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UNITED STATES PATENT OFFICE 
2,464,736 

SPHERICALEXPANSIBLE CHAMBER ROTARY 
MOTOR OR PUMP.OF THEAXIALLY MOW 
INGSLIDINGVANETYPE 

George A. Waldie, Edison. Ohio, assignor to 
HPM. Development Corporation, as corpora 
tion of Delaware. 

Original application December 18, 1941, Serial No. 
423,486, now, Patent. No. 2,380,886, dated July. 
31, 1945. Divided and this application April 28, 
1943, Serial No. 484.809 

11:Claims (C. 103-139) 
1. 2. 

The present invention: relates: to pumps,; and: the rotor shaft: to change the Suction and press: 
more particularly to high pressure, oil pumps: sure action of the various parts of the rotor; and 
This application is a division of my prior applit. thus to reverse: the direction of fluid delivery. 
cation, Serial No. 423,486; filed December 18, 1941, The invention will be better understood when: 
which issued as Patent No. 2,380,886. July 31, 5, the following Specification is read in connection: 
1945, and entitled “Balanced ball type. Vane-pump: With the accompanying dra WingS., 
Or motor.' In the drawingS: 
A real need exists, in a nunabel-Of...inportants Figure is a vertical Sectional View of the in . 

uses, for a light-Weight, fast-moving. Oil pump. proved, pump, in which provision is made for 
of smaller size and which can handle relatively. 10 reversing the direction of flow at the pump. 
large amounts. Of fluid at ... fairly high preSSLei Figure; 2 is a , Sectional view taken along...the-2 
to perform work or , to exercise...a... control::funca. line, 2-2:in Figure.i. 
tion of a positive... character. For example, in . Figure 3; is a sectional view taken along the: 
the case of airplanes, it may be desirable-to-move. line, 3-3 in Figure :2. 1. 
the control surfaces... of the -wing-and-tail by 15, Figure. 4 is a view taken along the line: 4-4. 
hydraulic pressure produced by a pump. In-the- in: Figure 2, i.e., with the right-hand bolted: 
case of a pump, the pressure. is instantaneously is cover member of Figure 2 removed to expose: the: 
available for fast control, whereas in the case: WOIn and gear. Wheel mechanism..., In Figure: 4; 
of control exercised, by a electric motor the the hand wheel which operates the worm gear. 
energy of the motor is not available until the 20, is shown in elevation. 
motor shall have.come-up to Speed. The-main Figure 5 is a perSpective view. Of the rotor, 
disadvantage of the prior-art pumps, when-used ShoWing them.OVability of the blades with respect . 
in this particular connection, is-the-weight and to the rotor disc or web. 
bulk of the pump, particularly- when the pump : Figure6 is an enlarged fragmentary vertical 
must handle large. quantities of: pressure fluid; 25. Sectional: view, taken through the pump casing: 
to exercise a considerable: number: of ; controls. and disclosing the relationship between, the: 

5 

functions, perhaps simultaneously... . pumping chamber and its communicating paS 
The primary, object of the present-inventions SageS . 

is to provide a pumps which can handle: large: The drawings show a reversible pump in which 
quantities of fluid at high pressure, such as:oil,. 30, the actuating motor or prime mover is permitted. 
and yet is of camparatively; small size. From: to run in the Same direction and yet provide for: 
one aspect, therefore, the inventions contemplates . a reWerSal of delivery. In general, the costuc 
a preSSure pump, which has a high Volunetic: tion is such...that the chamber, which has been: 
fluid capacity, as compared to itS. Size: momentarily exerting. a pressure effect when the: 
Another object, is: to provide a pump of this 35 rotors is turned and the pumping chamber ex-, 

character, in which the prime mover which acture. tends at a definite angle with respect to the rotor: 
ates the pump. (usually an engine. Otrian electric: shaft, now becomes an exhaust or Suction cham, 
motor) Will rotate...in the same direction; but ber when the pumping chamber eXtends at an: 
delivery at the pump can be, reversed without. Opposite angle with respect to the Shaft. For: 
the use of reversing valves. So... that, the greversal. 40this:purpose, the pump, Casing is permitted: to. 
of flow is accomplished within the pump.: rotate in...the shorizontal plane. 
A further object is to peoVidea, pump; which Describing this modification, specifically, the 

may be made of relatively few parts, easily.nase, rotor 9 and its shaft 2 are journalled in the 
chined, and of lightweight, when desired; and: ball bearings 36 carried on a pair of pedestals; 
which can be readily assembled and disassem. 45:3. The pump casing is constructed of a nums - 
bled for inspection purposes. ber of blockS all: bolted together and provision: 
These objects are attained, in brief;... by: pro. is made for rotating the casing about a hori, 

viding a closed compartment formed of blgcks: Zontal axis and to provide an improved port 
of any suitable material having tapered, eactives arrangement by which the pump casing can be 
surfaces, and by rotating...a rotor: withias; thes 50 g. rotated. 
compartment in Such a manner that the Espace: x - 
on each side of the rotor is divided by the rotp: Construction of the roto 
blades into Suction and preSSure chambers. The: The rotor, forms: a, continuation of the main...; 
blocks may be rotated, or rocked aboutianiaxi driying shaft 2 and takes on a spherical con: . angularly disposed with respect to the axis of 55 figuration, as indicated at 9. Hibs 20 extend: 
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laterally from opposite sides of the rotor, the 
left-hand hub (Figure 1) merging with the shaft 
2 and the right-hand hub terminating in a shaft 
portion 2. The blocks 6 and 62 are provided 
with openings which loosely receive the hubs 
20. 
The blocks 6 and 62 are provided with re 

cesses of a partial spherical shape to conform 
to the shape of the spherical rotor and to permit 
the rotor to rotate between the blocks when 
the notor (not shown) is energized. The cen 
tral or spherical portion of the rotor is provided 
with a radially extending and vertically directed 
Web 3.0 which extends around the sphere 9 
as an annular ring, and preferably is formed in 
tegral with the Sphere. 
may be formed of any hard wearing material, 
such as metal or certain types of plastics, and 
in case Weight is an important consideration 
the metal may be a magnesium or aluminum 
alloy. It will be noted from Figure 1 that the 
size and position of the pumping chamber f0 
and the positional relationship of the annular 
Web 3.0 are such that the outermost peripheral 
edges on opposite sides of the Web 30 coincide 
With the joint formed between each arcuate 
shaped Surface and the Surfaces 8 and 9 of 
the two blocks. 
The annular ring 30 is provided with a plu 

rality of radially extending slots 3 (six as 
shown) and illustrated more clearly in Figure 
5, these slots extending inwardly as far as the 
peripheral surface 9. These slots Snugly but 
slidably receive the Vanes or blades 32, these 
blades being formed of a tough, long-wearing 
material and are preferably machined on all 
sides. It will be noted that the height of each 
blade is considerably greater than the vertical 
depth (Figure 5) of the ring 30. The blades may 
take the form generally of a trapezoid or rec 
tangle, but their inner edges are curved both 
in the vertical and horizontal directions to con 
form. With the Spherical shape of the element 
9. The Outer vertical edges are curved in the 

Vertical and horizontal directions to conform to 
the arcuate shape of the surface f l (Figure 1) 
and also to the circular configuration of the 
chamber 0. The top and bottom edges of each 
blade are also given a convex curvature to ac 
Commodate the blade to the tapered surfaces 
8, 9 as the rotor is rotated. 
The casing is provided at its right-hand end, 

aS Seen in Figure 2, With a multi-shouldered 
shaft 38 which is threaded at one end to receive 
a thumb nut 39. This nut may be secured to 
the conduit 40 through any suitable and well 
known form of slip joint to permit the pump 
Ca,Sing to SWing With respect to the conduit. A 
Worm gear 4 is fixedly secured to the shaft 
by a nut 42, this worm gear being spaced from 
the pump casing by a bearing bushing 43. The 
latter is journalled in a plate 44, provided with 
a flanged leg 45. 
47 to the plate 44, this cover plate leaving ex 
posed only a portion of the worm gear 4. A 
Screw 48 carried on a rod 49 is adapted to mesh 
With the Worm gear 4. When the rod is rotated 
by the hand wheel 50. 
At the opposite side of the pump the casing 

terminates in a multi-shouldered shaft 5, which 
is journalled through a bushing 52 in an up 
standing plate 53. The shaft 5 carries screw 
threads which receive a thumb nut 54, the latter 
rotatably carrying a conduit 55. It is apparent 
that when the hand wheel 50 is rotated the worm 

The web and sphere 

A cover plate 46 is bolted as at. 
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4. 
gear 4?, which is rigidly fixed to the shaft 38, 
Will cause the pump casing to be rotated around 
a horizontal axis which extends through the 
journals 43, 52. In order to provide for the inlet 
and outlet ports which communicate with the 
pressure and suction chambers on opposite sides 
of the rotor through arcuate slots 2, 3, holes 
56 are drilled in line with the openings in the 
conduits 40, 55 and therefore along the axis of 
rotation. These openings communicate With 
openings 57 which extend outwardly and com 
municate With the horizontal openings 58. The 
latter are connected to the slots 2, 3 by the 
passageways 8 (Figure 2). These passageways 
do not run parallel with the tapered surfaces 
63 but instead extend first downwardly into the 
metal of the blocks 6, 62 from the ports 58 
and then upwardly to reach the slots 2, 3 as 
is indicated in Figure 6. 
In order to facilitate the formation of the holes 

57, 58, these may be drilled from the side and 
outer surfaces of the pump casing and the excess. 
length of the openings tapped and filled by a 
set screw 59. Consequently, as the hand wheel 
50 is rotated to move the pump casing from 
one side of the vertical axis to the other side, the 
pumping cavities of the chambers on both sides 
of the rotor web undergo reversals of function. 
The pressure cavities will exert a suction effect 
and the suction cavities Will exert a pressure 
effect so that the passage of fluid through the 
pump is completely reversed, notwithstanding the 
fact that the shaft 2 continues to rotate in the 
Same direction. 

It is apparent from a consideration of Figure 
1. that only a Small rotary movement of the pump 
is necessary to reverse the pressure and suction 
effects of the pumping cavities formed between 
the vanes 32 and the casing blocks 6,62. In order 
that the pump casing may swing in the longitu 
dinal direction with respect to the rotor shaft, the 
intermediate block 60 is given substantially par 
allel sides, and the blocks 6, 62 are also given 
a corresponding shape. Actually, only the abut 
ting surfaces of the blocks 6, 62 are arranged 
parallel because the Sides of the pumping cham 
ber directly adjacent the rotor web are given in 
Wardly extending flared portions, as indicated at 
63. These portions serve to lengthen the distance 
indicated at 64 over which leakage would have to 
take place between the blocks 6, 62 and the pe 
ripheral surface of the sphere 9. The pump cas 
ing in Figure l is always positioned at an angle 
With respect to the rotor shaft. 
When the pump casing, for example, is canted 

to the left, as shown in Figure 1, let us assume 
that the position of the ports and of the inter 
connected pair of slots 2, 3 on opposite sides 
of the rotor and the remaining interconnected 
pair of slots 2, 3 is such that the pump delivers 
preSSure fluid at the conduit 40. However, when 
the pump casing is given, a cant to the right by 
the wheel 50, pressure fluid will now be delivered 
at the conduit 55, assuming that the shaft 2 is 
being rotated in the same direction as before. 
Consequently, the hand wheel 50 serves as a 
means for reversing the flow of delivery of the 
pump. This arrangement may be advantageous 
in those cases where an electric motor is designed 
to operate more efficiently in one direction than in 
the other, and also to save the cost of a reversing 
switch in the motor circuit. It is further appar 
ent that inasmuch as the motor never stops dur 
ing the reversal of the fluid delivery, the flow of 
the fluid is available immediately. ... This would 



5. 
not be true in case the electric motor were re 
versed, because a definite time would elapse to 
stop the motor and then to start the motor in 
the reverse direction, and during this time the 
pump would not be delivering fluid at its prede 
termined pressure. . . . . . . 
'The wheel 50 may also be employed to swing 
the pump casing through any angle, in either di 
rection, and less than its full limit of movement 
in order to vary the output of the pump in either 
direction. The swingable form of pump shown 
in Figure 1 is also adapted to rock to its neutral 
or no-delivery position when, for example, the 
back pressure at the outlet becomes excessive, or 
if as a safety measure it is desired the discharge 
of the pump shall cease. It will be noted in Fig 
ure 4 that the gear 41 and worm 48 transmit 
power only in one direction, so that when the 
pumip has been given any desired cant by the 
wheel'50 it will maintain this position and will 
produce a constant output of pressure fluid in any 
desired amount until the wheel 50 has been fur 
thierrotated: ... ". . . . . 

However, on occasion, it may be desirable to 
permit the pump to swing to its vertical or no 
delivery position when the back pressure on the 
pump becomes excessive. Auxiliary and addi 
tional hydraulic areas responsive to this back 
pressure may be provided for this purpose if 
necessary. 
mechanical connection (not shown) would be 
provided between the control wheel 58 and the 
pump swinging mechanism. The back pressure 
within the pump would then tend to swing the 
pump casing to such a position as to relieve the 
excessive back pressure, and if necessary would 
move the casing all the way to its neutral or no 
delivery position. In Figure 1 the no-delivery 
position would cause the casing to move into a 
vertical plane, in which position the volumes of 
the pumping and suction compartments on the 
sariie side of the rotor but on opposite sides of the 
shaft would be equal, and the fluid would merely 
flow as eddies within the pump, producing no 
pressure at the outlet. 
In Figure 4 there is shown a mechanism by 

which the pump casing can be automatically 
moved to its neutral or no-delivery position with 
out sacrificing the non-reversible character of the 
mechanical connection between the control wheel 
50 and the pump swinging mechanism. Refer 
enée numeral-65 designates any suitable and well 
known form of device which responds to any type 
of impulse, pneumatic, electrical or mechanical, 
as for example, when the back pressure developed : 
at the pump becomes excessive or when the device 
65 is actuated by the platen of a press supplied 
with fluid from the pump. Under the conditions 
of excessive back pressure, or when the platen 
has reached a predetermined position, the device 
65 may be actuated in any suitable manner to 
move a rack 66 and thus to rotate the worm 48. 
In other words, the gear 4?, shown in Figure 4, 
may be operated either manually at the wheel 
50 dir automatically in response to any desired 
form of impulse operating on the device 65. This 
device may even be a time-operated relay which 
would serve to cut off the pump at any given pre 
determined time of the day or night, and vice 
veisa. The device 65 may also be employed to 
start the pump in one or the other direction, as 
may be desired at any predetermined time. 
From the foregoing it is evident that I have dis 

closed a pump' which operates on an entirely 
different principle from that heretofore em 

In such case a reversible form of : 
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6. 
ployed, in that the change-over from suction press 
sure effect and vice versa is rapidly effected by 
the transverse movement of the vanes or blades 
32, which are constrained to make such a move 
ment by the tapered contour of the pump cham 
ber. In the reversing form of pump as shown in 
Figures 1 to 4, this taper may be changed from 
one side to the other by merely rotating the pump 
casing about a lateral axis with respect to the 
rotor, thus simultaneously reversing the action 
of all of the spaces contained between the blades 
of the rotor. . . . . . . . . . . . . . . . . . . - - - ... -- 

While I have described my invention as per 
taining to a relatively small pump, such for ex 
ample as may be used for control purposes in an 
airplane or other place where space is at a pre 
mium, it will be understood that the principles of 
the invention apply equally well to pumps of 
much larger size. In the case of large size pumps, 
for example those pumps which may be employed 
in connection with hydraulic presses, it may be 
feasible to mount the blades 32 on roller bear 
ings in order to reduce friction in the slots 3, 
but in general it is sufficient to provide merely. 
a nicety of fit between the blades and the slots 
3i and to case harden, if desired, the sliding sur 
faces. In order to cut down weight it may beads 
visable to cast the rotor 9 with a hollowinterior, 
because obviously the shell of the spherical por 
tion need not be thick, due to the self-supporting 
action inherent in a sphere. . . . . . . . . . . 

It will be understood that I desire to compre 
hend within my invention such modifications as 
come within the scope of the claims. 
Having thus fully described my invention, what 

I claim as new and desire to secure by Letters. 
Patent, is: . . . . . . - - - 

1. Ailuid pump having a housing which forms. 
a pumping chamber, a rotor shaft, a rotor 
nointed on said shaft within said chamber, said 
chamber being of symmetrical cross section and 
the line of symmetry extending at an angle oth 
er than normal with respect to the axis of the 
shaft, a plurality of pairs of vanes slidably re 
ceived by the rotor at equidistant positions there 
about and extending in the direction of the 
shaft, inlet and outlet conduits in communication 
With opposite sides of the pumping chanber, each 
of Said conduits extending over a distance sub 
tended by at least three adjacent vanes and 
heans for varying the angularity between the 

axes of the pumping chamber and the rotor in 
order to vary the delivery of the pump. 

2. A fluid pump having a housing which forms 
a pumping chamber, a rotor shaft, a rotor 
mounted on said shaft within said chamber, said 
chamber being of symmetrical cross section and 
the line of symmetry extending at an angle other 
than normal with respect to the axis of the shaft, 
a plurality of pairs of vanes slidably received by 
the rotor at equidistant positions thereabout and 
extending in the direction of the shaft, inlet and 
outlet conduits in communication with opposite 
sides of the pumping chamber, each of said con 
duits extending over a distance subtended by at 
least three adjacent vanes, and means for mov 
ing the housing to a position such that the main 
axis of the pumping chamber is parallel to the 
axis of rotation of the rotor whereby the delivery 
of the pump becomes zero. 

3. A fluid pump having a housing which forms 
a pumping chamber, a rotor shaft, a rotor. 
mounted on said shaft within said chamber, the 
walls of said chamber extending at an angle oth 
er than normal with respect to the axis of the 

  

  

  



shaft, a plurality of pairs of vanes slidably re 
ceived by the rotor and arranged equidistantly 
thereabout, said wanes extending in the direction 
of the shaft, an inlet conduit effectively in Com 
munication with the suction side of the pump 
and an Outlet conduit effectively in communica 
tion with the pressure side of the pump, and 
means for moving the housing between two posi 
tions in one of which the line of symmetry of 
the housing extends at a predetermined angle 
with respect to the axis of the shaft and in the 
other of which the line of Symmetry of the hous 
ing extends at an opposite angle with respect to 
the axis of the shaft. 

4. A fluid pump having a housing which forms 
a pumping chamber, a rotor shaft, a rotor mount 
ed on said shaft within said chamber and adapted 
slidably to receive a plurality of vanes extending 
longitudinally of the shaft and equidistantly posi 
tioned about the rotor, the interior surface of 
Said charnber having a configuration such that 
When the rotor is turned the vanes slide With re 
Spect to the rotor from one side of the chamber 
to the other side and independently of one an 
other, and an inlet conduit communicating with 
the suction side of the pump and an outlet con 
duit communicating with the pressure side of the 
pump, a frame, said housing being pivotally 
mounted on Said frame to permit the housing to 
to SWing in a direction substantially transverse 
of the shaft axis to control the direction of flow 
and amount of discharge from the pump. 

5. A fluid pump having a housing which forms 
a punping chamber, a rotor shaft, a rotor 
mounted on Said shaft Within said chamber and 
adapted slidably to receive a plurality of vanes 
extending longitudinally of the shaft and equidis 
tantly positioned about the rotor, the interior 
Surface of said chamber having a configuration 
Such that When the rotor is turned the Vanes slide 
With respect to the rotor from one side of the 
chamber to the other side and independently of 
one another, and an inlet conduit communicating 
with the suction side of the pump and an outlet 
conduit coinimunicating with the pressure side of 
the pump, a frame, Said rotor extending between 
diagonal corners of the pumping chamber and 
Said housing pivotally mounted. On Said fraine to 
permit the housing to Swing in a direction sub 
stantially transverse of the rotor axis to control 
the direction of flow and amount of discharge 
from the pump. 

6. A fluid punp having a housing Which forms 
a pumping chanber, a rotor shaft, a rotor mount 
ed or said shaft Within said chamber, Said cham- i 
'ber having a symmetrical shape in cross-section 
and the line of Syminetry extending at an angle 
Other than normal With respect to the axis of 
the shaft, a plurality of pairs of Vanes slidably 
received by the rotor, said vanes extending in the 
direction of the shaft and equidistantly posi 
tioned about the rotor, an inlet conduit effective 
ly in Communication. With the suction side of the 
punip and an outlet Conduit effectively in con 
munication. With the pressure Side of the pump, 
the sliding moverinents of said Vanes within the 
rotor being independent of one another and de 
tertained solely by the changing shape of the 
pumping chamber as the rotor is turned, the ver 
tical Center line of the rotor being displaced at 
an angie With respect to the main axis of the 
pumping chamber whereby the housing makes an 
angle with respect to the rotor shaft, and means 
for rocking the housing about a lateral axis which 
extends through said shaft. - 
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7. A fluid pump having a housing which forms 
a pumping chamber, a rotor shaft, a rotor mount 
ed on said shaft within said chamber, said 
chamber having a Symmetrical shape in CrOSS 
Section and the line of Symmetry extending at an 
angle other than normal with respect to the axis 
of the shaft, a plurality of pairs of vanes slidably 
received by the rotor, said vanes extending in the 
direction of the shaft and equidistantly posi 
tioned about the rotor, an inlet conduit effective 
ly in communication with the suction side of the 
pump and an outlet conduit effectively in com 
munication with the pressure side of the pump, 
the sliding movements of said vanes within the 
rotor being independent of One another and de 
termined solely by the changing shape of the 
pumping chamber as the rotor is turned, the Ver 
tical center line of the rotor being displaced at 
an angle with respect to the main axis of the 
pumping chamber whereby the housing makes 
an angle With respect to the rotor shaft, and 
means for rocking the housing about a lateral 
axis which extends through said shaft, said 
means comprising a manually controlled device. 

8. A fuid pump having a housing which forms 
a pumping chamber, a rotor shaft, a rotor mount 
ed. On said shaft Within said chamber, said cham 
ber having a Syriametrical shape in cross-section 
and the inain axis of the chamber extending at 
an angle other than normal with respect to the 
axis of the rotor Whereby a pumping compart 
Inent and a complementary Suction compartment 
are formed on each side of the rotor, a plurality 
Of Vanes Slidably received by the rotor, said wanes 
extending in the direction of the shaft and equi 
'distantly positioned about the rotor, a conduit ef 
fectively in Communication with the suction side 
of the pump and a second conduit effectively in 
communication with the pressure side of the 
pump, the sliding movements of said vanes with 
in the rotor being independent of one another 
and determined solely by the change in shape of 
the pumping- chamber as the rotor is turned, and 
means for SWinging said housing about a lateral 
axis Which extends through the axis of the rotor 
to cause the pumping chamber to move as a whole 
With respect to the rotor whereby the pumping 
compartments on opposite sides of the rotor now 
become the suction compartments and the initial 
Suction compartments become complementary 
pumping compartments in order to reverse the 
flow of fluid through the pump. 

9. A fiuid punp having a housing which forms 
a pumping chamber, a rotor shaft, a rotor mount 
ed. On said Shaft Within said chamber, said cham 
ber being of Symmetrical cross-section and the 
line of Symmetry extending at an angle other 
than normal with respect to the axis of the shaft, 
a plurality of pairs of Vanes slidably received by 
the rotor at equidistant positions thereabout and 
eXtending in the direction of the shaft, inlet and 
Outlet Conduits in communication with opposite. 
Sides of the pinping chamber, each of said con 
duits extending over a distance subtended by at 
least three adjacent Vanes, an actuator for turn 
ing Said rotor, and means for swinging the hous 
ing about a lateral axis which extends through 
the main axis of said rotor whereby the output 
of the pump is reversed notwithstanding the uni 
directional movement of the rotor. 

10. A fluid pump having a housing which forms 
a pumping chamber, a rotor shaft, a rotor mount 
ed on said shaft within said chamber and extend 
ing between diagonal corners of said chamber, 
the Walls of said chamber extending at an 
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angle other than normal with respect to the axis 
of the shaft, a plurality of pairs of vanes slid 
ably received by the rotor and arranged equidis 
tantly thereabout, said vanes extending in the 
direction of the shaft, an inlet conduit effectively 
in communication with the suction side of the 
pump and an outlet conduit effectively in Com 
munication with the pressure side of the pump, 
a frame, said housing being pivotally mounted on 
said frame to permit the housing to be rotated 10 
along an axis which extends laterally of Said 
shaft, and means for moving the housing about 
said lateral axis to cause the rotor to extend be 
tween the opposite diagonal corners of said pump 
ing chamber whereby the direction of fluid de 
livery is reversed. 

11. In a fluid displacement device comprising 
a blade carrying element and a blade actuating 
element, said elements having opposed annular 
Surfaces forming between them a Work chamber 
of progressively varying width, one of said ele 
ments being rotatable with relation to the other 
element, each portion of said surface of said blade 
actuating element being in a line extending 
through and inclined with relation to the axis 
of rotation of said rotatable element, and a blade 
slidably mounted in said blade carrying element 
for longitudinal movement into and out of said 
work chamber about an axis transverse to the 

5 

20 

25 

10 
axis of rotation of said rotatable element and 
having constant engagement with said inclined 
surface of said blade actuating element for moves 
ment thereby. 
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