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1

My invention relates to load reducing mecha-
nisms, and more: particularly to mechanisms for
reducing the peak: loads on the reciprocating
means for an oil well pump.

When s heavy object is caused to reciprocate,
changes in the load on the reciprocating means
will take place as it operates to reverse the direc-
tion of travel of the object-and to increase oY
decrease its speed of travel. In'the case of an
oil well. pump which is located near the bottom
of ‘the well and driven through a sucker rod con-
nected to g reciprocating” device at the surface,
there will be a large increase in the load:on the
rod during acceleration following each reversal
between its downward and upward strokes. A
repested application of a heavy load to the sucker
rod causes a serious reduction in the life of the
rod. If the peak loads can be reduced, less avail-
able power will'be necessary and less power will
be consumed in doing the necessary work.

By placing a. yieldable device in the driving
connections for the sucker rod, there is obtained
a substantial reduction in the peak loads. The
same reduction in load may be obtained by pro-
viding mechanical driving connections which per-
mit the sucker rod to move in the same manner
that it would if the yieldable device was present.

This invention contemplates the provision of
mechanical - means for -automatically variably
supporting a walking beam for an oil well pump
so that the beam will be permitted to move in
the same manner that it would if it was yieldably
supported. It will be understood that similar

mechanical means may be provided, if -desired,

at other points in the ‘driving connections, such
as between the power unit and the walking beam
or between the walking beam and the sucker rod,
to give the same results that would be obtained
if some yielding means were placed at these
points.

In its broad aspect the invention comprises
means associated with the pivoted walking beam
of a pumping mechanism, for automatically
changing the location of the heam pivot in a
predetermined manner to effect reduction in loads
on the pumping system. From one aspect this
may be accomplished by mechanism for positively
raising and lowering-the beam pivot as the beam
is oscillated, and more specifically this may com-

prise mechanical connections driven through the 5

beam oscillating mechanism. The beam is piv-
otally mounted on a vertically reciprocable -ele-
ment guided in a ‘support -and reciprocated
through means driven by the mechanism which

(ClL. 74—41)
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determining the shifting of the heam pivet may
be used, or liquid. actuated means including a
variable displacement of liquid, or a system em-
bodying a pump and mechanically operated valve
mechanism for controlling the flow of liquid with
respect to the reciprocable element of a hydraulic
device for: positively raising. and lowering the
beam pivot -all are within the contemplation of
my invention in its broadest aspects. Also the
novel mechanism may be associated with devices
other than:'a pump where the same problem and
jike-conditions are encountered.

An object; of my invention is to provide an im-
proved pumping sysbem. .Another “object is to
provide an improved pump actuating apparatus.
Still another object is;to provide an improved
beam-type . pumping - system -having means. for
reducing the peak loads on the. sucker rod and
on the pumping system.- Yet another object is
to provide an improved supporting structure for
the beam of a-beam-type pumping system. “An-
other object is to provide an improved device for
reducing the peak loads on a mechanism which
operates to reciprocate 2 heavy object. Still-an-
other object is to provide in-a mechanism for
reciprocating a heavy object, improved mechan-
jeally actuated means for regulating the -trans-
mission of power to the object so that the peak
loads will be substantially reduced. Yet another
object is to provide in a beam-type pumping sys=
tem, improved mechanically actuated- means for
supporting the beam in such a manner that the
beam pivot is moved bodily translationally as.the
load varies to effect a reduction in loads on.the
pumping system. = Other objects will appear in the
course of the following description.

In the accompanying drawings there are shown
several forms which my invention may assume in
practice.

In these drawings:

Tig. 1 is a side elevational view of a beam-type
pumping system having an illustrative form of
my invention incorporated therein.

Trigs. 2.and 3 are views like that of Fig. 1 but
on a smaller scale and showing parts in differ-
ent positions. ‘

Fig. 4 is an elevational view
of theline. 8—4 of Fig. 1. -

Tig. 5 is a fragmentary plan view taken on the
plane of the line 5—F5 of Tig. 1, with the crank
arm shown in horizontal section.

Fig. 6 is a side elevational view of a modified
power unit for delivering power through a_cam
mechanism which is shaped differently from that
in Fig. 1. :

taken on the plane
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Fig. 7is a view like that of Fig. 6 but showing a
modification embodying a gear mechanism for
transmitting power from the power unit to the
supporting structure for the walking beam.

Figs. 8 and 9 are perspective views of the dif-
ferently shaped cam members shown in Figs, 1
and 6, respectively. .

Figs, 10, 11 and, 12 show the comparisonis bé-
tween the motion of the beam when the beam
support is stationary and when the beam support
is moved, respectively, by the cams of Figs. 8 and
9 and the gears of Fig. 7.

In each of the illustrative embodiments of the
invention a beam-type pumping mechanism, gen-
erally designated I, is conizected to a polished rod
2 which extends through a casing head 3 of a well
‘and- connects to a sucker rod line (not shown).
The pumping mechanism { includes o walking
beam 4, a supporting structure, generally desig-
nated 8, for the walking beam, and a power unit
T having a power shaft 8 carrying a crank arm
8 to which a pitman 19 is bivotally connected for
driving the walking beam. )

The supporting structure includes a membper 12
reciprocably guided. for axial movement in an
upright pesition by a guide block 14 carried by
supporting legs {5. The member 12 is pivotally
connected at its Upper end to the walking beam
at the pivot point of the latter, and is pivotally
connected at its lower end through a link 1§ to
pin 17T which is carried, as shown in Figs. 1 and 4
by arms 18 of bell crank levers 19 and 2. These
bell crank levers aré bivotally supported by a pin
22 which is carried by ears 23 formed on g plate
24 attached to. certain of the supporting legs 15.
Other arms 26 on the bell crank levers support g,
pin 27 which'is connected through a link 28 to a
rod 29, and this rod, in the forms of ‘the inven-
tion shown in'Figs. 1 and 6, is reciprocably guided
for axial movement by a guideway 30 supported
by the power unit 7.” In this, as in the forms later
to be described, it will be understood that the ob-
Jject has been t6 show the mechanics of the em-
bodiments snd not the precise proportioning of
barts, and that some parts may be made heavier
or lighter, as the-case may be in g comimercial
application of the invention.

In the form of the invention shown in Figs.
1 to 5 inclusive and Fig. 8 a cam mmember 32 hav-
ing a relatively semicircular portion 33 (it may
be so shaped that the front portion of the lower-
ing movement is made even slower than a semi-
circular arc would produce) and another cam
portion 34 is fixed to the power shaft 8 for rota-
tion with the latter. The edge of the-cam mem-
er extends into a slot 35 formed in the adjacent
end of the rod 29 and engages 4 roller 3§ ro-
tatably supported by the rod. The cam member
32 is positioned and fixed on the shaft 8 relative
to the crank arm § so that the cam portion 34
begins to move into engagement with the roller
36 when the crank arm starts to pull down on the
bitman 19 so as to swing the walking beam in g
direction to raise the pump rods. Asthecam por-
tion moves over the roller, the rod 29 can move
axially and permit the bell crank arms to swing
and allow the member 12 to be first lowered; and
thereafter, at a later turn in the rotation of the
cam, the cam forces the rod to the right in Fig. 1
and effects a raising of the walking beam pivot.
It will be seen that a moving of the pivotal sup-
port for the walking beam inthe same direction
that the power actuated end of the beam moves
causes a retarding in the rate of elevation of the
bump rods (reduces their acceleration), and g
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moving of the pivotal support in the direction
opposite to that of the actuated end of the beam
causes a speeding up in the elevation of the pump

“rods. The cam portion 34 has an angular extent

of approximately 180 ‘degrees and permits the
member 12 to reach its lowest position after the
cam member 32 has rotated approximately ninety
degrees from its position shown in Fig. 1. Asthe
cam member. turns through the next ninety de-
grees the member 12 will be raised.

‘Fig. 10 shows the relationship between the
motion.of the beam when the pivotal support for
the heam is stationary and when it is permitted
to move under the control of the cam member
32. " The curves are shown for one complete
revolution of the cam member in a clockwise di-

-rection from the position shown in Fig. 1. It will

be seen that the motion of the beam when under
the control of the cam member first lags behind
the motion that would take place if the beam
had a stationary support and-then becomes more
rapid until the points on the two curves coincide
at the end of 180 degrees of rotation.  Since the
semicircular portion of the cam member holds
the support member stationary during the next
180 degrees of rotation of the cam member, there
is but one curve during this portion of rotation
showing the motion of the beam.

Bince the sucker rods are secured to the heam
through the well known: cable and horsehead con-
struction shown at H, it will be obvious. that the
walking beam cannot at any time push'the sucker
rods downwardly and that the downward move-
ments of the rods are due to gravity alone. Under
these circumstances, if it were desired to utilize
& mechanism: which ‘would give like motions of
the walking beam pivot both during the lowering
of the rods and during the raising of them this
would not result in any serious disadvantages or
in the development of any stresses comparable to
those during the raising of the sucker rod line,
and this would permit, if desired, the utilization
¢f -cams having like surfaces ‘in.each of their
opposite 180° sections, or the utilization of other
forms of mechanism or cams for controlling the
position of the walking beam pivot. In Figzs. 6
and 9 I have shown a cam member 49 rotated
by the power shaft 8 of the power unit, and the
edge of this cam member engages the roller 3§
for centrolling the position of the member 12 in
the same general manner as’ described with re-
spect to the first embodiment of the inventiecn,
In ‘this case, however, the cam member 49 has
cam portions 41 and 42 which are alike, or at.
least generally so, and the cam portion 42, as
well as the cam portion 41, is flatter at its central
portion than at its end portions. The motion
accomplished during raising of the sucker. rod
line, by reason of the bresence of the cam portion
41, is substantially the same as that describeg in
connection with the preferred embodiment of the
invention first described. During the lowering
of the sucker rod line, the cam portion 42 will
operate to effect, during approximately the first
half of the lowering portion, s, repeated lowering
of the walking beam pivet which will simply per-
mit & more rapid lowering of the sucker rod line,
During the second half of the lowering motion,
approximately speaking, the pivot to the pump
will be raised again, and this will result in the
last portion of the lowering motion of the sucker
rod line being slower than would be the case were
the beam pivot stationary,

Fig. 11 shows .a comparison of the motions that
would be cbtained with the device of Figs. 6 ang 9
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with an:arrangement in which the beam: pivot
is fixed against all motion.

In the further modified form of the mventlon
shown in Fig. 7, a gear 45 is connected to rotate
with the power shaft 8, and a gear 46 having half
thé number of teeth of the gear 45 meshes with
the gear 45 and is rotatably supported on a stub
shaft 47 fixed to the power unit 7. A rod 48 is
pivotally -connected at one:.end to the link 28
and at its other end is pivotally connected to a
crank pin 49 which is fixed to the gear 4§ at a
point spaced from: the center of the latter. A
link 50 is pivotally connected at one end of the
rod 48 between the ends of the latter, and at its
other end is pivotally connected to a bearing block
51 supported in any suitable manuner by the
power unit 7. This link 50 supports the link 48
as the crank pin 49 is rotated.

With this arrangement, as shown in Fig. 12, the
upward motion of the pumping end of-the beam
will be slower than would be the case were the
beam pivot stationary, and a mode of operation
very similar to that described with respect to
Figs. 6 and 9 will take place. ‘Specifically, by the
time the arm 9 reaches a horizontal position 90°
clockwise from that shown in Fig. 7, the:crank
pin 49 will be diametrically opposite the position
shown in Fig. 7, with the result that the beam
pivot will have been brought to its lowest posi-
tion. - By the time the c¢rank arm 9 is in bottom
position the beam pivot will be returned to the
position which it occupies with the crank pin 49
in the position shown in Fig. 7. .Again during the
third quadrant of motion of the arm 9, the beam
pivot will be lowered, and again during the fourth
quadrant of motion of the arm 9 the arm pivot
will be raised. However, the raising and lower-
ing of the beam pivot during the third and fourth
quadrants of motion of the arm 9 will not be of
material significance; while the motion accom-
plished - during the first. two quadrants will be
highly beneficial,

The factor of angularity of erankshafts or their
equivalents will some affect the resulting motions,
but will not unduly reduce the beneficial advan-
tages of the mechanisms shown. - It is possible,
if such refined motion is desired, in:the forms
of the invention shown in Figs. 1to 5 and 8 and
Figs. 6 and 9, to take this factor into considera-
tion in the determination of cam contours in a
manner well known to machine designers, but,
for simplicity, I have not complicated the problem
by altering the shapes of the cams to compensate
for this effect.

In determining the contours of the:cams, one
desirable method of procedure is to determine the
motions which actually take place when a walk=
ing beam is provided with an alleviator, so-called,
such as is shown in my Patents 2,259,020 and
2,259,021, With the aid of a motion picture cam-
era, for example; it is easily possible to deter-
mine the position occupied by the sucker rod line
at all points of walking beam movement, and
then by determining the instantaneous positions
of the sucker rod line with respect to different
angles of the arm 9, the design of a cam which
will cause the beam pivol to be shifted in posi-
tion in such a manner as to cause. the actual
power movement, of the rod line to correspond
substantially with the empirically found-to-be-
desired movement determined with the aid of an
alleviator, is an easy matter, a smooth curve be-
ing selected, the points in which coincide as near-
1y ‘as possible to the points determined by the
method - above mentioned. Specifically, ' one

6

imight proceed as follows: There would be laid

off on a horizontal line different points corre-

sponding to different angular positions of the

beam swinging arm. . There would be plotted ver-
5 - tically relative to this line and to the points men-
tioned therein the actual positions occupied by &
given point in the sucker rod line with the beam
pivot -stationary. Through these points a curve
would be passed. There would then be plotted
the positions found preferable for the given-point
in the sucker rod line, and another curve would
be passed through these points. The vertical dis-
tances between the points in the two curves are
what the cam has to be determined to provide.
If the lever arms of the walking beam are the
same length a cam will be laid out with its curva- .
ture such as to provide adjustments of the walk-
ing beam pivot one-half the vertical distances be-
tween the points in the curve, at the correspond-
ing positions of the beam swinging crank arm.
Theoretical calculation of the curve may be re-
sorted to if preferred, but highly beneficial re-
sults will be secured. by the procedure just out-
lined.

As a result of this invention there will be pro-
vided improved means for regulating ‘the motion
of a sucker rod line so as to minimize the stresses
therein, while yet at all times, during the raising
of the rod line, definitely mechanically determin-
ing its position through posifive connections
rather than permitting, through the use of such
a device as an alleviator, lags through the var-
iable displacement of a fluid under pressure. -Ob-
viously, other means of obtaining the desired re-
sults not illustrated in detail may fall within the
scope of my invention as defined in the appended
claims, and the invention, while having particu-
lar adaptability to pumping, appears to be ca-
pable of use where similar problems.and similar
circumstances are encountered.

‘While there are in this application specxﬁcally
described several forms which the invention may
assume -in practice, it will be understood that -
these forms of the same are shown for purposes
45 of illustration and that the invention may be

modified and embodied in various ‘other formis

without departing from its spirit or the scope of
the appended claims.

What I claim as new and desire to secure by

60 Letters Patent is:

1. In a pump actuating mechanism, in combi-
nation, a walking béam, power actuated means
operatively connected to one end of said walking
peam for swinging the latter, means for connect-

55 ing the other end of -said walking beam to0 &
pump, adjustable means for pivotally supporting
said walking beam between its ends, and power
actuated means for. adjusting . said supporting
means. so that the pivotal axis of sa1d walking

60 beam moves in a vertical plane in’a predeter-
mined manner duung swinging of said walkmr
beam.

2. In a pump actuatmg mechanism, in combi~
nation, a walking: beam, power actuated means

65 operatively connected to one end of said walking
peam for swinging the latter, means for connect-
ing the other end of said walking beam to a pump.
means- including  an upright longitudinally :re-~
ciprocable member for pivotally supporting -said

70 walking beam between its ends, and power actu-
ated means for reciprocating said member in &
predetermined manner durihg. swinging of said
walking beam. -

3. In 5 pump actuating mechanism, in combi-~

75 nation, & walking beam, -power actuated: means
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operatively connected to-one end of said walking
beam for swinging the latter, means for connect-
ing ‘the other end.of said walking beam to a
pump, means including an-upright lengitudinally
reciprocable member for pivotally supporting
said walking beam between its ends, power actu-
ated means for.-reciprocating said member in a
predetermined ‘manner during swinging of said
walking beam, said-last mentioned power actu-
ated means operating to lower and then raise
said member during the upward swing of the
pumping end of said walking beam, and operating
to hold said member stationary during the down-
ward swing of the pumping end.

4. In a pump. actuating mechanism, in.com-
bination, a walking beam, power sctuated means
- operatively connected to one end of said walking
beam for swinging the latter, means for connect-
ing the other end of said walking beam to a pump,
means- including an upright longitudinally re-
ciprocable member for pivotally supporting said
walking beam between its ends, and power actu-
ated means for reciprocating said member in a
predetermined manner during swinging of said
walking beam, said last mentioned power actuated
means operating to lower and then raise. said
member ‘equal distances during both the down-
Wward and the upward swing of the pumping end
of said walking beam. : :

5. In a.pump actuating mechanism, in com-
bination, a walking beam, power actuated means
operatively connected to one end of said walking
beam for swinging the latter; means for connect-
ing the other end of said walking beam to g pump,
means including an upright, longitudinally. re-
ciprocable member for pivotally supporting said
walking beam between its ends, power actuated
means for reciprocating said member in g prede-
termined manner during swinging -of said walk-
ing beam, said last mentioned power -actuated
means: operating to.-lower and then raise said
member during the upward swing of the pumping
end of said walking beam, and operating to lower
again and then raise said member during the
downward swing of the pumping end. )

6. In a pump actuating mechanism, in com-
bination, a walking beam, a power unit having a
power shaft operatively connected to one end of
sald walking beam for swinging the latter, means
for connecting the other -end of said walking
beam to a pump, means including a member mov-
able in a vertical plane for bivotally supporting
_sald ‘walking beam between its ends; and means
including a.cam member fixed to said power shaft
for moving said member in g predetermined man-
ner during the swinging of the walking beam.

7. In' a pump' actuating mechanism, in com-
bination a walking beam, a power unit having g
bower shaft-operatively connected to one end of
said walking beam for swinging the latter, means
for connecting the other end of said walking beam
to a pump, means including a member movable in
a, vertical plane for pivotally supporting - said
walking beam between its ends, means including
a cam member fixed to said power shaft for mov-
ing said member in g predetermined manner dur-
ing the swinging of the walking beam, said last
mentioned means operating to lower and then
raise said member during the upward swing of
the pumping end of said walking beam, and oper-
ating to hold said member stationary during the
downward swing of the pumping end. T

8. In a pump. actuating mechanism, in com-
bination, a walking beam, a power unig having a
power shaft operatively .connected to one end of
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said walking beam for swinging the latter, means
Tor connecting the other-end of said walking beam
to ‘a pump, means including a. member movable
in a vertical plane for pivotally ‘supporting: said
walking beam between its ends, and means in-
cluding -a cam member fixed to said power shaff
for moving said member in 3 predetermined
manner during the swinging of the walking beam,
said last mentioned means operating to lower and
then raise said member equal distances during
both the downward and the upward swing of the
pumping end of said walking beam. SR

9. In a pump actuating mechanism, in com-
bination, a walking beam, a power unit having &
power shaft operatively connected to one end of
said walking beam for swinging the latter, means
for connecting the other end of said walking beam:
to a pump, means including a member movable in
a ‘vertical plane for pivotally supporting ‘said
walking beam between its ends, means including
a cam member fixed to said power shaft for mov-
ing said member in g predetermined manner durs
ing the swinging of the walking beam, said last
mentioned means operating to lower and then

5 raise said member during the upward swing: of:

the pumping end of said walking beam, and op~
erating to lower again and then raise said mem-
ber during the downward swing of the pumping:
end. :
10, In s mechanism-of the character described,
the -combination with g pivoted walking  beam
operatively connected to a device to be actuated,
of means associated .with said . walking beam for
Dositively raising and lowering the beam so that
its pivotal axis moves in & vertical plane in a
bredetermined manner during oscillation of the
beam to effect reduction in loads on the mech-
anism, . .
11. In a mechanism of the character described,
the combination with a pivoted walking beam:
operatively connected to a device to be actuated,
and mechanism for oscillating said beam, of
means driven through said oscillating mecha-
nism: for mechanically positively raising .and

5 lowering the beam so that its pivotal axis moves

in a vertical plane in g predetermined manner
during -oscillation of the beam to effect reduc-
tion in the loads on the mechanism.

12. In a mechanism of the character described,
the combination with s pivoted walking beam
operatively connected to a device to be actuated,
of means associated with' said walking beam for
positively lowering the beam pivot as the end of
the ‘beam operatively' connected to the device
swings downwardly a predetermined - distance
from its uppermost position and for positively
raising tie beam pivot as said end continies to
swing downwardly to effect reduction in the
loads on the mechanism. : c

13. 'In a-mechanism of the character described,
the combination with a pivoted walking beam
operatively connected to a device to be actuated
and g support therefor, of means associated with
said walking beam for positively raising and
lowering the beam pivot in a bredetermined man-
ner during oscillation of the beam to effect re-
duction of the loads on -the mechanism, said
means including an element guided for vertical
reciprocation ‘on said support and on which said
beam is pivotally mounted, and mechanism for
positively reciprocating said element to- coordi-
nate the movement thereof with the oscillatory
motion of the beam. ‘ -- ‘

14. In a pump actuating mechanism,"in com-
bination, -a-walking beam, means for-supporting:
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said walking beam between its ends including a
vertically adjustable pivotal mounting for said
beara, powear actuated means ooeratively con-
nected to said beam adjacent one of its ends for
swinging the latter, means for connecting the
cther end of said walking beam to a pump, and
means for mechanically lowering and then rais-
ing said pivotal mounting during the upward
movement of said other end so as to effect first a
reduced accelerated movement and then an in-
creased. accelerated movément of said other end
while causing the overall movement of said con-

necting means to be the same as if the beam-

supporting pivot remained stationary.

15. In a pump actuating mechanism, in com-
bination, a walking beam, means for supporting
said walking keam between its ends including a
vertically adjustable pivotal mounting for said
beam, power actuated means operatively con-
nected to said beam adjacent one of its ends for
swinging the latier, means for connecting the
other end of said walking beam te a pump, and
means for mechanically lowering and then rais-
ing said pivotal mounting during. the upward
movement of said other end and holding said
pivotal mounting stationary during the down-
ward movement of said other end, said last men-~
tioned means including a cam rofatable to con-
trol the position of said pivotal mounting.

18, In a-pump actuating mechanism, in com-
bination, a walking beam, means for supporting
said walking beam between its ends including a
vertically adjustable pivotal mounting for said
beam, power actualed means operatively con-
nected to said beam adjacent one of its ends for
swinging the latter, means for connecting the
other end of said walking beam to a pump, and
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means for mechanically lowering and then rais-
ing said pivotal mounting during both the up-
ward and downward movements of said other end
so as to effect a varying accelerated movement
of such end, said last mentioned means includ-
ing a cam rotatable to contrel the position of
said pivetal mounting and having ovposite sides
thereof substantially alike.

17, In a pump actuating mechanism, in com-
kingtion, a walking beam, meang for supporting
said walking beam between its ends including
a veriically adjustable pivotal mounting for said
beam, power actusted means operatively con-
necied to said beam adjacent one of its ends for
swinging the latter, means for connecting the
other end of sgid walking beam to a pump, and
means for mechanically lowering and then rais--
ing said pivotal mounting during both the up-
ward. and downward movements of said other
end so as to effect a. varying accelerated move-
ment of such end, said last mentioned means
including gearing operating to position said piv-
otal mounting during each direction of movement.
of said other end.

18, In a pump actuating mechanism, in com-
binsation, a walking beamy a2 power unit having a
power shaft operatively connected to one end-of
said walking beam for swinging the latter, means
for connecting the other end of said walking
beam to a pump, means including a member
movable in a vertical plane for pivotally support-
ing said walking beam between its ends, and
means inciuding a cam member rotated upon
rotation of said power shaft for moving said
member in a predetermined manner during the
swinging of the walking beam. i

WADE H. WINEMAN.




