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The present invention relates to pumps of the 
positive displacement type and has for its pri 
mary object the provision of a new and in 
proved pump of high efficiency, a pump that may 
be built at relative low cost, and one capable of 
delivering a smooth flow of fluid which may be 
used substantially noiselessly at the point of ap 
plication. 
The pump of the present invention is adapted 

to be utilized in connection with liquid having 
lubricating qualities and at medium pressures and 
fairly large volumes. A pump of the positive dis 
placement type, such as a rotary pump includ 
ing pistons reciprocable radially by an eccentric, 
Ordinarily comprises a number of pistons, either 
odd or even, the total discharge of which, while 
it is relatively constant, pulsates at a rate de 
pendent upon the Speed of rotation of the pump 
shaft and the number of cylinders. If the pump 
comprises an even number of cylinders, the 
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mary objects the provision of a new and in 
proved pump of the positive displacement type 
having a substantially smooth delivery. 
A further object of the present invention is to 

provide a new and improved pump of the positive 
displacement type so constructed and arranged 
that the afore-described pulsations are substan 
tially eliminated to provide a smooth discharge. 
A more specific object of the present invention 

is to provide a new and improved pump in which 
the discharge passage from the pump is periodi 
cally connected to the suction passage, thereby 
substantially to eliminate the pressure pulsations 
otherwise occurring. It should be understood that, 
compensation of the pulsations in the discharge 
of the pump in this manner is obtained only at 

20 
pulsations, or ripples, per revolution are equal in 
number to the humber of cylinders; and if the 
pump comprises an odd number of cylinders, 
greater than One, the pulsations are equal in 
number to twice the number of cylinders. Gener 
ally speaking, the magnitude of the pulsations 
with Odd and even numbers of cylinders is in the 
relation of one to two; i.e., the magnitude of the 
pulsations with an even number of cylinders is 
approximately twice as great as with an Odd num 
ber of cylinders nearest the even number of cyl 
inders. The greater the number of cylinders the 
less the magnitude of each pulsation. 
In many applications the pulsations, which are 

Only a relatively small percentage of the total 
Output of the pump, are of little or no moment, 
but in certain applications they become a major 
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factor. For example, in the Operation of directly 
actuated hydraulic plunger type elevators the 
pulsations are apparent to passengers in the ele 
lvator cabs as vibration and noise. The vibration 
and noise are quite disagreeable and in some 
instances may be even intolerable. Wilbration 
damping means in the delivery line leading from 
the pump to the elevator have been found in 
effective to reduce the vibration to a point where 
it is not noticeable. 

Pulsations are undesirable also for the reason 
that they result in a waste of energy. Pulsations 
in the flow of liquids produce like pulsations in 
pressure and the energy absorbed thereby is 
wasted. Consequently, the avoidance of pulsa 
tions results in a decrease in the amount of 
energy required to drive the pump, 
The present invention has for one of its pri 

40 

45 

50 

the sacrifice of Some efficiency as a deliberate 
leak is introduced between the discharge and the 
supply of the pump. However, as will be de 
scribed hereinafter, the losses resulting from prac 
tice of the present invention are only a very small 
percentage of the flow of liquid and consequently 
of the energy contained therein. Of course, if 
inferior arrangements of parts are used which 
would result in increased pulsations, the correc 
tion will result in a more serious loss in efficiency, 
but it should be noted that the mechanical eff 
ciency of the pump may still be well above that 
of other types of pumps which are inherently free 
from pulsations in the delivered flow. '. 
A further object of the present invention is to 

provide a pump having a rotary distribution valve 
adapted selectively to control the connection of 
the pump cylinders to the suction and discharge 
passages of the pump and periodically to connect 
the discharge passage to the suction passage to 
by-pass some of the fluid, the amount of fluid 
by-passed being maximum when the discharge 
from the pump cylinders is a maximum. 
A further object of the invention is to provide 

a valve for controlling the by-pass justmentioned 
cructed integrally with the rotary distribution 
WaWe A further object of the present invention is to 
compensate for the pulsations in the delivered 
fluid from the pump by means of a separate valve 
operated synchronously with the pump shaft. 
A further object of the present invention is to 

provide a by-pass controlling valve that is adapt 
ed to compensate for pulsations varying from a 
predetermined minimum to a predetermined 
maximum and then back to the predetermined 
minimum. 
A further object of the invention is to provide 

55 a by-pass controlling valve that is adapted to 



2 
compensate for pulsations of a type wherein the 
pulsation varies from a predetermined minimum 
to a predetermined maximum, then to an inter 
mediate minimum value, then to a predetermined 
maximum value, and finally back to the predeter 
mined minimum value. 
A further and more general object of the pres 

ent invention is to provide a by-pass valve of the 
type described, which is, in general, adapted to 
be modified to compensate for various forms of pulsations. 
A further object of the present invention is to 

provide an arrangement whereby the amount of 
liquid by-passed by the valve may be adjusted 
as desired. 1 . 
Another object of the present invention is to 

provide a rotary distribution and by-pass con 
trolling valve that is balanced against hydraulic 
thrust. 
A further object of the invention is to provide 

a rotary distribution and by-pass controlling 
valve that is balanced against both axial and 
lateral hydraulic thrust, thereby to prevent rapid 
wear of the bearing surfaces of the valve and 
the development of leakage around the valve. 
A further object of the present invention is to 

provide a pump of the type described in which 
a positive pressure is maintained in the crank 
C8Se. 

A further object of the present invention is to 
provide a new and improved rotary distribution 
valve wherein the above-mentioned hydraulic 
balance and maintenance of positive pressure is 
provided for, in part at least, by the valve. 
A further and somewhat more general object 

of the present invention is to provide means pre 
venting the ingress of air into the crank case 
around the valve Operating shaft, and thereby 
prevent the impairment of lubrication of the 
moving parts of the crank mechanism and to 
prevent the noisy operation of the pump which 
may result from permitting air to find its way 
into the cylinders through piston clearances. 
A further object of the present invention is to 

provide a pump construction that permits the 
use of considerably lighter parts in the construc 
tion of the pump without decreasing the factor 
of safety. This advantage results from the fact 
that the crank case is maintained at positive pressure. 
A further object of the invention is SO to con 

struct the distribution valve and the passages 
leading therefrom to the cylinders that substan 
tially all clicking noises are avoided. 
Other objects and advantages of the present 

invention will become apparent from the ensul 
ing description in the course of which reference 
is had to the accompanying drawings, in which: 

Fig. 1 is an axial vertical cross-sectional view through one embodiment of the pump of the 
present invention (see Fig. 11 for a side eleva 
tional view of a similar pump); 

Fig. 2 is a transverse view taken along the line 
2-2 of Fig. 1 (this view is partly in section bet 
ter to illustrate certain details of construction); 

Fig. 3 is an enlarged partial transverse cross 
sectional view taken along the line 3-3 of Fig. 1, 
illustrating details of the pressure pulsation com 
pensation means of the present invention; 

Fig. 4 is a view similar to Fig. 3 taken along 
the line 4-4 of Fig. 1, illustrating certain details 
of construction of the hydraulic balancing means 
for the rotary distribution valve; 

Fig. 5 is a view similar to Fig. 4 taken along 
the line 5-5 of Fig. 1 illustrating further details 
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of construction of the rotary distribution valve; 

Figure 6 is a view showing the developed pe 
ripheral Surface of the right half of the rotary 
distribution valve illustrating further details of 
construction thereof and particularly the means 
for balancing the lateral pressures; 

Fig. 7 is a chart in which the angular positions 
of the shaft (and likewise of the rotary distribu 
tion valve) are plotted as the abscissae, and the 
rates of delivery are plotted as the ordinates and 
showing the individual output of each cylinder 
as well as the total output of the pump, which, 
in the illustrated embodiment, comprises seven 
cylinders. The chart also shows the output of 
the pump when supplied with pulsation compen 
sating means of the present invention. The 
chart is for a pump having a piston connecting 
rod that is long as compared with the piston 
stroke; 

Fig. 8 is a view similar to that shown in Fig. 7, 
illustrating the nature of the discharge of a 
pump having an odd number of cylinders and a 
connecting rod the length of which is short as 
compared to the piston stroke; 

Fig. 9 is a view similar to Fig. 3 of a modified 
form of by-pass valve adapted particularly to 
compensate for pulsations of the type shown in Fig. 8: 

Fig. 10 is a view similar to Fig. 9 illustrating 
how that modification may be modified to pro 
vide compensation for pumps having pulsations 
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of the type shown in Fig. 7; 
Fig. 11 is a side elevational view of a pump 

similar to that shown in the previous figures 
provided, however, with a further modified 
means for compensating for the pressure pulsa 
tions. In this modification the compensation is 
provided by a separate valve operated in syn 
chronism with the pump shaft, and rotary dis 
tribution valve and adapted periodically to con 
nect the Suction and discharge passages of the pump; 

Fig. 12 is a vertical axial cross-sectional view 
through the valve illustrated in Fig. 11; and 

Fig. 13 is a vertical transverse Cross-sectional 
view taken through the valve along the line 
f3-3 of Fig. 1. 
The pump of the present invention is best ill 

lustrated, as a whole, in Figs. 1 and 2 (for a side 
elevation of a pump having substantially the 
same external appearance, attention is directed 
to Fig. 11). It comprises a stationary crank case 
to that is made liquid tight for a purpose set 
forth hereinafter. The crank case is preferably 
made of automobile cylinder iron and is closed 
at its end by centrally apertured end plates 12 
and f4 attached to the crank case by suitably 
spaced bolts. The end plates are each provided 
with integral identical downwardly extending 
feet 6, whereby the pump may be securely at 
tached to a suitable base plate or other support 
ing means. 
The pump shaft f8 is rotatably supported in 

and held against end play by a pair of spaced 
apart bearings f9 and 20 of a familiar type, 
mounted respectively in the drive end plate 2 

' and a radially inwardly extending partition 22 
formed centrally of and integrally of the crank 
case. The pump shaft may be driven by any 
suitable means, and in Fig. 1 the shaft is illus 
trated as driven by a double pulley 24 secured to 
the end of the shaft projecting beyond end plate 
2. Leakage of fluid along the pump shaft is 

prevented by suitable seals. 25. S 
The pump comprises a plurality of cylinders 
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26 cast and machined independently of the crank 
case and preferably made of the same material 
as the crank case. The cylinders are removably 
mounted upon the crank case by a plurality of 
bolts, and leakage of fluid around the cylinders 
is prevented by gaskets 28. The cylinders are 
equally spaced about the periphery with the cyl 
inder bores 30 located nearest the drive end of 
the pump. It is preferable but not necessary 
that the pump have an odd number of cylinders 0 

for the reason, as will be explained more fully 
hereinafter, that the magnitude of the pulsations 
in pressure is Substantially less than when an 
even number of cylinders is utilized. 
The cylinder bores are selectively placed in 

communication with a delivery chamber 32, or a 
suction chamber 34, through cored passageways 
36 under the control of a full floating, ported ro 
tary distribution valve 38 that is rotated Syn 
chronously with the pump shaft 8. The valve 
forms one of the more important features of the 
present invention and will be described in con 
siderable detail hereinafter. 
The pump pistons 40 are reciprocated in their 

asSociated cylinders by an eccentric 42 fixedly 
attached to the pump shaft, as by a key. The 
eccentric is spaced from the end plate 2 by a 
spacer 43 interposed therebetween and bearing 
9. The eccentric is operatively connected to the 
pistons by a bearing ring assembly, indicated gen 
erally by reference character 44, connecting rods 
46 and pins 48. The bearing ring assembly com 
prises a composite eccentric ring 50 rotatable 
around the eccentric 42. The connecting rods 
have slipper end portions, 52 that are held in 
contact with the outer surface of the eccentric 
ring by a pair of retainer rings 58 secured to the 
ring. It may be seen that the connecting rods 
are maintained in contact with the eccentric ring 
but are free to oscillate about the common center 
of the slipper portions and the eccentric ring. 
The eccentric and its associated ring are lubri 
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cated through a conduit 56 leading from within 
the interior of the crank case to a flat 58, pro 
vided on the peripheral surface of the eccentric, 
it being contemplated that the fluid circulated 
by the pump of the present invention be of the 
type possessing iubricating properties. 

In accordance with another of the important 
features of the present invention, the interior of 
the crank case is filled with the fluid at a pres 
Sure that bears a predetermined relation to the 
delivery pressure of the pump, thereby to enable 
lighter parts to be used in the construction of the 
pump without decreasing the factor of safety and 
at the same time prevent the ingress of air into 
the pump which would, if not prevented from 
entering the crank case, impair lubrication and 
result in noisy operation. 
The fluid is supplied to the interior of the crank 

case from the delivery chamber through a small 
diameter bore 60 formed at the right-hand end 
of the rotary distribution valve 38 (as viewed in 
Fig. 1), a substantially semicircular channel 62 
formed in the right-hand end of the valve, and 
through openings between the spaced apart balls 
of the bearing 20. The pressure is relieved 
through a variable area pressure relieving groove 
6 formed at the reduced end portion 66 of the 
pump shaft 8, adapted to rotate the rotary dis 
tribution valve. This valve is capable of limited 
sliding movement with respect to the shaft in 
order that the valve may be balanced against - 
axial hydraulic thrust in a manner to be de 
scribed shortly. When a balance exists, the 
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groove 64 establishes communication from the 
interior of the crank case to the suction chamber 
34 through an annular space, indicated by the . 
reference character 68, between a hub portion 
O of the rotary valve and a shoulder formed by 
portion 72 of the shaft and a portion of the 
bearing 20. By proportioning the areas of the 
hole 60, groove 64, and the valve surfaces subject 
to the delivery and discharge pressures, the pres 
sure within the interior of the crank case may be 
designed to bear a fixed relationship to the pres 
Sure in the discharge chamber. 
A decided advantage in economy of material 

is secured by maintaining a positive crank case 
pressure. During the upstroke of each piston 
full delivery pressure is exerted upon the piston 
head, thereby determining the thrust which 
Would have to be carried by the piston pin and 
the connecting rod slipper. However, the crank 
case pressure is exerted on the underside of each 
piston, thereby to reduce the thrust in the same 
proportion that the crank case pressure bears to 
the delivery pressure. The pistons and rods of 
the cylinders performing their suction strokes at 
this time are, of course, subject to a tension due 
to the crank case pressure, whereas they would 
otherwise be practically without load. However, 
the bearing loads so created will not exceed 
those produced on the delivery stroke. The re 
Sult is to reduce, by as much as desired up to one 
half, the maximum load on each piston pin and 
connecting rod, thereby allowing lighter parts to 
be used with the same degree of safety. 
The rotary distribution valve 38, which serves 

Selectively to connect the cylinders to the dis 
charge and suction chambers 32 and 34, respec 
tively, is keyed to the reduced end portion 66 of 
shaft 8 by a key 73 so constructed and arranged 
With respect to the shaft and valve that the lat 
ter is free to move endwise of the shaft a lim 
ited extent, as previously mentioned. The valve 
is journaled for rotation in a pair of bushings 76 
and 78, and the large end of the valve (the right 
end as viewed in Fig. 1) is fitted closely within 
the bushing 76. - The latter is provided with a 
Series of Spaced apart ports 80 coinciding with 
the openings in the passageways 36 giving the 
latter access to the valve. The large end of the 
Valve is also provided with two identical opposite 
ly located ports 82 and 84, respectively, the suc 
tion and discharge ports (see Fig. 6), separated 
by Solid portions 86 and 88 each of a length suf 
ficient to cover one port in the bushing 76 with 
a slight overlap. 

In order to prevent the too sudden admission 
and cut off of fluid and the resulting clicking 
Sound, the ends of the ports 80 are preferably 
rounded or pointed, as indicated by reference 
character 90. 

Fluid is supplied to the suction chamber 34 of 
the pump through an inlet passage comprising 
a pipe 92 threaded into the end plate 4 concen 
trically with respect. to and opening directly into 
the Suction chamber 34. The discharge passage 
comprises a pipe 94 threaded into a suitably lo 
cated hole in the crank case. In the illustrated 
embodiment the discharge passage is shown on 
the under side of the pump, but it should be un 
derstood the pipe may be located wherever de 
sired. 
The distribution valve 38 is keyed to the pump 

shaft 8 in such position with respect to the 
shaft that as the piston in a cylinder commences 
its downstroke, the corresponding port 36 is just 

75 Opened to the suction chamber 34 by the suc 
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tion port 82 and as the piston attains its maxi 
mum velocity, the port is fully opened to the 
suction chamber, and as the piston reaches the 
bottom of its stroke the port is just closed. Fur 
ther rotation of the shaft causes the piston to 
ascend in the cylinder and at the same time 
the rotation of the distribution valve 38 opens 
a passage from port 36 to the discharge port 
84 in the valve, thereby to connect that port with 
the discharge chamber 32. Each cylinder is al 
ternately connected to the suction and discharge 
chambers and the construction of the valve is 
such that at least three cylinders are open to 
each of the chambers at any one time. 

Before proceeding further with a detailed dis 
cussion of the pump of the present invention, 
it is deemed-advisable to consider the nature of 
the discharge from a pump of this type to bring 
out more clearly the disadvantages of the pumps 
now known to the art and thereafter to point 
out how these disadvantages are overcome. 

Referring now to the chart shown in Fig. 7, 
it may be seen that the discharges of the seven 
Separate cylinders of the pump described above 
combine to produce a total discharge flow that 
is nearly uniform, when the shaft is driven at 
a constant speed. Each cylinder discharges dur 
ing one-half of a revolution, and the discharges. 
Overlap in the manner shown in the chart of 
Fig. 7, where the discharge from each cylinder 
during one rotation of the pump shaft is indi 
cated by the substantially sinusoidal curves 
marked numbers to 7, inclusive. The summa 
tion of the output of the individual cylinders 
gives the total output of the pump, as indicated 
by reference character 8. This curve shows that 
there are two ripples 9 for each cylinder per 
revolution of the pump shaft, which is the case 
with pumps having an odd number of cylinders 
greater than one. As previously mentioned, when 
the number of cylinders is an even one, there 
are as many ripples as cylinders, but the magni 
tude. of the ripples is about twice as great. 
The minimum delivery , to which a value 

of 100% has been arbitrarily assigned, is only 
about 2.6% less than the maximum delivery. 
The diagram shown in Fig. 7 is illustrative of 
a pump having connecting rods that are very 
long compared with the stroke of the pump. 
Where the connecting rods are relatively short 
compared with the stroke of the pump, the total 
Output curve is somewhat different, as shown in Fig. 8. Y 

For many purposes the pulsations in the dis 
charge of the pump are not of particular im 
portance, and the amount of variation may be 
reduced by increasing the number of cylinders 
and by using an odd number of cylinders. For 
certain purposes, as for operating directly actu 
ated plunger hydraulic elevators, the pulsations 
in the discharge of the pump are apparent in 
the elevator cab as a vibration and noise which 

disagreeable and oftentimes intolerable 
Damping devices installed in the delivery line 
are found to be ineffective as a means of re 
ducing this vibration to a desired minimum. 
To provide an economical as well as thorough 

ly satisfactory means for avoiding the pulsations 
referred to and to provide a substantially uni 
form discharge, the pulsations are eliminated in 
the pump of the present invention by periodically 
by-passing a portion of the fluid from the dis 
charge chamber 32 into the suction chamber 34, 
the period between by-passes being so arranged 
that they correspond to the ripples in the out 

O 

20 

30 

40 

5 5 

60 

70 

2,279,645 
put of the pump, and the amount being so regu 
lated as to correspond to the magnitude thereof. 
While this arrangement for smoothing the dis 

charge of the pump entails a sacrifice of some 
efficiency, as a deliberate leak is introduced be 
tween the discharge and suction chambers of 
the pump, the loss is only a very small percent 
age of the total flow. In the chart shown in 
Fig. 7 the loss is only about 1%% of the pump 
output with a corresponding energy loss. How 
ever, the mechanical efficiency of the pump may 
still be well above that of other types of pumps 
which are inherently free from pulsations in the 
delivered flow. . 

Referring now more particularly to Figs. 1 and 
3, it may be seen that the discharge chamber. 
is adapted periodically to be connected to the 
suction chamber through a small diameter hole 
f00 extending through an internal boss O2 
formed integrally with end plate f4 and through 
the valve bushing 78 (which is mounted in the 
bOSS) and through one of fourteen small diam 
eter holes 104 through the left end of the rotary 
distribution valve 38, depending upon the posi 
tion of the pump shaft and valve. The hole foo, 
extending through the boss 02 and bushing 78, . 
opens into a groove 06 having a vertical cross 
section of meniscus shape for the purpose of 
making the by-pass passage of a shape to pro 
duce a by-pass corresponding to the shape of 
the pulsation. The hole 00 and groove O6 are 
So located as to be entirely closed by the por 
tions of the valve between the holes 04 of the 
latter when a piston is at its upper or lower 
dead center, that is, when the output of the 
pump is at one of its minimum points. 
The action of the by-pass valve is to produce 

a leak from the discharge chamber into the suc 
tion chamber which begins gradually, builds up 
to a maximum, decreases gradually, and is cut 
of for an instant; and begins again in the man 
ner described. This cycle is repeated fourteen 
times per revolution of the pump shaft 8, there 
by to compensate for the increases in output 
which would otherwise occur. The result is a 
change in the pump output from the pipe shown 
by curve 8 to that shown in curve which is Substantially uniform. 
The rate of fluid leakage from the discharge 

into the suction chamber may be regulated by a 
needle valve 08 adapted to vary the effective area 
of the hole iOO. The needle valve is provided 
With a threaded head to that is held in locked 
relation to the end plate by a lock nut 2. Ac 
cidental adjustment of the needle valve is pre 
vented by a cap 4 surrounding it and the lock 
nut So that access to these can be had only when the cap is unscrewed. 
The exact size of the bleed holes OO and 04 

as well as the shape of the groove 106 may best be 
determined by trial for the particular combina 
tion of pump speed and delivery pressure of the 
pump. A properly selected combination will 
work Successfully over the range of delivery pres 
Sures ordinarily required in an installation. 
When the effective length of the connecting 

rods is short, as compared with the stroke of a 
cylinder, it may occur that this method of com 
pensation for delivery pulsation is inadequate be 
cause of the distortion of the individual cylinder 
discharges. The resulting curve. for total dis 
charge in a pump with an odd number of cylin 
ders may then have unsymmetrical cusps oc 
curring alternately, the minimum occurring as 
each cylinder reaches the top dead center being 
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perceptively greater than the minimum occurring 
as each cylinder is at bottom dead center-sub 
stantially as shown in Fig. 8. Referring now to 
this figure, which illustrates only a portion of a 
curve silimar to that shown in Fig. 7 with excep 
tion that the individual cylinder discharge curves 
are not shown and, instead of illustrating a pump 
having a specific number of cylinders, the number 
of cylinders has been generalized. From this it 
may be seen that the number of ripples 9 is equal 
to twice the number of cylinders per revolution 
of the pump shaft and that the first-mentioned 
minimum values (a and e in Fig. 8) are spaced 
apart a distance equal to 1/n revolution as are the 
second-mentioned minimum values. (c. in Fig. 8), 
whereas the latter are spaced a distance 1/2n 
revolution from the former. 
To compensate for pulsations of the type illus 

trated in Fig. 8, the construction illustrated in 
Fig. 9 is utilized. The valve 38 is provided only 
with a number of holes equal to the number of 
cylinders, in this case seven, indicated by the ref 
erence characters f20 of a diameter h. TWO 
holes 22 are drilled through the bearing bushing 
78 and the boss 02 formed integrally with the 
end plates 4. They are spaced apart a distance 
equal to one-half the distance between adjacent 
holes 20 in the bearing and open into grooves 
24 having a cross-section that is meniscus 
shaped. The grooves 24 are so spaced that their 
outer ends reach from one hole to another with 
out opening either. Thus, when the discharge 
from the pump is at a minimum (point a Fig. 8) 
as. One piston is at its bottom dead center, there 
is no leakage through holes 20 and 22. As the 
discharge increases to a maximum (point b Fig. 
8), the flow through a pair of holes 2C and 22 
becomes a maximum. As the flow reaches the 
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age at these surfaces. The means for providing 
the axial balance also serves to maintain the 
positive pressures in the crank case previously 
described but it may be utilized independently of 
this feature, if desired, as by utilizing a separate 
chamber in place of the crank case. This means 
Comprises the Constant area orifice or passage 60 
from the discharge chamber to the interior of 
the crank case and the variable area orifice or 
passage 64-68 from the interior of the crank 
case to the Suction chamber 34, and includes the 
proper dimensioning of the axial cross-section 
areas of the valve subject to the discharge and 
Crank case pressures. The ratio between the 
areas of the orifices determines the ratio between 
the pressure differences from the discharge 
chamber to the crank case and from the crank 
case to the suction chamber. - 

Referring now to Fig. 1, it may be seen that the 
entire right end of the valve as viewed in this 
figure (the larger end) may be considered as a 
piston subject to crank case pressure, which pres 
Sure tends to shift the valve to the left. The left 
end (the Smaller end) of the valve, forms a piston 
subject to the suction pressure, which is substan 
tially zero. The difference between the areas 
of the two ends is subject to the pressure existing 
in the delivery chamber, which pressure tends to 
urge the valve to the right. It may be seen that 
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second minimum point (point c Fig. 8), the 
grooves 24 only partly cover a hole 20 and suf 
ficient flow occurs to neutralize the difference be 
tween the ordinates of points a and c. In this manner complete compensation may be secured 
in spite of the irregularities of discharge and a 
smooth uniform flow corresponding to the line 

(marked 100%) in Fig. 8 is obtained. 
The last-described compensation arrangement 

may be modified to provide compensation for 
pulsations occurring when the length of the con 
necting rod is great enough to produce a dis 
charge similar to that shown in the chart of Fig, 
7. This modification, which is shown in Fig. 10, possesses the advantage that it requires less drill 
ing than that first described. Referring now to Fig.10, it may be seen that 
the distribution valve 38 is provided with seven 
equally spaced holes 30 just as in the modifica 
tion of Fig. 9, and that bushing 78 and boss O2 
are likewise provided with a pair of holes 32 
Spaced apart as described in the last-mentioned 
modification and opening into the grooves 34 of . 
meniscus shaped cross-section The grooves 34 
are So Spaced apart that the portion of the bear 
ing bushing 78, indicated by reference characters 
36, is wide enough to cover a hole 30. It may 
be seen that by this arrangement the leakage 
pulsations are all alike and therefore compensate 
for te type of ripples disclosed in the chart of 
Fig. 7. - 
Another of the primary features of the present 

invention is the provision of a distribution valve 
that is balanced against both axial and lateral 
(or radial) hydraulic thrust, thereby to provide 
a valve having less wear of the seating surfaces 

40 

the ratio of the area of the right end of the valve 
to the difference in areas of right and left ends, 
must be the same as the ratio between the dis 
charge and crank case pressures in order for the 
valve to be in axial equilibrium. 

If the valve be assumed to be in the extreme 
right-hand position, the hub portion. To thereof 
closes the passage 68 and fuid under pressure 
may enter the crank case from the discharge 
chamber through the passage 60. Under these 
circumstances the pressure in the crank case 
tends to increase until it equals that in the dis 
charge chamber. However, as soon as the crank 
case pressure becomes great enough, the thrust 
against the entire area of the right end of the 
valve overbalances the opposite thrust due to 
delivery pressure against the smaller area ex 
posed thereto and the valve is moved to the left 
uncovering a portion of the groove 64. The valve 
finally takes a position such that the opposing 
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thrusts are equal, at which time the pressure 
On each area multiplied by the area against 
which the pressure acts, are equal, and the rela 
tion between discharge and crank case pressures 
set forth, will exist. It may be seen that exact 
axial balance is obtained and that any fractional 
part of the discharge pressure that may be de 
sired can be maintained within the crank case 
by properly proportioning the cross-section areas 
of the valve at its ends. 
The valve is balanced against lateral (or ra 

dial) hydraulic thrust, which results from the 
fact that different pressures exist in the opposite 
ports 36 at any one time, by opposed balancing 
areas Subjected to pressures which neutralize the 
thrust. Referring now more particularly to Figs. 1, 4, 
5 and 6, it may be seen that the distribution valve 
38 is provided with a pair of balance recesses 
40 and 42 oppositely located with respect to 
each other and communicating with the dis 
charge and suction chambers respectively, by 
passages f44 and 46, as best shown in Figs. 4 

and less likelihood of the development of leak- 75 

and 6. To equalize the pressures over the bear 
ing area, nearest the discharge chamber 32, an 
annular groove 48 is utilized (see Figs. 1 and 6). 
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The areas of the balance recesses may be made 
equal on opposite halves of the valve and when 
this equality is attained there can be no unbal 
anced lateral pressures tending to force the valve 
to one side or the other at any Suction or delivery 
pressures. 

Proper dynamic balance of the pump, in part 
at least, is obtained by making the large end of 
the valve heavier on the side opposite the high 
point of the eccentric. This is accomplished by 
cutting away a portion of the valve end to pro 
vide the Substantially Semicircular groove 62 
which lies, as may be seen from Fig. 4 and a com 
parison of this figure with Fig. 1, at the same side 
of the shaft as the high point of the eccentric. 
It may be noted that the balance weight afforded 
by the valve construction is symmetrically located 
with respect to the plane of the cylinders. 
In the embodiment illustrated, if the enlarge 

ment of the valve is not sufficient to compensate 
fully for the dynamic balance, additional Com 
pensation may be effected by mounting a balance 
weight 50 to the driving pulley 24. 

Before proceeding with a detailed description 
of the operation of the pump and the modifica 
tions of the pulsation compensating means de 
scribed above, it is deemed best to describe a 
further modification of the compensating means. 
In the compensating means heretofore described, 
the discharge chamber is connected periodically 
to the suction chamber, but equally good results 
may be obtained by Connecting the Suction pas 
sage to the discharge passage and utilizing a 
separate valve driven synchronously with the 
pump for the purpose of periodically connecting 
the two passages, thereby to eliminate the unde 
sirable pulsations. A construction of this nature 
is illustrated in Figs. 11, 12, and 13. 
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The pulsation compensating valve, indicated 
generally by reference character 52, is adapted 
periodically to connect the discharge and suction 
passages. 54 and 56 through a pair of small 
diameter tubes 58 and 60, thereby to by-pass 
an amount of the pumped fluid to eliminate the 
pulsations in the pump delivery. The valve may 
be, and is shown, mounted separately from the 
pump upon a standard 62, to which it is suit 
ably secured, as by bolts. 
The valve is rotated in synchronism with the 

pump shaft and distribution valve by a pair of 
gears 64 and 66, the former of which is mount 
ed. On the pump shaft and the latter affixed to 
a shaft 68 one end of which forms the moving 
part of the valve. 
The valve proper comprises a valve chamber 
70 within which rotates the aforesaid end of shaft (68. This end of the shaft is provided 
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with opposed grooves 72 interconnected by a 
small diameter hole (74. The grooves T2 are 
of a shape to form part of the shaft with a Sub 
stantially elliptical cross-section, as indicated by 
the reference character 76 in Fig. 13, and the 
hole T4 extends through the short diameter 
portion of the ellipse. The valve chamber is 
connected to the tubes 58 and 60 by Small holes 
78 and 80 and nipples f82 and 84, respec tively. 
Leakage of fluid from the valve along the shaft 

68 is prevented by a gasket f86 held in place 
by an adjustable clamping member 88. 

In order to compensate for the pulsations of 
the type illustrated in the chart of Fig. 7, it is 
necessary that the rotary portion of the valve 
rotate at a speed seven times that of the pump 
shaft because there are fourteen ripples per revor 
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lution of the shaft and the valve is so constructed 
that the discharge passage is connected to the 
suction passage twice per revolution of the rotary 
portion of the valve. M 
The shape of the valve is so designed as to 

provide a leakage that corresponds substantially 
to the shape of the ripples so that the ripples 
are substantially entirely eliminated to give a 
uniforin pump output, the elliptical cross-section 
portion 6 providing for the gradual increase 
and decrease in the amount of the fluid by passed. 
Reviewing now the operation of the pump and 

the modifications thereof described above, it is 
aSSumed first that the pump is driven at a con 
stant speed from a suitable prime mover con 
nected to the pulley 24. Rotation of the pump 
shaft effects reciprocation of the seven pistons 
of the pump and the cylinders are selectively 
Connected to the Suction and discharge chambers 
by means of the rotary distribution valve in a 
manner that it is believed to be clear from the preceding description. 
The pump, if not provided with the pulsation . 

compensating means of the present invention, 
would have an output of the character indicated 
by reference character 8 in Fig. 7. However, 
each time that a piston reaches its maximum 
velocity position whereat the pump output is a 
maximum, the discharge chamber is connected 
to the suction chamber through a by-pass pas 
sage. However, as the output of the pump in 
creases from a minimum value to a maximum 
value, a gradually increasing amount of the out 
put is by-passed from the discharge to the suc 
tion chamber, the amount being just enough to 
compensate for the increase above the minimum 
value. When the output decreases from the 
maximum to the minimum value a gradually 
decreasing amount of the output is by-passed, 
the amount being just enough to compensate 
for the excess of the output over the minimum 
value. As fully explained above the amount of 
the by-pass is controllable by a manual adjusta 
ble needle valve and by the size and shape of 
the various component parts of the by-pass 
98SSage. 
A pump of light construction and one that op 

erates in noiseless manner is obtained by main 
taining a reduced but positive pressure within 
the crank case by connecting the latter to the 
discharge and suction chambers through orifices 
of different cross-section areas. . 
The rotary distribution valve is hydraulically 

balanced against axial and lateral pressures. It 
is balanced against axial pressures by connect 
ing the portions thereof Subject to the pressures 
in the delivery and suction chambers 32 and 34 
to the interior of the crank case through the 
variable area orifice 64-68 and the constant area, 
orifice 60 and by constructing the said portions 
of the valve with predetermined areas. The 
various orifices and the balancing action have 
been described in the preceding portion of the 
specification and it is not deemed necessary that 
the description be repeated at this point. The 
lateral hydraulic balance is effected by providing 
balance recesses 40 and 42 connected by the 
passages 44 and 46 to the discharge and suc 
tion chambers of the pump, respectively. To 
effect further balancing, a portion of the valve 

75 

is provided with the annular groove 48 to equal 
ize pressures thereabout. 
The pump is dynamically balanced by making 

the rotary distribution valve heavier on the side 
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Opposite the high point. Of the eccentric 42 and 
by adding a suitable balance weight 50 to the 
pulley 24 also as described above. 

All the rotating parts of the pump are readily 
lubricated by the pump fluid itself which pos 
sesses lubricating qualities. The interior of the 
Crank case is filled with the fluid and COnse 
quently all the bearings and bearing surfaces are 
lubricated. The eccentric ring is lubricated 
through the passage 56 and the flat 58 provided. 
upon the surface of the eccentric 42. 

If the pump is constructed So as to have an 
output of the character illustrated in the chart 
of Fig. 8, then the construction of the rotary 
distribution valve is modified to conform with 
the construction illustrated in Fig. 9. This con 
struction, it will be recalled, provides for the 
compensation of ripples having alternate mini 
mum values that are different from each other. 
The compensating means disclosed in Fig. 10 

may be utilized in place of that disclosed in 
Figs. 1 to 6. The modification of Fig. 10 elimi 
nates a number of drilling operations as the 
rotary valve requires only as many holes as there 
are cylinders and is preferable for this reason. 
As indicated above, it is not necessary that 

the rotary distribution valve be constructed to 
provide the necessary by-passing of liquid from 
the discharge to the suction side to effect com 
pensation of the pulsations. As a matter of fact, 
the valve may be entirely separate from the 
pump and a modification of this nature has been 
described above in connection with Fig. 11. The 
Valve comprises a rotary valve member having a 
single passage therethrough and adapted to con 
nect the discharge to the suction passage twice 
for every revolution of the valve. The valve is 
driven in Synchronism with the pump shaft at a 
Speed Such that the discharge side is connected 
to the suction side of the pump the necessary 
number of times to effect the desired compensa 
tion. 
Other modifications of the present invention 

will suggest themselves to those skilled in the 
art and it is contemplated that the above de 
scribed embodiments are descriptive and not 
limitative in character. 
What I claim as new and desire to secure by 

United States Letters Patent is as follows: 
1. In combination, a pump of the positive dis 

placement type having a pulsatory discharge 
characterized by periodic pressure peaks above 
a uniform value, a suction passage therefor, a 
discharge passage therefor, and means connect 
ing the discharge to the suction passage in syn 
chronism with and during the pressure peak 
periods for effecting flow from the discharge to 
the suction passage in quantities to effect a sub 
stantially uniform discharge. 

2. In combination, a pump of the positive dis 
placement type having a pulsatory discharge 
characterized by periodic pressure peaks above 
a uniform value, a suction passage therefor, a 
discharge passage therefor, means including a 
passage connecting the discharge to the suction 
passage and means for opening said passage in 
synchronism with and during the pressure peak 
periods for effecting flow from the discharge to 
the suction passage in quantities to effect a sub 
stantially uniform discharge, and adjustable 
means for varying the effective cross-section area 
of said periodically opened passage. 

3. In combination, a pump of the positive dis 
placement type, including stationary and mov 
able portions and means for imparting relative 
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movement thereto, wherein the total discharge 
of the pump is pulsatory and characterized by 
periodic pressure peaks above a uniform value, 
a suction passage therefor, a discharge passage 
therefor, and means including a restricted pas 
Sage and valve means for Connecting the dis 
charge to the Suction passage in synchronism 
with and during the pressure peak periods for 
effecting flow from the discharge to the suction 
passage in quantities to effect a substantially 
uniform discharge, 

4. In combination, a pump of the positive dis 
placement type including a plurality of cylinders 
and pistons and means for imparting relative 
movement thereto, wherein the discharge of the 
pump is pulsatory in nature and characterized 
by periods of peak pressures, a suction chamber, 
a discharge chamber, a rotary distribution valve 
having a pair of opposed ports for operatively 
connecting said pistons to the suction and dis 
charge chambers in proper time relationship with 
respect to the relative movement of the pistons 
and cylinders, a restricted opening leading from 
one of the chambers to the valve, and a plu 
rality of Openings through said valve to the other 
of Said chambers, said openings being so located 
that they are connected to the restricted opening 
at least during the pressure peaks whereby the 
two chambers are periodically interconnected to 
Compensate for the pulsations. 

5. In combination, a pump of the positive dis 
placement type including an odd number of rela 
tively movable cylinders and pistons and a drive 
shaft for effecting relative movement thereof, a 
Suction chamber located substantially in align 
ment With the shaft and spaced from one end 
thereof, a discharge chamber substantially con 
centric to said suction chamber, a rotary distri 
bution valve separating the two chambers and 
mounted within the pump for rotation by said 
one end of the shaft, said valve having a pair of 
Opposed ports, one for simultaneously connecting 
Several of the cylinders to the suction chamber 
and the other for similarly connecting an equal 
number of the cylinders to the discharge cham 
ber, the dtscharge from the cylinders to the dis 
charge chamber being pulsatory in nature and 
the number of pulsations being twice the num 
ber of cylinders per revolution of the pump shaft, 
8 passageway of relatively small cross section 
area leading from the discharge chamber to the 
valve, said passageway terminating in a 
meniscus-shaped groove, a plurality of small 
cross section area passageways equal in number 
to the number of pulsations extending through 
the valve, said last-mentioned passageways being 
equally Spaced around the valve, the space be 
tween adjacent passageways being sufficient to 
close the meniscus-shaped groove, and the valve 
being. So located with respect to the pump shaft 
and first-mentioned passageway that the latter 
is closed whenever the relative movement be 
tween a cylinder and its associated piston is 
substantially zero. 

6. In combination, a pump of the positive dis 
placement type including a plurality of cylinders 
and pistons and means for imparting relative 
movement thereto, wherein the pump discharge is 
pulsatory in nature and the number of pulsations 
is twice the number of cylinders per cycle, a suc 
tion chamber, a discharge chamber, a rotary dis 
tribution valve having a pair of opposed 2Orts 
for alternately connecting said cylinders to the 
Suction and discharge chambers in proper. time 
relationship to the movement of the pistons, a 
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pair of restricted passageways from one of the 
chambers to the valve, and a number of passage 
ways equal in number to the number of cylin 
diers extending through said valve, Said passage 
ways being so located with respect to each other 
and to said pair of restricted passageways that 
the two chambers are interconnected in Syn 
chronism with the pulsations. 

7. In combination, a pump of the positive dis 
placement type including an odd number of rela 
tively movable cylinders and pistons and a drive 
shaft for effecting relative movement thereof, a 
suction chamber located substantially in align 
ment with the shaft and spaced from one end 
thereof, a discharge chamber substantially con 
centric to said suction chamber, a rotary distri 
bution valve mounted within the pump for rota 
tion by said one end of the shaft, said valve hav 
ing a pair of opposed ports, one for simultane 
Ously connecting several of the cylinders to the 
Suction chamber and the other for similarly con 
necting an equal number of the cylinders to the 
discharge chamber, the total discharge from the 
cylinders to the discharge chamber being pull 
Satory in nature and the number of pulsations 
being twice the number of cylinders per revolu 
tion of the pump shaft, a pair of relatively small 
diameter passageways leading from the dis 
charge chamber to the valve surface and ter 
minating in meniscus-shaped grooves, said pas 
Sageways being spaced apart an angular distance 
equal to half the angular distance between adja 
cent cylinders, and the adjacent ends of the 
grooves being spaced apart a distance sufficient 
to close hereinafter-mentioned passageways 
through the valve, small diameter passageways 
equal in number to the number of cylinders ex 
tending through the valve, said passageways be 
ing equally spaced around the valve, the space 
between adjacent passageways being sufficient to 
close both the meniscus-shaped grooves, and the 
valve being so located with respect to the pump 
shaft and first-mentioned passageways that the 
latter are closed whenever a cylinder and piston 
are at one of the two positions at which the 
relative movement therebetween is substantially ZeO. 

8. In combination, a pump of the positive dis 
placement type, including a plurality of cylin 
ders and pistons and means for imparting rela 
tive movement thereto, wherein the pump dis 
charge is pulsatory in nature and the alternate 
pulsations have different minimum values, a 
suction chamber, a discharge chamber, a rotary 
distribution valve having a pair of opposed ports 
for alternately connecting said cylinders to the 
Suction and discharge chambers in proper time 
relationship to the movement of the pistons, a 
pair of relatively small diameter passageways 
leading from one of the chambers to the valve, 
Said passageways terminating in meniscus 
shaped grooves, the adjacent ends of which meet 
substantially at the valve surface, and a plurality 
of Openings through said valve to the other of 
Said chambers, Said openings being so located 
with respect to each other and the passageways 
that the two chambers are interconnected to each 
other in Synchronism with the pulsations and the 
openings are in substantial alignment with the 
meeting ends of the grooves when the pulsation 
is at the higher of the minimum values. 

9. In combination, a pump of the positive dis 
placement type including a number of relatively 
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effecting relative movement thereof, a suction 
chamber, a discharge chamber, a distribution 
valve mounted for rotation within the pump by 
Said drive shaft, said valve having a pair of 
Opposed ports, one for simultaneously connect 
ing several of the cylinders to the suction cham 
ber and the other for similarly connecting an 
equal number of the cylinders to the discharge 
chamber, the cylinders, pistons, driving means 
and distribution valve being so arranged with 
respect to each other that the total discharge 
from the cylinders is pulsatory in nature, and 
alternate pulsations have different minimum 
values, the number of pulsations per revolution 
of the shaft being dependent upon the number of 
cylinders utilized, a pair of passageways of rela 
tively Small diameter leading from the discharge 
chamber to the valve surface, said passageways 
terminating in a pair of meniscus-shaped 
grooves, the adjacent ends of which meet sub 
stantially at the valve surface, a plurality of 
Small diameter passageways equal in number to 
the number of pulsations extending through the 
valve, the Space between adjacent passageways 
being sufficient to close both the meniscus 
shaped grooves, and said valve and said pair of 
Small diameter passageways being so constructed 
and arranged with respect to the rotary distri 
bution valve and relatively movable pistons and 
cylinders that the pair of small diameter pas 
sageways are closed when the total discharge 
from the pump is at the lower of said two mini 
nun values, and the point at which the 
meniscus-shaped grooves meet is located sub 
stantially centrally of one of the passageways in 
the valve when the total discharge is at the other 

10. In combination, a pump of the positive dis 
placement type having a pulsatory discharge 
characterized by periodic pressure peaks above 
a uniform value, a suction chamber, a motor 
for driving the pump, a discharge chamber, a 
conduit leading to the suction chamber, a con 
duit leading from the discharge chamber, and 
means including a relatively small conduit and 
a rotary valve mounted separately from the 
motor and driven by the motor for connecting 
the conduits in synchronism with and during the 
pressure peak periods for effecting flow from the 
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movable cylinders and pistons and means for 

discharge to the suction chamber in quantities 
to effect a substantially uniform discharge. 

11. In combination, a pump having a crank 
case and pistons, and cylinders relatively mov 
able to each other therein, means including a 
shaft for effecting relative movement between 
the pistons and cylinders, suction and discharge 
paSSages, a valve rotatable by said shaft for al 
ternately connecting the cylinders to the pas 
Sages, said valve having bearing surfaces at its 
ends and suction and discharge ports interme 
diate its ends, bearings for the end portions of 
said valve, and means including passageways in 
the valve and one of said bearings for periodi 
cally interconnecting the suction and discharge 
paSSageS. 

12. In combination, a pump of the positive dis 
placement type, having a pulsatory discharge 
characterized by periodic pressure peaks above 
a uniform value, a discharge passage therefor, 
and means operable in synchronism with and 
during the pressure peak periods for relieving the 
pressure in Said passage in quantities to effect 
a substantially uniform discharge. 

ALFRED C. SINCLAIR. 


