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oL WELL PUMPING UNIT 
John M. Eartigering and Charles M. Perkins, De 

troit, Mich., assigners to Palmer-Bee. Company, 
Detroit, Mich., a, corporation of Michigan. 
Application sy, 1939, Serial No. 282,388 

(C. 4-4) 4. Cais. 

This invention relates to pumping unitS for 
oil Wells. 
A large amount of equipment for pumping the 

Oil out of oil Wells is used annually. These Wells 
are in many instances of very great depth and 
although pumping devices for oil wells have been 
in extensive use for Very many years. Such mecha 
nisins have been rather crude and have not been 
very efficiently employed throughout their long 
period of use... The equipment which has been 
more or less universally, employed to bring the 
Subterranean oil to the Surface in an oil Well 
consists of a hollow Steel tubing Which is Sunk into 
the hole as the drilling of the Well proceeds and 
which tubing extends from the Surface of the 
ground down into the cil pool. After the well 
has been drilled to the required depth a pump 
plunger is located at the botton of the tubing 
to the top of which is usually connected the lower 
end of a string of Sucker-rods, Which extend up 
Wardly through the tubing or casing for Con 
nection to a pumping mechanism. The pump 
ing inechanism ordinarily employed is in the 
form of a walking beam pivoted between its ends 
to an upright post known as a Samson post. 
The upper ends of the Sucker-rods are connected 
usually by One or more cables to one end of the 
walking bean while the other end of the walking 
bean is provided With a Series of Counterbalanc 
ing weights and at a point intermediate the 3 

O 

counterbalancing weights and the Samson post 
connection is made to a Suitable driving mecha 
nism for oscillating the Walking beam in a Wer 
tical plane. The driving mechanism for this type 
of equipment takes the form usually of an inter 
nal combustion engine connected to a gear reduc 
tion box having on the Output end thereof a Suit 
able crank, the Crank being connected by a pit 
man to the Walking beam for Oscillating the same. 
The walking beams used are quite long and the 
Oscillation of Such beams is usually of Sufficient 
a.inplitude to give a pumping stroke that may 
Vary fron Sually 24 to 72 inches. As Such Wells 
may range anywhere from 1,000 to OVer 4,000 
feet in depth it Will be apparent that the Weight 
of the Sucker-rods is very great and that to Such 
Weight is added the Weight of the column of fluid 
in the casing above the pump plunger. Coinse 
quently, very heavy loads are placed upon the 
pumping mechanism. The heavy loads, placed 
upon the pumping mechanism are rendered more 
severe by the necessity to reverse the Walking 
bean and connected parts at the ends of the 
oscillations thereofas obviously the Walking bean 
and the parts connected thereto must be brought 
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to a full stop and the direction of movement of 
the parts reversed at the ends of the strokes. Due 
to inertia and momentum effects, it has been 
foLind to be more or less an inherent characteris 
tic that in pumping mechanism of this character 
the parts attain an acceleration as the walking 
beam has traversed from 2% to 34 of its stroke in 
either direction that it overruns the driving 
nechanism and places a very heavy negative 
torque. On Such mechanism which decreases to 
Ward dead center positions and then the load 
mounts with great rapidity toward the mid 
stroke position of the Walking bean. 
Many attempts have been made to offset these 

eXtreme fluctuations in the load conditions, in 
cluging the use of counterbalancing weights upon 
the actuating crank of the pitman, fluid pres 
Sure pistOnS and cylinders and other devices but 
Such expedients have been directed mainly to 
Ward reducing or Cushioning the shocks on the 
mechanism upon the reversals of the Walking 
beam at the ends of its strokes corresponding to 
the top and dead center positions of the ac 
tuating crank of the driving mechanism rather 
than towards entirely eliminating negative torque 
effects. 
One of the principal objects of the present in 

vention is to provide a new and improved mecha 
inism. Whereby negative torque effects upon the 
driving mechanism are eliminated entirely. 
Ainother object is to provide a mechanism 

Which, in addition to eliminating negative torque 
effects, serves also to reduce very substantially 
the amount of torque or load placed upon the 
driving mechanism at the peak points. 
A further object is to provide spring loading 

means in addition to the usual counterbalancing 
WeightS to oppose the action of the Walking beam . 
at the points of its travel wherein the overrun 
ning or negative torque effects produced by the 
momentum of the moving parts tend to reach 
their maximum effects. 
Another object is to provide spring loading 

means for use With the larger sizes of pumping 
units whereby positive driving torque of sub 
Stantially constant magnitude will be required to 
Operate the Unit. 

... A further object is to design the Spring means 
and its method of connection to the pumping unit 
in Such a nanner that the phase of the spring 
Cycle can be varied in relation to that of the 
unit. 
Another object is to so design the spring means 

and associate Such means with the walking beam 
that during the movement of the walking beam 
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such spring means will be actuated by the walking 
beam to store energy during those portions of 
travel in which the walking beam and associated 
parts would, if unaffected by the Spring means, 
normally be producing negative torque and Which 
stored energy of the springs is returned to the 
walking beam during those periods in which 
maximum torque is required to produce itS move 
ment. 
A further object is to provide Spring loading 

means for a pumping unit of the type described 
above consisting of a pair of spring devices, the 
members of which pair are mounted on Opposite 
sides of the Samson post and interposed in the 
path of travel of the Walking beam in Such man 
ner that each spring means operates independent 
ly of the other and each is brought into action 
in those portions of the travel of the Walking 
beam only in which were it not for the presence 
of the spring means negative torque effectS Would 
normally be developed. 
Another object is to so associate the Spring 

means of the type described with the Walking 
beam and in the path of movement thereof that 
the members of the pair of Spring devices are 
automatically brought into operation alternate 
ly and during those portions of the travel of the 
walking beam in which one of the Spring means 
is being actuated by the Walking beam to Store 
energy therein and to return such energy back 
to the walking beam, the beam is Substantially 
unaffected by the other member of the pair of 
Spring devices. 
The above and other objectS Will become more 

readily apparent from the following more de 
tailed description and by reference to the accom 
panying drawings forming a part hereof wherein 
we have selected for illustration a form of con 
struction which has proved to be highly satisfac 
tory in actual operation. 
In the drawings 
Fig. i represents a side elevation of an oil Well 

pumping unit constructed in accordance with the 
present invention; 

Fig. 2 is a graphical representation of the static 
and dynamic loads on the Walking beam, also 
showing graphically the effect of the Springs and 
resultant with the various forces involved. 

Fig. 3 is a side elevation of an alternate form 
of the invention, showing a portion of the pitman 
rod and the crank. 

Fig. 4 is a plan view of the structure of Fig. 3. 
Figs. 5 and 6 are graphical representations of 

the loads encountered in a typical oil Well in 
stallation showing the results obtained from the 
invention. 
The pumping unit as shown in Fig. 1 comprises 

the usual walking beam 9 carrying at one end 
thereof a member which is usually termed a 
horse head and which serves for attachment to 
the Walking beam of one or more cables 2, which 
in turn are connected through the Sucker rods, 
not shown, to the pumping piston located in the 
usual oil well tubing or casing. At its other end 
the walking beam is provided with a plurality 
of counterbalancing weights 3. The Wallking 
beam 0 is pivotally mounted at a suitable point 
between its ends to the upper end of a rigid 
support or Samson post 4 rigidly supported 
upon, and braced to, a supporting frame Work 5. 
Means for imparting Oscillating motion to the 

walking beam to consists of a pitman rod 6 to 
the upper end of which is secured a clevis 
connected by a swivel connection 8 to a pitman 
saddle 9 suitably secured to the under side of 
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2,274,601 
the walking beam. At its lower end the pitman 
rod is connected to a crank pin 20 carried by a 
crank 2 suitably secured to the output shaft 22 
of a gear reduction mounted in a gear box 25, the 
input shaft of which, 26, has secured thereto a 
suitable driving pulley 27 connected by a belt 28 
and second driving pulley 29 to the power shaft 
30 of a suitable power source such as an internal 
combustion engine or electric motor 3. 
In the simplest form of the invention the 

Samson post 4 is provided with a pair of angular 
Spring Supporting brackets 32 to the upper faces 
of which is secured, preferably by bolts 33, spring 
retaining plates 34. Welded, or otherwise suit 
ably secured to the Spring retaining plates 33, are 
the lower ends of a pair of compression Springs 
35, such springs being mounted as clearly shown, 
one upon each side of the Samson post. Each of 
the Springs 35 has secured to it, as by welding or 
in any other suitable Way, a reaction plate 36 
which lies in the path of novement of the Walk 
ing beam 3. Secured to the Walking beam upon 
each side of the Samson post 4 immediately 
above the reaction plate 36 is a roller retaining 
member 3 having mounted therein a hardened 
Steel roller 33, Suitable roller bearings or the like 
being mounted between the roller 38 and the 
housing member. 
The operation of the unit as shown in Fig. 1 

is as follows: Assuming the shaft 22 is rotated in 
a counter-clockwise direction, and with the Walk 
ing beam in the horizontal position as shown, ro 
tation of the crank 2 will cause the lefthand end 
of the beam to be moved upwardly and the 
right hand end downwardly in the performance 
of a pumping stroke. When the beam is in the 
horizontal position shown, both of the springs 35 
are under a slight compression or loading, but as 
the left hand end of the bean moves upwardly, 
the roller 38 moves out of contact with the re 
action plate 36, thus unloading the left hand 
Spring 35 and leaving the left hand end of the 
Walking beam f as it performs the balance of its 
upward motion, uninfluenced by the action of 
the left hand spring 35. At the same time the 
right hand end of the beam, moving downwardly, 
impresses an increasingly greater load upon the 
right hand Spring 35, which loading reaches its 
maximum when the crank 2, and its crank pin 
20, has reached its uppermost limit, or top dead 
center position. As the Crank pin 20 passes the 
top dead center and reverses the direction of 
movement of the walking beam, the energy stored 
in the right hand spring 35 will be restored, as 
it were, to the Walking beam and will exert an 
appreciable upward thrust thereon, the Spring 
Serving, during its compression, to absorb the 
violent shock, or cushion the action of the Walk 
ing beam when reversal of its motion takes place, 
and in addition, preventing negative torque or 
overrunning effects that otherwise would be 
present in the driving mechanism were it not for 
the presence of the Springs 35. When the crank 
2 moves the walking beam back to the hori 
zontal position in the reversed direction of move 
ment, the roller 38 on the right hand side of the 
Samson post will move out of contact with the 
reaction plate of the right hand Spring 35 While 
the roller 38 on the left hand Side Will simul 
taneously engage With the reaction plate of the 
left hand spring 35 during the time the pumping 
unit is performing its suction stroke. 
The functioning of the Springs 35 can best be 

understood by reference to the graph of Fig. 2 
in which dotted line AA represents the values of 

  



2,274,601, 
the load in inch-pound torque at the gear reducer 
for Corresponding position of the crank 2 and 
crankpin 20. The dot, and dash line BB repre 
Sents torque load due to the static load of the 
counterweight. 3 of the Walking beam and the 
dotted line CC represents torque load due to total 
dynamic effects. The light full line DD repre 
sents, the torque load due to the Springs 35 while 
the heavy full line EE represents the total, or 
resultant torque load of all of the static and 
dynamic forces. With the counteracting forces 
due to the action of the spring 35. 
As will be seen by referring to Fig. 2 the peak 

Static well load in the example Selected for illus 
tration has a value of slightly over 200,000 inch 
pounds of torque which is reduced as shown by 

5. 

5 

the resultant curve EE to an amount of but ap 
proximately 70,000 pounds. As will be seen by 
the curves CC and DD the springs 35 are so pro 
portioned that the effect thereof is approximate 
ly equal and opposite to the dynamic effects for 
the moving parts, So that When the Springs 35 

20 

are employed as clearly depicted by the graph. EE, 
no negative torque effects are present when the 
springs are properly designed and proportioned 
for the loads encountered. It Will be noted by 
comparing the graph BB with the graph AA that 
the peak point of the counterweight effect is op 

... posite to the peak of the static well load and that 
if the resultant curve of the static Well load, 3 
counterweight load and total dynamic load Were 
drawn, the torque effects would fluctuate from 
positive to negative during each 180 degrees of 
crank rotation, this being the condition that 
Would prevail in this particular installation were 
the Springs not used. 

Figs. 3 and 4 show another type of Spring 
mechanism which operates at the output shaft of 
the reducer rather than directly upon the walk 
ing beam as does the form just described. Es 
sentially it consists of a pair of eccentrics 88 and 
8 , mounted at either end of the reducer output 
shaft 22 inside the cranks 2', and connected by 
rods 82 to the cross head 83 which is carried by 
four roller bearing trolley wheels 84 running in 
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the Spring will be returned to the reducer shaft, 
less, of course, the inevitable losses. At the mid 
position of the cross head, the spring will be at 
its full length, and upon further travel of the 
croSS head towards the left, it will be compressed 
against the left hand back-up plate. In other 
Words, the Spring 94 is double acting and is, 
therefore, the equivalent of the two springs used 
in the construction shown in Fig. 1. 
Another feature of this construction, even more 

inportant, is the Way in Which the eccentric is 
connected to the moving parts. Instead of being 
keyed directly to the reducer shaft 22, its outer 
Surface is formed With a boSS 98 in which a series 
of keyWays 99 are located in angular relation 
ship to the center of the shaft 22. The crank 2 
used in this case is of different design than the 
crank 2 of Fig. 1, having an integrally cast flange 
A 3 in which is located a single keyWay () simi 
lar in all respects to those of the eccentric, so 
that the angular relationship of the crank and 
eccentric can be varied by keying ony one of the 
numerous keyways of the latter to the single key 
way of the former. Taper keys are preferably 

is used because of their ease of insertion and be 
cause they will act to bring the keyways of the 
crank and eccentric into final alignment more 
readily than would straight keys. Once a key 92 
has been driven hone between the crank and 
the eccentric, it is locked in place by the small 
plate (23 clamped in position by the bolt 24, and 
the crank fange is attached to the eccentric by 
the bolt. 85 which passes through the arcuate 
slot 66 in the boss of the eccentric. 

ihe whole spring unit is designed to operate 
with the least possibie amount of friction, first 
because of the inclusion of the cross head rollers 
88, and also because of the provision of a plurality 
of small rollers (3 between the adjacent periph 
eries of the eccentric and strap. 
The results obtained by the use of this second 

form of the invention are graphically illustrated 

45 
the guides 85 and 86. The connection between 
the rods 82 and the cross head 83 is made using 
a universal type joint composed of the clevis 87, 
mounted on the horizontal shaft 83, carried by 
the yoke shaped member 89 which in turn is 
mounted upon the vertical shaft. 9). This con 
struction insures the Spring load being evenly 
divided between the two eccentrics. . . 

5 

One Spring only is used in this embodiment Of 
the invention. It is confined within a length of 
pipe 9 by right and left hand back-up plates 

55. 

92 and 93 respectively at each end thereof Winich 
are free to move towards each other. Movement 
of the Cross head is transmitted to the spring 94 
by means of an outer sleeve 95 welded to the cross 
head at one end. A smaller sleeve 95 is secured 
at its other end by means of the ring 97 which 
has its Outer periphery recessed at intervals to 
slide in slots (7 provided in the pipe 9. The 
smaller sleeve 96 is then connected by the bolt 
98 to the right hand back-up plate 92, and by 
means of this bolt the spring 94 can be placed 
in precompression if desired. ": 
To illustrate the action of this mechanism, as 

the cross head is moved to the right of its posi 
tion shown in Fig. 4, the ring 9 will move cor 
respondingly, acting upon the left handback-up 
plate 93 and compressing the spring against the 
right hand back-up plate 92. When the motion 
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in Fig. 5; by a set of curves sinidar in Soriae re 
spects to those of Fig. 2, but representing the 
conditions encountered in the operation of a deep 
well where the forces present are complicated by 
the great amount of stretching which occurs in 
the Sucker rods on each pumping stroke. This 
explains the break. Which occurs in the negative 
or down stroke portion of the well load torque 
curve - which was taken from an actual 
dynamometer card and hence includes both the . 
static and dynamic loads. Therefore, a curve 
similar to C-C of Fig. 2 is not needed in this 
case. Counter-balance torque is shown by the 
Curve 2-2 opposing the well load torque and the 
resultant of the well load and counterbalance 
torques is shown by the curve 3-3 which is the 
Sum of curves f and 2. For this particular in 
stallation, as can be seen from the curve 3-3, the 
resultant torque is in the nature of a second har 
monic to the Well load torque of curve - and 
lies betWeen a positive peak value of about 
120,000 inch pounds and a negative peak value of 
about 35,000 inch pounds with a total variation 
of about 155,000 inch pounds. To counteract 
these torque variations, the spring torque is added 
as shown in curve 4-6 by means of the mecha 
nism previously described and shown in Figs. 3 
and 4. Instead of being ninety degrees out of 
phase with the resultant torque of curve 3-3 as 
Would necessarily be the case were the installa 
tion of Fig. 1 used, it was determined that for 
the particular set of conditions existing in Fig. 5 

of the cross head is reversed the energy stored in 75 better results could be obtained if the phase of 

  



4. 
the spring torque were displaced somewhat from 
its ordinary position. Consequently the eccentric 
was rotated upon the output shaft and keyed to 
the crank to advance the spring torque approxi 
mately 22.5 degrees in relation to the resultant 
torque of curve 3-3 with the resuit that the 
final resultant torque of curve 5-5 is subject to 
less variation and more closely approximates the 
ideal condition of a straight line or constant 
torque. 
The advantages attributable to this construc 

tion, which makes it possible to Wary the dispo 
sition of the spring torque, are very important, 
for a maximum reduction in final net torque can 
thereby be achieved. This is strikingly illus 
trated by the graph, Fig. 6, where the final re 
Sultant curve 5-5 of Fig. 5 is shown together 
with the broken line curve 5'-3' which indi 
cates what the final resultant torque Would be 
were not the spring torque displaced from its 
normal position. It shows a required maximum 
torque of about 100,000 inch pounds and a varia 
tion of minimum to maximum of about the Same 
amount as compared with a resultant maximum 
of 60,000 inch pounds and a variation of 45,000 
inch pounds required from the unit as shown by 
curve 5-5. 
The conditions as shown by the graphs of the 

operation of both types of construction are quite 
analogous to well-known harmonic Series effects 
in that although the curves are not true har 
monic sine curves, it will be seen that the re 
Sultant curve for a pumping unit not provided 
with the counteracting springs, would be in the 
nature of a second harmonic to the Well load 
torque. A resultant load variation of this char 
acter is almost universally found to be present in 
these oil well pumping units because the cus 
tomary counterbalance cannot counteract the 
dynamic torque effects which vary with double 
the frequency of the well load and counterbal 
ance torques. This is the reason for the effec 
tiveness of the present invention, since it super 
imposes a counteracting double harmonic upon 
the simple counteraction of the counterbalance, 
thereby eliminating all negative torque effects 
and reducing the peak values of positive torques. 

Practically, this means that the required ca 
pacity of the prime mover is correspondingly re 
duced, that it can be run more efficiently because 
of the more constant load conditions, and that 
the reducer unit and driving mechanism can 
be of a much Smaller load capacity than would 
otherwise be required because of the lower values 
of torque encountered. 

In either form of the invention, namely that 
shown in FigS. 1 and 2 or in FigS. 3 to 5, if for 
any reason it becomes necessary or desirable to 
employ the counteracting force of only one 
spring, one of the springs 35 shown in Fig. 1 
may readily be removed from the Samson post, 
while the same effect may be secured with the 
mechanism of Figs. 3 and 4 by simply discon 
necting the bolt 98. 
As the result of employing the resilient mem 

bers to counteract the momentum of the very 
heavy moving loads which the pumping unitS are 
called upon to carry, it is possible to employ a 
lighter construction throughout all of the driv 
ing members of the gear reduction as well as the 
housing in which they are supported. Moreover, 
by the use of these resilient members or springs, 
the following advantages are obtained-(d) 
elimination of negative torque on reducer and 
consequent reduction of shock load on the re 
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ducer; (b) a large decrease in peak torque; (c) 
a substantial decrease of saddle bearing load; 
(d) a decrease in the pitman and Wrist pin 
bearing loads; (e) a decrease of bending no 
ment on the walking beam; (f) Smaller Speed 
variation in reducer; (g) reduction of the 
amount of counterbalance required on end of 
walking beam or on reducer slow speed shaft. 
While we have shown a satisfactory construc 

tional example, it will be understood that many 
changes, variations and modifications of the Con 
structional details may be resorted to Without de 
parting from the Spirit of the invention. 
We claim: 
1. A pumping device of the type described, 

consisting of a Walking beam pivotally mounted 
between its ends upon a Samson post having at 
one end thereof means for connecting thereto a 
reciprocating pump plunger and at the other end 
counterbalancing means and driving means to 
actuate said Walking beam, said device charac 
terized by the combination. With said walking 
beam of Spring loading means mounted upon op 
posite sides of Said Samson post in the path of 
travel of Said Walking beam but unattached 
thereto, each of said spring devices being alter 
nately and automatically compressed by the ac 
tion. With Said beam to counteract negative torque 
effects in said gear box driving means and to 
store in Such spring means power ordinarily dis 
sipated in the production of such negative torque 
effectS and to automatically restore to the Walk 
ing beam Such stored power during the portion 
of the travel of Such Walking beam in which max 
imum positive torque is required. 

2. A pumping device of the type described con 
Sisting of a Walking beam pivotally mounted be 
tWeen its ends upon a Samson post having at one 
end thereof means for connecting thereto a re 
ciprocating pump plunger and at the other end 
counterbalancing means and driving ineans to ac 
tuate Said Walking bean, said device character 
ized by the combination with said walking beam 
Of a pair of energy-Storing devices located in the 
path of travel of Said walking beam but unat 
tached thereto, each of said devices being actu 
ated independently of the other during the down 
ward travel of the respective portion of the beam 

60 

65 

70 

75 

With which each device is adapted to engage, to 
Store energy in Said device during such down 
Ward travel and to return the energy, so restored 
to said walking beam during the upward travel 
of . Such beam, the energy stored reaching its 
maximum at the point of lowest movement of 
Said beam and the device becoming ineffective 
upon Said Walking beam after the latter has 
reached approximately its horizontal central po 
Sition. 

3. A pumping device of the type described, con 
Sisting of a Walking beam pivotally mounted be 
tWeen its ends upon a Samson post having at One 
end thereof means for connecting thereto a re 
Ciprocating pump plunger and at the other end 
Counterbalancing means and driving means in 
cluding a crank to actuate said walking beam, 
Said device characterized by the combination 
With Said walking beam of resilient members 
mounted upon opposite sides of said Samson post 
in the path of travel of said walking beam but 
unattached thereto, each of said resilient mem 
bers being loaded and unloaded by the action of 
Said Walking beam during substantially alternate 
180 of revolution of said crank such that the 
maximum loading of said resilient members dur 
ing said 180 of crank rotation occurs to counter 
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act negative torque effects ordinarily present in 
the operation of said pumping device. 

4. In an oil well pumping unit having a Coun 
terbalanced walking beam, driving means, and 
means connecting said driving means to said 
Walking beam to impart a reciprocating motion 
to the latter, characterized by the combination 
With said walking beam of resilient members po 
sitioned to oppose the motion of said walking 
beam and counteract negative torque effects in 
said driving means With a corresponding decrease 
in the maximum torque present in said driving 
leaS. 
5. An oil Well pumping unit having a pivoted 

Vertically oscillating walking beam characterized 
by a pair of resilient members located in the path 
of movement of said beam, one on each side of 
the pivotal mounting thereof, said resilient men 
bers being unconnected to said beam and each 
of Said members being directly engaged by, and 
effective upon said bean only when that portion 
of the beam located upon the same side of its 
pivotal mounting as the respective resilient men 
ber, has reached substantially the horizontal po 
Sition of its oscillation and during the continued 
oscillation thereof below said horizontal position 
whereby said resilient members are effective to 
Substantially neutralize dynamic effects of the 
moving parts of said unit and prevent negative 
torque effects. 

6. In a driving mechanism operating upon a 
load Which varies from positive to negative al 
ternately, means to counteract the effect of said 
load variation upon said driving mechanism con 
prising energy storing devices interposed between 
Said load and driving mechanism, one of said en 
ergy storing devices operating at the frequency 
of Said load but in reverse phase thereto, and a 
Second energy storing device operating at a sec 
Ond harmonic of the frequency of said load vari 
ation, said second energy storing device com 
prising a resilient member associated with said driving mechanism. 

7. In a driving mechanism operating upon a 
load which varies from positive to negative al 
ternately, means to counteract the effect of said 
load variation upon said driving mechanism com 
prising energy storing devices interposed be 
tween said load and driving mechanism, one of 
Said energy storing devices operating at the fre 
quency of Said load but in reverse phase there 
to, and a second energy storing device operating 
at a Second harmonic of the frequency of said 
load variation, said second energy storing device 
Comprising a resilient member associated with 
Said driving mechanism, and means whereby the 
phase of Operation of said energy storing device 
can be advanced or retarded relative to the phase 
of application of the load upon said driving 
mechanism. 

8. In a pumping unit having a walking beam, 
driving means, and a gearbox interposed between 
said driving means and said walking beam, a re 
ciprocating energy storing device connected to 
the output shaft of said gearbox. 

9. In a pumping unit having driving means 
and a gearbox driven thereby, a reciprocating 
energy storing device connected to the output 
shaft of Said gearbox, said energy storing device 
being loaded and unloaded during 180 degrees of 
rotation of said output shaft. 

10. In a pumping unit having driving means, 
and a gearbox driven thereby, an energy storing 
device comprising eccentrics mounted upon the 
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output shaft of said gearbox, a crosshead driven 
by said eccentrics, the reciprocating motion of 
said Crossheads being opposed by a Spring aSSO 
ciated therewith, said spring being loaded and 
unloaded during 180 degrees of rotation of Said 
output shaft. 

11. In a pumping unit having driving means, a 
gearbox driven thereby, Cranks connected to the 
output shaft of said gearbox for imparting a re 
ciprocating pumping stroke, an energy storing 
device comprising eccentrics rotatably mounted 
upon said output shaft adjacent said cranks, a 
keyWay formed in a flange of said cranks, a plu 
rality of keyways formed on the face of, said ec 
centrics, said eccentrics being keyed to said 
cranks by a key engaging the keyway of said 
Cranks and one of the plurality of keyways of 
Said eccentrics, a crosshead travelling upon roll 
ers in Suitable guideways driven by said eccen 
trics, the reciprocating motion of said crosshead 
being opposed by a Spring associated thereWith, 
said Spring being loaded and unloaded during 
180 degrees of rotation of said output shaft, and 
means whereby the operation of said spring can 
be made continuous or intermittent. 

12. In a pumping unit having driving means, 
a gearbox driven thereby, cranks connected to 
the output shaft of said gearbox for imparting 
a reciprocating pumping stroke, an energy stor 
ing device comprising eccentrics rotatably 
mounted upon said output shaft adjacent said 
cranks, a keyway formed in a flange of said 
Cranks, a plurality of keyways formed on the face 
of Said eccentrics, said eccentrics being keyed to 
Said cranks by a key engaging the keyway of 
Said cranks and one of the plurality of keyways 
of Said eccentrics, a crosshead travelling upon 
rollers in suitable guideways driven by said ec 
centrics, the reciprocating motion of said cross 
head being opposed by a spring associated there 
With. 

13. In a pumping unit having driving means, a 
gearbox driven thereby, cranks connected to the 
Output shaft of said gearbox for imparting a 

5 reciproacting pumping stroke, an energy storing 
device comprising eccentrics rotatably mounted 
Upon Said output shaft adjacent said cranks, a 
keyway formed in a flange of said cranks, a plu 
rality of keyways formed on the face of said ec 
centrics, said eccentrics being keyed to said 
Cranks by a key engaging the keyway of said 
Cranks and one of the plurality of keyways of 
said eccentrics, a crosshead travelling upon roll 
ers in Suitable guideways driven by said eccen 
trics, the reciprocating motion of said crosshead 
being opposed by a Spring associated therewith, 
Said Spring being loaded and unloaded during 
Substantially 180 degrees of rotation of said out 
put shaft. 

14. In a pumping unit having a driving mech 
anism, Said pumping unit being actuated by suit 
able means connected to the output shaft of said 
driving mechanism, whereby said driving mech 
anism operates upon a load which varies from 
positive to negative values alternately, means for 
inducing a counteracting torque upon said driv 
ing mechanism comprising a resilient member 
aSSociated with said pumping unit so as to be 
loaded and unloaded during substantially 180 de 
grees rotation of said output shaft of said driv 
ing mechanism. 
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