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[5 7] ABSTRACT 
A pump incorporating consecutive pairs intercommu 
nicating through channels. One element of the first 
pair is fixed while the other element of said pair is 
movable and rigidly connected with one of the ele 
ments of the next pair, the other element of which is 
also movable. The number of such pairs may be more 
than two. All the movable elements of the pairs of ki 
nematically linked with a shaped cam which sets said 
elements in motion. The pump is provided with a 
changeover device for communicating the metering 
volumes of said pairs. ' 

5 Claims, 9 Drawing Figures 
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NONPULSATING lF'LlUlD-FLO‘W PUMP 

The present invention relates to ?uid~?ow pumps 
with variable metering volumes and more particularly 
it relates to the nonpulsating ?uid-?ow pumps. 
The present invention can be used most successfully 

for the supply of small amounts of ?uid in the labora 
tory and pilot plants of chemical research laboratories 
though it is equally useful in analytical instruments for 
the delivery of carrier liquids and various reagents as 
well as for other purposes requiring nonpulsating accu 
rate metering of liquids with stepless delivery control. 

Known in the art are the plants for nonpulsating me 
tering of liquids consisting of two metering plunger 
pumps, distributing cams which actuate the pump 
plungers, being themselves driven by an electric motor 
via a stepless speed variator or a step-by—step gearbox. 

The profiles of the distributing cams are such that at 
any given moment of time one of the pump plungers 
moving at a constant speed forces the liquid from the 
pump cylinder into the discharge header. As this 
plunger reaches the end of the discharge stroke, the 
second plunger instantaneously starts moving while the 
first one performs a suction stroke. 
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Each pump in the pumping plant incorporates two’ I 
valves, suction and discharge ones, or a device for posi 
tive switching-over of channels. 
The disadvantages of these plants include a large 

number of valves which impairs considerably the reli 
ability of the plant. Besides, the transient process dur 
ing switching over of valves results in a momentary re 
duction or stopping of liquid delivery, - 
There have been attempts to reduce the number of 

valves to two and to cancel the effect of the transient 
processes on their operation by the use of devices 
(pumps) for non-pulsating delivery of liquid compris 
ing two or more pistons accommodated in cylinders 
connected in series and communicating through chan 
neis closed by a special device where at least one of the 
pistons always moves uniformly in the direction of 
?uid-?ow and its channel is closed (see, for example, 
Pat. No..42-72ll Cl. 63 B13, Japan). 

In this device the pistons are located in one common 
cylinder or in separate cylinders arranged horizontally, 
one above the other, and communicating through 
channels. Each piston accommodates a valve actuated 
by the rods, one at each side of the piston. Another ver 
sion of the invention disclosed in the above-mentioned 
patent has valves located on the piston ends and each 
piston has one rod for connecting it with the drive. 
However, this device possesses a number of disad 

vantages. 
One of these lies in a large number of rubbing seals. 

Thus, each piston has three seals, one on the piston and 
one on each of the L.H. and RH. rods. Therefore, in 
case of three pistons there are nine seals including 
three inner seals and six seals ensuring pressure tight 
ness of the pump. Such a number of seals which are less 
reliable than the valve devices is unacceptable. 

Actually, this arrangement cannot be used to make 
a pump for low rates of fluid flow because the valves 
located inside the pistons limit the reduction of the pis 
ton diameters. 

Besides, it is different to actuate the ‘pistons since 
they are practicably inaccessible. 
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2 
The arrangement of the valves on the piston ends 

with a view to reducing their diameters and, conse 
quently, the rate of ?uid flow as well as the provision 
of one rod for each piston results in a considerable pul 
sation of the delivered liquid since it is forced out of the 
cylinder by the rod. In case of small piston diameters 
required for low pump capacities, the diameter of the ' 
rod becomes so considerable with respect to the piston 
diameter that the given design becomes totally unac 
ceptable because of heavy pulsation. 

It is an object of the present invention to improve the 
design of pustons and cylinders of the pump. 
Another object of the invention is to provide a pump 

providing convenient connection of drive to pistons 
without using seals. 

' Still another object of the present invention is to pro 
vide a pump which gives an opportunity to make pis 
tons of extremely small diameters for provision low ef 
ficiency of the pump. 
This and other objects object is accomplished by pro 

viding a nonpulsating ?uid»flow pump comprising two 
or more pistons accommodated in cylinders connected 
in series and communicating through-closing channels 
wherein at least one of the pistons always moves uni 
formly in the direction of the fluid ?ow and its channel 
is closed in which, according to the invention, the pis 
tons and the cylinders constitute consecutive pairs con 
nected in such a way that one element of the first pair 
is ?xed while the other element of this pair is movable 
and connected rigidly with one of the'elements of the 
next pair whose other element is also movable so that 
all the elements of these pairs are moved by a shaped 
cam with which they are kinematically linked while the , 
metering volume of the closing pair is communicated 
periodically by a changeover device with the volume of 
the preceding pair or with the pump suction channel 
through a ?exible pipe. 
Such a design gives a possibility of dispensing with 

the rods located inside the metering volumes, reducing 
the number of rubbing seals which ensure the tightness 
of the pump to two or canceling them altogether and 
providing free access for connecting a drive to the 
moving elements of the pairs. The consecutive connec 
tion of the movable elements ensures an uninterrupted 
flow of ?uid towards the discharge channel, the work 
ing strokes of said elements being overlapped. 
For smooth control of the pump capacity it is practi 

cable that the shaped cam should be connected with 
each movable element by means of an articulated rod 
and a rocker whose free end carries a roller rolling 
around the cam, all the rockers being provided with a 
common support installed with a provision for moving 
along the rockers for changing the ratio of their arms. 

To ensure overlapping of the working strokes of the 
movable elements, the cam pro?le must be made asym 
metrical so that its turning angle corresponding to the 
discharge stroke of the movable elements would be 
larger than the turning angle corresponding to the re 
turn stroke of said elements. 
The design of thepump is substantially simplified if, 

in case of two working pairs, the channel changeover 
device is installed on the pump casing in such a way as 
to ensure parallel hydraulic communication between 
the metering volumes of said pairs, one of these vol 
umes being in constant communication with the dis 
charge channel of the pump. 
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This allows the channels in the pistons to be dis 
pensed with which, in turn, enables‘ the pistons to be 
made of extremely small diameters to ensure low ca-y _ 
pacities of the pump. 
‘Besides, this improves access‘ to the changeover de 

vice and allows it to be made without valves. 
The pump design is also simpli?ed if the channel 

changeover device in the pump consisting of two pairs 
is of the valveless type, installed on one of the movable 
elements and is actuated by the movement of said ele 
ment relative'to the ?xed element. 

It is practicable that in the two-pair pump one of the 
movable elements of the closing pair should be in 

> stalled with a provision for turning around its own axis 
and be provided on .the generating surface with a ?at 
which, on turning of the element, would communicate 
the metering volume of the closing pair alternately with 
the pump suction channel or with the metering volume 
of the preceding pair. This simpli?es the design of the 
valveless pump at the same time retaining the continu 
ity of ?uid delivery. ' 

In order to cancel completely the rubbing seals, it is 
practicable ' that the working pairs (piston-cylinder) 
should be made in the form of ?exible elements such 
as bellows or membranes. Such a design ensures com 
plete tightness of the pump which becomes particularly 
important if it is intended to handle toxic and extremely 
aggressive liquids. ‘ 

For making the invention more apparent it will now 
be described in detail by way of examples with refer 
ence to the accompanying drawings (in which: 
FIG. I is a kinematic diagram of the pump according 

,to the invention; 
FIG. la is a fragmentary view, on an enlarged scale 

of the cam portion of FIG. 1 in the direction of arrow 
W; - 

FIG. 2 shows two piston-cylinder pairs used in'the 
pump illustrated in FIG. 1, sectionalized, with the dia 
gram of motions of the movable elements of these 
pairs; 
FIG. 3 is a section through another version of the pis 

ton~cylinder pairs with a valveless changeover device; 

FIG. 4 is a section through another version of the 
changeover device; ' . 

, FIG. 5 is a section through two piston-cylinder pairs 
with a different arrangement of the valveless change 
over device and the diagrams of motion of the movable 

_ elements and of the changeover device; 
FIG. 6 is a section through another version of the pis 

ton-cylinder pairs showing diagrammatically the mo 
tions of. the movable elements of said pairs; 

, FIG. 7 shows a version of the piston-cylinder pairs in 
the form of bellows; ' a 

FIG. 8 shows a version of the piston-cylinder pairs in 
the form of membranes. 

GENERAL DESIGN OF THE PUMP ACCORDING 
TO THE INVENTION. 

The pump comprises two consecutively-connected 
piston-cylinder pairs 1 and 2 (FIG. 1) and a shaped 
cam 3 actuating the movable elements of said pairs. 
The pair 1 has an outlet channel 4 while the pair 2 

has an inlet channel shown by arrow 5. ' 

DETAILED'DESCRIPTION OF THE PUMP UNIT. 

The pair 1 is constituted by a ?xed element 6 (FIG. 

15 

20 

4 
2) and a movable element 7, the element 6 serving as 
a cylinder and the element 7, as a piston. The pair 2 
likewise consists of a movable cylinder 8 rigidly con 
nected to a piston 7, and a movable piston 9.- The me 
tering volume 10 of the pair 1 communicates with the 
metering volume 11 of the pair 2 through a channel 12 
accommodating a valve 13. ' 

The piston 9 has a channel 14 accommodating a 
valve 15. 
The number of piston-cylinder pairs may be more 

than two. In this case the piston 9 is connected with the 
movable element of the next pair just like the piston 7 
is connected with the cylinder 8. 

In this type of connection the metering volume 11 of 
the closing pair communicates with the inlet channel 5 
(FIG. 1) through a ?exible pipe 16. 
The cam 3 is connected with the movable elements 

of the-pairs 1 and 2 by rockers l7 and 18, one end of 
which carries rollers 19 and 20 contacting the profile 
of the cam 3 at points spaced at 180°, as shown in an 
enlarged scale in FIG. la is viewed in the direction of 

’ arrow W in FIG. 1. The other ends of the rockers I7 
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and 18 are articulated to the corresponding rods 21 and 
22. The rod 21 is connected to the body of the valve 13 

’ while the rod 22, to that of the valve 15. 
The rods 21 and 22 are provided with springs 23 and 

24 intended to pull the rockers 17 and 18 to the initial 
positions after they have been turned by the cam 3. 
The rockers l7 and 18 have a common support 25 

installed with a provision for moving along the rockers 
for changing the ratio of their arms. 
The cam 3 has an asymmetrical pro?le so that the 

cam turning angle corresponding to the discharge 
stroke of the movable elements 7, 8, and 9 (FIG. 2) is 
larger than the turning angle corresponding to the re 
turn stroke of these elements. The curve I of the cam 
pro?le shown in this ?gure has a sector A—B corre 
sponding to the the discharge stroke and a sector B-C 
corresponding to the return stroke of said elements. 
The mtering volume 11 (FIG. 3) communicates with 

the metering volume 10 through the ?exible pipe 16, 
the channel changeoverdevice 26 and the outlet chan 
nel 4 which provides for the hydraulic communication 
of the metering volumes 10 and 11 in parallel with the 
outlet channel 4. 
The device26 is ?xed immovably on the pump casing 

and comprises a movable changeover switch‘ 27 and 
channels, one of whichcommunicates with the inlet 
channel 5, the other one with the pump 16 and the 
third one, with the outlet channel 4. 
Shown in FIG. 4 is another version of the channel 

changeover device 26 incorporating two valves 28 and 
29; the valve 28 closes the channel 30 when the volume ' 
11 increases while the valve 29 closes the inlet channel 
5 when the‘ liquid is discharged from the volume 11. 
The volume 10 is in constant communication with the 
outlet channel 4. 
To simplify the design of the pump and promote the 

reliability of the channel changeover device the latter 
is made valveless (see FIG. 5) and installed on the in 
terconnected elements 7 and 8 so that the device is 
shifted by the movement of these elements relative to 
the immovable element 6. The changeover device com 
prises a changeover switch 31 which communicates the 
volume 11 with the volume 10 through the channel 32 
or the volume 11 with the inlet channel 5 through the 

. channel 33 and the ?exible pipe 16. The upper diagram 
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I in this ?gure shows the pro?le curve of the cam 3 sim 
ilar to that shown in FIG. 2 while the lower diagram II 
shows the position of the switch 31. 

In order to use the movable element of the pairs addi 
tionally in the capacity of a channel switch, the mov 
able element 34 (FIG. 6) of the closing pair which 
functions as a piston is installed with a provision for 
turning around its own axis. The element 34 is turned 
by anyknown method. For example, the element 34 
may be connected to an electric indexing motor by 
means of a suitable shaft or gearing arrangement hav 
ing one portion or element thereof connected to the el 
ement 34 and a cooperative element coupled to an out 
put shaft of the motor. The generating line of this ele— 
ment has a bevelled ?at 35 which, on turning of the ele 
ment, communicatesthe metering volume 11 with the 
channel 5 or with the volume 10 through the channel 
36. . 

In this case the preceding pair is constituted by a 
fixed element 37 functioning as a piston and provided 
with an outlet channel 4 and a movable element 38 
functioning as a common cylinder and provided with a 
blind partition 39. Shown in this ?gure is the above 
described curve I of the cam pro?le. ' 

To exclude the rubbing seals used for making the 
pump pressure tight, the piston-cylinder pairs in the 
pump are made in the form of ?exible elements, eg 
bellows 40 (FIG. 7) or membranes 41 (FIG. 8). 

OPERATION OF PUMP 

The required capacity of the pump (FIG. 1) is ob 
tained by adjusting the position of the common support 
25 by means of, say, a micrometer screw (the microme 
ter screw and the pump capacity scale are not shown 
in the ?gures and not described herein). After starting 
the drive motor (not shown in FIG. 1) connected with 
the cam 3, the motion determined by the cam pro?le 
is transmitted by the rollers 19 and 20, rockers l7 and 
18 and rods 2I and 22 to the movable elements of the 
pairs l and 2. The springs 23 and 24 press the rollers 
19 and 20 constantly against the pro?le of the cam 3 
so that all the movable elements repeat precisely the 
motions set by the outline of this pro?le. On a change 
in the volumes of the pairs 1 and 2 the liquid is drawn 
into the channel 5 and discharged through the outlet 
channel 4. The movable elements 7 and 8 (FIG. 2) are 
interconnected and, therefore, move together while the 
element 9 repeats the same motions but with a 180° 
shift. The roller 19 moves over the profile of the cam 
3 corresponding to the sector A--A| of the curve I' 
(from 0° to 90°) (FIG. 2) while the elements 7, move 
uniformly upward. ‘The valve 13 is closed. The volume 
10 is uniformly contracted, ensuring the discharge of 
the liquid through the channel 4. Meanwhile, the roller 
20 (FIG. 1) moves over the pro?le of the cam 3 corre 
sponding to the sector A,,—B of the curve I ( l80°—270°) 
(FIG. 2) while the element 9 moves upward at uniform 
speed. 
As the roller 20 reaches the maximum point B of the 

curve I it stops and starts moving downward owing to 
its interaction with the cam pro?le corresponding to 
the sector B—C (270°—360°) of this curve which will 
move the piston 9 down and increase the volume Ill. 
The valve I5 will open and the liquid will be sucked in 
through the inlet channel 5. The roller 19 will continue 
rolling along the pro?le of the cam 3 corresponding to 
the sector A-B of the curve I which means that the ele— 
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ments 7-8 will continue moving upward, the valve 13 
will close and the volume 10 will contract uniformly, 
supplying the liquid through the channel 4. As soon as 
the roller 20 comes to the point C on the curve I of the 
cam pro?le it will resume its uniform movement up 
ward due to its interaction with the pro?le of the cam 
3 corresponding to the sector A—A, (0°—90°) of this 
curve while the roller 19 will continue its movement 
over the pro?le of the cam 3 corresponding to the sec 
tor A”-—B ( l 80°—270°), forcing the liquid out of the vol 
ume 10. Meanwhile, the volume 11 remains unchanged 
due to the upward movement of the elements 7-8 and 
9 at a uniform speed. The valve 15 will close under its 
own weight. 

After the roller 19 reaches point B on the curve 1 of 
the pro?le it will stop and, interactingwith the cam 
pro?le corresponding to the sector B-C ( 270°—3 60°) of 
the curve I, will return the elements 7—8 down; the 
valve 13 will open and the liquid will flow from the vol 
ume 11 into the volume I0. Meanwhile, the roller 20 
will continue its uniform upward movement interacting 
with the cam profile corresponding to the sector Al—A-, 
(90°—l80°) of the curve I. In this case the total volume 
will keep reducing at the former constant speed with 
the valve 15 closed, ensuring the same delivery of the 
liquid through the channel 4, the redistribution of the 
liquid between the volumes I0 and 1] caused by the 
movement of the elements 7 and 8 exerting no in?u 
ence on the total volume. 

This ensures overlapping of the channel changeover 
devices (valves), thus eliminating the in?uence of the 
transient processes on the uniformity of liquid delivery 
and increasing the reliability of said changeover de 
vices. ' 

The device shown in FIG. 3 functions similarly to the 
one described above but in this case the device 26 
(FIG. 3) is mounted on the ?xed casing of the pump 
which simpli?es the design of the pistons and enables 
the changeover device to be made without valves. In 
this case, when the piston 9 moves down and the piston 
7 moves up jointly with the cylinder 8, the changeover 
switch 27 should be in the left position (in the draw 
ing), communicating the volume 11 with the inlet chan 
nel 5. The liquid will be uniformly forced out through 
the outlet channel 4. 
When the piston 9 moves upward and the piston 7 

and cylinder 8 move jointly down, the changeover 
switch 27 should be in the right position (in the draw 
ing), communicating the volume 11 with the outlet 
channel 4. . 

The liquid forced by the piston 9 from the common 
volume 10 and Ill ?ows through the channel 4 upward 
while the liquid forced out of the volume 11 owing 'to 
the downward movement of the cylinder 8 enters the 
volume 10 which becomes larger due to the joint mo 
tion of the piston 7 with'the cylinder 8. The volume 10 
functions as an accumulator maintaining a uniform rate 
of liquid' ?ow through the channel 4 at the moments 
when the volume 11 is disconnected. The movable ele 
ment 27 is switched over by any suitable actuating de 
vice or solenoid (not shown) at the moments when the 
volume 11 remains unchanged which occurs when all 
the movable elements 7, 8 and 9 move uniformly up 
ward. 

In another version of the device 26 shown in FIG. '4 
the pump operates similarly to that shown in FIG. 3. 
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As the volume 11 becomes larger, the valve 29 opens 
and connects said volume 11 with the inlet channel 5 
for sucking in the liquid. When the volume 11 is un 

; changing, the valve 29 closes while during a contrac 
tion of said volume 11 the liquid will open the valve 28 
and ?ow through the channel 30, partly through the 
outlet'channel 4 and partly into the increasing volume 
10. i 

If a valveless changeover device 26 is installed on the 
movable element 8 (FIG. 5) whichsimpli?es the design a 
of said device and its drive, the changeover switch 31 
which may be a solenoid-actuated slide switch or the 
like, communicates the contracting volume 11 with the 
volume 10 through the channel 32 or with the inlet 
channel 5 through the ?exible pipe 16 and channel 33. 

As shown by the curves I and II in FIG. 5, the mov 
able elements 7, 8 and 9 move similarly to those shown 
in FIG. 2. The movement of the switch 31 to the left 
corresponds to the sector 0°~90° of the curve II while 
its m’ovement'to the right corresponds to the sector 
l80°-270° of the same curve which ensures uniform 
nonpulsating delivery of liquid. 
The nonpulsating valveless pump shown in FIG. 6 

can be used most successfully as a simple and reliable 
source of uniform liquid'?ow in various hydraulic sys 
tems and in other installations where the handled ?uid 
can ensure lubrication of the matching pairs 37~38 and 
38—34. . 

The operating principle ofvthe pumps shown in FIGS. 
7 and 8 does not differ from that of the pump illustrated 
in FIGS 1 and 2. 
An advantage of these designs lies in a complete ab 

sence of rubbing seals, in reliable pressure tightness 
and a considerable simplification of the pump design. 

The pumps incorporating ?exible elements may have 
various changeover devices, for example such as shown 
in FIGS. 3, 4 and 5 which widens considerably the ap 
plications of the pump. 
What we claim is: 
l. A nonpulsating ?uid-?ow pump comprising: ?rst 

and second consecutive piston-cylinder pairs having 
metering volumes connected to each other; a liquid 
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8 
inlet channel communicating with at least one of said 
pairs; channel means communicating the metering vol 
umes of said pairs; one of said pair having a ?xed ele 
ment and a ?rst movable element, said ?rst movable 
element rigidly connected to one of the elements of the 
other piston-cylinder pair; said other pair having a sec 
ond movable element movable relative to said first 
movable element and adapted to effect a change in the 
metering volume of said other pair; means communi 
cating the metering volume of said second pair with the 
metering volume of the ?rst pair, said means forming 
a channel means selecting device; a ?exible pipe com 
municating the metering volume of said second pair 
with said inlet channel; pro?led cam means kinemati 
cally linked with the movable elements of said first and 
second pairs for moving said elements in a predeter 
mined operative pattern; and a liquid outlet.channel 
connected with the ?rst pair. 

2. A pump according to claim 1, comprising rod 
means interconnecting said pro?led cam means with 
each of said movable elements, rocker means having a 
free end supporting a roller movable over the cam pro 
?le surface, said rod means being articulated to said 
rocker means, said rocker means being provided with 
a common support, said support being adjustable along 
said rocker means for changing the ratio of the rocker 
arm lengths. - 

3. A pump according to claim I, said cam pro?le sur 
face being asymmetrical so as to have a turning angle 
corresponding to the discharge stroke of the movable 
elements of said pairs larger than a turning angle corre 
sponding to the return stroke of said elements. 

4. A pump according to claim 1, comprising a pump 
casing and two pairs of said piston-cylinders, said chan 
nel means selecting device being installed on the pump 
casing so as to'ensure parallel hydraulic communica 
tion between the metering volumes of said pairs, one of 
said metering volumes being in constant communica 
tion with said liquid outlet channel. 

5. A pump according to claim 1, comprising ?exible 
elements in the form of bellows effecting the operative 
function of said piston-cylinder pairs. 


