
July 3, 1951 

Filed July 30, 1947 

L. J. HENRY 2,562,552 
MEASURING PUMP WITH FLEXIBEE TUBING 

4. Sheets-Sheet l 

F. G. 4 23 79 
2080 / 32 

2232 S. -1 s OSNSNS 

34 

y 

Ézi 
e/36% . AESN W se- o ar. As d A’ 

S s N 

Éz 2 

SS I 
2 
a 

. 

S. 

  

  

    

  

    

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  



July 3, 1951 L. J. HENRY 2,562,552 
MEASURING-PUMP WITH FLEXIBLE TUBING 

Filed July 30, 1947 4. Sheets-Sheet 2 

24 XNSYSS 42 46 EE 2 2 W YS 2252 W 
X , s2 Sx S. 3S 

2 NY INI 2 22 

4 9 23 W a 

E4 WZZZZZ Za-e-w-s. 
s 4-2. 

zssez S % waxaaz SSSSS 

Sis 
SS YaY 

2 lies. Ess;EPs 2 
NGS: 22 22 s-3 

AO -saraw 

Arif H ANNANA 1 / / 7 VV \ \ 
28 

    

    

  

  

  

    

    

  

  

  

  

  

  



July 31, 1951 L. J. HENRY 2,562,552 
MEASURING PUMP WITH FLEXIBLE TUBING 

Filed July 30, 1947 4. Sheets-Sheet 5 

FIG.8 

79 

N 77 
M 

W2 2 
a 

N 

  

    

  

  

  

  

  

  

    

  

    

  

  

  



July 31, 1951 L. J. HENRY 2,562,552 
MEASURING PUMP WITH FLEXIBLE TUBING 

Filed July 30, 1947 4. Sheets-Sheet 4 

on 3 
% n 

N a O 
e 2 

cD 2 - % 
3 

92 5 3. 8 
CO O Y. O S3 O % s 2. 

* G. S. 
O 

Ea? S3 2 

CO 
s 

5. 

ser 

CO , 

SA's 2 
C?) se % 
O es 3 

Erics St 2 c) % 
se s É 

N UD 3 (D 
e 2 

l s É c OR1% Tuung.L. LO % 
LA 2 

% CD/ 2 

o 
St N 2 .5 

r 
D 

S. Z. 

p S. E. cont O % f S. co o s 
O st in a 

g % o % 
D 2 CN 3 
r u % 

a s % 

O (D É 
2 

l % 
% % 
% 
% 2 % 

  

  

  

  



Patented July 31, 1951 2,562,552 

UNITED STATES PATENT OFFICE 
2,562,552 

MEASURING PUMP WITH FLEXBLETUBING 
Louis Joseph Henry, Paris, France 

Application July 30, 1947, serial No. 764,760 
In France March 7, 1941 

Section 1, Public Law 690, August 8, 1946 
Patent expires March 7, 1961 

9 Claims. (C. 222-38) 

The Object of my present invention is to pro 
Vide a pump more particularly though not ex 
clusively adapted for medical use, said pump 
being essentially characterized by the use of flex 
ible tubes of rubber or any equivalent and suit 
able material with which there are combined, 
firstly push-rods adapted to produce, at suitable 
times, the obstruction or throttling of a point of 
Said tubeS, and Secondly, a plate adapted to flat 
ten the tube. between those throttling points, the 
iOWeinent of Said push members and said plate 
being Correlated in Such a manner that the flex 
ible tubing element which is thus subjected to 
the agtion of said members will behave as a suc 
tion. Or pressure pump barrel. 
My pump makes it possible to inject a plural 

ity of liquids, or liquids on one hand and any 
desired gases on the other hand, in variable 
announts according to the desires of the operator. 
The volume of flow of each of said liquids or 
gases injected in this way is adjustable for each 
individual tube without it being required to vary 
the speed of the motor provided to drive the 
pulp. 

As a result of the above-disclosed features, the 
pump according to my invention, makes it pos 
Sible, for instance, to transfuse within a given 

5 

5.25 

time 300 cc. of blood, and in the same lapse of 
time and simultaneously therewith inject 10 cc. 
of an anaesthetic, the apparatus in such case 
comprising two tubes. The productS may be in 
jected separately, that is they may be introduced 
into different points of the patient's body; both 
tubes could also be connected with a single hypo 
dermic needle, the proportioning of the injected 
fluid then being effected within the single tube 
interconnecting both the above-mentioned tubes. 
My apparatus may operate either as an arti 

ficial heart (the output of both tubes then being 
alternated, one of the tubes being caused to as 
pirate while the other one discharges), or aspira 
tion and discharge may be effected simultane 
Ously, in which case my apparatus may consti 
tute a metering-mixing device in which both 
products being pumped are mixed in predeter 
mined proportions through adjustment of both 
rates of flow and throughout the entire duration 
of the discharge period, . 
As will be apparent from the disclosure given 

hereinafter in greater detail, the adjustinent of . 
the rate of flow, makes it possible to vary the 
latter in each tube and independently, from the 
other tube, from zero, up to a maximum value, 
such adjustment, being operable both at restand 
When the apparatus is in use. 
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... Any important feature of my new device is that 

the liquids or gases being pumped do not enter 
into contact With any Valve or the like means: 
they flow through simple rubber tubes Which do 
not require any lubrication, as distinguished 
from , alternating, pumps, Vaned pumpS, gear 
pumps, and the like. In this manner any possi 
bility of the products flowing in the apparatus 
ningling with foreign materials is positively pre 
cluded, this being of capital importance in ne 
dicinal applicationS. . - - - - - - 

Positioning and removal of the tubes may be 
effected with the greatest of ease without re 
quiring the dismantling of any mechanical mem 
ber. It thus becomes an easy matter to clean and 
sterilize the tubes whenever necessary or desir 
able. 
My apparatus may beformed with any suitable 

number of tubes. Merely by way of example, 
20 there is described hereinafter an apparatus com 

prising two tubes as diagrammatically shown in 
the accompanying drawing: 

Fig.1 is an elevational view of the apparatus 
assembly with parts broken away and in cross 
Section online I-I of Fig. 5. 

Fig. 2 is across section on line II-II of Fig. 4 
in its left-hand side and an end view of the pump 
proper in its right-hand side. 

Fig. 3 is a side view of the same pump, one 
side of the base being broken away to show a 
detail. 

Fig. 4 shows the same device partly in cross 
section on line IV-IV of Fig.2. 

Fig. 5 is in its upper part a section on line V-V 
of Fig. 4, and in its bottom part a section online 
V-V' of the same figure. 
Fig.6 shows the position of the control cams 

controlling the obturating push-rods of one of 
the tubes at the start of the suction phase. 

Fig. 7 shows the position of the control cams 
of the obturating push-rods of the other tube at 
the start of the delivery stroke. 

Fig. 6 is an elevational view partly in section 
of the general cam assembly for both tubes. 

Fig. 9 is a plan view partly in section of Fig. 8. 
Figs. 10 and 11 show in end view and inside 

televation respectively one of the supports of the 
tube abutment plate, said support at the same 
time serving for adjusting purposes. 

Fig. 12 is an end view of the counter with which 
the apparatus is provided. . - 

Figs. 13 and 14 respectively are a bottom plan 
view and an elevational view of said counter. 

Figs. 15 and 16-are, an elevational and a plan 
view respectively of a detail of the counter. 
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Fig. 17 is an end view of Fig. 14, and 
Fig. 18 represents a flow indicator. 
As already stated above, the apparatus forin 

ing the subject matter of this invention may com 
prise any suitable number of flexible tubes form 
ing pump barrels. Since the control mechanisim 
is identical for all of the tubes of a given ap 
paratus, the mechanism actuating only one of 
those tubes will be described for greater sim 
plicity in the disclosure. 
In the case of a device with two tubes as shown 

in the drawing there is provided a means for 
synchronizing the suction and delivery strokes 
or periods in each tube, or on the other hand 
for causing them to alternate, depending On par 
ticular requirementS. 
The device is supported on a base which in 

turn serves as a support for a shaft 2 on which 
are secured cams 3, 4, 5, 6, (and 3', 4', 5’, 6' for 
the other tube). The shaft 2 is driven in ro 
tation at a constant rate from an electric motor 
accommodated under the apparatus Within a 
casing 7 upon which the base is secured. Par 
ticular features of the control means from Said 
motor will be given hereinafter. 
The cams 3, 4, 5, 6 are engaged by One end 

(which may be provided with a follower roller) 
of levers 7, 8, 9, Origid with pins , 2, 3 and 
4 which also support levers 7, 8, 9', 'O' actuat 
ing push-rods or members 5, 6, 7 and 8 re 
Spectively. 

- The end push-rods 7 and 8 (see Fig. 5) are 
adapted to effect at the requisite moments throt 
tling of the tubes 27. They serve the function 
of check-valves and are operated alternately, one 
of them pressing upon the tube to throttle it 
while the other one releases the tube to enable 
liquid or gas to flow freely therethrough. 
The push-rods 7 and 8 are slidable in fixed 

guides and are maintained in engagement with . 
their controlling levers 9 and 10' by Springs fl' 
and 8' which at the same time are adapted to 
maintain the levers 9 and iO pressed against the 
cams 5 and 6. 
The push-rods 5 and 6 located between the 

push-rods 7 and 8 are effective to flatten the 
tube 27 in the length thereof included between 
the end push-rods, in order to effect the dis 
charge of the liquid or gas contained in the tube. 
Said push-rods 5 and 6 are connected with a 
pressure-plate 9 along which they are movable, 
the connection between said push-rod and Said 
plate being for instance effected through a dove 
tail assembly which may best be seen in Fig. 1. 
The push-rods 5 and 6 are actuated Synchro 
nously by the levers 7 and 8' which in turn are 
controlled from the related cams and the thus 
obtained displacement of the push-rods and the 
plate 9 towards the tube 27 causes said tube to 
be clamped between the plate 9 and a fixed 
abutment plate 28. 
When the plate 9 has reached the end of its 

stroke or in other words when the discharge of 
a desired amount of liquid or gas has been effected 
by displacement of the plate 9, the latter is re 
tracted by the action of a Spring 24' acting 
through the medium of a link 25 and a lever 26 
upon a rod 24 guided in a recess formed in the 
post 23 and formed with an aperture 24. It 
will be easily understood that the action of the 
spring 24' also results in maintaining the levers 
7 and 8 constantly applied against the cams 3 
and 4 from which they are controlled. 
The just described control device for the plate 

9 is devised so as to permit of adjusting the 
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4. 
rate of flow through the tube 27, such adjust 
ment being effected by varying the amplitude of 
stroke of the plate 9. For that purpose, as 
previously stated, the push-rods 5 and 6 are 
movable along the plate 9. It follows that Said 
push-rods according to the position occupied by 
them relatively to the central rod 24, are en 
gaged by a point of the levers 7 and 8 which is 
more or less distant from the fulcrum axis of 
said levers. Consequently, the stroke of the push 
rods 5 and 6 (and therefore that of the plate 
9 with which they are combined) is also modified. 
For such adjustment, it is necessary that the 

push-rods 5 and 6 be displaced by Strictly equal 
amounts. For that purpose the displacement of 
the push-rods is controlled by a Screw 20 formed 
with threads of opposite pitch acting upon the 
guides 5' and 6 of the push-rods 5 and 6. 
By rotating the screw 20 by means of the knobs 
2 and 2' a simultaneous displacement in oppo 
site directions by equal amounts is obtained for 
the guides 5' and 6' and therefore the push 
rods 5 and 6. Such movement being effected 
either in a direction to bring the push-rods closer 
to the pivotal axis of the levers 7 and 8' or to 
space said push-rods further away from Said 
aX1S. 
The screw 20 is rotated in the walls 22 and 22' 

of the apparatus and is moreover Supported in 
the central post 23. ft may be provided With 
blocking means to set it in a required position. 
The screw 2G could be replaced by a rapid ad 

justment device formed by a pinion rotating on 
the member 23 and meshing with Sets of rack 
teeth one of which is rigid with the guide 5’ 
and the other with the guide 6. By rotating 
the pinion, movements in opposite directions are 
innparted to the guides, which movements may 
be faster than those obtained with the Screw 
having threads of opposite pitch as described 
previously, 
The rubber tube 2 which so to Speak forms 

the body or barrel of the pump, and on which 
the push-rods 7 and 8 act in the manner of 
check-valves, is clamped for the purpose of dis 
charging the fluid contained therein, between 
the movable plate 9 and the fixed abutment plate 
28, as stated above. The abutment plate 28 re 
mains stationary throughout the operation of 
the apparatus, but may be mounted So as to be 
adjustable and also to be foldable as will now 
be explained. 
Adjustment of the plate 28 makes it possible 

to adapt the device for use with rubber tubes of 
Such adjustment 

is obtained by means of the following device. 
The plate 28 is through the medium of a pin 

29 mounted on two supports 30 and 30' which are 
freely slidable on the base , Said Supports being 
guided by the side edges of the ports f' which are 
engaged by the extensions 30' of the Supports 
30 and 30'. Said extensions are formed as forks 
into which project level's 35 and 35' rigid with the 
shaft 36, rotatable on pins 37 and 3’ rigid With 
the base , as best shown in FigS. 2 and 3. A lever 
38 is rigid with the shaft 36 and said lever is en 
gaged by a set-Screw 39, which Screw may be ac 
tuated by means of an adjusting knob 40 and is 
threaded into the side wall of the base . The 
Supports 30 and 30' are maintained in place on 
the base frame by means of strap members 4 
and 4' with which they are made rigid through 
screws 42 or any suitable equivalent means. 

It will be readily understood that when the 
Screw 39 is actuated the assembly comprising the 
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supports 30 and 3' and the abutment plate 28, 
may be advanced or retracted and consequently 
the push-rods f5 and 6 may be made to Sufi 
ciently flatten down the tube 27 to obturate it 
without however crushing it to the point of in 
jury, whatever the thickness of Said tube may be. 

Moreover, the abutment plate 28 may be com 
pletely folded back to enable removal or insertion 
of the rubber tube 27. For that purpose said plate 
may be rotated about the axis 29 to assume the 
position indicated at the left of Fig. 1. As shown 
in this figure, the supports 33 and 30' are formed 
with notches 30', thereby enabling the tube 27 to 
be inserted (or removed) when the abutment 
plate 28 is in folded back condition. As a result of 
this arrangement, positioning and removal of the 
tube may be effected without even having to look 
at it and possibly in complete darkness. 
The abutment plate 28 is maintained in its op 

erative position (as showin at the right of Fig. 1) 
by two latches 32 and 32 (see in particular Fig. 
5) engaging recesses 3 and 3 '' formed in the 
supports 30 and 3; a spring 33 urges the latches 
into their recesses; actuating lugs 34 and 34' 
formed at the ends of the latches allow them to 
be extracted from out of their receSSes by con 
pressing the spring 33 when it is desired to clear 
the abutment 28 in order to remove or insert a 
tube 27. When the latches engage their receSSes, 
they are effective to block the abutment plate 28 
in the position to which it has been brought in 
the above-described adjustment and they en 
able it to withstand the pressure exerted by the 
tube 27 when the latter has been compressed by 
the push-rods 7, 8 and the pressure plate 9. 

It is important that the operator have a cor 
rect knowledge of the amount by which the rate 
of flow through any given tube is altered when 
the set screw 28 causing longitudinal displace 
ment of the guides 5' and 6 and thereby the 
push-rods 5 and 6 together with the plate 9, 
is actuated. This result is obtained by means of 
an indicating device (Fig. 18) comprising an indi 
cator arm or needle 46 movable in front of a 
graduated Scale on a dial. If Said indicator arm 
were displaced proportionally with the amplitude 
of dispalcement of the guides 5' and f6 it would 
be necessary to provide a non-uniform Spacing 
between the scale-graduations of the dial, since 
the rate of flow through a cylindrical tube is not 
varied in a directly proportional manner in re 
sponse to the degree of flatening to which it is 
Subjected by being clamped against a planar Sur 
face. To Overcome these drawbacks a correcting 
device is provided which comprises a cam 43 
mounted on the wall of the base by means of a 
pin 44 on which it is freely rotatable; said cam is 
engaged by a finger 55 rigid with any one of the 
guides 5’ or 6'. It Will easily be understood that 
the contour of the cam 43 may be so calculated 
that the indicating arm 46 will be caused to travel 
through equi-spaced scale graduations even 
though the corresponding length of stroke of the 
cam controlling guide may have been subjected to 
irregular variations. 

It goes without saying that without altering the 
basic organization of the invention, it would be 
pOSSible to actuate through the medium of a gear 
ing or a gear train controlled from the cam 43, 
a second indicator arm serving to indicate a frac 
tion of the main scale graduations. Also two 
cams could be used each controlled from one of 
the guides 5' and 6' so as to make it possible 
to ascertain without requiring any calculations, 
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6. 
the rate of flow for a predetermined adjustment 
through two-tubes of different diameters. 
The device moreover comprises a flow register 

ing and totalizing device adpated to automatically 
compensate for any deviations in the rate of flow. 
Such as may be caused by the displacement of 
the guides 5 and 6. Said device is essentially 
formed by a counter 47 of any suitable type con 
trolled by a lever 48 adapted to transmit to it the 
impulses received from a toothed ratchet 49. 
adapted to rotate the drum of the counter by an 
amount equivalent to one digit per tooth. 
The ratchet 49 is driven through a mechanical 

connection formed by a spring 50 having-juxta 
posed turns wound around a cylinder 5-1 rigid 
with the ratchet 49, and one end of which is 
blocked by means of a screw 52 on a lever 52* in 
such a way that each impulses of the lever 52 
which tends to tighten the spring 50 around the 
cylinder 5, causes the latter to be rotated, while 
in the reverse movement, tending to unwind or 
release the spring 50, the latter may rotate free 
ly around the cylinder 5 without driving the 
latter. - 

A second spring 53 wound in an opposite direc 
tion around the cylinder 5; and one end of which 
is blocked on the frame 54 of the driving device 
with a screw 54, allows the ratchet 49 to be 
rotated freely when urged by the spring 50, but 
effectively blocks the ratchet when the spring 
50 is moved in the reverse direction. 
A link 25 connects the lever 52 on which it acts 

through the medium of a pin 55, with a lever 26 
to which it is fixed by a pin 56; the lever 26 is 
pivoted on the base by means of a pin 26' and 
receives the impulses from the guide rod 22 
formed for that purpose (as previously stated) 
With an aperture 24' into which extends the free 
end of the lever 26. A return spring 24' (Figs. 
13- and 14) rigid at one of its ends with the lever 
52 and at its opposite end with a ratchet wheel 
57 adapted to be blocked by means of a pawi. 
58 pressed by a spring 58' and rotatable on the 
pin-59 rigid with the frame 54, retracts the lever 
52 after each impulse received from the plate 
9 through the guide rod 24 from the lever 26 
and the link 25; Said spring at the same time 
retracts the plate 9 against the push-rods .. 5 
and 6, which in-turn act upon the levers 7 
and 8-8' to apply them against the cams 3 and 4. 
. The ratchet wheel 57 which is rotatable on 
the pin 60 carried by the frame 54 enables adjust 
ment of the tension of the return spring 24'. 
As explained in greater detail hereinafter, the 

above described counter functions as a totalizer 
for fractions of a digit. 
The frame 54 (which supports the ratchet 57 

and related elements) and the counter Gi are 
Secured On...the casing if supporting the base 
and Serving to house an electric motor 62 con 
trolling the device. - 
The motor 62 has been ... especially devised for 

use in Connection. With my apparatus as used for 
medicinal purposes. This specific application of 
the device requires an arrangement such as to 
positively preclude the possibility of any contact 
at any time between the oil necessary to lubricate 
the motor and the members through which the 
liquids or gases to be injected are circulated. 
This result is obtained according to the inven 
tion through the use of an oil chamber 63 devised 
So as to produce the lubrication of a train of 
gears without necessitating renewal or replenish 
ing of the lubricant. To that end, a sufficiently 
large amount of the latter is contained in the 
lower part of the motor casing which forms a 
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sump or chamber 63 the shape of which is deter 
mined so that the oil level may at no time reach 
the bearing for the motor drive shaft, which 
bearing seals said chamber, and this being true 
for any position of the motor. In other Words, 
the apparatus may be turned upside down, or 
placed on its side, or generally may be made to 
assume any position whatever without the pos 
sibility of any oil escaping through the bearing, 
said chamber being moreover completely oil 
tight everywhere else. 

In order to prevent the oil from rising in the 
motor under the effect of air pressure, resulting 
from the heat evolved in the motor in operation, 
there is provided a tube through which the motor 
chamber is vented to the atmosphere; said tube 
is arranged in such a way that the level of oil 
can never reach its inlet in the chamber. 

Said special motor is also characterized by 
an arrangement ensuring a particularly efficaci 
ous guiding of its shaft. As shown in Fig. 1, the 
drive shaft proper 65 driven from the rotor 64 
is a tubular shaft; it is supported in a lower 
bearing 66 and guided in an upper bearing 67. 
Said shaft has secured thereon a pinion 68 which 
engages one or more pinions 69 rigid with pinions 
70 which in turn drive a pinion 7 rigid With a 
shaft 72 rotatable within the tubular shaft. 65. 
Said shaft 72 rests on a thrust bearing 73; it is 
guided throughout its entire length and drives 
the Shaft 2 carrying the control can S. 

In a modification of the device, the connection 
between the shaft 72 and the shaft 2 is effected 
through a free-wheel arrangement allowing the 
shaft 2 to be rotated by hand Without driving : 
the motor. 

In the above the control of only one tube 2 
has been described; the apparatus illustrated is 
provided with two tubes, and, as stated above, 
the mechanism described is simply duplicated, 
with the exception of the motor and the shaft 
2, which in this case supports a second set of 
C8S. 
The pump may be operated to Suck and dis 

charge synchronously or alternately through both 
tubes (in the latter case one tube effects aspira 
tion while the other one discharges). This result 
may be obtained very simply by means of the 
device now to be described and more particularly 
illustrated in Figs. 8 and 9. --- i. 
In order to modify the manner of operation 

of the pump, it is simply necessary to change 
the setting of the second set or trains of cams 
3, 4, 5’, 6' designated by the general reference 
74 in Fig. 8. For that purpose, said set of cans 
is driven by means of a retractable key 75 accom 
modated in a chamber 75 formed in the thick 
ness of the shaft 2 and subjected to the action 
of two springs 76 and 76' which urge it into 
engagement, according to requirements, in either 
one of two grooves 77 or 77' formed in the thick 
ness of the Set Of CanS. 
The previously mentioned cams 3, 4, 5 and 6 

form a first set or train rigid with the shaft 2; 
the second set of cams 74 may, with respect to 
said first train, be so adjusted that the action 
of both tubes may be synchronized or on the 
other hand alternated. To modify the Setting 
of the train of cams 74, there are provided flats 
78, 78 extending perpendicular to each of the 
grooves TT and 77 as shown in Fig. 9, said flats 
making it possible to expose Said grooves while 
being in tangential relation with the inner, di 
ameter of the bush in which the shaft 2 is ro 
tatable. A push-rod 79 formed by a plate bent 
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8 
in the form of a U (Figs. 8 and 9) is arranged 
to extend between each pair of cams of the 
train 74 so that it may, when caused to slide 
in its housing formed in the post 23, engage 
the retractable key 75 to expel it from Out of 
that one of the grooves in which it is engaged. 
A spring 80 restores the push-rod 8 to its rest 
position when no longer compressed. 

It will readily be understood that if the push 
rod 79 is pressed while the shaft 2 is rotated, 
the ends of the push-rod will, at the instant 
Where the fiat is presented before then, engage 
the key 75 and Will expel it from out of the groove 
in the train of cams 74; the latter Will then no 
longer be driven through the key 75 and will 
stop, since the push-rod, through the preSSure 
exerted by it on the flat, will immobilize said 
set of cams, the shaft 2 still remaining freely 
rotatable. In this rotation of the Shaft 2, the 
key 5 will encounter the giroove which was free 
and will at once project thereinto, whereby the 
train of cams 74 will once more be rigid with 
the shaft 2 and the drive of said Set of cams will 
Once more be effective. At the same time, the 
push-rod 79 is expelled by the action of the 
flat applied against it and acting as a Cam. 
The result of this operation is that the Set 

ting of the train of cams 74 will have been al 
tered with respect to that of the train formed 
by the cams 3, 4, 5 and 6. This alteration in 
the setting will obviously be obtained each time 
that the push-rod 79 is pressed during the ro 
tation of the shaft 2. 
The Shaft 2 may be extended beyond the up 

per plate of the frame to receive a crank there 
on, enabling the device to be operated manu 
ally in case of a power breakdown. Also a pull 
ley (or a pinion) may be adapted thereon to 
serve for the drive of an accessory device through 
a drive belt or chain. 
The operation of the apparatus as described 

is as follows: 
The abutment 28 being swung back, the rub 

ber tube 2 is brought Opposite to the push-rods 
7, 8 and to the pressure plate 9 by causing 

it to rest in the notches 30' in the supports 
30 and 30' which maintain it in proper position 
(see Fig. 1). The abutment 28 is then raised 
and blocked on the Supports 32 and 39” by means 

If necessary the abut 
ment, 28 is then adjusted. For that purpose the 
screw 39 is unscrewed and the end of the tube 
corresponding to the intake Side is dipped into 
a suitable liquid; the apparatus is then started 
and the screw is tightened until the liquid is 
aspirated and discharged by the tube. The ap 
paratus is then in adjusted condition. Aspira 
tion and discharge are caused by the associated 
action of the pressure-plate 9 and the push 
rods 7 and 8. Since the apparatus is reversi 
ble, the intake may be effected at Will through 
either end of the tube. It will be assumed for 
example that the left hand end of the tube (as 
seen in Fig. 5) is used for intake: In this case, 
the device Operates as follows: 
The push-rod l having been actuated by op 

eration of the can 5 and levers 9 and 9', until 
it has completely obstructed or throttled the tube 
27, the plate 9 which WaS pressing the tube 
after it had flattened it out, is retracted by the 
action of the return spring 24' which pushes 

75 

back the levers 7 and 8 against the cams 3 and 
4. In this movement, the push-rod 8 is brought 
completely clear of the tube. In Such conditions, 
the liquid or gas to be aspirated penetrates into 
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the tube under the effect of the suction pro 
duced by the straightening out of the Walls of 
the tube. When the plate 9 has been con 
pletely retracted and consequently the suction 
effect has reached its maximum value, the push- . 
rod 8 is brought to the position causing throt 
tling of the tube, while the push-rod On the 
other hand is retracted. At the same time, the 
plate 9 is caused to clamp the tube 27 against 
the abutment plate 28, thereby causing dis 
charge of the fluid by compression of the tube. 
This intake and discharge cycle is repeated as 
long as... the device is in operation. 

If the direction of rotation of the cams is re 
Versed, the foW of fluid in the tube is also re 
WeSed. 
The rate of flow may be adjusted by means 

of the Screw 2 with opposite Screw threads 
Which is adapted to bring the push-rods 5 and 
5 closer to or further away from the pivotal 

axis of the levers T' and 8'; the amplitude of 
stroke of Said push-rods (and therefor that of 
the clamping plate 9) is thus altered. . It will 
be easily understood that the more closely spaced 
are the push-rods With respect to the ends of 
the levers, the larger will be the amplitude of 
the movements of the plates is; conversely, as 
Said push-rods are brought closer to the fulcrum 
axes of the levers, Said amplitude. Will be de 
creased until it becomes Zero as the push-rods 
paSS exactly through the axis of the levers. 
The variation of the stroke of the plate 9 is 

effective to produce a more or less pronounced 
collapse of the tube and consequently to alter, the 
rate of flow. 

It is obvious that this method of adjustment 
is such that the rate of flow in each tube is in 
dependent from the rate of rotation of the cams. 
This makes it possible to adjust once for all said 
rate of rotation and thereby makes it poSSible to 
use a synchronous motor permitting a strictly 
stable rate of rotation and consequently a uni 
form rate of flow, which is particularly valuable 
and desirable in medicinal use. 
As indicated in the course of the disclosure, 

the apparatus may be adapted to act on any 
desired number of tubes; When tWo tubes are 
used, it may be desirable to synchronize their 
deliveries or on the other hand to cause them to 
alternate. This possibility makes it possible, 
Without modifying the rate of rotation of the 
notor, to double the frequency of the pumping 
action. Thus, for instance, if the apparatus is 
established to provide eighty aspirating and de 
livery cycles per minute for each tube, both tubes 
operating alternately, the total frequency will be 
brought up to 160 pulsations per minute or may 
be reduced to 80 if the tubes are operated Syn 
chronously, that is if they aspirate and deliver 
at the same times. 
In order to alter the frequency, or in other 

Words to Synchronize the action of the mechanism 
in both tubes, or On the other hand to cause Such 
action to alternate in both tubes, it is simply 
necessary, the apparatus being in operation, to 
preSS on the push-rod 79 to automatically pro 
duce in the above-indicated manner a change in 
the relative setting of both trains of cams. At 
each push exerted on the push-rod 9, there will 
be produced a different combination in the con 
trol of the levers acting on said tubes. 
The flow indicator shown in Fig.18, for a given 

gauge of tubing, allows the apparatus to be 
adjusted so as to deliver any desired volume of 
liquid or gas, If it becomes necessary to use a 

10 

15 

20 

25 

30 

35 

40 

50 

BC 

65 

70 

75 

listics. 

O 
tube of a different gauge from that for which 
the Scale graduation of the dial was designed, 
there Would be accomplished, for the subsequent 
adjustment of flow, a calibrating operation which 
Will make it possible to calculate the rate of 
flow once the corresponding value of each scale 
graduation for said tube is ascertained. 

It is also possible, by replacing a cam 43 by an other cam of a predetermined contour, to adapt 
the flow indicator to tubes of various character 
The previously described registering counteris 

adapted to automatically correct any errors which 
may result from the fact that the rate of flow 
Of the tube is varied with the displacement of 
the push-rods 5 and 6 along the levers 7 and 
8. The counter in question is adapted to register 
the number of strokes or cycles performed by the 
plate 9. But, since those strokes are not all of 
the same length it is important that the counter 
should register one additional digit only when 
the sum of several strokes of the plate 9 has 
given rise to the delivery through the tube 27 of 
a predetermined amount, for instance 1 cc. Such 
result is obtained by the action of the compensat 
ing device which operates as follows: The lever 
26 transmits to the lever 52 through the medium 
of the link 25, the impulses received from the 
plate 9; in turn the lever 52 drives the ratchet 
49 through the agency of the spring 50. As pre 
viously described, for one direction of movement 
of the lever 52, the spring is blocked on the cyl 
inder 5 and is effective to drive it, while in the 
opposite direction, it releases said cylinder which 
is then blocked by the spring 53. Each time the 
ratchet 49 has advanced by the amount of one 
tooth, the lever 48 which transmits the move 
ment to the counter 47 through a link 48 causes 
one step of advance of the units drum of the 
counter and the latter then totalizes the number 
of impulses. But, when the pump is adjusted, 
in Such - a manner that a certain number of 
strokes of the plate 9 is required to produce 
the delivery of One unit of Volunie C1 cc. for ex 
ample), the gear of the counter only advances, 
at each impulse received from the lever 26, by an 
amount corresponding to the amplitude of the 
movement of said lever (the ever 26 remaining 
stationary in the limiting case where the plate 9 
is adjusted for a rate of flow through the tube 
equal to zero); each stroke of the plate f9 of an 
amplitude smaller than that which would cause 
the delivery of one unit volume, feed the ratchet 
49 by a fraction of a tooth space and said ratchet 
remains in such position until a new stroke of 
the plate 9 causes it to be fed by a new fraction. 
When the total of elementary-impulses thus ims 
parted to the ratchet 49-amounts to one unit, said 
ratchet is advanced by one tooth and causes the 
indication of an additional unit: in the drums of 
the counter. . . . . . 
... In a modification of the invention, the tube of 
uniform gauge described above is replaced by a 
tube comprising, in the portion thereof. forming 
the pump barrel, a resilient bulb. on which the 
pressure producing delivery is adapted to be ex 
erted; in this case, said bulb should be actuated 
on both sides thereof, and simultaneously, the 
plate 9 and the abutment 28 should be controlled. 
What claim is: . - . 
1. In a device for pumping medicinal fluids in 

combination a flat abutment surface adapted to 
fixedly removably receive a length of flexible tub 
ing thereagainst, a movable guided pressure-plate 
adapted to be moved towards and away from said 
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abutment surface, a spring-urged push-rod co 
operating with said abutment surface beyond 
each end of said pressure-plate to throttle a 
related point of said tube thereagainst, a cam 
shaft with suitably settable cams thereon, means 
to rotate said camshaft, for, each of said push 
rods a follower lever, means co-operating with 
one of said cams to control said push-rod, a pair 
of levers each having a fixed fulcrum and pro 
vided with a follower arm and an actuating arm, 
said follower arm co-operating with a related 
cam, two movable projections on said pressure 
plate each co-operating with a related one of said 
actuating arms and adjustably movable on said 
pressure plate in relation to said fulcrum of said 
last-mentioned levers to cause said pressure 
plate to be actuated to a variable degree towards 
said abutment surface, flow-indicator means in 
cluding a scale graduation and an indicator arm 
Operatively connected to said movable projec 
tions on said pressure-plate to indicate the de 
gree of adjustment thereof with respect to the 
fulcrum points of said last-mentioned levers 
whereby to be responsive- to the degree of actua 
tion of said pressure-plate, said operative connec 
tion including a cam device of suitable profile 
whereby the displacements of said indicator arm 
on said scale may be made to be proportional 
With the actual rates of flow through said tube 
for the various degrees of actuation of said pres 
Sure-plate, the setting of said cams being such 
as to produce: a suitable sequence of operation 
of said pressure-plate and said push-rods to ef 
fectively pump fluid through said tube. 

2. In a device for pumping medicinal fluids in 
combination a flat abutment surface adapted to 
fixedly receive a length of flexible tubing thereon, 
a reciprocable pressure-plate adapted to be re 
ciprocated towards and away from said pressure 
plate, means to adjust the amplitude of said re 
ciprocation, Spring-urged push-rods co-operating 
with said abutment. Surface beyond each end of 
Said pressure plate to throttle a related point of 
Said tube thereagainst, a camshaft with suitably 
Settable cams thereon, an electric motor to drive 
Said camshaft at a constant rate, means to con 
trol said pressure plate and each one of said push 
rods from a respective one of said cams, the set 
ting of said cams being such as to cause a pre 
determined pumping sequence of operations of 
said pressure-plate and said push-rods to pump 
fluid through said tube, a counting and totaliz 
ing means to register the total amount of fluid 
pumped through said tube, said means compris 
ing a registering wheel, a ratchet adapted when 
and only when advanced by the space of one 
tooth to advance said registering wheel by one 
digit, and means to cause each actuation of said 
pressure-plate with respect to said abutment sur 
face to cause a corresponding advance of said 
ratchet, the arrangement being such that said 
ratchet is caused to be advanced by the amount 
of one tooth thereof for a number of actuations 
of said pressure-plate corresponding to the pass 
ing of one unit volume of fluid through said tube. 

3. In a device for pumping medicinal fluid and 
the like in combination a flat abutment surface 
adapted to fixedly receive thereon a length of re 
siliently flexible tubing connecting with a supply 
of fluid to be pumped and with a means for util 
izing said fluid, a reciprocable pressure-plate 
adapted to be variably reciprocated towards and 
away from Said abutment surface to variably 
throttle said length of tubing, means to adjust 
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the amplitude of reciprocation of said plate and 
thereby the degree of throttling of Said tube and 
means to indicate said adjusted amplitude and 
thereby the amount of fluid flow through said 
tube at each actuation of said pressure plate, 
spring-urged push-rods co-operating with Said 
abutment surface beyond each end of Said pres 
sure plate to completely throttle off a related 
point of said tube, a camshaft with Suitably Set 
table cams thereon, control means from each of 
said cams to said pressure plate and each of 
said push-rods respectively to operate the same 
in a pre-determined pumping sequence as deter 
mined by the setting of said cams, an electric 
motor, a sealed housing for said motor, the lower 
part of said housing forming an oil sump, gear 
ing connections from said motor to said cam 
shaft operating in said oil Sump, the arrange 
ment being such as to prevent any escape of Said 
oil from said sump for any position of Said de 
Wilce. 

4. In the device as claimed in claim 3, means 
for venting of Said Sump to atmosphere to pre 
went a rise of oil therein under the effect of preS 
sure of air heated by the operation of the motor. 

5. In a device for pumping medicinal fluids and 
the like in combination two flexible tubes with 
resiliently collapsible side-walls each connected 
with a respective supply of fluid to be pumped on 
one hand and a means for utilizing said fluid on 
the other hand, means for removably supporting 
a length of each of said tubes against a flat abut 
ment surface, for each of said tubes a preSSure 
plate adapted to be variably reciprocated towards 
and away.from said abutment Surface to variably 
throttle said tube thereagainst, means to adjust 
the degree of reciprocation of said pressure-plate 
and means to indicate the degree of said recipro 
cation and consequently the amount of each fiuid 
flowing through each of said tubes at each recip 
rocation of said pressure-plate, spring-urged 
push-rods co-operating with said abutment Sur 
faces beyond each end of said pressure-plate to 
completely throttle a related point of each of 
said tubes thereat, a common camshaft with two 
series of cams thereon one for each tube, a motor 
to drive said camshaft, control means for one of 
said cams of each series to a respective pressure 
plate and from cams of each of said Series to re 
lated push-rods of a respective tube, means for 
Setting each of Said Series of cams. So as to cause 
a Suitable pumping sequence of Operations of the 
related pressure-plate and push-rods to pump 
said related fluid from said Supply to Said utiliza 
tion means through said related tube, and means 
for altering the relative setting of both said Se 
ries of cams with respect to each other while 
said camshaft is in rotation, So as to selectively 
obtain a relative timing such that Said preSSure 
plates and push-rods for both tubes are operated 
in unison to simultaneously deliver their respec 
tive fluids through said tubes, or alternatively to 
obtain a relative timing such that the respective 
fluids are delivered alternately through both 
tubes. 

6. The device as in claim 5, wherein said means 
for selectively altering the relative setting between 
both said series of cams comprises a pair of an 
gularly Spaced longitudinal grooves in Said cam 
shaft opposite to one of Said Series of cams, a, 
retractable key adapted to engage any one of 
said grooves selectively to cause Said Series of 
cams as a whole to be coupled with said cam 
shaft in a related one of two langular settings 
with respect to the other series of cams, and 
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means for retracting said key while Said shaft is 
in rotation to allow said Setting to be automatic 
ally altered. 

7. In a device for pumping medicinal fluids and 
the like in combination a supporting frame, two 
flexible tubes each connectable with a respective 
Supply of fluid on One hand and with means for 
utilizing said fluid. On the other hand, means 
for removably supporting a length of each of said 
tubes horizontally at each side of said supporting 
frame, an abutment member for each of Said 
lengths of tubes latchable in an operative verti 
cal position to engage a generatrix of said tube 
and pivotable to an inoperative horizontal po 
Sition to enable the removal and insertion of 
Said tube, for each of said tubes a reciprocable 
preSSure-plate adapted to be variably horizon 
tally reciprocated towards and away from said 
abutment plate to variably throttle said length 
of tube thereagainst, means to adjust the degree 
of reciprocation of said pressure-plates, and 
means to indicate said adjusted degree of recip 
rocation calibrated in units of volume flow per 
unit of time, spring-urged push-rods co-operat 
ing with said abutment plates beyond each end 
of Said pressure plates to completely throttle a 
related point of said tube thereat, a common ver 
tical camshaft rotatably mounted centrally of 
Said frame with two series of cams thereon. One 
for each tube, control means from the respec 
tive cams in each series to the pressure plate and 
the push-rods of a related tube, means for set 
ting each of Said series of cams to cause a suit 
able pumping sequence of operations of said pres 
sure-plates and said push-rods for each tube, and 
means for altering the relative setting between 
both said series of cams while said camshaft is in 
rotation so as to obtain selectively a simultaneous 
or an alternating delivery of fluid through both 
tubes, totalizing counter means for registering 
the amount of fluid flow through each tube, a 
Synchronous electric motor housed under said 
Supporting frame in a casing, an oil Sump formed 
in the bottom of said casing containing a Sub 
stantial amount of oil therein, bearings in said 
casing for the driveshaft of said motor, and 
means to positively prevent said oil from leak 
ing through said bearings into said Supporting 
frame. 

8. The pumping device as in claim 7, wherein 
said drive-shaft of Said motor is a tubular shaft 
co-axially surrounding said camshaft and adapted 
to drive the latter through a train of gears ar 
ranged to work in said oil-Sump. 
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9. In a device for pumping fluids in combina 

tion a fixed abutment surface adapted to fixedly 
removably receive a length of flexible tubing 
thereagainst, one end of said tubing communi 
Cating With a source of fluid to be pumped and 
the opposite end with a means for utilizing said 
fluid, a reciprocable pressure-plate to be moved 
towards and away from Said abutment surface, 
guiding means for said pressure-plate, first push 
rods each having an end engaging said pressure 
plate, second push rods each cooperating with 
said abutment surface beyond each end of said 
pressure-plate adapted when actuated to flatten 
out and throttle a related point of Said tube 
against Said abutment Surface, guiding means 
for said first and second push-rods, spring means 
for urging Said first and Second push-rods away 
from said abutment surface, a rotatable cam 
Shaft, Settable cams on said camshaft, follower 
levers cooperating with each one of said cams, 
pins associated with and Secured to a related one 
of said levers respectively, actuating levers fixed 
on each of said pins and each cooperating with a 
related one of said push-rods, and means for dis 
placing said first push-rods in reverse directions 
with respect to each other substantially along 
the related ones of said actuating levers thereby 
causing said pressure-plate to be moved to a vari 
able extent from said pins through said actuating 
levers according to the adjustment of said first 
push-rods with respect to their associated actuat 
ing levers, the setting of said cams being such as 
to provide for a predetermined pumping sequence 
of operation of said preSSure-plate and Said sec 
ond push-rods to cause pumping of Said fluid 
from said source to said utilization means, and a 
constant speed driving mechanism for operat 
ing said camshaft. 
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