 35 and of subsequent jamming of
~ the ball-bearings of said pinion 27.

~ In the case of FIG. 10 in which the compressed fluid
is discharged externally of the pinion at 34a, said dis-
charge does not entail the need for any special precau-
tion inasmuch as the injection of liquid is also carried

“out externally of the pinion through a duct shown at 36

in FIG. 10.

‘The central portlon of the thread crests of a globmd

worm is illustrated in plan in FIG. 11. From this figure,
it .1s seen that the radius of curvature of said threads
decreases progressively towards the shaft of the globoid
~worm to which is assigned the reference numeral 30b.
Moreover, the different angles of inclination of the
different threads as considered at vertices located on a
circular arc correspond to straight lines which meet

~substantially in the vicinity of a point 37.

. Assuming that a pinion is centered substantially at 37,
the different teeth of said pinion will be located substan-
tially at right angles to the threads of the globoid worm

~ at the points at which said teeth are intended to mesh

with said threads.
As will be readily understood, the foregoing is only
an approximation. However, steps may be taken in

40
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50
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practice to ensure that the angles made with the teeth of 65

the pinion by the different threads of the globoid worm

-vary only slightly during the rotation of these two com-
ponents. ~

8

It should additionally be pointed out that the angles
of inclination do not vary to any appreciable extent
along the flanks of the pinion teeth, this property being
inherent in the use of cylindrical-tooth pinions.

This property dispenses with the need to cut the

flanks of the teeth according to a helical profile and

makes it possible to provide said flanks with a flat pro-
file which can be obtained by milling.

The type of compressor which is illustrated in FIGS.
9 and 10 therefore provides the following advantages:
The use of teeth having flanks which are only shightly
undercut and therefore have a high degree of rigidity

and strength;

Increased zone of contact between the pinion teeth

‘and the worm threads on the flanks of the pinion teeth,

thereby enhancing leak-tightness;
Finally, greater ease of machining resulting from the

“small variation in the angle of inclination of the threads

as considered along said threads in a direction parallel
to the axis of the globoid worm.

By way of example, a compressor having a worm
with six threads which is equal in external diameter to
twice the internal diameter of the threaded portion and
which is in meshing relation with a pinion having 33
teeth, the center of which is located substantially at the
same distance from the axis of the worm as the interior
of said threaded portion whilst the diameter of said
pinion is of the order of 1.9 times that of the interior of
the threaded portion, exhibits a small variation in the
angle made with the plane which is tangent to the flank
of each thread by the radius which joins the center of
the pinion to the flank of each tooth which meshes with
said thread.

If said angle is 30°, for example, at the moment at

‘which the tooth penetrates into the outer portion of the

worm, said angle will still be 15° at the moment when
the same tooth recedes from the point of contact with
the threads of the globoid worm.

In globoid worm compressors of known types, the
corresponding variations are much greater. Thus, the
variations in inclination of the threaded flanks attain a
value of the order of 30° in respect of maximum inclina-

- tion which can attain 45°,

There is shown in FIG. 12 a more detailed construc-
tion of a double compressor corresponding to the com-
bination of a two-pinion compressor of the type shown

“in FIG. 9 with a two-pinion compressor of the type

shown in FIG. 10, the two globoid worms of the two
combined compressors being coupled together and
driven in rotation by the same shatft.

It is apparent that the double compressor of F1G. 12
comprises two upper pinions 27b and 27¢ which com-
press the fluid by means of the internal faces of the
pinion teeth and two lower pinions 27d and 27e which
compress the fluid by means of their external tooth-
faces.

The two pinions 27b and 27d are parallel and are
inclined respectively with respect to the top face and to
the bottom face of the casing 38.

Said casing is constructed in two interfitting sections
which are designated respectively by the reference
numerals 38a and 38b.

The rotor shaft 39 is driven in rotation in the direc-
tion of the arrow 40, thereby driving the two pinions
27b and 27c in the direction of the arrows 41 and 42
whilst this rotational motion in turn causes the lower
pinions 27d and 27e to rotate in the opposite direction as
shown by the arrows 43 and 44.
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The globoid worm 45 1S double as has been indicated

earlier and although the threaded portion of said worm

is of smaller height towards the center of the threads
than at the periphery of said threads which occupy two
annular spaces on the globoid worm, said height is not
Zero.

It is for the above reason that the casings 38a and 38b
are provided in the vicinity of the rotor shaft 39 with
additional cylindrical portions 46 and 46a which serve
to close off the different compression chambers near the
internal portion of the globoid worm. However, the
compressed gas 1s permitted to escape from each cham-

S

10

ber and to reach recessed annular portions 47 and 47a

which are formed inside the cylinders 46 and 46a at the
moment when said chambers are put into communica-
tion at the end of the compression process with dis-

charge outlets which are formed through the walls of

said cylinders as shown at 47b and 47c in FIG. 12.
Said recessed annular portions are in turn connected
to vertical pipes for the evacuation of compressed gas.

10

In the sectional view of FIG. 13, there are shown the
internal and external portions of the cylinder 46 as well
as the recessed annular portion 47 and the rotor shaft 39.

There are also shown in FIG. 13 the ports 47b and
47c which permit the compressed gas to pass into the
annular recess 47 and the discharge pipe 48, the lower

‘end of which communicates with said annular space 47.

Finally, FIG. 13 shows the extremities 67 and 67a of
two milled slots through which the upper ptmons 27b
and 27c are intended to pass.

Apart from the foregoing considerations of interen-

‘gagement, compressors which are fitted with pinions of

either conical or even cylindrical shape prowde dtffer—

~ ent complementary advantages.

15

In the first place, the known methods hitherto
adopted for the purpose of cutting a globoid worm -

~ entailed the use of a special tool whose cutting profile

20

One vertical pipe is shown in dashed lines at 48 in FIG.
12 and passes behind the rotor shaft 39 whilst the other

vertical pipe which is not visible in FIGS. 12 and 13
- passes in front of the lower portion of the rotor shaft 39.
It can readlly be understood that, when the height of
the threads in the inner portion of the globoid worm
becomes zero, the cylinders 46 and 46a can be dispensed
with. In that case, the compressed gas can be discharged

25

either through the pinion shafts such as the shaft 49 of -

the upper pmlon 27b which 1s visible in FIG. 12 and the
shaft of the pinion 27c¢ which is not visible and located

30

in front of the sectional plane of FIG. 12 in the case of
pinions which compress the gas by means of the internal

tooth faces, or through triangular apertures formed in

the casing externally of the pinions 27d and 27e in the
vicinity of the milled slots through which the plmon
teeth are intended to pass.

The opposite extremities of the cylinders 46 and 462

are provided with axial ball-bearings 50 and 50a which |

are adapted to center or position the globoid worm and
which are protected by flat seals 51 and S1a.

The casing 38 is milled to form a passageway for the
pinions as stated earlier and is provided with pivot-pins
52, 53, 54 and S5 on which said pinions are rotatably
mounted by means of bearing-sockets 56, 57, 58 and 59.

The four pinions 27b to 27e are capable of rotating
respectively on the pivot-pins 52 to 55 and are applied
‘against the globoid worm by means of springs shown at
60 and 61 in the case of the two pinions 27b and 27e, the
tension of said springs being adjustable by means of nuts
62 and 63. |

It should be pointed out that the cylinders 46 and 462
~are provided with shouldered portions forming two

35

45

- matched the tooth form and which was displaced pro-

gressively either towards or away from the axis of rota-
tion of said globoid worm in a fairly complex move-
ment. In the method according to the invention, the

“cutting operation can be performed by imparting a

much simpler movement to a set of tools which permit
‘a'large number of teeth to be machined simultaneously
on the globoid worm, thereby considerably reducing
the machining time in a proportion which can attain
9/10 of the time in the case of worms whlch are pro- .
vided with six threads. S .

A further advantage of the novel solutlon herem |
proposed lies in the fact that the play which takes place
between pinion and worm can be taken up simply by
displacing the pinions; this was not possible in the case
of known methods in which the position on the flat
pinions was immutably deﬁned by the des:gn geometry
of the gearing.

In the case of cyhndneal pinions, it is only necessary'
to displace the pinions along their rotational axes by
employing teeth of trapezoidal shape in order to take up

any accidental play which might tend to develop even

though it may be necessary to permit limited friction

(without thereby affecting the operation of the device);

said friction can be adjusted at will by reason of the fact
that the compressed fluid exerts a thrust on the pinions.

~only at rlght angles to the teeth, namely at right angles

to the axis of rotation in the case of cylindrical pinions,

- and that said compressed fluid therefore does not exert
~ a thrust which would prevent such an ad_]ustment from

50

'bemg made.

F 1nally a further advantage of the new methods pro-
posed is that, in the case of globoid worm compressors
in accordance with the invention which are provided.

- with casings of flat or substantlally flat shape in meshing

annular chambers 64 and 64a which permit expansion of

- fluid which passes as leakage between the cylinders 46
and 462 and the worm, said fluid leakage being returned
to the suction end of the compressor by means of ducts
65 which serve to connect the two annular chambers 64
and 64a and which are formed in the globoid worm

35

parallel to the rotor shaft 39. A communication is estab- 60

lished between said ducts and the suction end of the
apparatus by means of radial bores 66 which are located
in the central plane of the globoid worm.

Said ducts and bores prevent any accumulation of
compressed gas within the chambers 64 and 64a which

‘would otherwise be liable to cause unseating of the flat
~ seals . and could prove detrimental to the satisfactory
performance of the ball-bearings 50 and 50a.

65

relation with crests of threads which are formed on a
suitable portion of the globoid worm, it is found that the
relative variations in angle of inclination of the threads
with respect to the teeth are of a small order. This
makes it possible to utilize teeth having flanks which are
only slightly undercut and which consequently have
higher mechanical strength in spite of simpler machin-
60 ing and also better fluid-tightness between the tooth

flanks and those of the glob01d worm threads by virtue

of the shape of said casmgs |
There have been shown in FIGS. 14 to 16 two forms
of construction of a casing which is designed to cooper-
ate with a cylindrical globoid worm 16a and a pinion
17a of the cylindrical-tooth type shown in FIG. 7.
The casing 101 of FIG. 14 comprises a cylindrical |

' vessel 102 which is open at the top end 103, there being
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formed in the lateral surface of said vessel a milled slot
104 through which the pinion teeth are permitted to
pass. .

A discharge tube 105 of substantially triangular cross-
section is fixed on the exterior of the vessel 102 in the
vicinity of the milled slot 104. Said tube 105 has its
opening in the vessel 102 in the form of an outlet 106
through which the fluid on the high-pressure side is

intended to flow. Said outlet also has a substantially

triangular cross-section and is provided with indenta-
tions 107 on the side remote from the slot 104.

The size of the opening 106 which is parallel to the
axis of the vessel 102 is slightly smaller than the height
of said vessel. More precisely, the size of the opening is
such that, when the worm 16a and the pinion 17a are in
position, all the chambers which are defined by adjacent
threads of the worm 16a and completely sealed off by
one tooth of the pinion 17a are in communication with
the opening 106. It must be noted that the end chamber
which is located on the low-pressure side, that 1s to say
on the side corresponding to the opening 103, does not
communicate with said opening as long as it is only
partially closed by one tooth of the pinion. On the other
hand, said chamber is put into communication with the
opening 106 as soon as it is completely sealed off by one
tooth. ~ |

During operation, the worm rotates in the direction
of the arrow f and the pinion is driven in the direction
of the arrow g. The fluid is aspirated around the entire
periphery of the worm at the end corresponding to the
opening 103 of the vessel 102 and fills the chambers
which are defined by adjacent worm threads. When
said chambers are sealed off by one tooth of the pinion,
they are put into communication with the tube 105 by
means of the opening 106. Thus, even if the fluid is
incompressible, there does not occur any dangerous
overpressure within the chambers, the discharge pres-

sure being equal to the value which is necessary for the
delivery of fluid.
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As has been stated in the foregoing, the axial height of 40

the opening 106 is chosen so that the end chamber
which is located on the low-pressure side does not com-
municate with said opening as long as it is not partially
closed by a tooth of the pinion. In consequence, there
can be no direct communication between the suction
and discharge. Furthermore, no overpressure can de-
velop within said chamber inasmuch as this latter is put
into communication with the opening 106 as soon as it 1s
sealed off by one tooth of the pinion. |

The mtended function of the indentations 107 is to
ensure that, by reason of the machining tolerances, the
last chamber which i1s located on the low-pressure side
and sealed off by the pinion is effectively brought fo the
discharge pressure so as to prevent any danger of com-
pression of the liquid which would destroy the appara-
tus. Any leakage which is liable to result from the pres-
ence of the indentations 107 in any case remains negligi-
ble.

It is apparent that, in the construction of FIG. 14, the
fluid 1s transferred through the machine in a generally
axial direction. Referring to FIGS. 15 and 17, there will
now be described another form of construction
whereby the fluid 1s conveyed on the contrary in a
general direction at right angles to the axis of the worm.

The casing 108 which is illustrated in FIGS. 15 and
16 is provided as in the previous embodiment with a
cylindrical vessel 109 in which is formed a milled slot
111. The vessel 109 is provided at the top with a cover

45

50

235
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112 in which 1s pierced a hole 113 providing a passage
for the rotor shaft. |

An admission tube 114 and discharge tube 115 are
fixed on the external lateral surface of the vessel 109.
The discharge tube 115 is of substantially triangular
cross-section and located within a short distance of the
milled slot 111 and upstream of this latter with respect
to the direction of rotation of the worm. Said discharge
tube has its opening in the vessel 109 in the form of an
outlet 116 having a cross-sectional shape which is also
substantially triangular. The admission tube 114 is of
substantially trapezoidal cross-section and has its open-
ing in the vessel 109 in the form of an inlet 117.

The height h (FIG. 17) of the openings 116 and 117 as
measured parallel to the axis of the worm 1is such that
said openings are respectively in communication with
all the chambers such as the chambers 122 to 124 on the
one hand and the chambers 125 to 127 on the other hand
which are defined by adjacent threads of the worm
located on a same generator-line of the casing. The
profile of said openings and the dimensions thereof in
the successive planes at right angles to the rotor shaft
are such that the zone of the casing which is located
between said openings and cooperates with the worm in
fluid-tight manner extends over a spatial interval 118
which is greater than the distance between two crests
119, 121 of consecutive threads, as shown in FIG. 17.

During operation, when the worm and the pinion are
in position, the worm rotates in the direction 1 and the
pinion rotates in the direction j. The chambers between
successive threads are sealed off at the top by means of
the cover 112. The fluid is admitted through the open-
ing 117 and fills the chambers 122 to 124. Said chambers
are then brought into the zone 118 in which they are
prevented from communicating either with the intake
or discharge by the fluid-tight zone of the casing. The
chambers then take up positions such as the position 125
in which they communicate with the outlet opening
116, then positions such as 126 and 127 in which the
teeth of the pinion force the fluid into the tube 115.

It is understood that, under these conditions, the
chambers are put into communication with the dis-
charge prior to being swept by one tooth of the pinion,
thereby eliminating any danger of overpressure.

On the other hand, in order to prevent any danger of
direct communication between the intake and dis-
charge, it i1s necessary and in fact sufficient to ensure
that the fluid-tight zone of the casing which is located
between the openings 116 and 117 is greater than the
distance between two crests 119 and 121 of consecutive
threads. The manufacturing tolerances allowed on the
dimensions of said openings can be of any desired mag-
nitude. |
- In addition to the advantages of the preceding em-
bodiments, the embodiments of FIGS. 14 to 16 permit
the use of globoid worm and pinton machines for the
delivery of incompressible liquids. It has been seen that
this 1s obtained by means of simple design solutions
which do not call for close machining tolerances.

These design solutions can also be applied to hydrau-
lic motors, in which case the machine operates in the
opposite direction. |

As will be readily understood, the invention is not
limited to the embodiments hereinabove described and
a large number of alternative forms of construction may
be contemplated without thereby departing from the
scope of this invention. In particular, the embodiments
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~ of FIGS. 14 to 16 are applicable to all palrs of worms

and pinions which have been described in the fcregcmg -

What I claim i1s: | |

1. A device for varying the pressure of a fluid such as
a compressor, pressure regulator, pump, hydraulic 3
motor and the like and comprising a rotor having a
toroidal surface generated by a circular arc lying in.a
plane disposed at an angle to the meridianal plane of said
surface, said toroidal surface being provided with a plu-
rality of projecting threads whose crests are adapted to
cooperate with a casing having symmetry of revolution
with respect to the axis of said rotor and to come into
mesh with the teeth of at least one pinion, characterized
in that the teeth of said pinion are cut in a surface having
symmetry of revolution with respect to the axis of rota-
tion of said pinion and are inclined to said axis at an
angle which is smaller than 90 degrees, that milled slots
are formed in said casing so as to permit said teeth to
pass through this latter and to engage with said rotor
and that ports for the admission and discharge of fluid
are provided on each side of said rotor, the ports for the
passage of fluid on the high-pressure side being located
in the immediate vicinity of the aforesaid pinion.

2. A device in accordance with claim 1, characterized 75
in that the teeth of the pinion are cut in a cylinder of
revolution about the axis of rotation of said pinion.

3. A device in accordance with claim 2, characterized
“in that the teeth of the pinion are adapted to cooperate
with a rotor in which the thread crests are limited by a
cylindrical surface. |

4. A device in accordance with claim 3, characterized
in that the axis of rotation of the pinion is inclined with
respect to the axis of rotation of the rotor in such a
manner as to ensure that the pinion is located at a
greater distance from the axis of the rotor on the side
corresponding to the high-pressure openings than on
the side corresponding to the low-pressure 0pcn1ngs
through which the fluid passes.

8. A device in accordance with claim 4, characterized
“in that the mean plane which is tangent to the cylindri-
cal surface of the pinion teeth in the zone in which said
‘teeth come into mesh with the threads of the rotor is

substantially parallel to the axis of rotation of said rotor.
6. A device in accordance with claim 2 and in which
the crests of the rotor threads are limited by a substan-
tially plane surface and adapted to cooperate with a flat
center, characterized in that the axis of rotation of the
pinton is inclined with respect to the axis of rotation of
the rotor so that the pinion is located at a greater dis-
tance from the rotor in the region which is adjaccnt to
the axis of said rotor than in the perlphcral region of -
said rotor. |

7. A device in accordance with claim 6 and in which 4
the rotor is provided with two threaded portions
adapted to cooperate with flat symmetrical casings,
characterized in that each threaded portion is adapted
to engage with at Ieast one pinion whose axis of rotation
1s inclined with respect to the plane of the correspond- g
Ing casing.

8. A device in accordance with claim 7 and in which
each of the threaded portions of the rotor 1s adapted to
engage with two pinions each having a cylindrical set of
teeth, characterized in that the axes of rotation of the 65
- pinions are symmetrical with respect to the rotor shaft
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and are inclined at cqual angles with respect to a plane
which passes through the rotor shaft.

9. A device in accordance with claim 8, characterized
in that the pinions which cooperate with the opposite
faces of the rotor are paraliel in pairs, the pinion of each

pair which cooperates with one face of the rotor being

intended to displace the fluid by means of the internal
side of its set of teeth whilst the other pinion of each

- pair which cooperates with the other face of the rotor is

intended to displace the fluid by means of the external
side of its set of teeth. |
[10. A device in accordance with claim 8, character-

- ized in that the pinions which cooperate respectively
‘with the two opposite faces of the rotor are mounted

symmetrically with respect to the central plane of sym-
metry of the rotor and that the fluid is displaced by the

same sides of the sets of teeth of all the pinions. ]

11. A device in accordance with claim 7, character-
ized in that the casings comprise cylindrical portions
which are concentric with the rotor and penetrate re-
spectively into the upper and lower portions of said
rotor, said cylindrical portions being provided with
ports through which the fluid on the hlgh-pressurc side
is intended to pass. -

12. A device 1n accordance with claim 6, character-
ized in that the casing is provided with ports through

-which the ﬂuld on the hlgh-pressure Slde 1s lntended to

pass.

13. A device in accordance with claim 12, character-
ized in that the ports formed in the casing are located on
the inside of the pinion and communicate with a duct

formed in the shaft of said pinion.

14. A device in accordance with claim 6, character-

- ized in that the teeth of the pinion have a trapezoidal

profile whose short side is located at the outer extremity
of the teeth.

15. A device in accordance w1th claim 6, character-
ized in that it comprises elastic members for applying
the pinions against the rotor in a direction parallel tc the
axis of rotation of said pinions.

16. A device in accordance with claim 1, character-
ized in that the opening for the passage of fluid on the
low-pressure side is adapted to communicate at the
same time with all the chambers which are defined by
adjacent threads of the rotor and the opening for the
passage of fluid on the high-pressure side is adapted to
communicate with those chambers which are sealed off
by the teeth of a same pinion. -

17. A device in accordance with claim 1, character-
ized in that the openings for the passage of fluid on the
low-pressure side and high-pressure side are each re-
spectively in communication with all the chambers
which are defined by adjacent worm threads and are
located along a generator-line of the casing and that the
zone of the casing which is adapted to cooperate with
the rotor in fluid-tight manner and which is located
between consecutive openings on the low-pressure side
and high-pressure side extends over a spatial interval
which is greater than the distance between two crests of
consecutive threads. |

18. A device in accordance with claim 1, character-
ized in that the radlally inner face and radially outer
face of each pmlon tccth with respect to the axis of
rotation of the pinion, are each inclined to said axis at
angles smaller than 90°. '
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