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My invention relates to a method and appa 
ratus for counterbalancing, and particularly to a 
method and apparatus for Counterbalancing a re 
ciprocating member which is driven by a ro 

f, tating shaft and which if not counterbalanced, 
subjects the rotating shaft to unequal loads upon 
its two-strokes. . 
My invention finds particular utility in the 

counterbalancing of pumping apparatus for oil 
J) wells, and an embodiment of the apparatus of my 

invention and apparatus capable of performing 
the method of my invention will be described in 
connection with such use, it being understood that 
my invention is not limited to such use. 

5 
vide a method of and apparatus for equalizing 
the load upon a prime mover of an oil Well pump 
so that this load is substantially equal in the two 
strokes of the pump plunger and substantially 
equal throughout the various portions of each 
stroke. 

It is a more specific object of my invention to 
provide a method of and apparatus for equalizing 
the maximum loads to which a prime mover 
driving the pump plunger is subjected in the two 
strokes of the pump plunger. 
As a pump plunger nears the end of its down 

ward stroke it is decelerated until it comes to 
rest at the lower end of its stroke. The pump 

30 plunger, string of sucker rods and walking beam, 
all of which are subjected to this deceleration, 
have considerable momentum at the midpoint 
of their downward stroke, and this energy of 
momentum must be dissipated during the travel 
of these reciprocating parts in the second half of 
their downstroke. During the first half of the 
upstroke of these reciprocating parts they are 
accelerated; therefore, without counterbalancing, 
the load upon the prime mover during the latter 

40 half of the downstroke of the reciprocating parts 
is greatly lessened by their deceleration and dur 
ing the first half of the upstroke of the recipro 
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cating parts the load on the prime mover is great 
ly increased due to the necessity for this acceler 
ation. 

It is an object of my invention to provide a 
method of and apparatus for absorbing and stor 
ing the energy of momentum during the decel 
eration of the reciprocating parts on their down 

so stroke and to return this energy to the recipro 
cating parts to accelerate their motion on the 
first half of the upstroke and thus equalize the 
load upon the prime mover in Such parts of the 
strokes of the reciprocating parts. 

In oil well pumping apparatus it is customary 
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It is a general object of my invention to pro 

(C. 4-589) 
to employ a prime mover for rotating a shaft and 
to translate the rotary movement of such shaft 
to the reciprocating movement of a pump plung 
er through a crank arm, or eccentric mounted 
on a wheel equivalent to a crank arm, and a walk- 5 
ing beam. During that time in the use of such 
apparatus at which the crank arm is nearly ver 
stical it has a relatively small component of its 
angular movement parallel to the direction of 
travel of the walking beam and the pump plunger 10 
and therefore the load upon the prime mover 
during a given angular movement of the crank 
arm in such position is relatively small. On the 
other hand, when the crank arm is near either of 
its horizontal positions it has a relatively large 
Component of its movement parallel to the direc 
tion of travel of the walking beam and the pump 
plunger and therefore the load upon the prime 
mover during the same given angular movement, 
of the crank arm in such position is relatively 
great. 

It is an object of my invention to provide a 
method and apparatus for making the loads 
upon the prime mover substantially equal when 
the crank arm is moving near either of its verti 
cal positions and when the crank pin is moving 
near either of its horizontal positions, 
More specifically, it is an object of my inven 

tion to provide a method and apparatus for ac 
complishing the object last stated which ulti 
lizes a counterweight rotated twice for each rev 
olution of the Crank arm, storing energy when 
the crank arm is near its vertical positions, and 
returning energy to the crank arm when the 
crank arm is near its horizontal positions. 

It is still another object of my invention to 
equalize the maximum loads upon the prime 
mover during the two strokes of the pump plung 
er by compressing a gas during that stroke of 
the plunger during which the prime mover is nor 
mally subjected to the lesser load, and expanding 
the gas during that stroke of the pump plunger 
in which the prime mover is normally subjected 
to its greaterload. , 

It is still another object of my invention to 
provide a method and apparatus for maintain 
ing this equalization by maintaining substantial 
ly constant the quantity of gas subjected to such 
compression and expansion in spite of leakage. 
I find it advantageous to compress such gas by 
pumping a liquid into a closed chamber of gas, 
and it is a further object of my invention to pro 
vide a method of and apparatus for maintaining 
constant the quantity of liquid so pumped to 
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maintain constant the counterbalancing effect 

... thus achieved. 
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It is sometimes necessary to disconnect the 
string of Sucker rods and the pump plunger from 
the walking beam in order to work upon the 
well. The pumping apparatus being counterbal 
anced for the load of the pump plunger and 
string of sucker rods, the equilibrium of the ap 
paratus is upset by such disconnection. It is a 
purpose of my invention to provide a method of 
and apparatus for preventing the movement of 
the driving apparatus and walking beam when 
the string of sucker rods and the pump plunger 
are disconnected from the walking beam. 

In accomplishing the foregoing objects I may 
utilize a piston reciprocable in a cylinder, and it 
is an object of my invention to provide a method 
of and apparatus for maintaining a body of lu 
bricating and sealing liquid in contact with the 
piston and wall of the cylinder when a piston and 
cylinder apparatus is so used, 
These and other objects and advantages of 

my invention will be made evident in the follow 
ing description which may be better understood 
by a reference to the accompanying drawings in 
which, 

Fig. 1 is an elevational view partially sectioned 
of the counterbalancing apparatus of my inven 
tion; 

Fig. 2 is a sectional view of a part of the load 
counterbalancing apparatus illustrated in Fig. ; 

Fig. 3 is a sectional view taken as indicated by 
the line 3-3 of Fig. 2; 

Fig. 4 is an elevational view, partially sectioned, 
of a locking mechanism of my invention; 

Fig. 5 is a sectional view of a pump employed 
in my counterbalancing apparatus; and 
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Fig. 6 is a sectional view taken as indicated by 
the lines 6-6 of Fig. 5. s 

Referring to the drawings, which are for illus 
trative purposes only, the numeral f indicates 
an oil well having therein a casing 2 and a pump 
tubing f3 in the lower end of which a pump plung 
er 4 is reciprocated by a string of sucker rods 5. 
The Sucker rods 5 extend upwardly through the 
pump tubing to above the surface of the ground 
and are attached to the working end of a walking 
beam f6, the other end of the walking beam in 
the form illustrated in the drawings being 
mounted upon a pivot 7 carried by a Samson 
post 8. Secured to the walking beam 6 inter 
mediate its ends is a pitman fs which is con 
nected to an eccentric or a crank 2. 
2 is mounted upon a crank shaft 22 to which a 
crank shaft gear 23 is non-rotatably secured. A 
chain 24 meshes with the crank shaft gear 23 
and a Smaller gear 25 carried by a second coun 
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tershaft 26. The second countershaft 26 has 
mounted thereon a driven gear 27 with a chain 28 
meshing therewith and with a driving gear 29, 
carried by a first countershaft 30. There is 
mounted upon the first countershaft 30 a driven 
pulley 3 with a belt 32 in driving engagement 
therewith and driven by a pulley 33 on a drive 
shaft 34 of a prime mover 35 which may be a 
steam engine, a gas engine, or the like. When 
the prime mover is energized the drive shafts 
drives the first countershaft 30 and the second 
countershaft 26 and thus the crank shaft 22 and 
the crank 2, thus rocking the walking beam is 
about the pivot 7 and reciprocating the sucker 

75. 

rods 5 and plunger 4 in the well. The recipro 
cation of the plunger f4 elevates liquid in the 
Well so that it may be discharged at the surface 
in the manner well known in the art. 

The crank 
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If no counterbalance is employed, it is appar 

ent that on the upstroke of the string of sucker 
rods 5 the prime mover is subjected to the load 
of the walking beam f6, the string of sucker rods 
5, and all of the liquid being elevated in the tub 

ing 3, and on the downstroke of the plunger 4 
the Walking beam 6 and string of Sucker rods 
5 fall by gravity, subjecting the prime mover to 

little or no load. For the purpose of making the 
maximum load upon the drive shaft 34 on the 
downstroke of the plunger f4 equal to the maxi 
mun load on the drive shaft on the upstroke of 
the plunger 4, I have provided a load counter 
balance indicated generally by the numeral 36 of 
Fig. 1. The load counterbalance includes a cyl-, 
inder 37 open at its upper end to the atmosphere 
and secured at its lower end in any Suitable man 
ner to a housing 38 with which it freely commu 
nicates. Reciprocable within the cylinder 37 is a 
piston 39 having a connecting rod 40 pivotally 
connected in its upper face. The connecting rod 
40 is pivoted at its upper end to the walking beam 
6, the connections of the connecting rod 40 and 

the pitman 9 to the walking beam 6 being at 
substantially the same distance from the pivot 7. 

he housing 38 communicates. With an expan 
sion chamber 4f which has positioned thereabove 
a supply tank 42. The expansion chamber 4 is 
provided with a valved supply pipe 43 for the in 
troduction of liquid to the expansion chamber 4, 
housing 38 and cylinder 3. Liquid may thus be 
added to the expansion chamber 4 until it 
reaches the approximate level indicated by the 
numeral 44. A valved connecting pipe 45 con 
nects the expansion chamber 4 above the level 
44 with a second expansion tank 46 having a 
valved liquid supply pipe 47. The second expan 
sion chamber may be shut off from the expan 
sion chamber 4 or connected thereto and filled 
with gas or liquid and gas, dependent upon the 
degree of compression of the gas that is desired. 
The piston 39 is provided with piston rings 48 
of conventional construction to restrain the pas 
sage of liquid outwardly of the cylinder. 37 be 
tween the piston 39 and the cylinder wall. 

By varying the space in the expansion cham 
ber 4 above the liquid level 44 and the volume 
of the second expansion chamber 46 filled with 
gas if the second expansion chamber is connected 
to the expansion chamber 4 and thus varying 
the gas volume relative to the displacement of 
the piston 39 the degree to which the gas is com 
pressed in the expansion chamber or chambers 
and the resulting upward pressure upon the bot 
tom of the piston 39 may be varied. Thus it is 
possible for the gas compressed in the expan 
sion chamber 4f or chambers 4 and 46 to exert 
an upward force on the bottom of the piston 39 
when the piston is at the lower end of its stroke 
equal to that weight of the Walking beam 6 
and string of sucker rods fs and one-half that 
weight of the liquid being elevated in the tube 
3 which is effective at the point at which the 

connecting rod 40 is pivoted to the walking beam 
6. For example, if the connecting rod 40 is 

pivoted to the walking beam 6 at a distance 
of twelve feet from the pivot 7 and the string 
of sucker rods S is attached to the walking 
beam 6 eighteen feet from the pivot 7, and 
the walking beam has a weight of 2000 pounds 
effective at the point at which the string of suck 
er rods is attached to the beam, and the sucker 
rods have a weight of 3000 pounds, and the fluid 
has a weight of 6000 pounds, the gas can becom 
pressed in the expansion chamber 4f or cham 



O 

35 

45 

2,122,871 
bers 4 and 46 when the piston 39 is at the lower 
end of its travel so that there is exerted upon 
the piston 39 and the walking beam 6 an up 
ward force equal to 2000 pounds plus 3000 pounds 
plus one-half of 6000 pounds, or a total of 8000 
pounds times a lever arm of three halves, or 
12,000 pounds. With the load so counterbal 
anced the prime mover 35 is compelled on the 
upstroke to lift only one-half of the liquid load, 
or 3000 pounds effective at the point of connec 
tion of the string of sucker rods to the beam in 
the example, the walking beam and the string 
of Sucker rods 5 being lifted by the expansion 
of the gas. Likewise on the downstroke of the 
pump plunger 4 the prime mover is compelled 
to exert a force equal to one-half the liquid 
load, or 3000 pounds effective at the point of con 
nection of the string of sucker rods to the beam 
in the example, this force together with the 
effective weight of the walking beam and the 
Sucker rods at the point of connection of the 
connecting rod 40 to the walking beam 6 be 
ing necessary to force the piston 39 to the lower 
end of its stroke and to compress the gas to 
its required volume, 

In order to compensate for the leakage of gas 
the Supply tank 42 is maintained filled with gas 
at a higher pressure than the maximum pres 
Sure upon the gas in the expansion chamber 4. 
A valve 48a is interposed between the supply 
tank 42 and the expansion chamber 4f, this valve 
being of a construction well known in the art, 
to permit the passage of gas from the supply 
tank 42 to the expansion chamber 4 f to main 
tain the pressure in the chamber 4f above a pre 
determined value, Gas is supplied to the sup 
ply tank 42 through a conductor pipe 49 from 
an auxiliary cylinder 50, the conductor pipe 49 
containing a valve 49a for passing gas to the 
chamber 42 when the pressure therein falls be 
low a predetermined value. The auxiliary cyl 
inder 50 is mounted upon the housing 38 and 
has reciprocable therein a piston 5 connected 
through a connecting rod 52 with the walking 
beam 6. 
auxiliary piston 5 and the volume of the con 
ducting pipe 49 is made less than the volume 
of the gas space in the expansion chamber 4 
so that although the auxiliary piston 5 has a 
stroke substantially equal to the stroke of the 
piston 39 the gas is compressed in the auxiliary 
cylinder 50 to the desired extent above the maxi 
mum pressure on the gas in the expansion cham 
ber 4. . 

. As the pump plunger 4 nears the lower end 
3. of its stroke the walking beam 6 and string of 
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sucker rods 5 have momentum of considerable 
value that must be dissipated. I absorb the 
energy of this momentum and store it for im 
parting momentum during the first part of the 
upstroke of the plunger 4 by means of the aux 
iliary cylinder 50 and piston 5. As illustrated 
in Fig. 1 the cylinder 50 is provided with a se 
ries of ports 52a intermediate the ends of the 
stroke of the auxiliary piston 5f. A sleeve 53 is 
rotatably mounted upon the auxiliary cylinder 
50 in air tight relationship therewith and has 
openings 54 therein. The openings 52 and 54 
are spaced both, circumferentially and longi 
tudinally in the auxiliary cylinder 50 and sleeve 
53, respectively, the openings in the cylinder 50 
being offset circumferentially in a direction op 
posite to that in which the openings in the sleeve 
53 are offset. Thus by rotating the sleeve. 53 
upon the cylinder 50 the openings 52a and 54 

The volume of displacement of the 

3 
at different elevations are brought into coin 
cidence. As the pump plunger 4 moves down 
wardly the auxiliary piston 5 moves downwardly 
in the cylinder 50. No compression of gas oc 
curs in the auxiliary cylinder 50 until the pis 
ton 5l has covered that one of the openings 52 
registering with one of the openings 54. Thus 
resistance to the downward movement of the 
walking beam 6 and string of sucker rods 5 
is offered only during the latter part of the down 
stroke of the plunger f4. The momentum of the 

0 

walking beam f6 and string of sucker rods 5 is 
thus absorbed and their downward movement is 
decelerated until the reversal of movement oc 
curs and the pump plunger 4 begins its upward 
stroke. As soon as the plunger 4 begins its up 
Ward stroke the gas compressed in the auxiliary 
cylinder 50 exerts its compressive force urging 
the walking beam 6 and string of sucker rods 
5 upwardly, and this accelerating force is ap 

plied until the auxiliary piston 5 uncovers that 
one of the openings 52 registering with one of 
the openings 54. While it is possible by adjust 
ing the sleeve 53 upon the auxiliary cylinder 50 
to compress gas in the auxiliary cylinder 50 dur 
ing any desired part of the stroke of the aux 
iliary piston 5, I have found that good results 
are Secured if the sleeve 53 is so adjusted that 
the auxiliary piston 5 covers the registering 
Openings when about one-half of the downstroke 
of the walking beam 6 has occurred. I have 
found that it is not necessary to provide an 
auxiliary cylinder such as the auxiliary cylin 
der 50 to decelerate the walking beam 6 and 
string of sucker rods 5 as they approach the 
upper end of their stroke since their weight is 
Sufficient to accomplish this deceleration. 

It is possible to employ in the expansion cham 
ber 4 a pressure somewhat higher than that 

5 
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required to counterbalance the effective weight 
of the Walking beam 6, string of sucker rods is 
and one-half the liquid load, this excess in pres 
Sure being utilized to decelerate the walking beam 
6 and string of sucker rods 5 as they near the 
lower end of their travel and to accelerate them 
as they begin their upstroke. However, this ex 
cess of pressure is exerted also in the upper part 
of the upstroke and tends to cause racing as the 
Walking beam and sucker rods reach the end of 
their upstroke and begin their downstroke. A 
5% increase in pressure in the gas in the expan 
sion chamber 4 over that necessary to counter 
balance the effective weight of the walking beam 
6, string of sucker rods 5 and one-half the liq 

luid load I have found can be utilized. . . 
When the crank is in the position indicated by 

dotted lines 56 of Fig. 4 the prime mover is sub 
jected to greater load than when the crank is 
in the positions indicated by the full and dotted 
lines in Fig. 1 since when the crank is in its 
horizontal position the ratio of the vertical com 
'ponent of the velocity of the free end of the 
crank to the angular velocity of the crank shaft 
22 is greatest. To make the load upon the drive 
shaft 34 more nearly equal throughout each 
stroke of the walking beam 6 I apply a counter 
weight 57 to the apparatus. This counterweight 
is applied to the apparatus so that it revolves 
twice for each revolution of the 2crank shaft 22. 
If the driving gear 25 is made of half the cir 
cumference of the driven gear 23 on the crank 
shaft 22, the counterweight 57 may be applied 
directly, to the second countershaft 28, and I 
have illustrated it in this position in the draw 
ings. The counterweight 5 is non-rotatably se 

85 

70 



10 

s 

4 
cured in any suitable manner to the second 
countershaft 26 so that it is horizontal when the 
walking beam is at each end of its stroke. Thus 
when the crank is in the position indicated by 
the dotted lines of Fig. 4 the counterweight 57 
is in its horizontal position and descending so 
that it is imparting its maximum energy to the 
second countershaft 26 and to the crank shaft 
22, thus diminishing the load upon the drive 
shaft 34. When the crank shaft is in its vertical 
position illustrated in the full lines of Fig. 4 the 
counterweight 5 has rotated 180° and is in its 
horizontal position and ascending so that it is 
absorbing its maximum energy from the drive 
shaft 34. If the maximum pull on the chain 28 
when the crank 2 is horizontal is 1500 pounds, 
for example, and the maximum pull upon the 
chain when the crank is in either of its vertical 
positions is zero or nearly Zero, I install a counter 
weight 57 of an effective value of 750 pounds so 
that the pull upon the chain 28 when the crank 
is in a horizontal or vertical position is approxi 
mately 750 pounds. 
While any suitable liquid may be employed in 

the cylinder 37 I prefer to employ an oil. Al 
though the piston 39 is provided with rings 48 
some of this liquid leaks from the cylinder 37 
around the piston 39. I provide the cylinder 37 
with an extending portion 59 projecting above 
the upper end of the piston 39 when the piston 
is at the upper end of its stroke to provide a 
liquid reservoir 60. The liquid leaking from the 
cylinder 3 around the piston 39 is thus collected 
in the reservoir 60 where it exerts a sealing and 
lubricating function between the piston 39 and 
the wall of the cylinder 37. In order that the 
counterbalancing effect of the expansion and 
contraction of the gas in the expansion chamber 
4 shall be maintained constant, it is necessary 
to maintain substantially constant the volume of 
liquid within the cylinder 3, housing 38 and ex 
pansion chamber 4. For the purpose of return 
ing to the system the oil which has leaked there 
from, I provide in the piston 39 a vertical cylin 
drical opening 6 communicating with the top 
of the piston 39 at its upper end and communi 
cating with a transverse bore 62 at its lower end. bore 6. 
The transverse bore 62 extends through an an 
nular skirt 63 of the piston 39 and has its outer 
end closed by a screw 64. Secured in the inner 
end of the transverse bore 62 is a discharge pipe' 
65 to which a valve 66 is connected. The valve 66 
may be of any conventional construction for dis-, 
charging fluid from the pipe 65 to the interior 
of the cylinder 37 when the pressure in the cylin 
der 37 falls below a predetermined minimum 
value and the pressure in the discharge pipe 65 
is above this value. Reciprocable within the 
cylindrical opening 6 is a plunger 67 which pro 
jects above the upper end of the piston 39 and is 
provided near its upper end with a collar 68. A 
compression spring 69 has its lower end bearing 
against the collar 68 and its upper end engaging 
a disc 70 carried by a bolt threaded into a 
horizontal flange 72 which is mounted on the 
projecting portion 59 of the cylinder 37. A sec- N 
ond compression Spring 3 surrounds the plunger 
67 with its upper end bearing against the lower 
surface of the collar 68 and its lower end bear 
ing against the upper end of the piston 39. 
Formed in the piston 39 is a vertical supply 

pipe 74 communicating at its upper end with the 
top of the piston 39 and at its lower end with a . 
horizontal supply pipe 75. The horizontal sup 
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to the periphery of the piston 39, being closed 
at the periphery of the piston 39 by a screw 
plug 76 threaded into the piston 39. A vertical 
control pipe 77 may be threaded into the upper 
end of the vertical supply pipe 74 so that its 
upper end projects above the upper end of the 
piston 39 a variable distance for a purpose which 
will now be described. 
As the liquid in the cylinder 37 leaks therefrom 

around the piston 39 it collects in the liquid res 
ervoir 60. This body of liquid travels with the 
piston 39 in contact with its upper surface. As 
the piston 39 moves upwardly the compression 
spring 69 resiliently urges the plunger 67 down 
wardly in the cylindrical bore 6. The length of 
stroke of the plunger 6 may be varied by adjust 
ing the bolt 7 t, moving it upwardly or down 
wardly. The stroke of the piston 67 is adjusted 
so that if any gas is supplied through the supply 
passages 74 and 75 the gas is compressed to a 
pressure. less than the minimum pressure at 
which the valve 66 will discharge fluid from the 
cylindrical bore 61 into the cylinder 37. However, 
the stroke of the plunger 67 is maintained great 
enough to exert a pressure on the liquid con 
tained in the cylindrical bore 6, if this bore is 
filled with liquid, to a pressure greater than the 
minimum pressure at which the valve 66 will 
discharge fluid from the cylindrical bore 6 into 
the cylinder 37. Thus as long as the cylindrical 
bore 6 below the plunger 67 is filled with liquid 
the liquid will be compressed to such an extent 
that the valve 66 will discharge this liquid into 
the cylinder 37 to maintain substantially con 
stant the minimum pressure in the cylinder 37, 
while if there is insufficient liquid to fill the cy 
lindrical bore 6f below the plunger 67, the plunger 
6 will not force gas into the cylinder 37. 
The vertical control pipe 77 is provided to main 

tain a body of liquid above the piston 39 of a 

O 
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40 depth equal to the length of the control pipe 77 . 
projecting above the piston 39 so that some liquid 
is maintained at all times in lubricating rela 
tionship with the piston 39 and the wall of the 
cylinder 37 and in lubricating relationship with 
the plunger 67 and the wall of the cylindrical 

The depth of this body of liquid may 
be readily varied by threading the control pipe 
77 into or out of the vertical supply passage 74. 

If it is desired to vary the quantity of liquid 
in the cylinder 37, housing 38 and expansion 
chamber 4 to vary the counterbalancing effect of 
the expansion and contraction of the gas in the 

50 

expansion chamber 4 f, this may be accomplished 
by threading the control pipe 77 into or out of 
the vertical supply passage 74 and if desired, by 
adding liquid to the reservoir 60. 'The quantity 
of gas within the expansion chamber 4 is main 
tained substantially constant by the discharge 
through the valve 49a of gas compressed by the 
auxiliary piston 5 when the pressure within the 
expansion chamber 4 falls below a predeter 
mined value. 

If desired a gas compressing pump, indicated 
generally by the numeral 79 of Fig. 4, may be em 
ployed instead of the auxiliary cylinder 50 for 
maintaining substantially constant the quantity 
of gas in the expansion chamber 4. This gas 
compressing pump 79 includes a cylinder 80 hav 
ing a piston 8 reciprocable therein, this piston 
being connected as illustrated in Fig. 5 by a con 
necting rod 82 to a crank 83 on the second coun 
tershaft 26. An intake port 84 is provided at 
the lower end, of the cylinder 80 and is closed 

'ply pipe 75 extends from the cylindrical bore 6 during the compression stroke of the piston a 
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by a valve member 85. The valve member 85 is resiliently urged to position closing the intake 
port 84 by a compression spring 86. When the 
piston 8 moves upwardly the decrease in pressure 
in the cylinder 80 causes the valve member 85 to 
move inwardly against the resistance of the spring 
86 opening the intake port 84 and permitting 
air to enter the cylinder 80. When the piston 8 
noves downwardly the spring 86 urges the valve 
member 85 into position closing the intake port 
84 which position it maintains during the com 
pression stroke of the piston 8. Air compressed 
in the cylinder 80 is discharged therefrom 
through a discharge pipe 87 communicating with 
the gas supply chamber 42. The discharge pipe 
87 has a valve 88 therein permitting the passage 
of gas through the discharge pipe 87 only in one 

20 
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direction, i. e., from the cylinder 80 to the high 
pressure chamber 42. 
While I have illustrated the connecting rod 82 

as driven by the second countershaft 26, it will 
be obvious that the connecting rod may be driven 
by any other driving or driven part of the appa 
ratus. 
For the purpose of lubricating the piston 8 I 

provide in the lower end of the auxiliary cylinder 
80 an upwardly extending annular flange 89, illus 
trated in Fig. 5, which cooperates with the wall 
of the auxiliary cylinder 80 in defining an annular 
lubricant chamber 90. Formed on the lower end 
of the piston 8 is a carrying member 9 which 
includes a vertical wall 92 adjacent the wall of 
the cylinder 80, a horizontal wall 93 and an inner 
vertical wall 94 of lesser length than the outer 
vertical wall 92. Openings 95 are provided in 
the outer vertical wall 92 for the escape of lubri 
cant from the carrying member 9. In Fig. 5 
the auxiliary piston 8 f is illustrated in the lower 
end of its stroke with the carrying member 9 

40 submerged in the lubricant contained in the an nular chamber 90. As the piston 8 moves up 
wardly in the cylinder 80 the lubricant contained 
in the carrying member 9 is discharged there 
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from through the openings 95 to the space be 
tween the outer vertical member 92 and the wall 
of the auxiliary cylinder 80. This space is made 
of small radial thickness so that a film of oil is 
maintained therein from the discharge of the 
carrying member 9 throughout the upward and 
downward strokes of the auxiliary piston 8 f. A 
valve member 96 communicates through a pas 
sage 97 with the annular lubricant chamber 90 to 
enable the Operator to determine whether the 
chamber is filled with lubricant and to add to the 
body of lubricant in the annular chamber when 
necessary. 
When it is desired to disconnect the string of 

sucker rods 5 from the beam 6 to work upon 
the well, it is desirable to maintain the gas under 
pressure in the expansion chamber 4 so that the 
energy expended in accomplishing this compres 
sion will not be wasted. I therefore provide a 
latch member 100 which is swingably mounted 
upon a pin of mounted in the housing 38. The 
latch member 100 is swingable from the posi 
tion illustrated in the full lines of Fig. 4 in which 
position a hook 102 on its inner end engages a 
horizontal pin fo3 secured to the lower end of the 
piston 39 to the position illustrated in the dotted 
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lines of Fig. 4 in which position the pin 03 and 
the piston 39 are released so that the piston 
may freely reciprocate. An arm 04 is mounted 
upon the pin of exterior of the housing 38 for 
moving the latch member 100 between its two 
positions. Thus when it is desired to disconnect 

5 
the string of sticker rods 5 from the beam fs 
the piston 39 is moved to its lowest position by 
the prime mover 35 and the arm 04. is swung 
to accomplish the engagement of the pin f O3 
by the latch member 100. The sucker rods may 
then be disconnected from the beam and the 
pistons 5 and 89 will be maintained stationary. 

Illustrated in Fig. 1 is another means of main 
taining, the piston stationary when the sucker 
rods are disconnected from the beam. This 
means includes a worm gear 107 rotatably sup 
ported in a journal member f08, one end of 
which is swingably mounted upon a pivot O9 
carried by the Samson post 8. The other end 
of the journal member 08 is pivotally con 
nected to a supporting member O. When the 
supporting member O is moved into its verti 
cal position with its lower end abutting a stop 

secured to the derrick floor, the worm gear 
07 is maintained in meshing relationship with 
a gear 2 non-rotatably secured to the first 
Countershaft 30. When the Supporting member 

5 

O 

5 

20 

O is swung relative to the journal member 108 
until its lower end abuts against, a second stop 
3 secured to the derrick floor, the worm gear 
07 is swung downwardly about the pivot 09 

Out of engagement with the gear 2. A handle 
4 secured to the worm gear 07 projects be 

yond the journal member 08 so that the worm 
gear may be manually rotated. 
When it is desired to disconnect the string of 

sucker rods 5 from the beam 6 using this em 
bodiment of my invention, the prime mover 35 
is shut down and the supporting member O is 
moved from the position indicated in the dotted 
lines of Fig. 1 to the position indicated in the 
full lines of this figure. The handle f4 is then 
rotated, moving the pistons 39 and 5 until the 
walking beam 6 is in its desired position. The 
sucker rods are then disconnected from the beam 
6, the worm gear 07 preventing rotation of the 
gear 2 and first countershaft 30, and thus pre 
venting movement of the pistons 39 and 5. 
While I have illustrated the Worm gear 0 as 

associated with the first Countershaft 30, it may 
be associated with any suitable shaft upon the 
apparatus. Likewise, while the counterweight 
57 is illustrated as applied to one of the shafts 
in the train of countershafts between the prime 
mover and the crank 2, this counterweight may 
be applied to any shaft so related to the crank 
shaft 22 as to rotate at twice the angular velocity 
of the crank shaft 22. 
While I have described the variations in load 

as occurring at certain positions of the crank, 
or other parts of the apparatus, I am aware that 
due to conditions such as expansion and con 
traction of the string of sucker rods, deforma 
tion of the walking beam and Samson post etc. 
these variations may actually occur at positions 
of the crank different from the exact positions 
I have described, and therefore such positions 
as I have described for load variations must be 
understood to be variable in accordance with 
such conditions. , r 
The foregoing apparatus constitutes one em 

bodiment of apparatus of my invention and one 
embodiment of apparatus capable of perform 
ing the method of my invention, The method of 
my invention includes the step of making the 
loads upon the prime mover substantially equal 
during the two strokes of a reciprocating mem 
ber such as the walking beam f6, string of sucker 
rods 5 and/or pump plunger 4. This step, as 
illustrated in the drawings, may be accomplished 
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6 
by compressing a gas in the expansion chamber. 
4 during one stroke of the reciprocating men 
ber and thus storing energy, and expanding this 
gas during the succeeding stroke of the recipro 
cating member and thus applying energy to the 
reciprocating member. 
The method of my invention also includes the 

step of storing the energy freed by the loss of 
momentum during the deceleration of the recip 
rocating member during one stroke and applying 
this energy to the reciprocating member during 
the acceleration period of its succeeding stroke. 
As illustrated in the drawings this may be ac 
complished by compressing a gas in the auxiliary 
cylinder 50 during only the second half of the 
downstroke of the reciprocating member and 
expanding this gas during only the first half of 
the succeeding upstroke of the reciprocating 
member. By this step my method equalizes the 
load upon the prime mover during the decelera 
tion of the reciprocating member on one stroke 
and its acceleration on the succeeding Stroke. 
My method also includes the step of equalizing 

the loads upon the prime mover when the 'crank 
is near its dead center positions and When the 
crank is in its positions farthest fron dead center. 
As illustrated in the drawings, this may be ac 
complished by utilizing a counterweight rotat 
ing at twice the angular velocity of the crank, 
the counterweight, such as the counterweight 57, 
storing energy while the crank is approaching 
and passing through and beyond its dead center 
position, and restoring energy to the system as . 
the crank approaches its next position farthest 
from dead center. 
My method also includes the step of maintain 

ing the load counterbalancing effect substantially 
constant. As illustrated in the drawings, this 
may be accomplished by replacing in the expan 
sion chamber 4 gas which escapes therefrom 
and by returning to the cylinder 37 and expan 
sion chamber 4f liquid which escapes therefrom 
so that the volumes of liquid and gas in the cham 
ber 4 are maintained substantially constant. 
My method also includes the step of utilizing 

the means for storing energy during the decelera 
tion of the reciprocating member and returning 
this energy to the system during the succeeding 
acceleration of the reciprocating member, for 
maintaining substantially constant the volume of 
gas in the load counterbalancing means. AS 
pointed out in the foregoing specification, this is 
accomplished by storing the energy of decelera 
tion by the compression of a gas and conducting 
the required amount of such compressed gas to 
the expansion chamber 4 through the storage 
chamber 42. 
My method also contemplates the provision of 

a body of lubricant in lubricating relationship 
with the piston and cylinder wall of the load 
counterbalancing means, the inertia counterbal 
ancing means and the liquid return means. This 
may include the mechanism by which a body of 
lubricant is maintained on top of the piston 39 
and below the pistOn 8, as hereinbefore de 
scribed. 
While that embodiment of the apparatus of my 

invention hereinbefore illustrated and described 
is fully capable of performing the objects and ad 

, Vantages primarily stated and of performing the 
method of my invention, the apparatus of my 
invention may be embodied in other forms and 
the method of my invention may be performed by 
other apparatus, and I therefore wish my inven 
tion to be understood as not restricted to the spe 
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cific embodiment hereinbefore illustrated and 
described. 

I claim as my invention: 
1. In an apparatus for reciprocating a member 

including a drive shaft and a crank arm, the 
combination of: means counterbalancing the 
weight of the reciprocating member whereby the 
maximum loads on the drive shaft are substan 
tially equal on the two strokes of the member; 
means absorbing energy from and decelerating 
the member on one stroke and delivering energy 
to and accelerating the member on its succeeding 
stroke whereby the loads on the drive shaft near 
the end of one stroke and the beginning of the 
succeeding stroke are substantially equalized; 
and means absorbing energy when the crank 
arm is near dead center position and delivering 
energy when the crank arm is farthest from dead 
center position whereby the load on the drive 
shaft is substantially uniform throughout the 
stroke. 

2. In an apparatus including a drive shaft for 
reciprocating a pump plunger, the combination 
of: means counterbalancing the weight of the 
reciprocating parts and one-half the weight of 
the liquid lifted by the plunger; means absorb 
ing the energy of momentum of the reciprocating 
parts during the latter part of their downstroke 
and applying energy to accelerate the reciprocat 
ing parts during the early part of their upstroke; 
and means storing energy when the reciprocating 
members are near the end of their strokes and 
applying energy thereto when said members are 
near the middle of their strokes. 

3. In an apparatus for reciprocating a pump 
plunger, including a drive shaft and a crank, the 
combination of: means counterbalancing the re 
ciprocating parts whereby the loads on the drive 
shaft on the up and down strokes of the plunger 
are substantially equal, said means including a 
fluid pump; and means decelerating the recipro 
cating parts near the end of a stroke and acceler 
atting the reciprocating parts near the beginning 
of the succeeding stroke, said means replacing in 
said fluid pump of said first named means fluid 
escaping therefrom. 

4. In an apparatus for reciprocating a pump 
plunger including a drive shaft and a crank, the 
combination of: means counterbalancing the re 
ciprocating parts whereby the loads on the drive 
shaft on the up and down strokes of the plunger 
are substantially equalized, said means including 
a piston adapted for pumping liquid in a cylinder 
to Compress a gas in a chamber; return means 
for returning to the cylinder liquid which has 
passed between said piston and cylinder whereby 
the volume of liquid in said cylinder and chamber 
is maintained substantially constant; pump 
means, including an auxiliary piston and cylin 
der, taking energy from the reciprocating parts 
only during their deceleration by compressing a 
gas and delivering energy to the reciprocating 
parts only during their acceleration of the suc 
ceeding stroke by expanding the gas, said auxil 
iary cylinder having a body of lubricant therein; 
a cup shaped member on the lower end of said . 
auxiliary piston dipping into the body of lubri 
cant at the lower end of each stroke, said mem 
ber having openings therein for the discharge of 
a sealing lubricant film between said member and 
the wall of said auxiliary cylinder during travel 
of said auxiliary piston; means storing energy 
when the crank is near dead center position and 
delivering energy when the crank is farthest from 
dead center position whereby the load on the 
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rive shaft is substantially equalized throughout 
he stroke; and means manually operable for 
reventing movement of said counterbalancing 
aeans, said pump means and said storing means 
when the pump plunger is disconnected from the 
rank. 
5. In an apparatus for reciprocating a pump 

plunger including a drive shaft and a crank, the 
:ombination of: means counterbalancing the re 
iprocating parts whereby the loads on the drive 
haft on the up and down strokes of the plunger 
tre substantially equalized, said means including 
piston adapted for pumping liquid in a cylinder 
o compress a gas in a chamber; return means for 
eturning to the cylinder, from a body of liquid 
aintained in sealing relationship between said 
iston and said cylinder, liquid which has escaped 
round said piston, whereby the volume of liquid 
said cylinder and chamber is maintained sub 

tantially constant; pump means, including an 
uxiliary piston and cylinder, taking energy from 
he reciprocating parts only during their decelera 
ion by compressing a gas and delivering energy 
o the reciprocating parts only during their ac 
eleration of the succeeding stroke by, expanding 
he gas, said auxiliary cylinder having a body 
f lubricant therein; a cup shaped member on the 
ower end of said 'auxiliary piston dipping into 
he body of lubricant at the lower end of each 
troke, said member having openings therein 
or the discharge of a Sealing lubricant film be 
ween said member and the wall of said auxiliary 
ylinder during travel of said auxiliary piston; 
eans storing energy when the crank is near 
ead center position and delivering energy when 
he crank is farthest from dead center position 
hereby the load on the drive shaft is Substantial 
y equalized throughout the stroke; and means 
anually operable for preventing movement of 
aid counterbalancing means, said punp means 
nd said storing means when the pump plunger 
S disconnected from the cranik. 
6. In an apparatus for reciprocating a pump 
lunger including a drive shaft and a crank, the 
combination of: means counterbalancing the re 
iprocating parts whereby the loads on the drive 
haft on the up and down strokes of the plunger 
re substantially equalized, said means including 
piston adapted for pumping liquid in a cylinder 
O compress a gas in a chamber; return means for 
eturning to the cylinder liquid which has passed 
tween said piston and cylinder whereby the 

volume of liquid in said cylinder and chamber is 
aintained substantially constant; pump means, 

ncluding an auxiliary piston and cylinder, taking 
nergy from the reciprocating parts only during 
heir 'deceleration by compressing a gas and de 
ivering energy to the reciprocating parts only 
during their acceleration of the succeeding stroke 
by expanding the gas, said auxiliary cylinder com 
municating with said chamber whereby the quan 
tity of gas in said chamber is maintained substan 
tially constant, said auxiliary cylinder having a 
body of lubricant therein; a cup shaped mem 
ber. On the lower end of said auxiliary piston dip 
ping into the body of lubricant at the lower end 
of each stroke, said member having openings 
therein for the discharge of a sealing lubricant 

auxiliary cylinder during travel of said auxiliary 
piston; means storing energy when the crank is 
near dead center position and delivering energy 
when the Crank is farthest from dead center 
position whereby the load on the drive shaft is 
substantially equalized throughout the stroke; 

film between said member and the wall of said 

7 
and means manually operable independently of 
said drive shaft for moving said plunger and pre 
venting movement of all of said means when said 
plunger is disconnected from said crank. 

7. In combination: a walking beam; means for 
pivotally supporting said walking beam; means 
for rocking said walking beam; pump means in 
a well; connecting means extending from said 
walking beam to said pump means whereby the 
rocking of said walking beam actuates said 
pump means; a stationary member; a movable 
member connected to said walking beam and as 
Sociated with said stationary member to provide 
a fluid-tight chamber variable in volume in re 
Sponse to the rocking of said walking beam, said 
chamber containing fluid at least part of which is 
gas, whereby the gas will be compressed and 
energy stored during one stroke of said walking 
beam and the gas will be expanded and energy 
delivered during the other stroke of said walk 
ing beam; a second stationary member; a second 
movable member actuated by said walking beam 
and aSSOciated with Said stationary member to 
provide a second chamber variable in volume in 
response to the rocking of said walking beam, 
Said chamber containing gas; means venting said 
Second chamber whereby gas will be compressed 

O 
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and energy stored in said second chamber during . 
only part of said one stroke of said walking beam 
and the gas will be expanded in said second cham 
ber and energy delivered during only, part of the 
Said other stroke; and means connecting said 
Second chamber to said chamber for supplying 
compressed gas to said chamber whenever the 
preSSure in Said chamber falls below a predeter 
mined value. 

8. In combination: a walking beam; means for 
pivotally supporting said walking beam; means 
for rocking said walking beam; pump means in a 
Well; connecting means extending from said walk 
'ing heam to said pump means whereby the rock 

means; a stationary member; a movable member 
Connected to said Walking beam and associated 
With Said stationary member to close a fluid 
tight chamber variable in volume in response to 
the rocking of said walking beam, said chamber 
containing a fluid at least part of which is gas, 
whereby the gas will be compressed and energy 
Stored during one stroke of said walking beam 
and the gas will be expanded and energy delivered 
during the other stroke of said walking beam; and 
means releasably connected to said movable 
member to prevent movement of said movable 
member when said connecting means is discon 
nected from said walking beam. 

9. In an apparatus for reciprocating a pump 
plunger including a drive shaft and a crank, the 
combination of: means counterbalancing the re 
ciprocating parts whereby the loads on the drive 
shaft on the up and down strokes of the plunger 
are substantially equalized, said means including 
a piston adapted for pumping liquid in a cylinder 
to compress a gas in a chamber; a second piston 
reciprocable in a second cylinder formed in said 
piston and communicating with both sides of 
said piston; means associated with said cylinder 
and Operating said second piston during recip 
rocation of said piston whereby liquid is forced 
from said second cylinder into said cylinder to 
maintain substantially constant the volume of 
liquid in said cylinder and chamber; pump means, 
including an auxiliary piston and cylinder, taking 
energy from the reciprocating parts only during y 
their deceleration by COmpressing a gas and de 
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livering energy to the reciprocating parts only 
during their acceleration of the succeeding stroke 
by expanding the gas, said auxiliary cylinder 
having a body of lubricant therein; a cup shaped 
member on the lower end of said auxiliary piston 
dipping into the body of lubricant at the lower 
end of each stroke, said member having openings 
therein for the discharge of a sealing lubricant. 
film between said member and the wall of said auxiliary cylinder during travel of Said auxiliary 
piston; means storing energy when the crank 
is near dead center position and delivering en 
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ergy when the crank is farthest from dead center 
position whereby the load on the drive shaft is 
substantially equalized throughout the stroke; 
and means manually operable for preventing 
movement of said counterbalancing means, said 
pump means and said storing means when the 
pump plunger is disconnected from the Crank. 

10. In a well pumping apparatus including a 
reciprocating member, the combination of: 
means substantially counterbalancing the Weight 
of the reciprocating member, said means includ 
ing a primary member and a secondary member 
reciprocating with the reciprocating member and 
associated with said primary member to close- a 
chamber variable in volume in response to the 
reciprocation of the reciprocating member, said 
chamber containing liquid and gas, whereby the 
gas will be compressed and energy stored during 
one stroke of the reciprocating member and the 
gas will be expanded and energy delivered during 
the other stroke of the reciprocating member; 
means for supplying gas to said chamber to 
maintain the amount of gas therein substan 
tially constant; and means for Supplying liquid 
to said chamber to maintain the amount of liq 
uid therein substantially constant. 

11. In a well pumping apparatus including a 
reciprocating member, the combination of: 
means substantially counterbalancing the Weight 
of the reciprocating member, said means includ 
ing a primary member and a secondary member 
reciprocating with the reciprocating member and 
associated with said primary member to close a 
chamber variable in volume in response to the 
reciprocation of the reciprocating member, said 
chamber containing liquid and gas, whereby the 
gas will be compressed and energy stored during 
one stroke of the reciprocating member and the 
gas will be expanded and energy delivered during 
the other stroke of the reciprocating member; 
means absorbing energy from the reciprocating 

55 
member by compressing a gas near the end of 
the stroke of the reciprocating member and ap-, 
plying energy. thereto by the expansion of the 
gas during the early part of the succeeding stroke 
of the reciprocating member, said means supply 
ing gas to said chamber to maintain the amount 
of gas therein substantially constant; and means 
supplying liquid to said chamber to maintain the 
amount of liquid therein substantially constant. 

70 

12. In a well pumping apparatus including a 
reciprocating pump plunger, the combination of: 
means counterbalancing the reciprocating parts 
whereby the loads on the prime mover on the 
two strokes of the plunger are substantially 
equalized, said means including a piston adapted. 
for pumping a fluid in a chamber; a second 
piston reciprocable in a cylinder formed in said 
piston and communicating with both sides of 
said piston; and means reciprocating said second 
piston relative to said cylinder during reciproca 
tion of said piston whereby fluid is forced from 

75 Said cylinder into said chamber to maintain Sub 

ergy to the member during its subsequent ac 

necting said crank and said walking beam where 

by the loads on the drive shaft on the up an 

therein; 
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stantially constant the amount of fluid in said 
chamber. 

13. In a well pumping apparatus for recipro 
cating a pump plunger and its connections, the 
combination of: means counterbalancing the re 
ciprocating parts including the pump plunger 
and its connections whereby the loads on the 
prime mover on the two strokes of the plunger 
are substantially equalized, said means including 
a piston adapted for reciprocation to compress a 
fluid in a cylinder; and means for locking Said 
piston against movement relative to said cylinder 
whereby the plunger and its connections may be 
disconnected from the apparatus Without loSS 
of pressure on the fluid, said means being manu 
ally operable to move said piston during the 
connection of the plunger and its connections to 
the apparatus. 

14. In a well pumping apparatus, the combi 
nation of: a prime mover; a member driven by 
said prime mover; a pump plunger in a Well con 
nected to and reciprocated by said member; 
means counterbalancing said pump plunger and 
reciprocating parts whereby the loads on the 
prime mover on the up and down strokes of Said 
pump plunger are substantially equalized; means 
absorbing energy from said pump plunger and 
reciprocating parts during the later part of one 
stroke and applying energy to said pump plunger 
and the reciprocating parts during the early 
part of their succeeding stroke; means storing 
energy when said member is near the end of its 
travel in one direction and applying en 
ergy thereto when said member is near the mid 
dle of its travel in the opposite direction; and 
means for securing said first mentioned means 
against movement. 

15. In a well pumping apparatus including a 
reciprocating member, the combination of: 
means storing energy from the reciprocating 
member during its deceleration and applying en 

celeration; and means for securing said first 
mentioned means against Waste of energy by 
movement during disconnection of the recipro 
cating member from the apparatus, said means 
being manually operable during such disconnec 
tion for movement to facilitate connection of 
the reciprocating member to the apparatus. 

16. In an oil well pumping apparatus, the 
combination, of: a prime nover; a drive shaft 
driven by said prime mover; a crank driven by 
said drive shaft; a walking beam; means con 

by said walking beam is oscillated by the rotatio 
of said crank; a pump including a plunger; 
means connecting said plunger and said Walkin 
beam whereby said plunger is reciprocated b 
the oscillation of said walking beam; mean 
counterbalancing the reciprocating parts where 

down strokes of the plunger are substantiall 
equalized, said means including a piston adapte 
for pumping fluid in a chamber; return mean 
for returning to the chamber fluid which ha 
leaked therefrom whereby the amount of fluid i 
said chamber is maintained substantially con 
stant; pump means including an auxiliary pis 
ton and cylinder taking energy from the recip 
rocating parts during their deceleration by com 
pressing a fluid and delivering energy to the re 
ciprocating parts during their acceleration, sai 
auxiliary cylinder having a body of lubrican 

a cup-shaped member on the lowe 
end of Said auxiliary piston dipping into th 
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body of lubricant at the lower end of its stroke, 
said member having openings therein for the 
discharge of lubricant between Said member 
and the Wall of said auxiliary cylinder during 
travel of said auxiliary piston; means storing 
energy when the crank is near dead Center po 
sition and delivering energy when the crank is 
farthest from dead center position, whereby the 
load on the drive shaft is substantially equal 
ized throughout the stroke; and means for lock 
ing the apparatus in stationary position during 
the removal of said pump and connecting means 
from said walking beam. 

17. The method of counterbalancing a verti 
cally reciprocating pump plunger in a well, which 
includes the steps of: applying force to the 
plunger throughout its downstroke resisting 
movement of the plunger, said force increasing 
with the travel of the plunger; applying force 
to the plunger throughout its upstroke assisting 
its movement, said force being substantially 
equal to the force resisting the plunger's down 
Ward movement and decreasing with the travel 
of the plunger; applying an auxiliary force to the 
plunger during only the later part of its down 
ward stroke resisting its movement, said force 
increasing with the travel of the plunger in that 

9 
portion of its stroke in which such force is ef 
fective; and applying a force to the plunger sub 
stantially equal to the auxiliary force during only 
the early part of its upstroke, said force decreas 
ing with the travel of the plunger in that portion 
of its stroke in which such force is effective. 

18. The method of counterbalancing a pump 
plunger vertically reciprocated in a well by the 
rotation of a crank, which includes the steps of: 
applying force to the plunger throughout its 
downstroke resisting movement of the plunger, 
said force increasing with the travel of the 
plunger; applying force to the plunger through 
out its upstroke assisting its movement, said 
force being substantially equal to the force re 
sisting the plunger's downward movement and 
decreasing with the travel of the plunger; ap 
plying force to the crank resisting its movement 
during its travel near dead center position, said 
force diminishing with the distance of the crank 
from such position; and applying a force to the 
crank substantially equal to the last named force 
assisting its travel in position farthest from dead 
Center position, Said force diminishing with the 
distance of the crank from such position. 

WALTER, E. SAXE. 
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