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Peter B. Loomis III, Birmingham, Mich., assignor to 
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Filed May 13, 1954, Ser. No. 429,660 

1 ‘Claim. (Cl. 230-20) 

The present invention relates to variable displacement 
‘compressors, and more particularly, to a novel means 
for balancing, and for adjusting capacity, and to' a novel 

- result of sustained high volumetric el?ciency with minimal 
stroke and wear. 

Swash plate pumps have, of course, been used for 
manyyears. Pumps of this type vary in structure over 
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a wide range, but are all similar in that they operate‘ ' 
reciprocating pistons from a rotary power input shaft 
by means of a swash plate or ring driven by a tilted 
crank associated with the power input shaft. 

Although the use of such a swash plate, as above 
described, has been commonly used in the prior art, 
‘to my knowledge none of the prior art pumps utilizing 
this method of pump piston reciprocation have provided 
'a constant minimum piston clearance. In the prior art 
structures with which I am familiar, the pump stroke, or 
the distance which the pump pistons travel, is varied by ‘ 
tilting the power shaft and its swash plate with respect 
to the rotating block of cylinders, or if a stationary 
cylinder block is used, by tilting the swash plate on 
trunnions ?xed to the power shaft. Either of~ these 
dictates, a pump operation in which the pistonsapproach 
their respective piston heads at the ends of the piston 
stroke, to a varying degree depending upon the angle of 
swash plate adjustment. In such an arrangement, the 
piston clearance, or distance between the piston and the 
end of the cylinder when the piston is at'the end of its ’ 
compression stroke, is a minimum when the swash plate 
is tilted for full capacity and is a maximum when the 
plate is normal to the axis of the block, and displacement 
is zero. - 

While the swash plate pump has been successful in 
handling liquids which are practically incompressible, its 
use, as a compressor is negligible to date because of its 
lost motion at any setting below maximum capacity. In 
a typical compression cycle, the, gas in the cylinder does 
not reach discharge pressure and force- open the discharge 
valve until approximately 70% of the stroke is com 
pleted. The output capacity at 70% ofrfull stroke may 
under such circumstances therefore be zero. Inv auto 
motive air conditioning, particularly, it is often desirable 
to operate the compressor at very high speed but to main 
tain a capacity equal to that of full displacement. at idling. 
If. this requires 73% of full stroke, the inertia forces 
and Wear are high. 

In the present compressor, a small fraction of full 
.stroke can deliver the rated capacity at top speed, with 
-low forces and Wear, and automatic control is greatly 
simpli?ed. The need for by-pass valve, variable- ratio 
drive, and disconnect clutch is also. eliminated. By thus 
providing for a constant, small, clearance volume, ah-igh 
volumetric ef?ciency is retained. 

Another serious drawback to the swash plate pump 
structures of the prior art is the presence of relatively 
large. unbalanced forces found therein. While, a tilting 
.swash plate is, of course, statically balanced, it will 
become dynamically unbalanced as soon asit is, tilted 
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'Ip'hus, as the tilt occursza 
couple is setup, asa result of'centrifugal force, tending 
“to causeithe swash plate to assume‘ its untilted or neutral 
position.~ At the same time, the force couple set up 
tends to cause» an unbalanced load. on the bearings of 
the drive shaft causing vibration and wear. The structure 
of theipresent invention therefore contemplates the pro 
vision of dynamic balancing apparatus linked to the 
swash plate for automatic controlled movement thereby 
‘to provide an oppositely acting-balancing couple on the 
rotating shaft, and the bearings thereof. 

In overcoming the disadvantages found in the- prior 
.art', and as discussed above, the present invention con. 
templates the provision of ya swash plate supportedv on a 
rotating drive shaft byv means. of trunnions mounted for 
reciprocation on the drive shaft axially thereof. Axial 
"movementof the trunnions of they swash plate causes tilt 
ing movement of the plate about a control point adjacent 
the periphery of the swash‘ plate as well as a tilting about 
the trunnions themselves. This combined tilting action 
causes the end of'the piston stroke to'o'ccur atv substan 
tially the‘. same. spot. irrespective of’ the angular adjust 
ment of the swash plate. 

Elimination. of the unbalance found in prior art struc 
tures. isaccomplished in the present invention through the 
pivotal mounting of counterweights on trunnions extend 
ing‘parallel tothe support trunnions of the swash: plate by 
a connecting linkage such that the adjustment of the 
swash plate. to a» particular angle relative‘ to the rotating 
,drive‘ shaft will simultaneously cause an adjustment of 
‘the-angular position of the counterweights to ‘providea 
substantially identical, counteracting, force couple.‘ 
' ‘It is therefore: an object of the present invention, to 
provide a novel constant clearance volume compressor 

' ‘A furtherobject-of the present invention is to provide 
' >a swash plate'type pump having a substantially constant 
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.clearance volume-under all pump stroke adjustments‘. 
Still a further object of the present invention is ,totpro 

.vide animproved stroke-adjusting apparatus for swash 
plate pumps or compressors. . 

Yet another object of the present invention is-to provide 
.a novel piston stroke adjustment and. counter-balancing 
apparatus for swash plate-pumps .whereby dynamic un 
balance. is eliminatedv at all adjusted conditions ofv the 
pump stroke. . 

A feature ofv the. present invention is an adjusting actu 
ator operable to vary theswash' plate angle. of a'pump .by 
movement of the swash platetrunnions axially along. the 
longitudinal axis. of rotation; . 

Yet afurther feature. ofthe. invention is the incorpora 
tionin atsw-ash plate type pump of an adjustment. actuator 
mounted coaxially. with: the swash plate- drive shaft for 
adjustingthe '- angle ofthe swash. plate. relative thereto. 
Another feature-of the. invention resides inthe provi 

sionnof ardynamic balancing apparatus connected. to'the 
swash plate, for simultaneous but opposite tiltingyaction 
relative thereto. _ 

Still furtherobjects, and features of the. present inven 
tion will at once, become apparent. to those skilledin 
the artfrom a, consideration, of the. attached. drawings 

‘ , wherein: 
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, Figure 1. isva. side _.elevational view intcrossasectionil 
lustrating. the. pump in its maximum stroke. conditiontq 

Figure 2 is an elevational view of thepump of the 
present. invention; in cross-section and- showing‘ the. ad 
justment of the parts-to their neutral condition; 

Figure 3. is a cross-sectional view- taken} along; the 
men-17111 of.,'Fig,ure_1,'..an_d. 

FigureA-is across-sectional view' of: the-swash‘. taken alonathe line IV:-IV.of Figure 1... . 



As shown on the drawings: 
As illustrated in Figures 1 and 2, the pump of the ' 

present invention comprises a pump housing 10 having a 
plurality of radially spaced, axially extending cylinders 
v11 integral with, or ?xedly secured, to one end thereof. 
The drive shaft ‘12 is rotatably supported in bearings.13 
in the housing end cap 11a. The opposite end of the 
shaft 12 is slidably splined to the sleeve 14 which is 
rotatably mounted within the bearing 15 thereby provid 
ing a bearing support for the left hand end of the shaft 
-12. 
Pistons 16 are reciprocably mounted within the cylin 

ders 11 and are reciprocated by means of connecting rods 
18 universally secured to the pistons 16 at 19 and uni 
versally secured to a common drive ring 20 at 21. The 
ring 20 is prevented from rotation relative to the housing 
.l?wby means of a splined connection com-prising a gen 
erally arcuate ‘spline 22 extending longitudinally of the 
housing, and a clevis 23 ?xedly secured to the ring 20. 
It is to be understood, of course, that a plurality of 
splines may be utilized if so desired. 
The ring 20 is caused to reciprocate the several con 

necting rods 18 with their associated pistons 16, by means 
of the swash plate 25 which is mounted therein for anti 
frictional rotation therewith through the balls 26. The 
swash plate 25 is caused to rotate with the sleeve 14 by 
means of the trunnions 27 which are secured to the 
sleeve and upon which the plate 25 is pivotally mounted. 

It will be seen that rotation of the swash plate 25, 
.when lying in a plane perpendicular to the axis of the 
shaft 12 as shown in Figure 2, will not cause any re 
.ciprocation of the pistons 16. However, as the swash 
plate 25 assumes a gradually tilted condition, the ex 
ctreme of which is shown ‘in Figure I, rotation thereof 
will cause the ring 20 to nutate thereby successively're 
'ciprocating the pistons 16 into the furthest left hand posi 
tion'as viewed in Figure 1. ' ‘ 

Reciprocation of the pistons 16 will cause a pumping 
action, carried out in a conventional manner not illus 
tr'ated.‘ It is to ‘be understood, however, that each of the 
cylinders 11 may be connected to a common source by 
>means of a check valve, and to a common outlet by 
means of an oppositely acting check valve so as to pro 
vrde a conventional force pumping action. It is to be 
understood that various valve arrangements may be 
.utilized with the present invention without departing 
from the novel concepts thereof. 

‘- vAdjustment of the angularity of the swash plate 25, 
which will vary the stroke of the pistons 16, is accom 
plished in a novel manner. As shown in Figures 1, 2, 
and 4, the sleeve 14 is slidably mounted on the shaft 12 
vthereby-permitting axial movement of the itrunnions 27. 
The swash plate 25 is provided with a radially extending 
control arm 28 having an arcuate slot '29 ‘adjacent the 
outer end ‘thereof and in cooperation with a pin 30 carried 
by the clevis 31; The clevis 31 is integral with, or af?xed 
to'the shaft 12 for rotation therewith, and the center of 
the arc of the slot 29 is coincident with the center of the 
ball connection 21 shown adjacent the pin 30 in Figure 1. 
It will be understood that the centers of the plurality of 
balls 21 which connect the rods 18 to the annular ring 
20 lie on a circle and that the center point of the arc of 
radius of the slot 29 lies on that circle. 

\In view of the relationship set out above between the 
sleeve 14 and the shaft 12, it will be observed that 
ireciprocation of the sleeve 14 from an extreme left hand 
posltion, shown in Figure 2, to an extreme right hand 
position shown in Figure 1, will cause the swash plate 
25 to pivot about its trunnions 27 and also to pivot and 
slide relative to the pin 30 passing through the control 
arm28. By placing the pin 30 substantially at the same 
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distance from the center of rotation of‘ the shaft 12 as the ~. ~ 
iendi2l- of Itheconnecting ‘rods 18, it will be found that 
the point on the ring 20 which is1 positioned‘ instan 

4 ,. 

taneously adjacent the control arm 28 will maintain a 
substantially constant axial position. This is achieved 
through the provision of the arcuate slot in the arm 28 
and may be controlled in a rather precise manner through 
control of the shape of the slot 29. 

In effect, the linkage shown causes the plane of the 
swash plate 20 to tilt about a point on the circular line 
upon which the centers of the ends 21 of the connecting 
rods 18 lie when in their respective furthermost left-hand 
position. 
As a result of this action, the clearance volume be‘ 

tween the left-hand end of the pistons 16 and the left 
hand end of the cylinders 11, when the pistons 16 are in 
their furthermost left-hand, or compression stroke, posi 
tion remains substantially constant irrespective of the 
length of the piston stroke. Thus, it is possible to provide 
a very small volume clearance and cause substantially all 
of the ?uid entering the respective cylinders on the suc 
tion stroke to be exhausted on the compression stroke, 
thereby permitting short stroke, high speed operation 
with high volumetric efficiency. Such operation, as ex 
plained above, minimizes wear and possible piston seizure 
by reducing piston speeds and reducing operating fric 
tion losses and at the same time provides satisfactory out 
put volume at high speeds. ‘ 

Axial adjustment of the sleeve 14 may be accomplished 
in various manners, one of which is shown in the ?gures. 
As may be seen from Figures 1 and 2, a hydraulically op 
erated piston 33 is connected to a reciprocal piston rod 34 
carrying thrust bearings 35, 36 which cooperate with 
the left-hand end of the sleeve 14. By pumping an in 
compressible ?uid into the chamber 37, or, alternatively, 
chamber 38, the axial position of the piston 33 may be 
accurately controlled. With the piston 33 in a ?xed, 
adjusted position, the sleeve 14 will be maintained secure 
ly in an axial adjusted position relative to the shaft 12 by 
the thrust bearings 35 and 36. In such adjusted position, 
the sleeve 14 will absorb a portion of the axial load im 
posed upon the system by the reciprocating pistons 16 
and the remainder of the load will be absorbed through 
the clevis 31 and bearing 13 which is provided with a 
thrust surface 13a. 
The entire rotating system of the pump described 

above is both statically and dynamically balanced by 
means of a novel balancing linkage automatically ad 
justable with adjustment of the swash plate. As may 
be seen in Figures 1 and 2, weight 40 is pivotally 
mounted as at 41 to the shaft 12 to rotate with the 
swash plate 25. A connecting link 42 secures the ring 
40 to the control arm 28 by means of the clevis pins 43 
and 44, respectively, such that movement of the sleeve 
14, and hence movement of the pin 44 will cause tilting 
of the annular ring 40 in a direction opposite to the tilt 
of theswash plate 25. Thus, the force couples associated 
with the swash plate 25 and weight 40, respectively, will 
balance each other out relative to the respective support 
bearings 14 and 13, thereby minimizing the tendency of 
the shaft 12 to vibrate within those bearings. 

Static balancing of the system may be simply achieved 
through the addition of the weight 48 disposed at 180° 
relative to the clevis 31. Additional weight to balance 
the link 42, both statically and dynamically, is provided 
at 49 on the annular ring 40. It will be seen that ad 
justably positioning the weights 40 and 49, in the 
manner above described, will substantially balance, both 
dynamically and statically, the rotating system of the 
present pump in all conditions of stroke adjustment. 
It will also be perceived that this system is unusually 
simple and that simplicity is achieved, in part, through 
the extremely simple, single, link 42 which acts to tilt 
the plate 25 and weight 40 in opposite directions. The 
single link may be used in the present invention since 
the swash plate 25 tends to pivot, on its adjustment, 
about an outer peripheral edge rather than about its 
central axis, while the weight ‘40 pivots about its central 
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axis. In view of this arrangement, the positioning of 
the single link 42, as shown, provides a cross over 
e?'ect Without adding a bulky or complex balance weight 
control which crosses over the axis of the shaft 12. 

It will be understood that other and further variations 
may be made in the structure described above without 
departing from the novel concepts of the present in 
vention and it is therefore intended that the scope of 
the present invention be limited only by the scope of 
the appended claim. 

I claim as my invention: 
A constant clearance volume swash plate actuated 

pump comprising a rotating shaft, a swash plate, a sleeve 
mounted for rotation with said shaft in slidable rela 
tionship thereto and carrying radially extending trunnions 
pivotally supporting said swash plate, a plurality of 
axially disposed pistons circumferentially surrounding 
said shaft, a ring mounted on said swash plate with 
said swash plate being journalled therein, each of said 
pistons having a connecting rod having a pivotal connec 
tion therewith and with said ring, the connections with 
said ring being aligned in a circle, an arm member 
secured to said swash plate having a slot in the end 
thereof extending in generally radial alignment with said 
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swash plate and formed in register with the pivotal con- 25 
nections of said connecting rods and said ring, a sec 
ond arm member secured for rotation with said shaft in 
?xed axial relationship thereto, pin means secured to the 

6 
end of said second arm member and positioned in said 
slot whereby relative axial movement of said sleeve and 
said trunnions relative to said shaft causes tilting of 
said swash plate about a point adjacent the periphery 
thereof, said point being de?ned by said pin and being 
in register with said circle to afford said constant clear 
ance volume, and means for moving said sleeve and said 
trunnions relative to said second arm member. 
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