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(54) Title: AXIAL PISTON PUMP HAVING A SWASH-PLATE TYPE CONSTRUCTION 

(54) Bezeichnung : AXIALKOLBENPUMPE IN SCHRAGSCHEIBENBAUART 

(57) Abstract: The invention relates to an axial piston pump 
having a swash-plate type construction, in particular for 
hydraulic systems, comprising a cylinder drum (3) which can 
be rotationally driven about a rotational axis (7) in a pump 

25 27 housing (1) and in which pistons (9) are arranged in an 
axially displaceable manner, supporting by means of the 

1 27 15 actuation end thereof (11) which is accessible from the 
23 outside of the cylinder drum (3), at least indirectly a swash 

13 plate (15), said swash plate can be pivoted by means of an 
-- adjusting device (21) to the desired angles of inclination 

1 with respect to the rotational axis (7) for adjusting the stroke 
of the piston (9) and also the fluid system pressure generated 
thereby. Said adjusting device comprises an adjusting piston 

--- 31 (35) in a hydraulically actuated adjusting cylinder (31), the 
45 3 movement thereof can be transmitted to the swash plate (15) 

by means of at least one driven connection comprising a 
pivot joint (37, 39; 29, 43), characterised in that the pivot 

5 joint is formed by a ball joint (37, 39) which is arranged 
between the piston (35) and the piston rod (41) of the 

49 63 adjusting cylinder (31).  

65 (57) Zusammenfassung: 
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GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, 
TZ, UG, ZM, ZW), eurasisches (AM, AZ, BY, KG, KZ, TG).  
RU, TJ, TM), europdisches (AL, AT, BE, BG, CH, CY ..  
CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, Veroffentlicht: 
IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, - mit internationalem Recherchenbericht (Artikel 21 Absatz 
RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, 3) 

Eine Axialkolbenpumpe in Schrigscheibenbauart, insbesondere fur Hydraulikanlagen, mit einer in einem Pumpengehiuse (1) um 
eine Drehachse (7) rotierend antreibbaren Zylindertrommel (3), in der Kolben (9) axial bewegbar angeordnet sind, die sich mit 
ihrem auBerhalb der Zylindertrommel (3) zuginglichen Betitigungsende (11) an einer Schrigscheibe (15) zumindest mittelbar 
abstitzen, die zur Einstellung des Hubes der Kolben (9) und damit des durch diese erzeugten Fluid-Systemdrucks in gewinschte 
Neigungswinkel relativ zur Drehachse (7) mittels einer Versteileinrichtung (21) schwenkbar ist, die in einem hydraulisch 
betstigbaren Stellzylinder (31) einen Stellkolben (35) aufweist, dessen Bewegung fiber mindestens eine eine Gelenkstelle (37, 39; 
29, 43) aufweisende getriebliche Verbindung auf die Schrigscheibe (15) ibertragbar ist, ist dadurch gekennzeichnet, dass die 
Gelenkstelle durch ein zwischen Kolben (35) und Kolbenstange (41) des Stellzylinders (31) befindliches Kugelgelenk (37, 39) 
gebildet ist.



Axial Piston Pump Having a Swash-Plate Type Construction 

The invention relates to an axial piston pump having a swash plate type construction, in 

particular for hydraulic systems, having a cylinder drum that can be driven about a 

rotational axis, in which pistons are disposed such that they can be displaced axially, which 

support, at least indirectly, a swash plate with their actuation ends that can be accessed 

from outside the cylinder drum, which swash plate can be pivoted by means of an adjusting 

device in order to adjust the stroke of the piston, and thus the fluid system pressure 

generated therewith, to a desired angle of inclination in relation to the rotational axis, 

which has an adjustment piston in an adjustment cylinder that can be actuated 

hydraulically, the movement of which can be transferred to the swash plate via at least one 

driven connection having a joint.  

Axial piston pumps with a swash plate construction are the prior art. They are used widely 

for supplying pressure to loads such as power cylinders, hydraulic motors and suchlike.  

Axial piston pumps of the type specified in the introduction, in which the angles of the 

swash plates in relation to the rotational axis can be adjusted, are distinguished, with 

respect to likewise known axial piston pumps having stationary swash plates, by a better 

energy balance during operation. While pumps having stationary swash plates, which 

function as a fixed displacement pump with a predefined drive rotational rate, always 

convey a constant volume flow of the fluid, even when no energy is demanded from 

systems that are actuated by pressure means, and thus must overcome the flow resistances 

in the hydraulic circuit while running idle, for which drive energy is expended while 

supplying no useful energy, the pump delivery volume can be set to zero through the 

adjustability of the swash plate inclination, and the need for drive energy can be 

minimized. An axial piston pump of the type specified in the introduction is disclosed in 

DE 44 15 510 Cl.  

The production costs for the known axial piston pumps of this type are high, because there 

is a significant engineering effort for the adjustment device having the driven connection, 

which converts the linear movement of the piston in the stationary adjusting cylinder into 

an arc- shaped movement of the swash plate.  
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Any discussion of documents, acts, materials, devices, articles or the like which has been 

included in the present specification is not to be taken as an admission that any or all of 

these matters form part of the prior art base or were common general knowledge in the 

field relevant to the present disclosure as it existed before the priority date of each of the 

appended claims.  

Throughout this specification the word "comprise", or variations such as "comprises" or 

"comprising", will be understood to imply the inclusion of a stated element, integer or step, 

or group of elements, integers or steps, but not the exclusion of any other element, integer 

or step, or group of elements, integers or steps.  

According to the present disclosure, there is provided an axial piston pump of a swash 

plate construction, comprising: 

a cylinder drum rotatably driveable about a rotational axis in a pump housing; 

pump pistons disposed in said cylinder drum and axially displaceable in said 

cylindrical drum; 

a swash plate at least indirectly supported by said pump pistons at actuation ends of 

said pump pistons accessible outside of said cylindrical drum, said swash plate being 

pivotable to desired angles of inclination relative to said rotational axis; and 

an adjustment device adjusting the angles of inclination of said swash plate relative 

to said rotational axis and thereby adjusting lengths of strokes of said pump pistons to vary 

fluid pressure generated by said pump pistons, said adjustment device including a first 

adjustment piston and a second adjustment piston hydraulically operable and movable in 

first and second adjustment cylinders, respectively, said second adjustment cylinder being 

arranged counter and coaxial to said first adjustment cylinder, said second adjustment 

piston being movable counter to movement of said first adjustment piston, movement of 

said first adjustment piston in said first adjustment cylinder being transferable to said 

swash plate via a driven component having first and second joints, said first joint being a 

first ball joint located between said first adjustment piston and a first piston rod of said first 

adjustment cylinder, said second joint being between said first piston rod and an actuating 

part of said swash plate and being a second ball joint, said second adjustment piston being 

connected to a second piston rod at an end of said second piston rod by a third ball joint, 

said first and second piston rods being connected to said actuating part via said second ball 
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joint at ends of said first and second piston rods remote from the respective adjustment 

pistons, said actuating element being a pivot lever connected to said swash plate, said pivot 

lever having a free end, said second ball joint having a ball head on said free end of said 

pivot lever and facing dome-shaped surfaces on adjacent ends of said first and second 

piston rods forming a ball socket receiving said ball head.  

According to the present disclosure, a joint for the driven connection between the swash 

plate and the adjustment cylinder is formed by a ball joint located between the piston and 

the piston rod of the adjustment cylinder. In contrast to a joint connection defining a joint 

axis, the piston is free of constraining forces, due to the design of the joint in the form of a 

ball joint.  

This leads to less stress on the components, less piston friction with correspondingly less 

wear, and to a corresponding improvement of the operational reliability.  

According to an embodiment disclosed herein, a second joint of the driven connection 

is formed between the piston rod and an actuating part of the swash plate by a second ball 

joint, by means of which corresponding advantages are obtained at the coupling point 

allocated to the swash plate.  

The driven connection formed by the ball joints can be designed such that it exhibits no 

play whatsoever, in that a spring assembly is provided, that retains a ball head and a ball 

socket of the ball joint in position, in a force-locking manner.  

To this end, the assembly can advantageously be formed such that the spring assembly 

simultaneously pre-loads the swash plate in the pivotal position corresponding to the 

maximum pump delivery rate. As a result of this double function of the spring assembly, 

the adjustment cylinder does not need to be configured as a double-action cylinder for 

generating adjustment movements in both directions, but rather, a single-action adjustment 

cylinder may be provided, which merely causes an adjustment movement from the pivoted 

position for maximum pump delivery rate to lower delivery volumes, up to and including 

zero capacity.  
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In an embodiment disclosed herein, a second adjustment cylinder is provided, counter to 

the first adjustment cylinder and sharing the same cylinder axis, perpendicular to the 

rotational axis, wherein the adjustment piston of the second adjustment cylinder can be 

moved hydraulically, counter to the movement of the adjustment piston of the first 

adjustment cylinder, and the piston rod of the second adjustment cylinder is connected at 

one end to the associated adjustment piston via a third ball joint, and at the other end, 

together with the piston rod of the first adjustment cylinder, forms the second ball joint at 

the actuating part of the swash plate.  

In an advantageous manner, the actuating part can be formed by a pivot lever connected to 

the swash plate, which extends, laterally to the swash plate and the cylinder drum, parallel 

to the rotational axis when set to zero pump capacity, and the second ball joint is located at 

its free end. With this arrangement, the cylinder axis of the adjustment cylinder can be 

oriented transverse to the rotational axis, in order to move the pivot lever, and thus the 

swash plate, about a pivot axis via the ball joint located on the end of the pivot lever, which 

pivot axis runs perpendicular to the rotational axis inside the plane of the sliding surface, 

on which the pistons of the cylinder drum are supported on the swash plate.  

In a particularly advantageous manner, the spring assembly can have a compression spring, 

which pre-loads the piston rod of the second adjustment cylinder for the movement, which 

corresponds to the extension of the adjustment piston of the second adjustment cylinder 

and the retraction of the adjustment piston of the first adjustment cylinder, and thus the 

pivoting of the pivot lever from the position in which the axes are parallel, toward the 

position for the maximum pump capacity.  

With regard to the actuation of the adjustment device, the assembly can be advantageously 

made such that the first adjustment cylinder can be subjected to a control pressure for 

adjusting the pump capacity, and the second adjustment cylinder can be subjected to the 

prevailing system pressure. As a result, when there is no system pressure, the adjustment 

device is adjusted to the maximum capacity by the force of the compression spring. When 

operating the pump with the resulting system pressure, the adjustment remains at the 

maximum capacity until the adjustment force generated by the control pressure in the first 

adjustment cylinder exceeds the piston force generated by the system pressure in the 
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second adjustment cylinder, in addition to the spring force, at which point, depending on 

the control pressure, the swash plate is pivoted back to a lower delivery rate.  

For operation with a pressure level limited by control pressure, preferably the piston 

surface of the piston of the first adjustment cylinder, which can be subjected to control 

pressure, is selected such that it is larger than the piston surface of the piston of the second 

adjustment cylinder that can be subjected to the system pressure.  

According to the present disclosure, there is also provided an axial piston pump of a swash 

plate construction, comprising: 

a cylinder drum rotatably driveable about a rotational axis in a pump housing; 

pump pistons disposed in said cylinder drum and axially displaceable in said 

cylindrical drum; 

a swash plate at least indirectly supported by said pump pistons at actuation ends of 

said pump pistons accessible outside of said cylindrical drum, said swash plate being 

pivotable to desired angles of inclination relative to said rotational axis; and 

an adjustment device adjusting the angles of inclination of said swash plate relative 

to said rotational axis and thereby adjusting lengths of strokes of said pump pistons to vary 

fluid pressure generated by said pump pistons, said adjustment device including a first 

adjustment piston and a second adjustment piston hydraulically operable and movable in 

first and second adjustment cylinders, respectively, said second adjustment cylinder being 

arranged counter and coaxial to said first adjustment cylinder, said second adjustment 

piston being movable counter to movement of said first adjustment piston, movement of 

said first adjustment piston in said first adjustment cylinder being transferable to said 

swash plate via a driven component having first and second joints, said first joint being a 

first ball joint located between said first adjustment piston and a first piston rod of said first 

adjustment cylinder, said second joint being between said first piston rod and an actuating 

part of said swash plate and being a second ball joint, said second adjustment piston being 

connected to a second piston rod at an end of said second piston rod by a third ball joint, 

said first and second piston rods being connected to said actuating part via said second ball 

joint at ends of said first and second piston rods remote from the respective adjustment 

pistons, said actuating element being a pivot lever 
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connected to said swash plate, said pivot lever having a free end remote from said pump 

pistons, said second ball joint having only a single ball head on said free end of said pivot 

lever and directly facing dome-shaped surfaces on adjacent free ends of said first and 

second piston rods forming only a single ball socket receiving and directly engaging said 

ball head.  

The invention shall be explained in detail below, based on an exemplary embodiment 

depicted in the drawings. Therein: 

Fig, 1 shows a side view of only those components of an exemplary embodiment 

of the axial piston pump according to the invention that pertain to the 

adjustment device of the swash plate, wherein the adjustment cylinder of the 

adjustment device is shown in a cross section; 

Fig. 2 shows a longitudinal section of the exemplary embodiment having a cutting 

plane running through the adjustment device; and 

Fig. 3 shows an exploded, extended, perspective, diagonal view of the components 

of the adjustment device of the exemplary embodiment.  

Fig. 1 shows only a part of a pump housing 1 from the exemplary embodiment that shall be 

described, which is fully visible in Fig. 2. A cylinder drum 3 is mounted in the housing 1, 

which can rotate about a rotational axis 7 by means of a drive shaft 5, see Fig. 2. In the 

typical manner of axial piston pumps, the pistons 9, which are axially displaceable in the 

cylinder drum 3, are supported via sliding shoes 11 located at their upper ends on the 

sliding surface 13 of a swash plate 15. This is movably guided at its side facing away from 

the sliding surface 13 via an arc-shaped swash plate bearing 17 on the pump house 1, such 

that the swash plate 15 can pivot about a pivot axis 19, which lies in a plane of the sliding 

surface 13 of the swash plate 15 that runs perpendicular to the rotational axis 7. The swash 

plate 15 can pivot about the pivot axis 19, by means of an adjustment device, indicated as a 

whole by the numeral 21, between the pivoted setting shown in Fig. 1, which corresponds 

to the maximum delivery rate of the pump, and the setting in Fig, 2, for zero pump 

capacity, wherein in this case, the plane of the sliding surface 13 is horizontal, with respect 

to the 
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vertical course of the rotational axis 7 in Fig. 2, such that the pistons 9 do not perform a 

stroke when the cylinder drum 3 rotates.  

The adjustment device 21, as the actuating part assigned to the swash plate 15, has a pivot 

lever 23, which is attached by means of a bolt 25 to the swash plate 15 between two ribs 27 

protruding on its lateral surface. The pivot lever 23 extending laterally form the cylinder 

drum 3 has a ball head 29 on its lower, free end, which is engaged with by control elements 

of the adjustment device 21, in order to move the pivot lever 23 into the drawing plane, and 

thus pivot the swash plate 15 about the pivot axis 19.  

The adjustment device 21 has a first adjustment cylinder 31, having a cylinder liner 33, in 

which an adjustment piston 35 is guided. The piston 35 has an inner ball socket 37, which 

forms a first ball joint together with a ball head 39 on the end of a piston rod 41 allocated 

thereto. A ball socket 43 is formed on the end of the piston rod 41 opposite the piston 35.  

The adjustment device 21 has a second adjustment cylinder 45 vith a cylinder liner 47, 

counter to the first adjustment cylinder 31 and sharing the same cylinder axis. A second 

piston 49, which has a smaller piston surface for pressurization than the opposing first piston 

35, is guided therein. As with the first piston 35, a ball socket 51 is formed in the other 

piston 49, which forms a further ball joint, together with a ball head 53 on the associated 

piston rod 55. The end of the piston rod 55 facing away from the ball head 53 has a ball 

socket 57, as is the case with the piston rod 41 of the first adjustment cylinder 31, which ball 

socket, together with ball socket 43 of the other piston rod 41 and the ball head 29 on the 

pivot lever 23, forms a ball joint assigned to the pivot lever 23. A compression spring 61 is 

clamped between the cylinder liner 47 of the second adjustment cylinder 45 and a spring seat 

59 of the piston rod 55, which pre-loads the adjustment device 21 in the setting corresponding 

to the maximum pump capacity shown in Fig. 1, and also holds the ball heads and ball 

sockets of the three ball joints that have been formed against one another, without play, in the 

system.  

In order to actuate the adjustment device 21, the pressure chamber 63 of the first adjustment 

cylinder 31 can be subjected to a control pressure that determines the pump delivery rate.  

The pressure chamber 65 of the second adjustment cylinder 45 is subjected to the system 

pressure generated during operation of the pump. The force of the compression spring 61, 

which pre-loads the piston rods 41, 55 for a movement toward the right (corresponding to the 
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depiction in the drawings), retains the adjustment device in the setting for a maximum 

delivery rate shown in Fig. 1, when the pump is at a standstill, resulting in the second 

adjustment cylinder 45 not being subjected to any system pressure. In order to adjust the 

pump to a lower delivery rate during operation, potentially to zero capacity (this setting is 

shown in Fig. 2), the first adjustment cylinder 31 is supplied with a corresponding control 

pressure. As soon as the piston force generated by the control pressure in the first adjustment 

cylinder 31 exceeds the overall force composed of the combined spring force and piston force 

of the piston 49 of the second adjustment cylinder 35 subjected to the system pressure, the 

pivot lever 23 is moved toward the left, from the maximum capacity setting shown in Fig. 1, 

to the corresponding control setting. In order to induce this adjustment movement using a 

control pressure having a relatively low pressure level, the active piston surface on the piston 

35 of the first adjustment cylinder 31 is selected such that it is substantially larger than that of 

the piston 49 of the second adjustment cylinder.  

As is particularly apparent in Fig. 2, a hole 67 is formed in the piston 49 that can be subjected 

to the system pressure. This forms the entrance of a lubrication channel, which continues via 

a passage 69 in the piston rod 55, a hole 71 in the ball head 29 of the pivot lever 23 and a 

passage 73 in the other piston rod 41, up to the ball joint on the piston 35 of the first 

adjustment cylinder 31. As a result, the pressure fluid that is pressurized by the system 

pressure, in particular in the form of a hydraulic fluid having lubricating characteristics, can 

make its way as a lubricant to all the bearing surfaces of all the ball joints, such that the 

adjustment device 21 fictions without wear, with very little friction, and reliably.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An axial piston pump of a swash plate construction, comprising: 

a cylinder drum rotatably driveable about a rotational axis in a pump 

housing; 

pump pistons disposed in said cylinder drum and axially displaceable in 

said cylindrical drum; 

a swash plate at least indirectly supported by said pump pistons at 

actuation ends of said pump pistons accessible outside of said cylindrical drum, said 

swash plate being pivotable to desired angles of inclination relative to said rotational 

axis; and 

an adjustment device adjusting the angles of inclination of said swash plate 

relative to said rotational axis and thereby adjusting lengths of strokes of said pump 

pistons to vary fluid pressure generated by said pump pistons, said adjustment device 

including a first adjustment piston and a second adjustment piston hydraulically 

operable and movable in first and second adjustment cylinders, respectively, said 

second adjustment cylinder being arranged counter and coaxial to said first 

adjustment cylinder, said second adjustment piston being movable counter to 

movement of said first adjustment piston, movement of said first adjustment piston in 

said first adjustment cylinder being transferable to said swash plate via a driven 

component having first and second joints, said first joint being a first ball joint 

located between said first adjustment piston and a first piston rod of said first 

adjustment cylinder, said second joint being between said first piston rod and an 

actuating part of said swash plate and being a second ball joint, said second 

adjustment piston being connected to a second piston rod at an end of said second 

piston rod by a third ball joint, said first and second piston rods being connected to 

said actuating part via said second ball joint at ends of said first and second piston 

rods remote from the respective adjustment pistons, said actuating element being a 

pivot lever connected to said swash plate, said pivot lever having a free end, said 

second ball joint having a ball head on said free end of said pivot lever and facing 

dome-shaped surfaces on adjacent ends of said first and second piston rods forming a 

ball socket receiving said ball head.  
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2. An axial piston pump according to claim 1 wherein 

a spring assembly in said adjustment device biases a ball head in a ball 

socket of said first ball joint.  

3. An axial piston pump according to claim 1 or claim 2 wherein 

said spring assembly pre-loads said swash plate in a pivoted position 

relative to said rotational axis according to a maximum pump capacity.  

4. An axial piston pump according to any one of claims 1 to 3 wherein 

said pivot lever extends parallel to said rotational axis when set to zero 

pump capacity and extending laterally to said swash plate and said cylinder drum.  

5. An axial piston pump according to claim 1 wherein 

a spring assembly in said adjustment device biases a ball head in a ball 

socket of said first ball joint; 

said spring assembly pre-loads said swash plate in a pivoted position 

relative to said rotational axis according to a maximum pump capacity; 

said pivot lever extends parallel to said rotational axis when set to zero 

pump capacity and extends laterally to said swash plate and said cylinder drum; and 

said spring assembly comprises a compression spring pre-loading said 

second piston rod for movement corresponding to an extension of said second 

adjustment piston and retraction of said first adjustment piston pivoting said pivot 

lever from a setting for maximum pump capacity.  

6. An axial piston pump according to any one of the preceding claims wherein 

said first adjustment cylinder is supplied with a control pressure for 

adjusting pump capacity; and 

said second adjustment cylinder is supplied with a prevailing system 

pressure.  

7. An axial piston pump according to claim 6 wherein 

said first and second adjustment pistons comprise first and second piston 

surfaces, respectively, subjected to the control pressure and the system pressure, 
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respectively, said first piston surface being larger than said second piston surface.  

8. An axial piston pump according to any one of the preceding claims wherein 

each of said first and third ball joints comprise a ball socket on the 

respective adjustment piston and a ball head on the respective piston rod.  

9. An axial piston pump according to any one of the preceding claims wherein 

said second adjustment piston comprises a continuous lubrication hole 

therein subjected to system pressure and forming an entrance for a lubrication 

channel for lubricating said ball joints.  

10. An axial piston pump of a swash plate construction, comprising: 

a cylinder drum rotatably driveable about a rotational axis in a pump 

housing; pump pistons disposed in said cylinder drum and axially displaceable in 

said cylindrical drum; 

a swash plate at least indirectly supported by said pump pistons at 

actuation ends of said pump pistons accessible outside of said cylindrical drum, said 

swash plate being pivotable to desired angles of inclination relative to said rotational 

axis; and 

an adjustment device adjusting the angles of inclination of said swash plate 

relative to said rotational axis and thereby adjusting lengths of strokes of said pump 

pistons to vary fluid pressure generated by said pump pistons, said adjustment device 

including a first adjustment piston and a second adjustment piston hydraulically 

operable and movable in first and second adjustment cylinders, respectively, said 

second adjustment cylinder being arranged counter and coaxial to said first 

adjustment cylinder, said second adjustment piston being movable counter to 

movement of said first adjustment piston, movement of said first adjustment piston in 

said first adjustment cylinder being transferable to said swash plate via a driven 

component having first and second joints, said first joint being a first ball joint 

located between said first adjustment piston and a first piston rod of said first 

adjustment cylinder, said second joint being between said first piston rod and an 

actuating part of said swash plate and being a second ball joint, said second 

adjustment piston being connected to a second piston rod at an end of said second 

piston rod by a third ball joint, said first and second piston rods being connected to 
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said actuating part via said second ball joint at ends of said first and second piston 

rods remote from the respective adjustment pistons, said actuating element being a 

pivot lever connected to said swash plate, said pivot lever having a free end remote 

from said pump pistons, said second ball joint having only a single ball head on said 

free end of said pivot lever and directly facing dome-shaped surfaces on adjacent free 

ends of said first and second piston rods forming only a single ball socket receiving 

and directly engaging said ball head.  

11. An axial piston pump according to claim 10 wherein 

a spring assembly in said adjustment device biases a ball head in a ball 

socket of said first ball joint.  

12. An axial piston pump according to claim 11 wherein 

said spring assembly pre-loads said swash plate in a pivoted position 

relative to said rotational axis according to a maximum pump capacity.  

13. An axial piston pump according to any one of claims 10 to 12 wherein 

said pivot lever extends parallel to said rotational axis when set to zero 

pump capacity and extending laterally to said swash plate and said cylinder drum.  

14. An axial piston pump according to claim 10 wherein 

a spring assembly in said adjustment device biases a ball head in a ball 

socket of said first ball joint; 

said spring assembly pre-loads said swash plate in a pivoted position 

relative to said rotational axis according to a maximum pump capacity; 

said pivot lever extends parallel to said rotational axis when set to zero 

pump capacity and extend laterally to said swash plate and said cylinder drum; and 

said spring assembly comprises a compression spring pre-loading said 

second piston rod for movement corresponding to an extension of said second 

adjustment piston and retraction of said first adjustment piston pivoting said pivot 

lever from a setting for maximum pump capacity.  
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15. An axial piston pump according to any one of claims 10 to 14 wherein 

said first adjustment cylinder is supplied with a control pressure for 

adjusting pump capacity; and 

said second adjustment cylinder is supplied with a prevailing system 

pressure.  

16. An axial piston pump according to claim 15 wherein 

said first and second adjustment pistons comprise first and second piston 

surfaces, respectively, subjected to the control pressure and the system pressure, 

respectively, said first piston surface being larger than said second piston surface.  

17. An axial piston pump according to any one of claims 10 to 16 wherein 

each of said first and third ball joints comprise a ball socket on the 

respective adjustment piston and a ball head on the respective piston rod.  

18. An axial piston pump according to any one of claims 10 to 17 wherein 

said second adjustment piston comprises a continuous lubrication hole 

therein subjected to system pressure and forming an entrance for a lubrication 

channel for lubricating said ball joints.  
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