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1. 
This invention relates to a variable delivery 

force pump having a plurality of plungers driven 
by a single Swash plate of constant inclination 
in which, by axial displacement of both the plu 
rality of plungers and the swash plate relative the 
pump drive shaft, the effective throw of the 
plungers is varied. 
An object of the instant invention is to provide 

control means for automatically and under the 
pressure of the liquid being pumped to axially 
displace both the Swash plate and the plurality 
of pumping plungers of variable delivery force 
pumpS. 
A further object of the invention is to decrease 

automatically the delivery of the pump on in 
creased delivery pressure and automatically to 
increase the delivery of the pump on decreased 
delivery pressure without any substantial loss in 
pump efficiency. 

Still a further object of the invention is to pro 
vide a variable delivery pump control means in 
which the resultant force of the control means 
for automatically varying the throw of the deliv 
ery plungers is always substantially coaxial with 
the pump drive shaft for all displacements of the 
rotatable Swash plate axially the drive shaft. 
The foregoing, and other obvious, objects of 

the instant invention are accomplished by pro 
Viding a control means coaxial with the pump 
drive shaft, and in modified embodiments a plu 
rality of auxiliary control means Symmetrically 
disposed with respect to the pump drive shaft, re 
sponsive to pressure prevailing in a compartment 
to which the pumping plungers deliver the 
pumped liquid, the control means displacing a ; 
SWash plate of Constant inclination to the drive 
shaft from a minimum displacement, correspond 
ing broadly to the maximum delivery of the 
pumping plungers, to a predetermined maximum 
displacement, corresponding broadly to the mini 
mum delivery of the pumping plungers, with pref 
erably a Sudden and relative instantaneous dis 
placement of the Swash plate from a predeter 
mined intermediate displacement to the maxi 
mum displacement, thereof. 
The invention is more completely described in 

the following Specification with reference to the 
drawings which disclose iliustrative embodi 
ments thereof and in which: 

Figure l is a vertical section through a first 
illustrative embodiment of a variable delivery 
pump with vertically positioned pumping plung 
ers having one control means axially positioned 
relative to the drive shaft of the pump; 

Figure 2 is a vertical partial section through a 
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modified illustrative embodiment incorporating 
in addition to the axial control means of the em 
bodiment of Figure 1 one or more auxiliary con 
trol means non-axially disposed with respect to 
the drive shaft; and 

Figures 3 and 4 are vertical partial sections of 
illustrative modified auxiliary non-axial control 
feaS. 
While the pump housing , together with its 

main bore 2, and its plunger bores, 3 and 3', is 
shown in the drawings With the principal pump 
axis 8 in vertical position, the pump may be in 
other spatial positions, for example horizontal. 
The plurality of plunger bores, 3 and 3", for ex 
ample twelve, are disposed circularly about the 
axis S in the lower end of housing in the region 
of the reduced portion 2' of the main bore and 
each has its axis parallel to the pump axis 6. In 
the illustrative embodiment bores 3 are for deliv 
ery plungers of a relatively large diameter and 
bores 3' for plungers k" of smaller diameter, and 
Yaay be arranged alternately a larger and a 
Smaller bore or in groups of the same size cir 
cumferentially and with each bore axis substan 
tially equidistant from its adjacent bore axes. 
The number of larger diameter plungers may 
differ from the number of the Smaller diameter 
plungers, that is for the stated number of twelve, 
need not be six each. Thus there may be em 
ployed eight or nine larger diameter plungers, 
the others being smaller diameter plungers of 
which each is positioned in the pump housing 
about the main bore between successive groups of 
the larger diameter plungers. The bores and 
plungers, while shown as of two different sizes 
Of diameter and CrOSS Section in the embodiment 
of Figure 1 may, however, be of the sarme diam 
eter and cross section. The pump housing is dis 
posed either as shown in Figure 1 in a reservoir 5 
of the liquid to be pumped so that the liquid inlet 
bores are at all times below the surface of the 
reservoir liquid, With the upper pump portion ex 
tending out of the reservoir, or in a reservoir con 
pletely surrounding the pump housing with all 
of the housing immersed in the reservoir liquid, 
aS for example when the principal pump axis is 
horizontal (not shown). 

Each of the plungers 4 and 4 is pressed 
at its upper head end by means of a coiled Spring 
2 against a carrier ring 9 supported axially and 
radially against a swash plate 3 by roller bear 
ings i and i respectively. Swash plate i I, hav 
ing a constant angular inclination, is supported 
on the pump drive shaft 8 positioned with its 
axis coincident substantially with the principal 
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axis S, and rotates with the shaft but is axially 
displaceable on the shaft. The lower end of each 
Spring is seated in a recess 6 in a flange ring 
5 integral with a bushing 6 which is slidably 

fitted into the smaller portion 2 of the main 
housing bore so that the flange ring 5 rests, 
when the pump is at rest as shown in Figure 1, 
on the annular shoulder of the main bore 
formed by the reduction of the main bore 2 to its 
smaller portion 2'. The drive shaft 8 is driven 
by a motor 9 positioned on the pump cover 
25, the motor having a stub Shaft extending into 
the upper end of shaft 8 and connected there 
to by a key 22. The upper end of drive shaft 
8 is journalled in the cover 25 by means of the 
bearing 20, while its lower end, which extends 
into bushing 6, is journalled in bushing 6 by 
means of a bearing 2. Through the roller beaf 
ing 23 the Swash plate 3 is supported against 
the guide member 24, which is axially displace 
able in the upper portion of the main bore 2 
and is pressed downwardly by the pump main 
spring 27 braced between the guide member and 
the pump cover. 
Each plunger bore, 3 and 3', is provided with 

a radial intake bore, 29 and 28, from the plinger 
bore to the exterior of the pump housing and 
below the Surface of the liquid 26 in the reservoir 
5. The position of the radial bores 28 and 29 
longitudinally of the principal pump axis 6, de 
termines during What portions of the travel of 
the pumping plungerS liquid to be punped may 
flow from the reservoir into bores 3 and 3’. Bores 
3’ are additionally eaçh provided with a suc 
tion valve positioned axially at Substantially 
the lowermost throw position of the plunger 4', 
in Order that even when the radial bore 28, posi 
tioned upwardly from valve 7, is sill closed by 
the plunger 4, the latter. Will nevertheless draw 
liquid from reServoir into the bore 3. Suction 
valves 7 of the bores 3' may however be omitted, 
in which event the radial bore 28 will also con 
trol the drawing of liquid into bore 3’ in the same 
manner as radial bores 29 for plunger bores 3. 
Liquid 26 is drawn into the bores 3 and 3' from 
the reservoir during the suction strokes of 
plungers 4 and 4' and then, on the delivery 
Strokes of the plungers, Or more accurately that 
portion thereof during which the plungers close 
the respective radial intake bores, is forced ; 
through the respective Spring pressed bail waves 
30 and 3, positioned at the lower ends of the 
plunger bores, into the pump pressure chamber 
32, from which it is conducted to the point of use 
by the delivery pipe 33. 

It will be noted from Figure 1, which shows 
the pump at rest, that the axial distance between 
the bottom of cover 25 and the top of guide 
member 24, which is pressed by main spring 2 
against a shoulder 24' limiting its downward 
movement, is Such that with the guide member 
moved axially upward its maximum against the 
preSSure of the main Spring, the most upwardly 
positioned of the radial intake ports, 28 in Fig 
ure 1, will be opened by its plunger. Preferably 
also Such distance is such that with the guide 
S0 displaced to its uppermost position, and hence 
also the SWash plate 3 under the influence of 
the delivery plungers and their spring 8, the heads 
of the plungers will still be in contact with the 
ring 9, thereby eliminating shock impacts and 
excessive wear attendant thereupon. Ring 9 may 
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nevertheless be omitted and the plunger heads 
made to bear directly on the swash plate, but 
the ring 9 is preferred so that it, rather than the 

4. 
Swash plate, need only be replaced in the event 
Of undue Wear. 

Below the lower bearing 2 in which the lower 
end of the drive shaft 8 is journalled in bush 
ing 6, a disc A is affixed to the bushing 5 and 
Serves as the upper seat of a spring 35, which 
Spring is of Such configuration and magnitude 
that it exerts a greater force upwardly on disc 
A and hence bushing 6 and its integral flange 
ring 5 than the force of all the springs 8 exert 
downwardly on the ring 5 in the rest position of 
the pump. The lower hub end of the Swash 
plate 3 is Supported axially on the ring 5 and 
bushing 6 by a roller bearing 37, so that the 
Swash plate 3, the bearing 37, the ring 5 and 
the bushing 6 are tensioned constantly, and thus 
move as a unit upwardly and downwardly axial 
ly on the drive shaft 8. 
The lower end of the spring 35 bears against a 

plate is extending across and fixed in the re 
duced portion 2' of the main bore and at Some 
distance axially below the disc . Flate 3) has 
integral therewith on its lower face a cylinder 
Ata, and integral with its upper face a second 
cylinder 6 to having a substantially Smaller in 
ternal diameter than has the cylinder AG. Each 
Of the cylinders id, and Ab is coaxial With the 
driving Shaft 8, while the plate to forms the 
tipper. Or cover wall of the pump presSuure chani 
ber 32. A mushroom type valve 34 bears with its 
upper end against the disc A and extends down 
Wardy through the coaxial cylinders A and 6. 
The Stein of Walve 34 is of Such length that only 
the lower face of its enlarged head 39 is permitted 
to extend, by means of a Stop or other known 
mea,INS, in the pOSition of minimUrl, aXia dis 
placement of the Swash plate and with the upper 
end of valve 34 bearing against the disc (, out 
of the lower end of cylinder 4d, but with such 
lower face away from the botton of the pressure 
chamber 32. in the vertically positioned em 
bodiment of the invention and as shown in Fig 
lure, the Stein of valve 3A is preferably of Smallel 
diameter at it'S head end than at it's Uppe I end, 
and the cylinder Act is provided with a radial 
port is in the region of the cylinder toward the 
plate 4, that is in its upper end region, and the 
cylinder 4b with a radial port 42 at a predeter 
mined distance axially upward from the plate. 
Port it is thus normally open, and connects the 
air containing coin partinent 4, fored by the 
lower face id of the plate 3, the upper face 45 
of Valve head 3 and the Walls Of cylinder ?ig, by 
the pressure chainber 32, whereas port, 32, nor 
mally closed by the uni'ecessed upper portion of 
the Stern of Valve 33, connects to the pressureless 
chamber 38 formed betWean the upper face of 
plate 6, the walls of the reduced portion 2' of 
the main pinp bore, the lower face of disc 
and the OWei rin face of the bushing 6. The 
receSSed portion. Of Stein of Wave 34 is of Such 
length axially that when the upper end of the 
valve head 39 closes the radial port, A, the upper 
end of the recessed valve Stein opens port, A2. It 

' is thus apparent that When the Surface of valve 
head 39 comes to rest upon the lower face its of 
the piate 0, the maximuma diSpacemet goif the 
Swash plate 3 and all of the axially displaceable 
elementS is fixed. The Surfaces it; and 35 are 
finished accurately to fit each other So that, no, 
Or Substantially no, liquid leakage occurs when 
they are Seated on each other. 
The mode of Operation is as follows: On rotation 

of the drive shaft 8, the SWash plate 3 rotates 
therewith and the plungers 4 and 4 are in the po 
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Sition shown in Figure 1, in respectively their low 
ermost position of the start of the delivery stroke 
and the lowermost position of the start of the suc 
tion stroke, with radial bore 29 substantially com 
pletely unlocked by plunger 4 and liquid filling 
the bore 3 from the bore 23 to the closed ball 
Valve 3, and the radial bore 28 closed, suction 
Valve closed and perhaps no liquid, or only a 
residue from the previous delivery stroke, in the 
bore 3’ between the plunger A' and the closed 
ball valve 34. As plunger 4 is depressed by the 
Swash plate against the plunger's spring 8, the 
bore 29 is first sealed by the plunger in its down 
Ward path, the pressure of the plunger on the 
liquid in bore 3 is transmitted to ball valve 3 
which opens, the plunger for the remainder of its 
downward throw, to the position shown in the 
dashed line across bore 3 in Figure 1, ejecting 
the confined liquid into the pressure charnier 
32. While the plunger ; is moving downwardly, 
plunger A' under the action of its spring 3 moves 
upwardly for the Suction stroke during all of 
which the suction valve 7 is open, ball valve 3: 
remaining closed, until the plunger A. reaches the 
upper limit of its throw, shown by the dashed 
line across bore 3, during no part of which throw 
it will be noted is the bore 28 opened by the 
plunger with the swash plate 3 axially in its 
loWermost position shown in Figure 1. On con 
tinued rotation of the Swash plate, plunger 4 
moves through its entire Suction stroke upwardly 
with ball valve 3 closed by its spring and the 
Suction, With liquid fiowing into the bore 3 only 
after the plunger has passed bore 29; and in the 
meantine, plunger A' travels downwardly on its 
delivery stroke, valve 7 closing on commencement 
of the delivery stroke and ball valve 39 opening 
at such time and remaining open for the Whole 
of the delivery stroke so that plunger 4' ejects 
the liquid confined in bore 3’ into the pressure 
chamber. ASSume now that liquid, as the result 
of not being drawn off quickly enough by pipe 33 
to the point of use, commences to accumulate in 
the pressure chamber. As the level of the liquid 
under pressure in the pressure chamber rises, 
valve head 39 is forced upwardly in cylinder 46d. 
AS before Stated, this Will force the entire axially 
displaceable assembly of elements, including valve 
34, disc 4, bushing 6, ring 5, Swash plate 3 
and guide member 24, together with the inter 
vening plunger Springs 8 and the varios bear 
ings, upwardly against main pump spring 2. 
The plungers 4 and 4 are thus also innoved up. 
wardly in their bores with the obvious result that, 
at least the effective delivery Stroke of pilunger's 
4 is decreased, since when displaced upwardly the 
plungers 4 in the initial position of their delivery 
stroke will leave their bores 29 open for re-ex 
pulsion therethrough of the liquid drawn in on 
the Suction stroke. As is obvious fron the draw 
ing, the residual portion of the delivery stroke 
during which confined liquid in bores 3 is ejected 
into the pressure chamber 32, is the less the higher 
the swash plate is displaced axially. In fact, the 
residual portion of the delively stroke may be 
made substantially zero providing the maximum 
upward displacement of the Swash plate is prop 
erly predetermined, so that no liquid is effec 
tively pumped or delivered to the pressure cham 
ber by the plungers A. With the swash plate dis 
placed axially upward to an extent that at no 
time the plungers 4' open their respective ports 
28, the liquid delivered by plungers 4 to the pres 
sure chamber remains substantially unchanged 
from that delivered with the Swash plate in its 
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lowest, or minimum, axial position. However, 
When the Swash plate is displaced axially that 
the plungers 4' in their strokes do uncover the 
respective bores 28, the liquid delivered thereby 
is decreased in similar fashion Substantially as 
for the plunger's 4. 
The displacement of the valve head 39 up 

Wardly is not the only force which tends to move 
the axially displaceable elements upwardly. As 
the back pressure on the plungers 4 and 4 deliv 
ering liquid increases, the total sum of such pres 
Sures also tends to compress the main Spring 2, 
by Way of the SpringS 8, and thus aids in varying 
the total delivery. Thus if the pressure which the 
plungers have to overcome is large, main spring 
27 is increasingly compressed and, as a result of 
the smaller effective throw of the plungers A, and, 
at a predetermined point, also of the plungers 
in bores 3” providied with the Suction valves 'i, 
less liquid is delivered to the pressure chamber, 
and vice versa. Thus without loss in efficiency, 
the liquid pumped and delivered is automatically 
decreased on increased delivery pressure and in 
creased on decreased delivery pressure. 
The pressure within the pressure chamber thus 

may rise to a predetermined maximum amount, 
and since the ports 4 and 42 ale at Such pre 
determined locations relative to each other that 
the upward movement of the valve head closes 
poit 4 While simultaneously the l'ecessed pol 
tion of the stem of valve 34 opens port A2, such 
maximum hydraulic pressure forces the Valve 
head 33 quickly upward until the upper Surface 
45 of the valve head rests firmly against the lower 
Surface 44 of plate 49. Thus the Swash plate is 
axially displaced against the pressure of the main 
spring 2 to its uppermost and maximum posi 
tion, and on continuous rotation While stili actu 
ating the plungers 4 and 4” has reduced the ef 
fective delivery throw of both to Substantially 
Zero. It will be noted that by positioning the 
ports 41 and 42 at predetermined greater or lesser 
distances from the surfaces of the fixed plate 4, 
and where required increasing or decreasing the 
length of the recessed portion of the Stem of 
valve 34, the position at Which the Sudden up 
Ward movement of the entire axially displace2bl& 
assembly occurs, imay be predetermined. For the 
eventuality that pumped liquid may leak into the 
3ompartment 47 from the pressure chamber 82 
while port 4 f is open, which leakage fluid on clo 
sure of port, 4 will be ejected around the re 
cessed portion of the stem of valve 3i on furtheir 
upward movement of the valve head 39 through 
the port 42 into the relatively pressureless chain 
ber 38, a small outlet opening 4' is provided in 
the disc 4, by way of which liquid accumulated 
in Sufficient quantity in the pressureless chanbei 
38 may be drawn off and returned to the reser 
voir. It will be noted, however, that notwith 
standing accumulation of aily Such leakage liquid 
in the pressureleSS chamber, the punp Will con 
tinue to operate. Thus, even if the accumulated 
liquid in the pressureless chamber 33 should be 
above the level of disc 4 in its lower losi, goSi 
tion, namely the position of Figure 1, the dis 
placeable combination Will not be markedly ill 
peded in its downward movement toward such 
lowermost position by such accumulated leakage 
liquid which Will in part pass through the open 
ing ' and in part, while bore 42 is open, drait). 
back to the compartment 47 and drain there 
from through port back into the pressure 
chamber 32 when the port f is being opened 
by valve head 39 until Such time as the upper 
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face 45 of the valve head is below the lower edge 
of open port 4. If desired, the port A and A2 
may be eliminated, in which event, there is no 
sudden upward movement of the displaceable 
combination, only a continuous gradual upWard 
movement until surface 45 of the valve head 39 
comes to rest against the surface 44 of the 
plate 4. 
The embodiment of the invention shown in 

Figure 2 includes all the elements of the en 
bodiment of Figure 1 except the bearing 37 posi 
tioned between the lower hub of the Swash plate 
and the flange ring 5 integral With bushing i 6. 
As a substitute for such bearing and to trans 
mit the axial movement of the ring 5 directly 
to the guide member 24, flange ring 5 has affixed 
thereto and preferably integral therewith, a hol 
low cylindrical collar 50 fitting into the main 
bore 2 and of a height Such that its upper rin 
abuts the lower rim of guide member 24. In 
this embodiment then, the pressure of the Con 
trol valve 34 is transmitted from the disc is, 
bushing 6, integral flange ring 5, and hollow 
collar 50 directly to the guide member, saving 
Wear on the axial bearing 23 between the upper 
face of the Swash plate and the guide member. 
In addition the embodiment of Figure 2 has two 
or more laterally positioned auxiliary control 
valves 34’ (one is shown in the figure) to produce 
a sudden conversion of the axial displacement 
from One which increases uniformly with ill 
Creasing preSSure to One Which, as the predeter 
mined pressure of the liquid Within the pressure 
chamber 32 corresponds to the predetermined 
displacement below maximum displacement, Sub 
stantially instantly passes from the predeter 
mined displacement to the maximum displace 
ment. The auxiliary control valves 34' are dis 
posed symmetrically about the principal pump 
axis 6 in individual bores in the pump housing 
So that the resultant of the forces they apply to 
the flange ring i 5 lies on the principal axis 6 to 
gether with that of the axially central control 
valve 34. Auxiliary control valves 34' and the 
bores in which they operate are respectively of 
Construction and form Similar to the control 
valve 34 and the cylinders 4a and Ab, with 
their enlarged heads 39' on and in contact with 
bores 40d" and the stems of valve 34' in bores 
A3b', the non-head ends of the valves 34' bearing : 
against the annular flange 5. The radial port 
i2 of each bore Ob' is above the Surface of the 
liquid 26 in reservoir 5, that is, opens to the ex 
ternal atmosphere. The radial port 4'', opening 
into the portion of bore 40d" between valve head 
39 and bore 49b, is connected by Way of a chan 
nel 69 to the pressure compartment 32, the chan 
nel also being connected to a radial bore 69' 
which opens into the portion of the bores a 
below the valve head 39'. Liquid under pressure 
is thus suppliable by channel 69 and radial bore 
S9 to below the valve head 39' and when Sup 
pied forces the head upwardly even though Soine 
liquid under pressure may flow through the ra 
dial bore 4' into the portion of bore. Act' above 
the head 39' since the upper Surface of the head 
39’ is less (by the area of the stem) than the 
lower Surface of the head acted on by the liquid 
pressure. With increasing liquid pressure the 
valve head is slowly moved upwardly by the re 
Sultant force and the bore 4 is closed by head 
39', and on such closure, the portion of lesser 
diameter of the Valve Sten 34’ opens the bore 
i2", permitting the liquid above the head to be 
expelled therethrough on further upward nove 
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8 
ment of the head. This unimpeded expulsion of 
the liquid above the head causes the valve 34' to 
accelerate the speed of its motion in the direc 
tion of the maximum displacement of the annu 
lar flange i 5. With descreasing liquid pressure 
in pressure chamber 32, and the consequent dis 
placement of the valves toward the position of 
minimum displacement, the liquid below the 
Valve head drains back into the pressure cham 
ber. 

In Figure 3 a modified form of auxiliary con 
trol valve means is shown. The auxiliary control 
valve of this embodiment is essentially a plunger 
5 of uniform diameter its length provided in 
bores in the pump housing disposed Symmetri 
cally about the principal axis 6 as in the case of 
Valves 34", with the upper ends 52 of plungers 
5 acting directly on the annular flange 5 under 
the pressure of liquid from channel 53 connected 
to the pressure chamber 32 from the lower end 
of the bores housing the plungers 5. It is ob 
vious that the plunger 5 is at all times under 
the same pressure as prevails in the pressure 
Chamber. In a further modification of the aux 

5 iliary Control valve means of the type employing 
plunger 3, the region of its housing bore below 
the plunger 5 may be connected to an adjacent 
liquid delivery plunger bore 3' rather than to the 
preSSUIre - Chamber. This modification iS also 
shown in Figure 3, where the channel 54, shown 
in dashed lines, connects such region of the 
plunger bore to the bore 3' of the delivery plung 
er 4' in the region of bore 3 below plunger ?t, 
and a Spring 68 presses from the bottom of the 
at Xiliary plunger bore against piunger 5 forc 
ing it at all times against annular flange i 5, 
the channel 54 being eliminated in this modifi 
cation. By means of channel 53 the auxiliary 
plunger 5 in this modification exerts an up 
Ward PreSSure against the annular flange 5 due 
to the effect of liquid pressure only during the 
delivery Stroke of plunger 4, and spring 68 pre 
vents plunger 5 from leaving the annular flange 
during the Suction stroke of plunger 4. In such 
in Odification, it will be noted that the bore 3' 
has itself been modified by the elimination of 
the Suction valve of Figure 1. A particularly 
advantageous application of the last described 
auxiliary plunger-type control means is given 
When the pump, as shown in the illustrative en 
bodiment of Figure 1, has delivery plungers of 
two diameters respectively, each of the Smalier 
diameter delivery plunger bores having a coop 
erating auxiliary control valve of this type, and 
the Suna of the CrOSS-Sectional Surfaces of the 
auxiliary control valves and the small diameter 
liquid delivery plungers is equal to the cross 
Sectional surface of the larger diameter liquid 
delivery plungers. In such case the pressure ex 
eited by the auxiliary control valves and the 
deliVery plungers of the tWo diameterS On the 
main Spring 2 is equal to that similarly exerted 
in a pump of which all the delivery plungers are 
of the larger of the two diameters. 
The Sudden quick displacement of the axially 

displaceable elements from the predetermined 
displacement to the maximum displacement may 
also be obtained by providing auxiliary control 
Valves of the type of which one is shown in Fig 
tire 4. Auxiliary control valves 55 are disposed 
in the pump housing in the same manner and 
locations as are the auxiliary valves 34’ of the 
enbOdiment Of Figure 2 and valves of the 
einbodiment of Figure 3. Walve S5 is essentially 
a plunger having lower integral skirts of the 
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Same diameter as the plunger, within the hollow 
skirt of which a Spring 57 presses the plunger 
continuously against the annular flange 5, the 
total length of the valve and its integral skirt 
being such that in the position of minimum dis 
placement shown in Figure 4, bore 59, or a plu 
rality thereof through the Outer cylindrical Sul'- 
face of the skirt, is at the botton Substantially 
of an enlarged portion of the bore 58, in the low. 
er and Upper unenlarged portions of Which the 
Valve 55 is a sliding fit. An exhaust bore 60 con 
nects the enlarged portion of bore 58 to the ex 
ternal atmosphere, while somewhat below this 
enlarged portion the liquid channel 56 connects 
the bore 58 to the pressure chamber 32. In the 
position of minimum displacement, channel 56 
is closed by the plunger skirt and, as shown in 
Figure 4, remains closed thereby until, on reach 
ing a predetermined displacement, the skirt 
opens channel 56. Prior to the opening of chan 
nel 56, the plunger bore region beloW Valve 55 
was under no pressure, being connected to the 
external atmosphere through 58, 59 and 60. The 
position of the bore 59 through the Wall of the 
plunger skirt from the free end of the skirt is 
such that with channel 56 opened, the lower edge 
62 of the bore 59 will be above the upper edge 
63; of the enlarged portion of bore 58. Hence the 
external connection through the bore 60 is now 
closed, and valve 55 now Subjected to the same 
pressure as prevails in the pressure chamber. As 
the result of this Suddenly applied additional 
force by the auxiliary control valves 55, for ex 
anaple two at diametrically opposite portions of 
annular flange 5, the hollow cylinder 50 forces 
the guide 24 almost instantly into its position of 
maximum displacement. 

It will be readily apparent that various modi 
fications in, and embodiments of, the variable 
delivery pump of the instant invention as dis 
closed by Way of illustrative embodiments may be 
made without departing from the Spirit of this 
invention. Some have previously been discussed 
and illustrated, others may include using the 
auxiliary control valves of any of Figures 2, 3 
and 4 in Selected groupings in a given pump Some 
of one type and some of the other or both other 
types, or having the valve springs 8 bear, directly 
against the main bore shoulder 7 by eliminat 
ing the spring recesses 67 in the annular flange * 
5 and substituting therefor larger openings in 

the flange Which permit the plUnger Valve 
Springs to pass through the flange Without in 
terference, or eliminating the axial bearing 37 
even in pumps having no hollow collar 50 and 
Substituting therefor a spacer shell 66 (see Fig 
ure 1) to transmit the pressure of control valve 
34 from bearing 20 to Swash plate 3, etc. 
What we claim is: 
1. A variable delivery force pump comprising 

a housing, a main bore substantially central and 
axial of the housing, a rotatable drive shaft Sub 
stantially, central of the main bore, a fixed plate 
transverse of the main bore and dividing the 
main bore into a first and a Second compart 
ment, the drive shaft extending through the first 
Compartment toward but not sufficiently to en 
gage the transverse plate, means including a 
SWash plate rotatable. With the shaft axially dis 
placeable. on the shaft, the SWash plate:having a 
predetermined inclination to the Shaft, a plu 
rality of Secondary bores parallel to the drive 
Shaft in the housing below the Swash plate, a 
plunger reciprocable in each secondary bore, an 
inlet bore extending to a point external of the 
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housing for each secondary bore and adapted to 
be opened and closed by the respective plunger, 
Spring means pressing each plunger against the 
SWash plate, a main Spring means pressing the 
means including the Swash plate toward the 
transverse plate and against the plunger Spring 
means, a liquid delivery bore connecting each 
Secondary bore to the Second compartnent, and 
control means extending from the second con 
partment into the first compartment and bear 
ing against the means including the Swash plate 
to displace the latter means axially of the shaft 
against the naiin Spring means in accordance 
with the pressure prevailing within the second 
compartment to vary the effective pressure stroke 
of the plungers. 

2. A variable delivery force pump according 
to claim 1 in which the maximum possible dis 
placement of the control means is not in excess 
cf the axial projection of the inclination of the 
swash plate on the drive shaft. 

3. A variable delivery force pump according to 
claim 1 in which an auxiliary Spring is positioned 
between the transverse plate and the axially 
displaceable means including the rotatable 
swash plate to press the latter in the axial di 
?ection opposite that in which it is pressed by 
the main Spring means. 

4. A variable delivery pump according to claim 
1 in which the control means is adapted on in 
creasing pressure within the Second compartment 
initially to displace the means including the rotat 
able Swash plate at a uniform rate up to a pre 
determined pressure and to displace the means in 
cluding the rotatable swash plate substantially 
instantly to its maximum possible displacement 
when the pressure within the second compart 
ment attains the predetermined pressure. 

5. A variable delivery pump according to claim 
1 in which at least one auxiliary control means 
disposed in the housing adjacent a secondary bore 
is connected to the second compartment and is 
adapted to displace the means including the 
rotatable swash plate at a rim portion thereof in 
the same direction as the control means. 

6. A variable delivery pump according to claim 
1 in which the axially displaceable means in 
cluding the rotatable Swash plate comprises a 
guide member against which the main spring 
means presses, the guide member being in sliding 
contact with the main bore, a first thrust roller 
bearing between the adjacent end faces of the 
swash plate and the guide member, a bushing 
about the end of the drive shaft near the trans 
verse plate and in sliding contact with the main 
bore, a second thrust bearing between the ad 
jacent end faces of the bushing and the swash 
plate, a bearing within the bushing journalling 
the end of the shaft near the transverse plate and 
displaceable axially on the shaft, an annular 
flange integral with the end of the bushing ad 
jacent the SWash plate, and a port through the an 
nular flange for each secondary bore and register 
ing with the respective secondary bore, the respec 

5 tive plunger extending through the port and the 
plunger Spring means being positioned about the 
plunger and bearing against the annular flange 
and the SWash plate end of the plunger to force 
the plunger into contact with the SWash plate. 

7. A variable delivery pump according to claim 
1 in which the main bore portion of the first con 
partment has a first and a second shoulder spaced 
from each other, and in which the axially dis 
placeable means including the Swash plate com 
prises a guide member in sliding contact with the 
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main bore and of a diameter that its axial dis 
placement is limited in one direction by the first 
shoulder, the swash plate having its end face ad 
jacent the guide member in a plane Substantially 
perpendicular the drive shaft and its other end 
face at the predetermined inclination to the drive 
shaft, the main spring means tending to Seat the 
guide member on the first shoulder, a hub integral 
With the inclined swash plate face and having its 
cylindrical wall perpendicular to the inclined 
face, a first thrust bearing between the adjacent 
end faces of the guide membei and the SW3. Sh 
plate, a ring rotatable on the SWash plate inh 
integral with the inclined face, a Second thrust 
bearing between the inclined face of the SWasih 
plate and the adjacent end face of the rotatable 
ring, a bushing about the end of the drive siraft 
near the transverse plate and in sliding contact 
With the main bore below the second Shoulder, 3. 
third thrust bearing between the adjacent end 
faces of the bushing and the hub integral With the 
inclined face of the swash piate, a beating Withiin 
the bushing journalling the end of the shaft inear 
the transverse plate and axially displaceable With 
the bushing on the shaft, aM annuar fange i Inte 
gral with the end of the bushing adjacent tile 
SWasin plate and positioned aiove the Second 
shoulder, and an opening extending thi'Ough the 
flange for each secondary bore and registering 
With the respective bore, he respective plungei 
extending through the opening With the plunger' 
spring means being positioned about the plungei 
and bearing against the flange and the plunger 
end nearest to the rotatable ring to force the 
plunger into contact with the rotatable ring, the : 
main Spring and the plunger Spring (neans tend 
ing to press the flange against the-Second Sloul 
der, the second shoulder linaiting the displace 
iment of the flange in the One direction. 

8. A variable delivery, pump according to clain di 
1 in which the axially displaceable imeans includ 
ing the rotatable SWash plate complises a gUide 
member in sliding contact With the main bore and 
against which the main spring means presses, the 
Swash plate, a thrust bearing between the ad 
jacent end faces of the guide member and the 
Swash plate, a bushing about the end of the drive 
shaft near the transverse plate, the bushing 
being spaced axially from the swash plate and 
in sliding contact with the main hole, the end of 
the Shaft Inear the traiasverse plate being sidabiy 
journalled in the bushing, an annulai' flange in 
tegral with the end face of the bushing adjacent 
the Swash piate, a hollow cylinder of a; internal 
diameter greater than the external diameter of 
the Swash plate integral with the outer rim of the 
annular flange and of a height to engage the end 
face of the guide member adjacent the Swash 
plate, an opening in the annual' flange for each 
secondary bore registering with the respective 
secondary bore, and the plunger Spiting means is 
positioned to bear with its ends against the inte 
gral flange and the pilinger end nearest the 
Swash plate, and in which a plurality of auxiliary 
control means actuable by the hydraulic pressure 
in the second compartment is positioned circular 
ly in the housing adjacent the secondary bores 
and each auxiliary control means includes a 
plunger adapted to press the rinn portion of the 
annular flange to displace the holioW cylinder and 
the guide member in the same direction as the 
Control means. 

9. A variable delivery pump according to claim 
in which the control means comprises a valve 

having a stem and an enlarged head at one end of 
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the stem, an opening substantially central of 
and extending through the transverse plate, the 
stem of the valve extending through the trans 
verse plate opening and bearing with its non 
head end against the axially displaceable means, 
and a hollow cylinder integral with the face of 
the transverse plate in the second compartment, 
the hollow cylinder being of such length that 
the valve head in the position of minimum dis 
placement of the axially displaceable means is 
still partially within the hollow cylinder, the 
valve head being in sliding contact with the in 
ternal surface of the hollow cylinder. 

10. A variable delivery pump according to 
claim 1 in which the control means comprises a 
valve having a stem and an enlarged head at 
one end of the stem, an opening substantially 
central of and extending through the transverse 
plate, the stem having a lesser diameter for a 
length region thereof extending from the head 
than has the stem in the region at the non 
head end thereof, a first hollow cylinder in 
tegral with the face of the transverse plate in 
the first compartment and having an internal 
diameter such that the non-head region of the 
stem is slidably guided on the internal Surface 
of the first hollow cylinder, the non-head end 
of the stem extending beyond the end of the first 
hollow cylinder and bearing against the axially 
displaceable means, a second hollow cylinder 
having an internal diameter of Such dimension 
that the enlarged head is slidably guided on the 
internal surface of the second hollow cylinder, 
the second hollow cylinder being integral With 
the face of the transverse plate in the second 
compartment and of such a length that the en 
larged valve head in the position of imini 
mum displacement of the axially displaceable 
means is still partially within the second hol 
low cylinder, a first radial bore in the first hol 
low cylinder connecting the interior of the first 
hollow cylinder to the first compartinent, the 
first radial bore being closed by the Stem por 
tion having the larger diameter for all axial dis 
placements of the axially displaceable means less 
tham a predetermined displacement, and a Sec 
ond radial bore in the second hollow cylinder 
connecting the interior of the second hollow cyl 
inder between the plate and the valve head to 
the Second Compartment and Spaced axially from 
the first radial bore at such distance that at 
the predetermined displacement of the axially 
displaceable means the second radial bore is 
closed by the enlarged valve head while simul 
taneously the first radial bore is opened by the 
valve stem portion of the lesser diameter whereby 
the valve head under the hydraulic pressure pre 
Vailing in the Second compartment quickly noves 
and its integral stem thus simultaneously moves 
the axially displaceable means from the prede 
termined displacement position to the maximum 
displacement position. 

11. A variable delivery pump comprising a 
housing, a main bore Substantially Central and 
axial of the housing, a transverse fixed member 
dividing the main bore into a first and a Second 
Compartment, a rotatable drive shaft positioned 
substantially centrally in the main bore in the 
first compartment, means axially displaceable 
along the Shaft on the shaft and including a 
SWash plate of constant inclination to the shaft 
and rotatable thereWith, a plurality of secondary 
bores in the housing below the Swash plate and 
equally distant from the drive shaft and each 
other, a plunger reciprocable in each Secondary 
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bore, a liquid inlet bore in each secondary bore 
extending to a point external of the housing and 
adapted to be opened and closed by the recipro 
cation of the respective plunger on rotation of 
the Swash plate, spring means pressing each 
plunger against the Swash plate, a main Spring 
means pressing the axially displaceable means 
toward the transverse fixed member, Secondary 
spring inneans resiliently supporting the axially 
displaceable means on the transverse fixed mem 
ber, a liquid delivery valve bore connecting each 
secondary bore to the second compartment, and 
means for displacing the axially displaceable 
means in accordance with the pressure of the lid 
uid delivered to the second compartment includ 
ing a plunger extending from the Second COm 
partment into the first Compartment, and bear 
ing therein against the axially displaceable 
means, said plunger being aligned axially With 
the shaft and exerting its force in the Same di 
rection against the main Spring means as the 
spring means pressing the secondary bore plung 
ers and the secondary spring means, the axes of 
the drive shaft, of the secondary bore plungers 
and of the Said plunger being substantially par 
allel. 

12. A variable delivery pump according to 
claim 11 in which a plurality of auxiliary means 
for displacing the axially displaceable means is 
provided within the region of the housing radially 
beyond the secondary bores, each of the auxiliary 
means comprising a liquid bore connected to 
the second compartment, a plunger Within the 
liquid bore and displaceable therein in accord 
ance with the liquid pressure within the Second 
compartment in the same direction as the plung 
er of the displacing means aligned axially With 
the shaft and bearing with one end against axial 
ly displaceable means, and a venting bore from 
the liquid bore to a point external of the pump 
housing, the individual auxiliary means of the 
plurality being so spaced from each other that 
the resultant of the forces exerted thereby is 
substantially axially of the drive shaft. 

13. A variable delivery pump according to 
claim 11 in which a plurality of auxiliary means 
for displacing the axially displaceable means is 
provided within the region of the housing radially 
beyond the secondary bores, each of the auxiliary 
ineans comprising a liquid bore, a channel con 
necting the bottom region of the liquid bore to 
the second compartment, and a plunger Within the 
liquid bore of which one end is adapted to engage 
the axially displaceable means, the Said liquid 
bore plunger being at all times under the pressure 
of the liquid in the Second compartment, the in 
dividual auxiliary means of the plurality being so 
spaced from each other and relative the driving 
shaft that the resultant of the forces exerted by 
the said liquid bore plungers on the axially dis 
placeable means is substantially axially of the 
shaft. 

14. A variable delivery pump according to 
claim 11 in which the means for displacing the 
axially displaceable means in accordance With 
the hydraulic pressure prevailing in the Second 
compartment of the liquid delivered thereto is 
adapted Cin increasing pressure therein to dis 
place the axially displaceable means including 
the Swash plate at a unifoliin rate up to a pre 
determined preSSure and to displace Such means 
substantially instantly to the maximum possible 
displacement position when the hydraulic pres 
Sure within the second compartment attains the 
predetermined pressure, and in Which a plurality 
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of auxiliary means for displacing the axially dis 
placeable means including the rotatable Swash 
plate is provided within the housing radially be 
yond the secondary bores, each of the auxiliary 
aneans comprising a plunger bore of which an 
intermediate region of predetermined length has 
a larger internal diameter than the two end por 
tions of the bore, a plunger within the plunger 
bore, a Spring within the plunger bore acting 
against the plunger to press one end thereof 
against the axially displaceable means, a chan 
Yael from the Second compartment to convey 
liquid therefronto the region of the plunger bore 
Substantially in mediately adjacent the inter. 
mediate region thereof of larger internal di 
an eter, the plunger closing the channel for all 
(iisplacements of the axially displaceable means 
from minimum to that corresponding to the pre 
deteriiniined pressure, a venting bore from the en 
larged interinediate region of the plunger bore to 
a point external of the pump housing, the plunger 
closing the venting bore substantially simul 
taneously with opening the channel, whereby at 
the predetermined pressure liquid from the Sec 
ond compartment flows into the plunger bore and 
pl’Opels the plunger substantially instantly to the 
maximum displacement position of the axially 
displaceable means, and a plurality of openings 
through the plunger positioned lengthwise the 
plunger so that at all displacements of the axially 
displaceable means corresponding to pressures 
leSS than the predetermined pressure the plunger 
bore is connected to the venting bore but is dis 
connected from the venting bore at all displace 
nents of the axially displaceable means from 
that corresponding to the predetermined pressure 
to and including the maximum displacement. 

15. A variable delivery pump according to 
claim li in which a plurality of auxiliary means 
for displacing the axially displaceable means is 
provided within the region of the housing later 
ally beyond the secondary bores, each of the 
at Xiliary means comprising a plunger bore, a 
displaceable plunger within the plunger bore, a 
Spiting between One end of the plunger bore and 
one end of the plunger pressing the other end 
of the plunger against the axially displaceable 
means, and a liquid channel connecting the one 
eind Of the plunger bore to the region Of an ad 
jacent Secondary bore below the liquid inlet bore 
thereof, the individual auxiliary means of the 
plurality being so Spaced from each other and the 
drive shaft that the resultant of the forces ex 
erted by the respective plungers thereof on the 
axially, displaceable means is substantially axially 
of the drive shaft. 

16. A variable delivery pump according to 
claim 11 in which the plurality of secondary 
bores comprises a first plurality of secondary 
bores of a first diameter and a second plurality 
of Secondary bores of a second diameter Smaller 
than the first diameter, the reciprocable plungers 
in the respective secondary bores being of cor 
responding external diameters, and in which a 
plurality of auxiliary means for displacing the 
axially displaceable means is provided within the 
region of the housing laterally beyond the sec 
Ondary bores, each of the auxiliary means con 
prising a plunger bore, a displaceable plunger 
within the bore, a spring between one end of the 
plunger bore and one end of the plunger pressing 
the other end of the displaceable plunger against 
the axially displaceable means, and a liquid 
channel connecting the one end of the plunger 
bore to the region of an adjacent secondary bore 
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of the Second plurality of secondary bores below 
the liquid inlet bore thereof, the individual 
auxiliary means of the plurality being so spaced 
from each other and the drive shaft that the re 
Sultant of the forces exerted by the respective 
plungers thereof on the axially displaceable 
means lies Substantially axially of the drive shaft. 

17. A variable delivery pump according to claim 
11 in which the plurality of secondary bores com 
prises a first plurality of secondary bores of a 
given diameter and a second plurality of second 
alry bores of a diameter less than the given 
diameter, the reciprocable plungers in the re 
Spective Secondary bores of each plurality being 
of Corresponding cross-sections, and in which a 
plurality corresponding in number to the num 
ber of Secondary bores in the second plurality 
of auxiliary means for displacing the axially dis 
placeable means is provided within the region of 
the housing laterally beyond the secondary boires, 
each of the auxiliary means being positioned 
adjacent a secondary bore of the second plu 
rality of Secondary bores and comprising a 
plunger bore, a displaceable plunger within and 
guided by the plunger bore and of a cross-sec 
tion. Such that the Sum of its cross-section and 
the CrOSS-Section of the reciprocable plunger of 
the secondary bore of the second plurality of 
bores is equal to the cross-section of a recip 
rocable plunger in a secondary bore of the first : 
plurality of secondary bores, a spring between 
One end of the plunger bore and One end of the 
displaceable plunger to press its other end against 
the axially displaceable means, and a liquid chan 
nel connecting the one end of the plunger bore 
to the region of the adjacent secondary bore of 
the second plurality of secondary bores below 
the liquid inlet thereof. 

18. A variable delivery pump according to 
claim 11 in which the means for displacing the 
axially displaceable means in accordance with 
the hydraulic pressure of the delivered liquid in 
the second compartment is adapted on increas 
ing pressure thereWithin to displace the axially 
displaceable means including the rotatable swash 
plate at a uniform rate up to a predetermined 
preSSu'e and at the predetermined pressure Sub 
stantially instantly to the maximum possible dis 
placement, and in which a first and a second 
plurality of auxiliary means for displacing the 
axially displaceable means are provided within 
the region of the housing laterally beyond the 
secondary bores, each of the first plurality of 
auxiliary means comprising a plunger bore, a 
liquid channel connecting the bottom region of 
the plunger bore to the Second compartment, 
and a plunger within the plunger bore of which 
one end is adapted to engage the axially dis 
placeable means under the pressure of liquid in 
the bore from the channel, and each of the 
secondary plurality of auxiliary means compris 
ing a plunger bore of which an intermediate re 
gion of predetermined length has a larger in 
ternal diameter than the two end portions of 
the bore, a plunger within plunger bore, a Spring 
Within the plunger bore acting against the 
plunger to press an end thereof against the axial 
ly displaceable means, a channel from the Sec 
ond compartment to convey liquid therefrom to 
the region of the plunger bore adjacent the in 
termediate region thereof remote from the axial 
ly displaceable means, a venting bore from the 
intermediate region of the plunger bore to ex 
ternally the pump housing, the plunger maintain 
ing the channel closed and the venting bore 
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open for all displacements of the axially dis 
placeable means from minimum displacement to 
that corresponding to the predetermined pres 
Sure and on opening the channel simultaneously 
closing the venting bore whereby at the prede 
terrimined preSS tre the liquid under pressure floW 
ing into the plunger bore propels the plunger 
Substantially instantly to the maximum displace 
ment position of the axially displaceable means, 
and at least One port through the plunger in Such 
location thereon to its Spring-pressed end that 
at all displacements corresponding to pressures 
leSS than the pledetermined pressure the plunger 
bore is connected to the Venting bore and at all 
displacements exceeding the displacement core. 
Sponding to the predetermined pressure is dis 
connected from the venting bore, the individual 
auxiliary means of the first and second plurality 
being alternatively positioned within the pump 
housing with one auxiliary means of the one plu 
!ality between two auxiliary means of the other 
plurality. 

19. A variable delivery pump comprising a 
housing, a main bore Substantially central and 
axially of the housing, a transverse fixed mem 
be dividing the main bore into a first and a Sec 
Ond compartment, a rotatable drive Shaft Sub 
stantially central of the main bore in the first 
conpartment, means axially displaceable along 
the shaft between a predetermined minimum and 
maximum limit and including a swash plate hav 
ing at least one face at constant, inclination to 
the shaft and rotatable therewith, a first plu 
1'ality and a second plurality of secondary bores 
within the housing below the position occupied 
by the inclined face of the swash plate in the 
iminimum displacement position of the axially 
displaceable means, each of the secondary bores 
of the first plurality being of a predetermined 
diameter and each of the secondary bores of the 
Second plurality being of a diameter Smaller than 
the predetermined dia.netter, a plunger recipi'o- 
cably slidable in each secondary bore, a liquid 
inlet bore in each secondary bore extending to 
a point external of the housing and adapted 
to be opened and closed by the reciprocation of 
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the respective plunger on rotation of the SWash 
plate, the inlet bore of each secondary bore of 
ühe first plurality being so positioned relative 
the delivery end thereof that it is opened and 
closed on each reciprocation irrespective of the 
displaced position of the axially displaceable 
means while the inlet bore of each Secondary 
bore of the Second plurality is So positioned rela 
tive the liquid delivery end thereof that it re 
mains closed for each plunger reciprocation when 
the axially displaceable means occupies a posi 
tion between the minimum limit and a predeter'- 
mined position but is opened and closed for each 
plunger reciprocation when the axially displace 
able means is positioned between the predeter 
mined position and the maximum limit, an aux 
iliary inlet port in each secondary bore of the 
Second plurality positioned adjacent the liquid 
delivery end thereof, a valve within the aux 
iliary inlet port biased so that it opens only on 
the Suction Stroke of the plunger within the 
respective Secondary bore While the inlet bore 
thereof remains closed, spring means pressing 
One end of each plunger against the SWash plate, 
main Spring means tending at all times to press 
the axially displaceable means to the predeter 
mined minimum limit, secondary Spring means 
resiliently Supporting the axially displaceable 
means on the transverse fixed member, liquid 
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channels connecting the delivery end of each 
Secondary bore to the second compartment, a 
biased valve in each channel closing the channel 
On each suction stroke of the plunger and tend 
ing to open the channel on each delivery stroke 
thereof, and means for displacing the axially 
displaceable means including the rotatable SWash 
plate against the main spring means in accord 
ance with the pressure of the delivered liquid in 
the second compartment including at least one 
plunger extending from the Second compartment 

18 
into the first compartment and bearing within 
the first compartment against the axially dis 
placeable means. 
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