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57 ABSTRACT 
A pump assembly which is particularly suitable for 
supplying liquid to a direct pressure spray gun (i.e., an 
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"airless' spray gun which does not require additional 
air to atomize such liquid) has pumping cylinder and 
piston members which deliver the liquid in response to 
alternating relative movement of the piston member 
axially within the cylinder member. One of these 
members, preferably the piston member, has a con 
nection for engagement by a driving element such as 
an eccentric driven by an electric motor. The other 
member, preferably the cylinder member, is con 
nected to a supporting element or chassis through a 
resilient connecting attachment which is prestressed to 
resist relative axial movement of such other member 
when the pumping pressures are within the desired 
range. The resilient attachment permits such relative 
axial movement, however, to a greater or lesser ex 
tent, when the pumping pressures exceed the desired 
range. Thus the other member moves, at times, more 
or less as a unit with the alternatingly driven member 
of the pump, to reduce or stop the pumping flow at 
such excessive pressures. 
A preferred resilient attachment includes an outer 
pressure control cylinder within which the pump 
cylinder body is supported for limited axial movement 
by two axially movable annular control pistons. 
Controlling pressures are established by a hydraulic 
circuit which includes the zone between the control 
pistons and a pressure accumulator which controls the 
prestressing of the resilient attachment. 

11 Claims, 4 Drawing Figures 
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PUMPS AND PANTING INSTALLATIONS 

BACKGROUND OF THE INVENTION 

Direct pressure spraying pumps, i.e., those which are 
suitable for spraying liquid to a direct pressure so 
called "airless' spray gun which does not require addi 
tional air to atomize the liquid must meet a variety of 
different conditions. These pumps must operate under 
different running conditions. They should be operable 
within a work range as wide as possible, including the 
possibility of obtaining high pressures at very low flow 
rates, as well as high flow rates at rather low pressures. 
Such pumps should also be adaptable as part of a light 
weight spray apparatus which is readily portable, and 
which can be used with readily available power 
supplies. 
The desired range of running conditions can be 

rather easily met, when alternating stroke pneumatic 
motors are used to drive a paint supply pump, but the 
problem becomes difficult to solve when a mechani 
cally driven pump is to be connected to an electric mo 
tor, which is necessary when the pump units are to be 
used in small private building yards or plants where 
compressed air is not readily available. In such cases it 
is necessary on the one hand to limit the weight of the 
installation in order for it to be easily carried from one 
place to another. This consequently reduces the per 
missible size of the electric motor. On the other hand, 
this type of use also limits the power to be used, since 
the electric power available in private building yards 
and shops is generally low enough to place resulting 
limits on the motor power to be used. 

It is possible to meet the above-stated variety of oper 
ating conditions by using an electric motor in which the 
speed may be varied, but this solution is far too expen 
sive. It is also possible to meet the different running re 
quirements by using a pump construction in which the 
length of the piston stroke may be varied. However, it 
is not practical to vary such piston strokes by modifying 
the radius of the driving eccentric, because this in 
volves too heavy a construction, which is not accept 
able for a portable unit. 

SUMMARY OF THE INVENTION 
In order to solve these problems in an acceptable 

manner, the present invention provides a suction and 
delivery pump with piston and cylinder members which 
are relatively movable with respect to each other in al 
ternating pumping strokes. One of these members has 
a connection for engagement and movement by an al 
ternating driving element for the pump, such as an ec 
centric on a rotary shaft. Between the other member 
and a suitable supporting element for it, the invention 
provides a resilient attachment or connection which is 
prestressed in both directions to resist relative move 
ment of the member. Thus, when the pumping pres 
sures within the cylinder member are within a desired 
range, the resilient attachment will completely resist 
relative movement between the supporting element 
and the member which it supports, while the other 
member reciprocates back and forth at the normal 
stroke length provided by the driving eccentric. 

Preferably, the arrangement is such that the piston 
member is positively and directly connected to the 
driving eccentric, whereas the cylinder member is con 
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2 
nected to the supporting element through the resilient 
or elastic attachment. 

In this particular arrangement, when the pumping 
pressures within the cylinder member exceed a desired 
predetermined pressure range, the prestressing of the 
resilient connection is overcome to permit relative 
movement of the cylinder member, in the preferred 
case, with respect to the supporting element. Thanks to 
this feature of construction, when the pressure in the 
pump reaches the level of the prestressing or constraint 
provided by the elastic attachment, the assembly made 
up of the pump body or cylinder and the pump piston 
can move together as a whole, thus overcoming the 
preconstraint of the elastic support attachment. The 
result is that the pump stops delivering liquid to the 
spray unit. The preconstraint is calibrated at a precise 
predetermined value, which consequently limits the 
pressure provided by the pump to the desired pressure 
range, which may also be very precise. 
The preferred form of elastic attachment or connec 

tion is one in which two annular pistons can slide axi 
ally within the space between the outer surface of the 
pump cylinder and an inner cylindrical surface of the 
supporting element. Each of the surfaces has two axi 
ally spaced stops which limit the extent to which the 
two annular pistons can be separated from each other 
along either of the cylindrical surfaces. The annular 
space between these two annular pistons is filled with 
pressurized fluid in a manner which resiliently urges the 
annular pistons away from each other and against the 
stops on both the pump cylinder and supporting ele 
ment, to hold the pump cylinder stationary within the 
supporting element when the pumping pressures are 
within the desired range. The pressurized fluid within 
the annular space between the annular pistons is pro 
vided in such a manner that the pistons can be moved 
toward each other to a greater or lesses extent, when 
the pressure within the pump cylinder exceeds that 
within the annular control space and tends to move the 
pump cylinder with the pump piston member more or 
less as a unit. 
The preferred construction also has a connection be 

tween the annular pressure control chamber located 
between the annular pistons and a suitable pressure ac 
cumulator, into which the pressurized fluid within the 
pressure regulating chamber may be forced when the 
pressure within the pump cylinder is greater than that 
within the pressure control chamber. The invention 
further provides a one way flow control device and a 
pressure variation damping system in the connection 
between the accumulator and the pressure control 
chamber. 
Some of the advantages which can be expected in the 

use of pumps constructed according to this invention 
are as follows: 

a. The construction limits the power actually con 
sumed by the pump and consequently limits the size of 
the motor which is necessary to drive such a pump. 

b. The arrangement limits the pressure at the pump 
outlet, whether the spraying nozze is closed or open. 

c. The device allows optimum use of the performance 
characteristics of the pump driving motor, by using to 
the best possible extent a working zone which is made 
possible by the particular motor power curve. 

d. The construction can be easily calibrated within a 
wide range of pressures and delivery flow rates suitable 
for the material being used and for the particular appli 
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cations of the material to be sprayed. In particular, for 
painting applications, these pressures need to be well 
defined in order to obtain correct spraying at the noz 
zle. Thus the invention also makes possible an im 
proved painting installation, which includes a pump of 
the improved construction defined above. 
Other features and advantages of the invention will 

be better understood from the following description 
and the attached drawings which show a direct pressure 
airless spraying installation as one illustration, but not 
a limiting example, of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings which form a part of the application, 
and in which like reference characters indicate like 
parts, 
FIG. 1 is a side elevation of one form of spraying ap 

paratus embodying the invention; 
FIG. 2 is an end view of the apparatus of FIG. 1; 
FIG. 3 is a schematic showing, with some parts shown 

in section and some with more complete details, of the 
apparatus of FIGS. 1 and 2; and 
FIG. 4 is a graph showing characteristics of operation 

of the apparatus. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

The direct pressure (i.e., high pressure “airless') 
spraying installation according to a preferred embodi 
ment of this invention is shown generally in FIGS. 1 and 
2 and includes a special pump assembly 1 driven by an 
electric motor 2 which has a speed reducer 3 driving an 
eccentric 4. The installation includes a paint strainer 5 
at the end of a hose 6, for insertion in a suitable supply 
reservoir or container of liquid to be sprayed. The in 
stallation also includes a spray gun 7 connected with 
the outlet opening of the pump by a flexible hose 8, 
through a suitable filter 11 and pressure gauge 12. The 
improved pump assembly of this installation also in 
cludes a hydro-pneumatic assembly 15, shown in more 
detail in FIG. 3, and the whole pumping assembly is 
supported by a chassis or supporting frame 17 on 
wheels 18. 
The special pump assembly 1 is an alternating stroke 

suction and delivery pump which includes a pump cyl 
inder 21 (details of which are shown in FIG. 3), a bot 
tom cylinder head 22 with a suction valve 23 therein, 
and a piston 24 with a delivery valve 25, the end of the 
piston rod 26 (sometimes called displacement rod) 
being coupled with eccentric 4 (FIGS. 1 and 2) on shaft 
28, which consists of an extension of the output shaft 
of the speed reducer 3. 
To provide the desired elastic or resilient connection 

between the pump cylinder and the suitable supporting 
element according to the invention, the pump cylinder 
may slide, with close engagement, within two axially 
spaced annular pistons 31 and 32 (FIG. 3). These pis 
tons, in turn, are supported for axial sliding movement 
within an outer cylinder 33, thus providing an annular 
hydraulic control chamber 48 which is further de 
scribed below. The supporting cylinder 33 serves as the 
axially fixed supporting element for pump cylinder 21. 
This cylinder 33, however, may swing on a shaft 35 
(made in this case as two spaced shaft portions, one at 
each side of the pump cylinder axis) parallel to the 
shaft 28 of the pump driving eccentric 4. These shaft 
portions 35 are supported by a hollowed-out bed plate 
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4 
36 rigidly connected or integral with chassis 17. The 
pump cylinder suction orifice is shown at 38, con 
nected with inlet strainer 5 by hose 6. The outlet orifice 
from the pump cylinder is shown at 39 and is appropri 
ately connected to the point spray gun 7 through hose 
8, as described. Shaft portions 35 permit the cylinder 
to swing laterally (but not axially) to accommodate the 
lateral movement of piston rod 26 by eccentric 4. 
The two annular or ring pistons 31, 32 of the resilient 

attachment, can slide axially both over the cylindrical 
external surface of the pump cylinder body 21 and 
within the internal cylindrical face of the hydraulic 
control chamber cylinder 33, to allow the pump body 
cylinder 21 to be driven axially back and forth within 
cylinder 33. The distance between the two ring pistons 
31 and 32 is limited on the pump cylinder 21 by two 
shoulders 43, 44 and in the control chamber 33 by two 
other shoulders 45, 46. The axial distance between the 
two shoulders 43, 44 is equal to the axial distance be 
tween shoulders 45 and 46. 
Thus the sides of the two ring pistons 31, 32 which 

face each other, the bore of control chamber cylinder 
33, and the cylindrical outer surface of pump body cyl 
inder 21 form a closed control space 48, which is 
tightly sealed by O-rings 51, 52, 53 and 54 mounted in 
the corresponding annular grooves in the internal and 
external cylindrical surfaces of these annular pistons. 
This annular pressure control space 48 is connected 

through an opening 57 in the wall of control cylinder 
33 with a pipe 58 which extends into the hydro 
pneumatic assembly 15. 
The hydro-pneumatic assembly 15 includes a pres 

sure accumulator 61, a device 62 for controlling the 
flow of oil, an oil reservoir 63, a discharge valve 64 and 
a pump-damper device 65 connected with reservoir or 
tank 63 by a three-way valve cock 66. 

Pressure accumulator 61 is of a spherical type and is 
divided by a flexible membrane 71 into two compart 
ments 72, 73. The first compartment is fitted with an 
inflation valve 74 and contains compressed air, while 
the second compartment contains oil and is connected 
to the pipe 58 through the intermediate pipe 76 and the 
oil flow controlling device 62. 
The device 62 for controlling the flow of oil includes 

a valve 77 which permits the free passage of the oil in 
pipe 58 toward the accumulator 61, the flow of oil in 
the opposite direction being restrained by its passage 
through a conduit 78 which serves as a bypass around 
valve 77 and is provided with a calibrated restricting 
orifice formed in this example by a pin-cock 79. Thus 
device 62 is an adjustable one-way flow restraining de 
W1Ce. 

Oil tank 63 includes an air freeing or venting orifice 
81 and two lower orifices 82, 83 connected respec 
tively with the discharge valve 64 and with a three-way 
valve 66. The relief or discharge pressure of the dis 
charge valve 64 may be adjusted by means of a screw 
86 in such a manner as to limit the pressure within com 
partment 73 of the accumulator to which the discharge 
valve is connected, the excess oil being returned to res 
ervoir 63 through an outlet pipe 87 of the discharge 
valve. 
The damping pump 65 includes a hollow piston 91 

moving within a cylinder 92 which is in communication 
with the pipe 58 connected to the hydraulic control 
chamber 48 within cylinder 33. The force exerted by 
the oil on piston 91 is balanced on the other face of the 
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piston by a calibrated spring 94. The assembly is made 
in such a way that when there is no pressure, the spring 
is not preconstrained. This system forms a damper for 
the variations in oil pressure within the hydraulic pres 
sure regulating chamber 48. 
This assembly is completed by elements which permit 

it to play, moreover, the part of an auxiliary pump for 
pressurizing the circuit. For this purpose, a hollow pis 
ton 95 of smaller diameter, which is integral with the 
damping piston 91, works as a ram or plunger in a sec 
ond chamber 97 equipped with a suction valve 98 con 
nected with the orifice 83 of oil reservoir 63 through 
the three-way valve or cock 66. The piston 95 is itself 
fitted with a valve 99 for driving back the oil into the 
pipe 58 connected to the hydraulic compensation 
chamber. 
On the three-way cock 66 is also connected a pipe 

102 for connection with a source of oil under pressure. 

The operation of the assembly of this installation is 
as follows: 
Pump 1 is a double-acting pump. The amplitude of 

stroke of its piston 24 is determined by the radius of ec 
centric 4, and the principle of regulation consists in re 
ducing or annuling the relative displacement of the pis 
ton with respect to the body (cylinder member) of 
pump 21 by allowing the latter to partially or com 
pletely follow the movement of the piston according to 
the pressure within the pump. 
The accumulator 61 is initially inflated through valve 

74 to a starting pressure Pi. The volume of air in com 
partment 72 of the sphere is then equal to the total vol 
ume of the sphere. 
The hydraulic circuit is then filled with oil at a pres 

sure lower than Pi, through the suction valve 98 of the 
auxiliary pump 65, the three-way cock 66 and the pipe 
102. 
The annular control space 48 reaches its maximum 

pressure value in response to the effect of the pressure 
of the injected oil. Annular pistons 31, 32 are respec 
tively in engagement with the stops 43, 45 and 44, 46. 

The whole circuit is purged with the aid of suitable 
devices. 
A new quantity of oil is fed into the circuit under a 

pressure greater than Pi and penetrates into chamber 
73 of the sphere, which leads to a new value Vo of the 
air volume in compartment 72 of the sphere. Volume 
Vo is selected as a function of the desired characteris 
tics. It must be greater than the volume generated by 
the displacement of one of the regulating pistons 31 or 
32 along a length equal to the eccentric radius. 
A pressure Po common to both the enclosed air and 

the hydraulic circuit correspond to this new volume 
Vo. 
The outside oil feeding system 102 is disconnected 

and the suction valve 98 of the auxiliary pump 65 is put 
into communication with the outlet 83 of oil tank 63 
through the cock 66. 

In the following explanations, the main circuit will 
mean the assembly consisting of the control chamber 
48, the sphere 61 and the connecting tube 58, 76 which 
directly connect them. 
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The following symbols also have the meaning indi- 65 
cated: 
S: Effective area of pistons 31, 32 in the control 

chamber. 

6 
Po: The pressure common to the air and the hydrau 

lic circuit. 
s: The effective area of the piston 24 in pump 1 

(which is equal to the cross-sectional area of displace 
ment rod 26). 
p: The pressure of the liquid in the pump. 
The force exerted by the pressure of the circuit on 

the surfaces of the control pistons 31, 32 is equal to: 
F = PoS 

When the pump is put in operation, the force exerted 
on the bottom of the pump cylinder by relative down 
ward movement of the piston is: 

F = ps 
In a first assumption, if the pressure in the pump is 

such that: 

F. < F, p < Po SIs 
then the pump body 21 is held in its position by the 

annular pistons 31, 32. The pump piston describes, rel 
ative to the pump body, a maximum travel or stroke. 
Thus one has the operating conditions for maximum 
delivery of fluid. 
On the graph which shows pressures plotted against 

delivery or flow rates for this device (See FIG. 4), this 
operation at maximum flow rate is represented by a 
straight line segment AB parallel to the axis of the pres 
SueS. 

The two ends of the segment are: 
its meeting point A with the axis of flow or discharge 

rate, which corresponds to a null pressure with a maxi 
mum flow or delivery; and 
point B which corresponds to the pressure: 

O 

po = Po SIs 
In a second hypothesis, the pump outlet is closed. 

Since this is a volumetric pump, the pressure increases 
at once, and the piston and the pump cylinder body can 
then be considered as a rigid element connected with 
the rod-crank system. The control pistons 31 and 32 
then describe, within the control chamber, strokes 
equal to the radius of the eccentric. Control piston 31 
reaches its maximum stroke at the lowest point of the 
eccentric, and piston 32 at the highest point of the ec 
centric. 
At these points, the volume of oil generated by the 

displacement of the piston 
v = Se (e being the radius of the eccentric) 

is forced into the oil compartment 73 of the sphere 
61, thus reducing by the same proportion the air vol 
ume, whose value becomes 

V = Vo - v. 
The air pressure is then 

P = Po Volvo - v 
and the pressure of the liquid in the pump is 

P = P, SIs. 
On the graph of pressures v. flows for the apparatus, 

a point C is obtained (p = P), (Q= O) 
corresponding to operation of the unit at a O or nil 

flow. 



3,816,028 
7 

In a third assumption, the pump is discharged into a 
system in which the pressure drops are such that the 
pressure p reaches a value 

pogp3P 
When pressure in the hydraulic circuit is lower than 

p = p s/S 
the force exerted by the annular piston 31 in engage 

ment with the stop 43 and opposing itself to the down 
ward movement of the pump body 21 is lower than the 
force exerted by the piston 24 of the pump on this same 
pump body (this latter force results from the pressure 
inside of the pump body). The result is that the relative 
stroke of pump piston 24 with respect to the pump cyl 
inder body 21 is temporarily annulled and is replaced 
by an equal stroke of the regulating piston 31 in the 
control chamber. 
When the volume of oil forced out of the annular 

control space 48 of the control chamber and into the 
sphere 61 by means of this stroke reaches a value such 
that 
P = ps/S 
the force holding the control piston 31 is sufficient, 

the displacement of the pump body 21 disappears, and 
the relative movement of the pump piston 24 with ref 
erence to the pump cylinder 21 reappears, giving a new 
start to the flow rate. 

In the course of this stage of operation, the relative 
stroke of the pump piston with respect to the pump 
body is a partial stroke, which causes a partial flow. 
Curve D, which corresponds to operation of the unit 

at a partial flow, is a line whose ends are at points B and 
C. 
On the graph, the zone which represents all the possi 

ble operating conditions of the pump is thus the zone 
Edefined by the segments AB, BC and the portions OA 
and OC of the axes of the graph. 

Finally, the curve M of the graph represents the ulti 
mate power curve available from the pump, i.e., the 
power of the motor, taking into account the total out 
put of the installation. 
The one-way flow restraining device 62 has the ob 

jective of limiting the pressure in the control chamber 
48 during return movement of the control pistons 31, 
32 after they have passed top and bottom dead-centers 
of the eccentric, thus reducing to a considerable extent 
the effects of reversal of the direction of work on the 
eccentric and on the speed reducer. 
The damping device 65 for pressure variations, which 

is located between the control chamber 48 and the one 
way flow retarding device 62, is designed for damping 
the shocks between the stops and control pistons 31, 
32. In effect, when one of the control pistons ends its 
stroke in the control chamber to return into engage 
ment with a stop of the control chamber, the opposite 
stop of the pump comes to rest against the other piston. 
Without a damping device, the pressure in the control 
chamber would change bluntly from the low pressure 
defined by the one-way flow controlling device to the 
pressure within the sphere 61. Since piston 91 of the 
damping system rests against the spring 94 without pre 
constraint, variations in volume are produced at low 
pressures. 
By absorbing the volume of oil displaced by the start 

ing portion of the stroke of control piston 31, the 
damping system 65 delays the opening of valve 77 of 
the flow restraining device 62 and allows a gradual in 
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8 
crease of pressure up to the value of the pressure in the 
sphere 61. 
This system is even more adaptable when the diame 

ter of piston 91 is substantial and the spring 94 flexible. 

This system also offers the advantage of incurving the 
operating or running curve in the same direction as the 
motor power curve M. 
Mechanical damping devices against shock may, in 

addition, be advantageously located between the vari 
ous stops and control pistons. 
The auxiliary oil pump incorporated in assembly 65 

provides for increasing the pressure of the circuit by in 
jecting into it oil contained in the reservoir 63. The 
pump is operated by movement of the damping piston 
91 and then works continuously when the apparatus is 
running at a partial or null flow. 
The adjustable discharge valve 64 serves to regulate 

the level of desired pressure within the circuit. Excess 
oil is sent back to the tank 63. 

It will be understood that the invention is not limited 
to the specific mode of carrying it out which is de 
scribed and shown, and that many modifications may 
be made according to the particular applications ex 
cepted, without departing from the heart of the inven 
tion. 
We claim: 
1. A high pressure airless paint spraying installation 

including a suction and delivery pump comprising a 
pump piston member and a pump cylinder member 
within which the pump piston member defines at least 
one pumping chamber having inlet and outlet passages, 
said pump piston and pump cylinder members being 
relatively movable with respect to each other in alter 
nating strokes along a predetermined axis to provide 
pumping pressures in the pumping chamber within a 
desired high pressure range, one of said pump members 
having a driving connection for engagement and move 
ment of that member in opposite directions along said 
axis by an alternating driving element for the pump, a 
supporting element for normally holding the other of 
said pump members at a fixed position along said axis, 
and a resilient attachment between the supporting ele 
ment and the other of said pump members, said resil 
ient attachment being prestressed to resist relative 
movement of the other of said members along said axis 
with respect to the supporting element when the pump 
ing pressures within the pumping chamber are within 
the desired range, but permitting such relative move 
ment of the other of said members along said axis with 
respect to the supporting element and thereby reducing 
the relative axial alternating movement of the pump 
piston with respect to the pump cylinder when the pres 
sures in the pumping chamber exceed the desired 
range, said resilient attachment including a pressure 
control chamber separate from said pumping chamber 
and a pressure control system connected to said pres 
sure control chamber and maintaining a predetermined 
control pressure therein. 

2. A suction and delivery pump particularly useful for 
high pressure spray installations which do not require 
additional air, said pump comprising a pump piston 
member and a pump cylinder member within which the 
pump piston member defines at least one pumping 
chamber having inlet and outlet passages, said pump 
piston and pump cylinder members being relatively 
movable with respect to each other in alternating 
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strokes along a predetermined axis to provide pumping 
pressures in the pumping chamber within a desired high 
pressure range, one of said pump members having a 
driving connection for engagement and movement of 
that member in opposite directions along said axis by 
an alternating driving element for the pump, a support 
ing element for normally holding the other of said 
pump members at a fixed position along said axis, and 
a resilient attachment between the supporting element 
and the other of said pump members, said resilient at 
tachment being prestressed to resist relative movement 
of the other of said members in each direction along 
said aixs with respect to the supporting element when 
the pumping pressures within the pumping chamber are 
within the desired range, but permitting such relative 
movement of the other of said members in each oppo 
site direction along said axis with respect to the sup 
porting element and thereby reducing the relative axial 
alternating movement of the pump piston with respect 
to the pump cylinder when the pressures in the pump 
ing chamber exceed the desired range. 

3. A suction and delivery pump particularly useful for 
high pressure spray installations which do not require 
additional air, said pump comprising a pump piston 
member and a pump cylinder member within which the 
pump piston member defines at least one pumping 
chamber having inlet and outlet passages, said pump 
piston and pump cylinder members being relatively 
movable with respect to each other in alternating 
strokes along a predetermined axis to provide pumping 
pressures in the pumping chamber within a desired high 
pressure range, one of said pump members having a 
driving connection for engagement and movement of 
that member in opposite directions along said axis by 
an alternating driving element for the pump, a support 
ing element for normally holding the other of said 
pump members at a fixed position along said axis, and 
a resilient attachment between the supporting element 
and the other of said pump members, said resilient at 
tachment being prestressed to resist relative movement 
of the other of said members along said axis with re 
spect to the supporting element when the pumping 
pressures within the pumping chamber are within the 
desired range, but permitting such relative movement 
of the other of said members along said axis with re 
spect to the supporting element and thereby reducing 
the relative axial alternating movement of the pump 
piston with respect to the pump cylinder when the pres 
sures in the pumping chamber exceed the desired 
range, the resilient attachment including two annular 
pistons supported to slide axially in close engagement 
between two cylindrical co-axial surfaces, one of which 
is associated as part of the supporting element and the 
other of which is associated as part of that pump mem 
ber which is connected to the supporting element, lim 
iting stops with each cylindrical surface to limit the rel 
ative axial movement of the annular pistons, the annu 
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lar pistons and cylindrical surfaces defining an annular 
pressure control chamber separate from said pumping 
chamber, and a pressure control system connected to 
said pressure control chamber and maintaining a pre 
determined control pressure therein. 

4. A pump according to claim 2 in which one of the 
two coaxial cylindrical surfaces is an external cylindri 
cal surface of the pump cylinder member, and the other 
coaxial cylindrical surface is an internal cylindrical sur 
face of the supporting element, which thereby provides 
at least part of a housing for the control chamber. 

5. A pump according to claim 4 having a main frame, 
a motor-driven rotary driving shaft with an eccentric 
thereon, the piston member having a rod connected to 
the eccentric, and the supporting element being pivot 
ally supported on the main frame for swivelling move 
ment on an axis parallel to the rotary driving shaft. 

6. A pump according to claim 3 in which the pressur 
ized fluid is a liquid, and the pressure control system 
includes a pressure accumulator having a movable par 
tition dividing the accumulator into a pressurized gas 
compartment and a pressurized liquid compartment, 
and a connecting fluid conduit between the control 
chamber and pressurized liquid compartment. 

7. A pump according to claim 6 in which the con 
necting conduit between the control chamber and pres 
sure accumulator includes a flow controlling device 
having a one-way valve portion to permit free liquid 
flow from the control chamber to the accumulator and 
having a restricted return passage shunted around the 
valve for limiting the liquid flow in the opposite direc 
tion. 

8. A pump according to claim 7, which also includes 
a pressure vairation damping device having a damping 
chamber connected to the control chamber, and a 
spring-loaded damping piston movable in the damping 
chamber against its spring-loading in response to pres 
sure increases in the control chamber. 

9. A pump according to claim 8 in which the damping 
device includes an auxiliary pump chamber, a pumping 
piston portion moving integrally with the damping pis 
ton, a conduit having a discharge valve between the 
auxiliary pump chamber and damping chamber, an 
inlet suction valve in the auxiliary pump chamber, a 
reservoir for hydraulic liquid, and a connecting conduit 
between the auxiliary pump chamber inlet valve and 
the reservoir. 

10. A pump according to claim 9 in which the pres 
surized liquid compartment of the pressure accumula 
tor has an adjustably calibrated relief valve with an out 
let orifice connected to the reservoir. 

11. A pump according to claim 9 in which the con 
necting conduit between the auxiliary pump chamber 
inlet valve and the reservoir includes a three-way valve 
member for selective connection of the auxiliary pump 
chamber to a supply of liquid under pressure. 
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