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This invention relates to ball piston pumps and 
compressors operating on the universal joint 
principle and comprising a spherical rotor, a 
drive shaft having a slide and a stub shaft having 
a slide, the slides individually slidably engaging 
grooves in said rotor, and means for adjusting 
the discharge of the pump or compressor by shift 
ing said stub shaft in a plane including the axis 
of said stub shaft and the axis of said drive shaft 
and thereby varying the angle between said stub 
shaft and said drive shaft, all as more fully de 
scribed hereinafter and as claimed. 
The discharge of rotary ball piston pumps and 

compressors operating on the universal joint 
principle may be varied and adjusted by chang 
ing the position of the stub shaft relative to the 
drive shaft, as is well known. In previous at 
tempts to provide such adjustability of the stub 
shaft and overcome the sealing difficulties in 
volved therein, the bearing for the stub shaft 
was placed in a member that could be rotated 
from the outside of the pump casing for purposes 
of discharge adjustment. On such rotation of 
the bearing member, the stub shaft was rotated 
around the axis of the drive shaft, i. e. Out of a 
plane passing through the drive shaft and the 
position of the stub shaft prior to the adjustment. 
Such rotation changed the pump chambers with 
out changing the angle between stub shaft and 
drive shaft. in all adjustment positions except 
the one resulting in maximum pump discharge, 
each chamber Would first suck fluid from the 
inlet, and then again return at least part of this 
sucked-out fluid to the inlet. Such arrangements 
are not efficient and do not permit fine adjust 
ments to be inade. 
The objects of this invention are to provide 

efficient and accurate means for adjusting the 
discharge of rotary universal joint principle 
pumps; to provide such means permitting fine 
and stepless adjustment; to provide an ar 
rangement in which the sealing problem is ef 
fectively solved; and to provide visual means for 
observing the adjustment position. 
According to this invention, the foregoing ob 

jects are achieved by providing an arrangement 
that permits varying and adjusting the angle 
between the stub shaft and the drive shaft in a 
given plane. It might appear as if that could 
simply be accomplished by adjustably positioning 
the stub shaft bearing in a slot provided in the 
pump casing. Such simple solution, however, 
is not practical because, aside from the Sealing 
difficulties involved, in order to provide adequate 
range of adjustment, the slot would have to be SO 
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2 
long that it would interconnect the inlet, and 
outlet chambers which, of course, would make the pump inoperative. 
The main feature of this invention is a novel 

bearing arrangement for the stub shaft employ 
ing two rotatable members, one being rotatable 
in a bearing in the pump casing co-axial with 
the drive shaft and being provided with an ec 
centric bore, and the other rotatable member 
being rotatable in said bore and having therein 
an eccentric bearing for the stub shaft. The 
axes of both rotatable members and of the stub 
shaft bearing pass through the center of the 
Spherical rotor. Means are provided on the out 
side of the pump casing for rotating, directly or 
through a Suitable transmission, the rotatable 
member that is rotatable in the bearing provided 
in the pump casing, in order to adjust the angle 
between stub shaft and drive shaft by shifting 
the stub shaft in the plane passing through both 
shafts. To this end, the turning motions of the 
two rotatable members are interlocked by the 
use of Spur or Worm gearing, guides or linkages. 
This arrangement makes it a simple matter to 
seal off the joints at the rotatable members. The 
face of the second rotatable member can be made 
spherical-convex to engage a spherical-concave 
surface of the cover screwed to the pump casing; 
this provides in every adjustment position of the 
Stub Shaft uniform Specific pressure on the con 
tact surfaces between the stub shaft bearing 
parts, the rotary members and the casing. The 
slot in the casing cover in which the stub shaft is 
guided can be covered by a window permitting 
convenient inspection of the stub shaft position, 
i. e. Of the discharge adjustment. 
The abovementioned objects as well as other 

objects of my invention will appear more clearly 
from the following description and from the ap 
pended drawings in which like numerals are used 
to designate like parts throughout the several 
views, and in which: 

Fig. 1 is a view, partly in section along line - 
of Fig. 2, of a ball pistOn pump according to my 
invention; 

Fig. 2 is a view, partly in section along line 
2-2 of Fig. 1, with the cover 36 removed; 

Fig. 3 is a fragmentary view of the drive shaft 
member of the pump shown in Figs. 1 and 2; 

Fig. 4 is a view of the spherical rotor of the 
pump shown in Figs. and 2; 

Fig. 40 is a Side view of the member shown in 
Fig. 4 taken at a right angle to said figure; 

Fig. 5 is a fragmentary view of the stub shaft 
member of the pump shown in Figs. 1 and 2: 
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Fig. 6 is an assembly, partly in Cross-section, of 
the parts shown in FigS. 3, 4 and 5; 

Fig. 7 is a view of a modified pump, partly in 
Section along line 7-7 of Fig. 8 

Fig. 8 is a view, partly in Section along line 
8-8 of Fig. 7, with both covers removed; 

Fig. 9 is a view of the cover 64 of the pump 
shown in Figs. 7 and 8; and 

Fig. 10 is a view in section along line 0-0 
of Fig. 9. 

Referring now to FigS. 1 to 6, the pump' ac 
cording to my invention has a casing With 
liners f2 and 3 forming a spherical chainber 
or cavity 3 With which inlet and outlet paSSageS 
5 and is communicate and in which a Sphierical 
rotor i is disposed. 
As shown in Fig. 4, the rotor it has four flat 

faces 8 located 90 degrees apart from each other 
(only three being visible in Fig. 4), and two 
grooves 9 and 29 disposed at right angles to 
each other, each extending through ail arC 
greater than 180 degrees and being faced at each 
end, as indicated at 2. This leaves arrow land 
areas 22 between the middle portion of groove 
9 and the ends of groove 2 (and vice versa.) 

preventing short-circuiting of the fluid being 
pumped between the inlet and outlet paSSages 
5 and ii. 
The rotor may be described in other words as 

being formed by a sphere whose diameter is that 
of the land areas 22 and into which a groove 9 
extending 270° around the center of the Sphere 
and a groove 2 are machined, the latter extend 
ing also 270° around the center of the Sphere 
and being at a right angle to the groove . The 
bottons of the grooves for in Surface portions of 
a smaller sphere i' which is concentric Within 
the larger Sphere. The middle portions of the 
grooves taking up about one third of the afore 
mentioned 270° have parallel Side Wall portions 
8', the parallel side wall portions of groove 9 
being in planes at a right angle to the parallel 
side Wall portions of groove 2. The parallel 
side Wall portions are connected With the bot 
toms of the grooves by inclined surfaces 18' 
forming an angle of 90° whose point coincides 
with the center of the spheres. The Side walls 
2 of the ends of the grooves are a continuation 
of the inclined surfaces 8' of the middle por 
tion of the grooves and are parts of Surfaces of : 
right angled cones whose apex coincides. With 
the center of the Spheres. 
The drive Shaft member, ShoW in Fig. 3, COn 

sists of a drive shaft 23 with a flat Side 24 con 
nected thereto and adapted to fit into groove 
E9. The slide 24 comprises two hoins 25, Only 
One of which is visible in Fig. 3. The drive shaft 
23 is rotatable in a bearing 26 formed in the 
pump casing and more specifically in the liner 
2 (see Fig. 1). A stub shaft, meinber, Shown 

in Fig. 5, consists of a stub shaft 27 with a flat 
slide 28 connected thereto and adapted to fit 
into groove 20. The slide 23 comprises two 
horns 29 and 3. The stub shaft 2 is mounted 
in a bearing (to be described later) in Such man 
ner that it is inclined at an angle A. to the axis 
of drive shaft 23. The extension of grooves 3 
and 2 through arcs greater than 180 degrees 
provides relatively large guide and Sealing Sur 
faces for the slides 24 and 28. 

In the assembled pump there are formed four 
similar chambers between the faces 2 of the 
grooves 9 and 2 on the one hand, and the ends 
of horns 25, 29 and 3) on the other hand. Dur 
ing operation, the drive shaft 23 is rotated by any 
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4. 
Suitable power means (not shown). The slide 
24, connected with shaft 23, causes the rotor T 
to rotate. The rotor 7 in turn, through slide 
28, imparts rotation to stub shaft 2. Due to 
the angular disposition of stub shaft 2 relative 
to drive shaft 23, however, an oscillating. motion 
is in parted to the rotor during its rotation, 
causing the aforementioned chambers to open 
and close during each revolution of the drive 
shaft 23. In Fig. 1, one such chamber is shown 
at 3 in the open condition, and another at 32 
in the closed condition. Consequently, as the 
drive shaft 23 and with it rotor revolves, said 
four chambers open and close to produce a pump 
ing action, opening. On Suction and closing on dis 
charge to give.four discharges per revolution. 

It is apparent that the discharge of the pump 
can be regulated by varying the aingle A between 
the drive shaft 23 and the stub shaft 27. The 
means for providing adjustability of the stub 
Shaft form the main feature of this invention. 
As shown in Figs. 1 and 2, a rotatable bearing 

Inenber 33 has eccentrically formed therein a 
bearing 34 for the stub shaft 27, the latter ex 
tending into and being guided by a slot 35 in a 
Cover 36 attached to casing . Another ro 
tatable member 3 is rotatable in a, bearing 38 
formed in Casing i co-axially with the drive 
Shaft bearing 26. The rotatable member 37 has 
eccentrically formed therein a bore 39 in which 
the member 33 is rotatable. The previously men 
tioned angle A between the drive shaft 23 and 
the Stub Shaft 2 consists of the Sum of angle B 
between the stub shaft bearing 34 and the axis 
of rotatable member 33 plus angle C between 
the axis of bore 39 and the axis of bearing 38, 
Said angles B and C being preferably equal. The 
axes of bore 39 (and rotatable member 33) and 
of bearing 34 (and stub shaft 27) both pass 
through the center of the spherical rotor 7, as 
clearly shown in Fig. 1. 
The rotatable member 33 carries a gear 49 

ineshing with a bevel gear 41 which, together 
With a Spur gear 42, is mounted on a sleeve 43 
rotatable on a shaft 44 on rotatable member 37. 
Another Spur gear 45, rotatable on a shaft 46 
On rotatable member 37, meshes with the spur 
gear 42 and with an internal gear 47 fixed to 
casing f. The rotatable member 3 has at 
tached thereto a worm gear 48 meshing with 
a Worm 49 on shaft 50 extending to the outside of 
Casing f and provided with a knob 5. 
By manually turning knob 5, the rotatable 

In ember 3 may thus be rotated in a clockwise 
direction as indicated by arrow 52 in Fig. 2. This 
causes Spur gear 45, rolling on internal gear 47, 
to turn in a counterclockwise direction as indi 
cated by arrow 53. Spur gear 42, meshing with 
Spur gear 45, consequently rotates clockwise, as 
ShoWn by arrow 54, and bevel gear 4 rotates with 
it, causing the gear 40 and, with it, the member 
33 to rotate counterclockwise, as indicated by 
arrow 55, While, at the same time, the axis of 
bore 39 in which member 33 turns, rotates clock 
Wise, being located in member 37. Due to these 
interlocked movements, the stub shaft 27, guided 
in slot 35, moves in the plane - (that is in 
the plane of Fig. 1) as indicated by arrow 56, 
until eventually the positions shown in broken 
lines in Fig. 2 are reached, wherein the drive 
Shaft 23 and the stub shaft 27 are co-axial and 
the angle A is zero. With this adjustment, the 
previously described Oscillating motion of the 
rotor ceases, the chambers 3 and 32 become 
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equal in size, and the discharge of the pump is 
zero. Further turning of the knob 5 in the 
same direction brings the stub shaft 27 below 
the axis of the drive shaft 23 and causes the 
pump to discharge again, but now in a reverse 
direction. So that what formerly Was the inlet is 
now the outlet, and Vice versa. 

It should be emphasized that the shifting of 
the stub shaft, i. e. the change in the angle A, 
takes place in the plane of Fig. 1. It is appar 
ent that attainment of tight Seals between cas 
ing and rotary member 3 on the one hand, 
and between rotary members 3E aind 33 on the 
other hand, presents no problem, especially if 
packing rings 5 and 58 are provided, as shown 
in Fig. ... the face 59 of the rotary member 
33 is convex-spherical and engages a concave 
spherical surface 6 on the inside of cover 36, 
So that a tight joint between these partS is like 
Wise provided. Since the adjustment of Stub 
shaft 2 is attained by rotation of circular Sur 
faces, the specific pressure on all bearing SUr 
faces of the parts of the adjustment mechanisin 
is equal in all angular positions of the Stub 
shaft, 2. 

In Figs. 7 to 10 are shown modifications of 
the pump and of the mechanisin for adjusting 
the stub shaft. In this arrangement, the Spheri 
cal rotor consists of two hollow halves S2 and 
$2 jointed together by a cential meinber 3 which 
is connected to both halves 6 and 82 by Suit 
able screw means (not shown). The pump 
casing with liners 2 and 3, drive shaft 23 
With slide 24, stub shaft 2 with slide 23, rotat 
able members 3 and 33 including stub Shaft 
bearing 3 is are like those of Figs. 1 to 6, as aire 
the means for rotating the men her 3, COil 
prising worm gear 48, worm i9, shaft 5, and 
knob 5. 

However, the mechanism for interlocking the 
rotary motions of rotary nembers 33 and 3 
to provide shifting of the stub shaft 2; in a given 
plane is different from the gearing arrangement 
shown in Figs. 1 and 2, although the Saline re 
suit is attained. In this modification, the CaS 
ing has attached thereto by Screws (not shown) 
a cover 64 with a concave-spherical Surface i5 
concentric with rotor S, 62 and engaging the 
convex-spherical surface 59 on rotatable men 
ber 33. In the cover 64 is provided a slot 66 
(similar to slot 35 of Fig. 1) through Which 
the stub shaft 2 passes. The cover 64 has, fur 
thermore, three diametrically extending grooves 
g", 63 and 69 which are disposed at angles of 
45 degrees to each other and to slot 65, as clearly 
shown in FigS. 9 and 0. 
The rotatable member 33 is provided on Sur 

face 59 With three guide pins , , and 72 
which may be formed integrally on member 33, 
as shown, or which may be separate rods greSS 
fitted or screwed into suitable holes in member 
33. The guide pins 7), and 2 are arranged 
to slide back and forth in grooves 6, 8 and 
69, respectively. For a, clearer understanding, 
the slot 66 and the grooves S, 63 and S9 have 
been indicated in Fig. 8 by dash-dotted lines. 
With the stub shaft, 2 at its maximum ele 

vation in which its axis includes the angle A 
With the axis of bearings 26 and 33 the rotary 
nember 33, stub shaft 2. and guide pins , 
and 2 occupy the positions shown by Solid lines 
in Fig. 8. On rotating the rotary member 3, 
in a clockwise direction, as indicated by arrow 
73, by turning the knob 5 or by other Suitable 
means, the rotary member 33, resting in the 
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eccentric bore 39 of member 3, is forced to rotate 
counter-clockwise, as indicated by arrow 76. Dur 
ing Such rotation of member 37 through 90 de 
grees, the guide pin moves through groove 
&T in the direction of arrow 5 to the dotted posi 
tion; the guide pin moves through groove 88 
in the direction of arrow is to the dotted position; 
the guide pin E2 moves through groove 9, at 
first in the direction of ar'OW , the stops, 
and returns to the position shown in Solid lines; 
the Stub Shaft 2 noves through slot 5 in the 
direction of arrow 8 to the position formerly oc 
cupied by guide pin ; and the rotatable mem 
ber 33, in addition to its counter-clockwise rota 
tion, shifts to the position indicated by dotted 
lines. In this new position, the angle A becomes 
Zero, i. e. the axes of drive shaft 23 and stub 
shaft 2 coincide. When that occurs, the dis 
Chaige of the pump becomes Zero, as has been 
fully explained in connection. With Figs. to 6. 

If rotation of rotatable member 32 is con 
tinued beyond 90 degrees, the stub shaft 2 moves 
downward in slot 66 below the central position. 
and the pump begins to discharge again at a. 
gradually increasing rate, but in a reverSe di 
rection, as previously explained. During this 
continued rotation of member 3, the guide pin 

noves in groove 6 at first further in the 
direction of arrow 5, then reverses its notion 
and returns towards the dotted position; the 
guide pin noves in groove 58 in a direction 
opposite to that indicated by arrow is towards 
the Solid line position; and the guide pin 72 moves 
in groove 69 in a direction opposite to that, indi 
cated by ari'OW through and beyond the center. 
If the rotation of member 3 is continued through 
another 90 degrees, the angle between the axis 
of stub shaft 2 and the axis of bearings 25 and 
38 reaches its maximum value A. ihus, with 
this odification, as With the embodiment, shown 
in FigS. 1 to 6, the stub shaft 2 may be step 
lessly adjusted from maximum angularity on one 
side through Zero to maximum angularity on the 
other Side, Whereby the pump discharge is varied 
fron maximum rate of flow in One direction 
through Zero to maximum rate of fiOW in the 
Opposite direction. 

In the arrangement of FigS. 7... to 0, additional 
cover means 9 are provided to cover up the end 
of stub shaft 2 projecting through slot 66, the 
cover means 9 being fitted with a Window 8. 
co-extensive with slot 66 to permit observation of 
the position of stub shaft 2 in slot 66, indicative 
of the pump discharge adjustment. 
A particular advantage of the stub shaft ad 

justment according to my invention is that it 
permits a fine, Stepless adjustment Such as has 
been unattainable hitherto. When pumping 
highly viscous or more or less congealing liquids, 
my adjustment makes it possible to vary the 
discharge and With it the power requirement of 
the pump to match the capacity of the drive 
notor and SO a Void. Overloading the notor. The 
usefulness of my novel adjustment is, of course, 
not confined to the exact type of universal joint, 
principle pump shown, but extends to other 
types such as those employing pin joints between 
Shafts and rotor in place of the cooperating slides 
and grOOWes herein disclosed. 
While I have shown and described What I con 

Sider the preferred embodiments, I realize that 
modifications other than those disclosed herein 
may be made without departing from the spirit 
of my invention, and reference is, therefore, made 
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to the following claims for a definition of the 
scope of my invention. 
What I claim is: 
1. A ball piston pump comprising a casing hav 

ing a spherical chamber therein and an inlet and 
an outlet for said chamber, a Solid spherical rotor 
slidably concentrically fitted in Said chamber and 
having two longitudinal grooves in its Surface, 
Said grooves being disposed at a right angle to 
each other, two flat substantially semi-circular 
slides slidably fitted in said grooves, each slide 
having a spherical outer surface portion slidably 
concentrically fitting in said chamber, a drive 
shaft connected with one of Said slides, a stub 
shaft connected with the other of Said slides, 
and means movably connected with said casing 
for shifting said stub shaft with the slide to which 
it is connected in a plane containing the axis of 
said stub shaft and the axis of said drive shaft 
and thereby varying the angle between said stub 
shaft and said drive shaft. 

2. A pump as defined in claim 1, each of Said 
grooves extending through an arc greater than 
80 degrees and having end faces SubStantially 
conforming With the end faces of Said slides. 

3. A pump as defined in claim comprising 
two co-axial bearings disposed in Said casing On 
opposite sides of Said rotor, Said drive Shaft 
passing through one of Said bearings, a ro 
tatable member independent of said drive shaft 
and extending through the other of Said bearings, 
a, bore in Said rotatable member having an axis 
passing through the center of Said Spherical rotor 
and inclined to the axis of Said bearings, bear 
ing means rotatably fitted in Said bore and Com 
prising a, bearing for Said stub shaft, Said bear 
ing having an axis passing through the center 
of said Spherical rotor and inclined to the axis 
of Said bore, and means Supported in and extend 
ing to the outside of said casing for rotating said 
Iotatable member. 

4. A pump as defined in claim 3, said last 
named means comprising a Worm gear attached 
to said rotatable member, a worm meshing with 
said Worm gear, a shaft for Said Worm supported 
in and extending to the outside of said casing, 
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8 
and means connected with said last named shaft 
for rotating said last mentioned shaft. 

5. In a pump as defined in claim 3, a cover for 
said casing, a slot in said cover, said stub shaft 
extending through and being guided in said slot, 
a Concave-Spherical inside Surface on said cover, 
and a convex-Spherical outside surface on said 
bearing means slidably engaging said concave 
Spherical Surface on said cover. 

6. In a pump as defined in claim 3, an internal 
gear fixed in said casing, a pair of intermeshing 
Spur gears rotatably mounted on said rotatable 
Imember, one of Said spur gears meshing with said 
internal gear, and means cooperating with the 
other of Said spur gears to rotate said bearing 
leanS. 
7. In a pump as defined in claim 3, a cover for 

Said casing, a slot in said cover, said stub shaft 
passing through and being guided by said slot, 
three grooves extending diagonally across said 
Cover and being disposed at angles of 45 degrees 
to each other and to said slot, and three guide 
pins on Said bearing means, each of said guide 
pins being arranged to slide back and forth in 
One of Said grooves on rotation of said rotatable 
member. 

8. In a pump as defined in claim 7, cover means 
mounted over said cover, and a window in said 
COver lineans co-extensive with said slot. 
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