HYDRAULI C O L WELL PUWPI NG APPARATUS CROSS- REFERENCE
TO RELATED APPLI CATI ONS Priority of US

Provi sional Patent Application Serial No. 60/764, 481,
filed 1 February 2006, incorporated herein by
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patents have issued that relate generally to the
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chronol ogi cal. TABLE PATENT NO. TITLE
BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to oil well pumps and more particularly to an improved
hydraulic oil well pump that is electronically controlled using limit or proximity switches to
control a valving arrangement that eliminates shock or excess load from the pumping string or
sucker rod during pumping, and especially when changing direction of the sucker rod at the
bottom of a stroke.
2. General Background of the Invention
Several patents have issued that relate generally to the pumping of oil from an oil well.
Examples of those patents are contained in the following table, wherein the order of listing

has no significance other than chronological.



| SSUE DATE MM DD- YY 4, 503, 752 Hydraul i ¢ Punpi ng Unit
03-1 2-1 985 4,761,120 Well Punping Unit and Contr ol
Syst em 08-02- 1988 5, 143, 153 Rotary G| Well Punp and
Sucker Rod Lift 09-01-1992 5,390,743 Installation and
Met hod for the Ofshore Exploitation of Small Fields
02-21-1995 6, 394, 461 PresgupeeConpensated Stuffing Box

for Reciprocating Punping Units 05-28-2002

ISSUE DATE
PATENT NO. TITLE MM-DD-YY
4,503,752 Hydraulic Pumping Unit 03-12-1985
4,761,120 Well Pumping Unit and Control System 08-02-1988
5,143,153 Rotary Oil Well Pump and Sucker Rod Lift 09-01-1992
5,390,743 Installation and Method for the Offshore 02-21-1995
Exploitation of Small Fields
6,394,461 Pressure Compensated Stuffing Box for 05-28-2002
Reciprocating Pumping Units
2003/0085036 Combination Well Kick Off and Gas Lift Booster 05-08-2003
Unit
6,595,280 Submersible Well Pumping System with an 07-22-2003
Improved Hydraulically Actuated Switching
Mechanism
2005/0155758 Well Tubing/Casing Vibrator Apparatus 07-21-2005

BRIEF SUMMARY OF THE INVENTION

The present invention provides a hydraulic oil well pumping apparatus. The system of
the present invention utilizes a hydraulic cylinder having a piston or rod that is movable
between upper and lower piston positions. A pumping string or sucker rod extends
downwardly from the piston, the pumping string or sucker rod being configured to extend into

an oil well for pumping oil from the well.

A prime mover such as an engine is connected to a compensating type hydraulic

pump.

A directional control valve moves between open flow and closed flow positions. A

hydraulic flow line connects the pump and the hydraulic cylinder.

Electronic controls are provided that control movement of the piston as it moves

between the upper and lower positions.
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configured to extend into an oil well for punping oil

wherllom the wel |. A prime nover such as an engine is

C 0 FTIIE atiean &xpladedpaipedtivn vishof thestefayrdd @mbbdimeutad the apparatus of
directional control valve noves between open flow

the p&ﬁ%?’%f"b’ﬁ'é%?“fl ow positions. A hydraulic flow line
COFTIGECZ & arhelepation e of ltee pretsread erabedimentdefrthe apparatus of the
& 9n| c controls are provided that control novenent
pres%‘? "f"f?é’ 'Bston as it noves between the upper and | ower
pOBIG.i2Ansa partial elevation view of the preferred embodiment of the apparatus of the

present invention;

FIG. 3 is a sectional view of the preferred embodiment of the apparatus of the present
invention, taken along lines 3-3 of FIG. 2;

FIGS. 4A, 4B and 4C are fragmentary, elevation views of the preferred embodiment of
the apparatus of the present invention illustrating operation of the apparatus;

FIG. 5 is a partial perspective view of the preferred embodiment of the apparatus of
the present invention;

FIGS. 6-7 are schematic diagrams of the preferred embodiment of the apparatus of
the present invention;

FIG. 8 is a partial perspective view of the alternate embodiment of the apparatus of
the present invention;

FIG. 9 is a fragmentary top view of the alternate embodiment of the apparatus of the
present invention;

FIG. 10 is a partial elevation view of the alternate embodiment of the apparatus of the
present invention;

FIG. 11 is a partial end view of the alternate embodiment of the apparatus of the
present invention;

FIG. 12 is another fragmentary elevation view of the alternate embodiment of the
apparatus of the present invention;

FIG. 13 is a fragmentary side view of the alternate embodiment of the apparatus of the
present invention;

FIG. 14 is a flow diagram illustrating the alternate embodiment of the apparatus of the
present invention;

FIGS. 15-16 are schematic diagrams showing the alternate embodiment of the

apparatus of the present invention;
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BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS
For a further understandi ng of the nature, objects,
and advant ages of the present invention, reference
shoul d be had to the follow ng detail ed description,
read in conjunction wth the follow ng draw ngs,
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I ustrati ratjon.o a t FIG 5
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r e schenati i a t
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the AR hEon in thown Bldtg SR B | 20720 Y e of the.
pr EK2A0 is asglmmam,dnagram of another alternate embodiment of the apparatus of
the present invention in the down stroke position;
FIG. 31 is a fragmentary diagram of another alternate embodiment of the apparatus of
the present invention in the up stroke position;
FIG. 32 is a fragmentary diagram of another alternate embodiment of the apparatus of
the present invention in the down stroke position;
FIG. 33 is a fragmentary diagram of another alternate embodiment of the apparatus of
the present invention in the up stroke position;
FIG. 34 is a fragmentary diagram of another alternate embodiment of the apparatus of
the present invention in the down stroke position; '
FIG. 35 is a top fragmentary view of a manifold portion of the system of FIGS. 29-34,
shown in the downstroke mode or position;
FIG. 36 is a sectional view taken along lines 36-36 of FIG. 35;
FIG. 37 is a sectional view taken along lines 37-37 of FIG. 35;
FIG. 38 is a sectional view taken along lines 38-38 of FIG. 35;

FIG. 39 is a top, plan view of the manifold of FIG. 35 shown in the upstroke mode or

o
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FIG 14 is a flow diagramillustrating the alternate

enbodi nent of the apparatus of the present invention;

FIGS. 15-16 are schematic diagranms show ng the

al ternate enbodi nent of the apparatus of the present

i nventi on; FIG 17 is a fragnmentary vi ew of
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line 331e Phyefrauliceylireizb odpeteniéuroiift cimdapphrlift agindér ‘t4ﬁean be a Parker
Bt SSRLERSBERAT o O B0 T Bl corccy
15 hammfg & bbltb\nothtdﬁbsﬂs 21 and 22; FIG 24 is a fragnentary
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29 n FEGa1 Stl’?@i%g/@{ %e o SHrsH ?é%f%(,n@é?ﬁd&elf? i€hftfhBaWih coupling 20 to a

appar at us resent invention
pumplng shiegus sstkasked @ds Mhe @umping string or sucker rod 21 is comprised of a

number of joints, connected end to end. A pumping part of the sucker rod 21 is generally
positioned next to a perforated zone of the well. Such a pumping string 21 or sucker rod 21 s
known in the art and is used to pump oil from an oil well as the sucker rod 21 moves up and
down.

The lift cylinder 14 is mounted upon Christmas tree 22. The Christmas tree 22 is
mounted at the well head of an oil well at the upper end portion of well pipe 23. A suitable
structural frame 38 can be used for supporting hydraulic cylinder 14 and its cylinder rod 17
above Christmas tree 22 as shown in FIGS. 1-4C and 6-7.

A plurality of proximity or limit switches 24, 25, 26 are provided. Switches 24, 25, 26
can be for example those manufactured by Turck Company, model number N120-
CP40AP6X2/510. As shown in FIGS. 2-2A, these proximity or limit switches 24, 25, 26 can be
mounted to frame 38. During use, these proximity or limit switches 24, 25, 26 can be used to
sense the position of the lower end portion 19 of cylinder rod 17 and then send an electronic
signal to the controller 39 (commercially available), then the controller 39 sends a signal to
the manifold 35 that includes directional valve 28, proportioning valve 31, and ventable relief
valve 37 (e.g. Parker Sterling model no. AO4H3 HZN).

Hydraulic fluid flow lines are provided for transmitting hydraulic fluid under pressure to

]
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FIG 30 is a schematic diagram of another alternate
enbodi nent of the apparatus of the present invention
in the down stroke position; FIG 31 is a
fragmentary di agram of another altemate enbodi ment of
t he apparatus of the present invention in the up
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string-R Gor 8éckiesrod meth |p(sea RiGe2y. of the manifold of FIG 35
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cylinBérGod 41 réachas thedop ofitd strokeythe atoximityl switgh R# fwlsicld is-anluppermost
o] Ak ool R DBt R o 20
that it blgE2¢TtheNlow line 29 and flows through proportional valve 31. Valve 31 is a manual
proportional valve with flow check for restricted flow on return of hydraulic oil to the reservoir,
thus allowing a restricted flow to control the rate of descent of cylinder rod 17. Because the
pump 13 is a compensating pump, it continues to run but does not continue to pump fluid. It
can be set to halt fluid flow at a certain pressure value (e.g. 3000 psi, or 210.92 kgf/cm.sup.2)
which can be set by design depending upon the weight of sucker rod 21. In other words,
pump 13 is volume compensating and pressure responsive. Such a compensating pump is
manufactured by Parker such as their model no. P1100PS01SRM5ACO0E1000000.

When the directional valve 28 is used to close flow line 29, the compensating pump
13 continues to rotate with the engine 12 but no longer pumps fluid in flow line 29. The
directional valve 28 opens drain line 30 at about the same time that line 29 is closed. Fluid in
hydraulic cylinder 14 now drains via flow lines 27 and 30 through proportioning valve 31 and
cylinder rod 17 descends relative to cylinder body 15. The hydraulic fluid draining from
cylinder body 15 interior 16 continues to flow via flow lines 27 and 30 through proportioning
valve 31 and cooler 36 and then into flow line 32 which is a drain line to reservoir 11. The flow
line 32 can be provided with oil cooler 36 (e.g. Thermal Transfer model BOL-8-1-9) and an oil
filter (e.g. Parker model no. RF2210QUP35Y9991) if desired.

Since pressure no longer forces cylinder rod 17 upwardly, it begins to drop (see FIGS.
4A and 7). As it drops relative to lift cylinder body 15, coupling 20 will meet a second proximity
or limit switch 25 which is below limit switch 24 (see FIGS. 2, 4A, 4B, 4C). The limit switch 25
is closer to the lower end portion (for example, 1 foot, or 0.30 meters) of cylinder body 15 than
to upper end portion of body 15. When the coupling 20 reaches proximity or limit switch 25, in

o
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FIGS. 1-7 show generally the preferred enbodi nent of
t he apparatus of the present invention designated
generally by the nuneral 10. Gl well punp 10
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Mani fold 76 provides a fluid transfer block 77.
Attached to the fluid transfer block 77 as shown in
FIGS. 20-28 are a directional valve block 78 and a
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The amount of flow produced by punp 103 i s dependent

upon the I ength of stroke of the punping pistons 120.
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position of the swash plate 110. Maximum flow is

achi eved at an angl e of about 17 degrees. The
thedygé?é |d3g pi ston barrel 121, driven by the prinme nover

rive 108, noves the pistons ééo n a circu
pavwvgﬁé nse\ddesa spnical shapedoigps %@PB@?&E‘%J hu, fluid

traveﬂﬂ@fr&ﬁtthé ﬂﬁnﬂs a8 810™link B2 ahaildt fi ﬂlanBS rdakfes WbeK71 &ed then travels

T LA e o Bl b el i

91. Tlaalapefré't%r%pb%f VENiRg ﬁ\bﬁibeﬁwmmlmds Wﬁé yradaally tapering
fluid &) acenment

110 is
Va'vmmemb@ﬁé 510"%?1'“:{\'31'@?'%“ {gl'—*ﬁ‘@ 9€§%§ (ﬁ’gnﬁgst ons 120 are
f ORQM vhlde aﬁﬂarﬁbé useld t6 petdvathealystétroaneveiprasslire. Valve 84 can be

oo T BE ol o e SRR 5,0 e o o

instrJrh@thl:ﬁi?Wd tortﬁreafortdnealfmm(se? F@ors]srzh 22%senbly is

r e, cent ne of the.s

i PP elve 5530 ol Prph & PREE Pehfih a6 o mumber

D1VWfOQeBINKVIS)S TUhaptdportichal theottiee nalge can dest Pakker Haeni§nashe (part

rt| cal (neutral) position. This

numﬁgﬁ%ﬁﬁ@ﬁ@l % bal anced as the swash plate 110 is
angleed 29564 sieow anatbercéltertrede sebodingent vbtheldparatus of the|pesent

mvermsn{loﬁjeﬁ %ﬁneé% g%&%é ht%en%l ‘P(Sé rﬂ% mvtﬁé R('?laﬁ&; érlnﬁodlment oil

ine or diés
well mahy €0Z employsateseooit Nadom@en&ﬂ@glpgmrmf@é me\@erttQJPQWﬂfrpumP 103

(o 3R Al ke A R 7, iG55 4 7 g
stringFl2@SfraBe 3 dinBusyitahes 24 @ 20 4andra contgdlpr (saeh af3| {w\,example a

progfnifibiaE %ﬁ% thggg/eﬁ’ 447 ,n]tgg’ f{nﬁaﬁﬁ{ At HFGS! %@’\34 b%ntﬂcﬂi&r d9%uchas

reservol oes not |l ow i n
a prdgrsnmbgbaa |¢glm@0ﬂt1<ﬂleb@¢d'ﬁ’é6 dianehe jusedito aontel ﬁ@euw §tr°ke and

dowrt ftﬁg hgir_all%g)ce/hrﬁe?% E)Lhﬂﬁ%rjraﬁ 1%. EF'?'aJﬂ@ 3Blcay béi BQ)V%H tb support

revent fromval ve

limit p\mhqb\eg @3, 25\R6randHig Opjhrldﬁé 1fAsawith t§e Wﬁ"@%ﬁntﬁ of F'@?ai é’§
dr nVFQGé()@Q 3@9 8”?1‘5 1'@3@@(‘:&1‘15%9&“?% 67119‘% SuEhi2s a%nétﬂ’e wolume pump

ect ed stich as about M wi t h

as S?ﬂ"é@"s&)@@!’éﬁ 'r' U.S.Rat NowRdi2¢. 09R entifled 3Bump @Pntgg Sgﬁggfﬁand assigned

to Pé?‘(%tlfan%ﬂfg d&pdrﬁtlérhﬁh LIPW HRFeby TtofodPatel hél%"h 19 referémee. Bmp 103
I nt akes hydraulic fl ui

can be SsrexaMPIETA Parkar gl THErRLE AiHIOrRwBR énqsiﬁhﬁxglpé%'%%%“zz The
pumf 303 R8s bRLhEMSE drSWash pRid €0 that ¥ Bélﬁlabétﬂﬁw differeist positions for

o 5oy e 4 o B, AP 5 g

acco%fﬁ%&nﬁ tdxR TheldRre 6ional dfonlr@;l valve of the ‘006 parehtis okibe ytemay closed
(see” FIGS. 31 and 33) begins, b

the t
cent?fo'm qur?ogsvlb,%th& %P&W'en 8 dOH?é@sﬁqtagS SP%WZ’ on s"ﬁ%“‘gﬁses the
hou [sore fferbéAéEaxidlly theredIONEDY the irilet ppﬁtsbﬁa ;mlr df motor ports

d 31 d al
and mﬁerpeg@zreatb”mepo@an Pl Pogs alfinauoRthE Wil i b, of the fuic
motdfa:lgv\ﬁa)lgﬁ cb&fkevﬂ@ or?@))f whltenogene wiignethiei assatiatedl metor port is

orest et o EST o DHER S ot -ited st eGP or
commmhubat@erthhéih@hdjade?n(étemdartG 29). The rod 17

r retract (see ar. 1
Ul coRich pefleysEby e proBt PRIy &r s e iag 119, This is
achi®@dyisegvodfistom 11Mactingdnlohe efd @k thei swask wate 1 (2v¢onkhng ragalnst the
signals controller 39 to de-energize the directiona
val ve 106 thus halting the f-ow of hydraulic fluid in
flow lines 114, 116 to cylinder 14. Proximty sw tch
24 sends a signal to controller 39 which signals the
proportional flow control valve 107 to open to a point
at which hydraulic fluid discharges via |lines 118, 319
to reservoir 12. The cylinder rod 17 will | ower

[}



As punp pressure on the control spool 123 drops bel ow
pressure and spring force in the spool chanber, the
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and e DR SE b ST AR vk o e HABBPNFuit tre
presdire¥still 8ARAndIMIGES BR] 30 WsisRheh plate 110 is in the Iow pressure position of
FIGS. 30 and 32. Pump 103 intakes hydraulic fluid from reservoir 11 via flow line 140. Excess
pump pressure can be relieved using relief valve 143 that dumps excess pressure to
reservoir 11 via flow line 141 or flow line 141 can empty into flow line 319 which then empties
into reservoir 11.

An up-stroke cycle (see FIGS. 31 and 33) begins by de-energizing the two position
solenoid valve 105, closing flow line 113, enabling swash plate 110 to move to the positionin
FIGS. 29 and 31 and allowing pump 103 pressure to increase. The controller 39 energizes
the directional valve 106 (see FIG. 29). When the directional valve 106 is energized, hydraulic
fluid is directed via flow lines 114, 116 into the rod end 105 of the hydraulic cylinder 14 at 117

(see FIG. 29).
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17cyl i nder rod 18upper end portion 19l ower end portion
20coupl i ng 21punping string/sucker rod 22o0il well
Christmas tree 23wel |l pipe 24proximty or limt switch
25proximty or limt switch 26proximty or limt

switch 27hydraulic flow Iine 28directional valve

29hydirai 7 G/lllféléi)é(té b%trg&q&é’é arrdvid 113 FIG. %) Uhfil Al UpPer proximity

sw1tc\:/h |2£\1/ ?s g’c%gartgé by the couphng 20 on the rod 17. Proximity switch 24 then signals
controller 39 to de-energize the directional valve 106 thus halting the flow of hydraulic fluid in
flow lines 114, 116 to cylinder 14. Proximity switch 24 sends a signal to controller 39 which
signals the proportional flow control valve 107 to open to a point at which hydraulic fluid
discharges via lines 118, 319 to reservoir 12.

The cylinder rod 17 will lower or extend at a desired velocity and until the coupling 20
reaches second proximity switch 25 positioned a selected distance (e.g. approximately one
foot, or 0.30 meters) from the bottom travel of the rod 17. The current signal to the
proportional valve 107 will then be decreased and it closes further, forcing the cylinder rod 17
and attached pumping string or sucker rod 21 to decelerate, until the coupling 20 lowers
further and reaches third proximity switch 26. At that point, the current signal will be removed
from the proportional valve 107, closing it and halting the flow of hydraulic fluid from cylinder
14 to reservoir 11 via flow lines 118, 319, with a voltage signal again sent to the directional
valve 106, beginning the cycle again (see FIGS. 29 and 31).

It should be understood that the compensating pump 103 is a commercially available
known pump such as Parker Model No. PAVC100B 2R422, described in a Parker publication
entitled "Series PAVC Variable Displacement Piston Pumps". The control and movement of
swash plate 110 between a lower or minimum pressure position of FIG. 32 and a higher
pressure position of FIG. 31 is also known. Parker's publication entitled "Series PAVC
Variable Displacement Piston Pumps" at page 6 describes a control option "M" that could be
used as part of the method of the present invention to control the pump 103 and move swash
plate 110 between the positions shown in FIGS. 29-34.

In the FIG. 32 lower or minimum position, servo piston 119 has moved swash plate
110 to an inner position (see arrow 104) wherein the pump pistons 120 move the smallest
amount as the cylinder barrel 121 rotates. In FIG. 32, spring 141 only applies minimal
pressure against swash plate 110. A wear plate or plates (e.g. brass) 122 form an interface
between pump pistons 120 and swash plate 110.

Pump 103 can provide a control spool and sleeve 123 that shifts between different
positions (FIGS. 31, 32). In FIG. 32, the minimally pressured pump 103 transmits minimal
hydraulic fluid via channels 125, 126, 124, 127, 139 and then to reservoir 11. Flow in channel
129 is throttled using orifice 128.

Swash plate 110 angle controls the output flow of the pump 103. Swash plate 110
angle is controlled by the force generated against the swash plate 110 by the pumping
pistons 120 and by the force of the servo piston 119. The force of the servo piston 119 is
greater than the force of the pumping pistons 120 when both are at the same pressure.

-12-



33flow Iine 34flow |ine 35mani fol d 36cool er 37vent abl e
relief valve 38frane 39programable | ogic controller
400i | well punp 4lreservoir 42prine nover
43conpensati ng punp 44manifold 45fluid transfer bl ock
46di recti onal val ve 47proportional valve

In FIGS. 29-34, control of pump 103 can employ a proportionally controlled pressure
control device installed in the flow line that is in between pump 103 discharge and the
reservoir 11. Pump 103 could then maintain pressure approximately equal to the pressure at
the pump discharge at location 142 plus the pump differential setting.

By means of internal porting (FIGS. 31, 32), pressure is connected from the output
channel 125 to the servo piston 119 via orifice or channel 124 and to the control spool 123 via
passage 126. As long as the pressures at both ends of the control spool 123 remain equal,
the spool 123 will remain offset upward, due to the added force of the spring 137.

When pressure reaches the setting of the pressure compensator control 138, the
spool 123 leaves its seat causing the pressure in the spool chamber to be reduced. The
spool 123 now moves downward causing pressure in the servo piston 119 cavity to vent via
channel 139. The reduced pressure at the servo piston 119 allows the servo piston 119 to
move to the right. This movement reduces the angle of the swash plate 110 and thereby
reduces the pumps 103 output flow.

As pump pressure on the control spool 123 drops below pressure and spring force in
the spool chamber, the control spool 123 moves upward to maintain an equilibrium on both
sides of the spool 123. If pump pressure falls below compensator control setting, the control
spool moves up, bringing the pump 103 to maximum displacement.

In FIG. 31, the upstroke position of the apparatus 102 places pump 103 in a high
pressure position, swash plate 110 forming a greater angle with the direction 130 of influent
flow thus increasing the volume of fluid pumped by each pump piston during pumping. In FIG.
31, valve 106 is open. Flow of fluid in channel 128 is throttied by orifice 128. However,
pressure does travel to channel 127 in the direction of arrows 131, 132 to controller 133 and
then to piston 119. Piston 119 is operated to increase the angle of swash plate 110 to the
FIG. 31 position by pressurized fluid transmitted to piston 119 via channels 125, 126, 124.

A cooling fan or other heat exchanger 134 can be used to cool the hydraulic fluid
flowing in flow line 319. Flow line 135 and valve 136 can be used to provide flow to operate
cooling fan 134. Flow line 145 supplies oil from line 114 to operate fan 134. Flow line 145
discharge from fan 134 and empties to reservoir 11.

With the oil well pump embodiment of FIGS. 29-34, the swash plate 110 of pump 103
is thus adjusted between high volume pumping (FIGS. 31 and 33) and low or no volume
pumping (FIGS. 32 and 34) positions. Control valve 105 is thus operated to control pressure
on pump 103 at 142 (FIG. 32) to start the downstroke cycle and to start the apparatus when
beginning in an unloaded pump 103 position (FIGS. 32, 34).

In FIGS. 35-42, a manifold 144 is shown that could be used to channel fluids to the
various components shown in FIGS. 29-30. The manifold 144 is shown in the downstroke

o
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48rel i ef val ve 49bypass val ve 50fan fl ow contro
51inl et 52outlet to cooler and reservoir 53outlet to
hydraulic lift cylinder 54gauge port 55cool er 56filter
57fan notor 58mani fold 59mani fold 60fl ow | i ne 61lval ve
62flow | ine 63flow | i ne

position in FIGS. 35-38. The manifold 145 is shown in the upstroke position in FIGS. 39-42.

The following is a list of parts and materials suitable for use in the present invention.

PARTS LIST
Part Number Description
10 oil well pump
11 reservoir
12 prime mover
13 compensating pump
14 hydraulic lift cylinder
15 cylinder body
16 hollow interior
17 cylinder rod
18 upper end portion
19 lower end portion
20 coupling
21 pumping string/sucker rod
22 oil well Christmas tree
23 well pipe
24 proximity or limit switch
25 proximity or limit switch
26 proximity or limit switch
27 hydraulic flow line
28 directional valve
29 hydraulic flow line
30 drain line
31 proportioning valve
32 drain line
33 flow line
34 flow line
35 manifold
36 cooler
37 ventable relief valve
38 frame
39 programmable logic controller
40 oil well pump
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41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

64flow line 65flow line 66flow line 67flow |ine 68fl ow
line 69instrunentation line 70instrumentation |ine
71linstrunentation line 72instrunentation |ine

73channel 74channel 75channel 76manifold 77fluid
transfer block 78directional val ve bl ock

reservoir

prime mover
compensating pump
manifold

fluid transfer block
directional valve
proportional valve
relief valve

bypass valve

fan flow control
inlet

outlet to cooler and reservoir
outlet to hydraulic lift cylinder
gauge port

cooler

filter

fan motor

manifold

manifold

flow line

valve

flow line

flow line

flow line

flow line

flow line

flow line

flow line
instrumentation line
instrumentation line
instrumentation line
instrumentation line
channel

channel

channel

manifold
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77
78
79
80
81
82
83
84
85
86
87
88
89
90
o1
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112

79di rectional valve bl ock 80proportional throttle

val ve bl ock 8lproportional throttle val ve bl ock
82relief valve 83bypass valve 84fan flow control valve
85poppet val ve 86shuttl e valve 87fl ow | ine 88inlet
fitting 89flow Iine 90arrow 91fl ow | i ne 92arrow 93exi t

fitting 94f| ow,yitRRsfer block
directional valve block
directional valve block
proportional throttle valve block
proportional throttle valve block
relief valve
bypass valve
fan flow control valve
poppet valve
shuttle valve
flow line
inlet fitting
flow line
arrow
flow line
arrow
exit fitting
flow line
arrow
arrow
outlet fitting to reservoir
inlet
outlet
conical valving member
conical valving member
oil well pump
compensating pump
arrow
valve
directional valve
proportional control valve
drive
rod end
swash plate
arrow

flow line
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95arrow 96arrow 97outlet fitting to reservoir 98inlet
99out | et 100coni cal val ving nenber 10lconi cal val ving
menber 1020il well punp 103conpensating punp 104arrow
105val ve 106directional valve 107proportional contro

val ve 108drive 109rod end 110swash pl ate

113 suction line
114 flow line
115 check valve
116 flow line
117 position

118 flow line
119 servo piston
120 pump piston
121 piston barrel
122 wear plate
123 control spoo
124 channel

125 channel
126 channel
127 channel

128 orifice

129 channel
130 direction
131 arrow

132 arrow

133 channel
134 cooling fan
135 flow line
136 valve

137 spring

138 compensator control
139 channel

140 suction line
141 spring

142 location
143 relief valve
144 manifold
145 cooling fan flow line
319 flowline

All measurements disclosed herein are at standard temperature and pressure, atsea

o
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11larrow 112flow line 113suction line 114flow |line
115check val ve 116flow line 117position 118flow |ine
119servo piston 120punp piston 121piston barrel
122wear pl ate 123control spool 124channel 125channel

level on Earth, unless indicated otherwise.
The foregoing embodiments are presented by way of example only; the scope of the

present invention is to be limited only by the following claims.
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126channel 127channel 128orifice 129channe

130di rection 13larrow 132arrow 133channel 134cooling
fan 135flow Iine 136val ve 137spring 138conpensat or
control 139channel 140suction |ine 141spring

CLAIMS

1. A hydraulic oil well pumping apparatus, comprising:

a) a hydraulic cylinder having a rod that is movable between a upper and lower rod
positions;

b) a pumping string that extends downwardly from the rod, the string being configured to
extend into an oil well for pumping oil from the well;

c) a prime mover,

d) a hydraulic pump that is powered by the prime mover, said pump having a
compensator that regulates pump flow and pump pressure;

e) a directional control valve that moves between open flow and closed flow positions;

f) a first flow line connecting the pump and the hydraulic cylinder, the directional control
valve being positioned in the first flow line so that it can control flow between the hydraulic pump
and hydraulic cylinder;

g) a proportioning valve;

h) a hydraulic fluid reservoir for containing hydraulic fluid to be supplied to the hydraulic
pump;

i) a second flow line that transmits hydraulic fluid from the hydraulic cylinder to the
reservoir via the proportioning valve;

j) an electronic control system that controls movement of the rod as it moves between the
upper and lower rod positions by controlling the directional control valve and the proportioning
valve, wherein the control system includes an electrical signal that enables a selective opening,
choking, or closing of the proportioning valve so that a control of rod movement is enabled when
the rod is to be elevated, lowered or rod direction is to be changed,

k) wherein the proportioning valve is choked to lower the rate of flow of hydraulic fluid in
the flow line from the hydraulic cylinder to the reservoir after the rod has descended a partial
distance between the upper rod position and the lower rod position, said partial distance beinga
majority of the distance between the upper and lower rod positions;

1) the control system lowering the piston at a first higher speed before the proportioning
valve is choked and wherein the piston travels said majority of the distance between the upper
and lower position and then lowering the piston at a second lower speed after the proportioning

valve is choked;

m) wherein the electronic control system includes a plurality of three proximity switches
and when the piston assumes a selected position relative to each proximity switch, the control

system activates each proximity switch.
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1421 ocation 143relief valve 144manifold 145cooling fan
flow line 319flowine Al neasurenents discl osed
herein are at standard tenperature and pressure, at
sea -170 level on Earth, unless indicated ot hervvi se.

22: f or e @gouf |O§Lg%lggt %p&{rﬁ@@ﬁ? Qggﬂt vyl?%%l ef:tgoql% control
systerﬁ’ fhc|dd€!; hﬂdasﬂ Bhy phﬂ(mﬁl@%vf toh thavadtiyatek aichsking &im Ndertlov%ng valve
e S U, SRS LB ) Bl e

upperh&d pEstidbncandhe lowssh €od gositionr od posi ti ons; b) a
punpi ng string that extends downwardly from the rod,
the string being configured to extend into an oil mell

f 8r ThungIradic @il lwell rpumpiryeapparatus of claim 1 eheirpthie peoximity switches
nover ; . " . .
each send an‘electronic signal when the rod assumes a selected position relative to the cylinder.

4. The hydraulic oil well pumping apparatus of claim 3 wherein the electronic control
system includes a proximity switch that activates the directional control valve to move between

open flow and closed flow positions.

5. The hydraulic oil well pumping apparatus of claim 3 wherein the electronic control
system includes a proximity switch that activates the directional control valve to move from an
open flow position to a closed flow position when the rod reaches the upper rod position relative

to the cylinder.

6. The hydraulic oil well pumping apparatus of claim 3 wherein the electronic control
system includes a proximity switch that activates the directional control valve to move from a
closed flow position to an open flow position when the rod reaches the lower rod position relative

to the cylinder.

7. The hydraulic oil well pumping apparatus of claim 1 wherein the electronic control
system includes a plurality of three proximity switches that each send an electronic signal when

the rod assumes a selected position relative to the cylinder.

8. The hydraulic oil well pumping apparatus of claim 7 wherein one of the proximity

switches is activated when the rod is at the upper rod position relative to the cylinder.

9. The hydraulic oil well pumping apparatus of claim 7 wherein one of the proximity

switches is activated when the rod is at the lower rod position relative to the cylinder.
10. The hydraulic oil well pumping apparatus of claim 7 wherein one of the proximity

switches is activated when the rod is at a position that is in between the upper and lower rod

positions.
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d) a hydraulic punp that is powered by the prine
nmover, said punp having a conpensator that regul ates
punp fl ow and punp pressure; e) a directional
control val ve that noves between open flow and cl osed
rowBosHlons ‘; a first flow line connecting

t Ad aglicPi Rl RYMAING ARR2FRLYS:i SRABFISINGhe  di rect i onal

c apé hydraml c\{/ﬂmdéehé\@nd)@ﬂih&ér%ﬂﬁ ahdla pl®nfthatss mblably hboureted to the
that it can control flow. ween the hydraulic punp

CY"”dﬁrnta tﬁyﬂlrb&m’?‘%‘ & ypRSigad Jower p'S?on RISHRSr opor t i oni ng
V 8} & pumping string that 8xtbidly dowriwardly frorl thesiston ahe stfing being configured

to extCo tpal n nﬂﬁ%ﬁ;ﬁndalu'lbgmé loH!? géﬁ"ng&eg%ﬁ gé’ﬁgﬁ\ﬁgpﬁ%p{lﬁﬂl from the well;
tepélpnmé%dwﬁlr aulic fluid fromthe hydr aulic cylinder

t he rese voir, via the oporti :
| asopananssperiifpras () ERReRbY Teatfelieensonump havin
a compbnédier thatdessens bump\ﬂew dsqiun&epret*we irepeasesind | ower rod

b | |
R0 RSP AR SRS o s8R A Bl Y8l YBstions:
sY)stflom line cbokztingthepluaptaniddiad hysirguiacylindet, therdietigmatkcontrol valve

e SR R0 I SI8E N BB 5L g, o o

hydraul oytiedgred when the rod is to be el evated, |owered or

r t o be changed, k) wherein the
gg?)g}qp%om ng\)aﬁ'FVe is choked to | ower the rate of

f hpawhydratlicdlui reservéir for dontaintngenyfitaglic fluicte tersppliettto the hydraulic
hydraulic cylinder to the reservoir after the rod has

PUMPyescended a partial distance between the upper rod
posi fodinedhat tehemitohysiraulis dujddean therhydealicicyinderitahe reservoir via

4.ng a mpjority of the distance between the
the prgba{'mrqidgfomer rod positions; the contr ol

symreelecttmmqongoltsuétem thatsantsels movemeet qﬁ?hgmﬁtorsa&éféaoves between
the u;?p%f rO4dd [oifer Qflé?&‘? Bélﬂ&'\é"gy\’cﬁhff@mhgs tl’?é"'@?fé‘(gloﬁéldcdm@f Qil0e and the
I'ston travel's said majority of the distance
propoﬁ@ﬂme/ﬁlvshe upper and | ower position and then | owering

t R?w?ﬁ’éréﬁ\%b &ntrdl %@%ﬂclh&%’ﬁn éé&ﬁﬂl ﬁéﬁaﬁtﬁaiéé%ctlvely opens or closes

proportioning val've i s choke (;3
the prepesieniemyalve sihaba cate ehﬁ"FtﬁB meyegeqt is 90?%113 wye'&he 16d changes

directioR 28 thePbR} ﬁ%éit)bn%ﬂtﬁ&ﬂ@@naﬁﬁb Wﬁ&%lri the p&bpﬁm:r@s\&wms choked to
sel ected position relative to each grommtx ?? betw
|°Wefth?efa@dﬁtﬂPWIthr§9@fﬁ baiterdbe DiglaaasRWETBY BXPHITY %‘aﬁ—‘f’@ e between
the up%erzmrﬁy@w&tﬂdsmoﬁléndmel | punping apparatus of claim1l
wherein the electronic control LéSt em i ncl

| Baierainhg eBeAE OSSR HeE (PR e ST BB RYETproximity
swntcHeBearW AR the piBioAGisY@h¥Ea séleéted pbSidradlapiastioteactnprokintity ewitch, the

od relative to the switc nor e
contq) RVSHRT RENR R R BBA Tt 555 P O T IO GBEhp B o ata frst
higheP8ddd 18éTore the proporfionind@altky &b aidkied amidl wivertin thepisitorg travels said

maiorh B eediatatre BPBieFP JnF CPErorl ISHEPorHE" PHETACEITED o midde

proxingif/ shgtte dn@fb@hﬂdvﬂ;ﬂmg tHexdistur at Dsddoad ower sgmmdfafteif reaching the middle
l,C Ol a ratus of claim3
pr°x'r0\B’esr‘"6¢/ﬁ é"hgfeé'b cﬂﬁ?%or@%ﬁ%)q Y)ﬁvesggﬁ &ljncl udes a

prOX|mty switch that activates the directional

? quvj: l‘&o@fd?ﬁt}éﬁ gtl %e”%h’%p%%é%%%&uoﬁﬁ glralarh ﬁ,\f\'@ﬁ’%‘jﬁ"? %,r\}%lsﬁ?&tronic control
systerpirithideg atipastioat peoxrhitycwdtichritit istpesiiomed drethe hydrauligiellinder and that

activa e%tr]qt Qr}'g)h(glgya? hber%%)é]ogﬂ#r? rii aﬁvég%tn%éé‘l'%ctt ﬁcyglt t?)f { 3)t|st?n relative to the

an open flow position to a cl osed f|OMIpOSItI0n mhen
the rod reaches the upper rdd position relative to the
cyl i nder. 6. The hydraulic oil well punping
apparatus of claim3 wherein the electronic contro
systemincludes a proximty switch that activates the
directional control valve to nove froma closed fl ow
position to an open flow position when the rod reaches
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7. The hydraulic oil well punping apparatus of claiml
wherein the electronic control systemincludes a
plurality of three proximty switches that each send
an el ectronic signal when the rod assunes a sel ected
position relative to the cylinder. 8. The
cylindgl dr aul i ¢ oil wel | punpi ng apparatus of claim?7
wherein one of the proximty switches is actlvated

t Hgn&;ﬁﬂ\ g%.ﬁilc o% weh pﬁrﬂS@S H%rahﬂ?cﬂf g@fm a|1 g\lrlllpqu?% eYeectrE)r?ic control

systerf iiGhideg aammrt@toﬂ ﬁro&fmmyl sWitohes thaesazhrsendan @fectrhmc signal when the
i mty V\tel ﬁl Ict Vﬂ{ed when the rod is at the
pistor 5o Bipelrbiaesiop B aeS MG oy | | nder

10. The hydraulic oil well punping apparatus of claim

WA RE ol wah PimBid SpParitsiee T3 gl b ¥R contol

systert nrlmlﬁ.rdea —croximity swmtitﬂmiactwabessme diréctioAalopdiralvialve taimove between
unpi a atus, conprisin

open ﬁ%?aﬁle:gge&;@w ﬁ%atllonﬁ’aw ng gsl | nde? body and g) plast on

that is novably nmounted to the cylinder to travel

b e o
B AARES 8] b BUS peBbBLALIORE 51 RSty oo conto
systerpurmllmes at grexigity swiichdtbatrapticates theudiredtianal exrttrohwalyentoomeywe from an
open %\A/ ngx\ﬁ Anotlglrl«l Iésré?jlfft'éﬁ) edb%m ﬁ%/h%h tﬁ@ﬁlgtoﬁ%éﬁﬁ{es E%{%PEISWH position
relatnvd)tothecnymprb?nsatl ng hydraulic punp that i's powered by
the prinme nover, said punp having a conpensator that

| essens punp flow as punp pressure increases;
e116.aThei hydeaulio ivelt pumpiol apparatista slaimdd whetsin the elecpais control

systerh ifdltid8% &‘oﬁ?ﬁﬁ’@ th&Y"th%?ébth/%fé@Sthe dlrectlonal Jo}ltré\ \fai\l%"tb |n*1cﬂ/% from a

connectin draulic cy I nder,
closedjﬂcrvee@smﬂm aa@umea ﬂowpaxs'tm w@m@eﬂfﬁm feghkRs the 'Q"\f?é pislt%wosmon

relatwlet&‘ﬁ\escﬁ/hﬁd@t it can control flow between the hydraulic
punp and hydraul i c cylinder; g) a

proportioning val ve; h) a hydraulic fluid

r ‘F? efhEHydrd Ui off Q/Bﬁ BiMpbiRg abystatid!df elafth 4i Ol/hbﬁélrbl‘ﬁe electronlc control
lied to the hydraulic

systern ineluces amlt%ofﬁw? AREIL SWiEReS ﬁhahe%OHéeﬂ%/ara E'GPW“'C signal when

the pistyh b8siRfed HsdibGed B§§ﬁdfﬂ'efatl\/é fo thBeyltdepor ti oni ng val ve;
j) an electronic control systemthat controls novenent

of the piston as it noves between the upper and | ower

PhetTHe Wdhb on Wehﬁuﬁ@mgféﬂpbl'dmﬁb bfhepaihi Wﬁeréhaine of the proximity

contr ol | v nd oportiqgnin
switches is actlvateg when rod Is aP tli\e%pper pﬁs on %osnf’?1 on relatlve to the cylinder.

19. The hydraulic oil well pumping apparatus of claim 17 wherein one of the proximity

switches is activated when the rod is at the lower piston position relative to the cylinder.

20. The hydraulic oil well pumping apparatus of claim 17 wherein one of the proximity
switches is activated when the piston is at a position that is in between the upper and lower rod

positions.

21. A hydraulic oil well pumping apparatus, comprising:
a) a hydraulic cylinder having a cylinder rod that is movable between a upper and lower

o
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k) wherein the control systemincludes an electrical
signal that selectively opens or closes the
proportioning valve so that a control of piston
novenent is enabl ed when the rod changes direction at
the | ower position of the piston, and wherein the

rod positi8R%r t i oni ng val ve is choked to | ower the rate of
flow through it after the piston has |owered a

% Irb%gé) %tint hﬁ'\agi Sér? LY OWI%Sthaj‘ )ﬁﬁ%rp g%{%g,ﬁﬁé gtlﬁggp?lg%f:%nﬁgured to

extend® RS &r0bil W¥IBToe Puinpibly il @®nitppevell; ni ddl e and | ower
proximty switches, and when the piston assunes a

Q%BW"@%I €% tion relative to each proximty switch,
t k¢ « bpdradlic pusbetianed powered Batie primei mover, saidt pﬂmp having a
ower t he ton at a first

h |
compqtﬂsgwg?naé E)eggél&aﬁ%se?w%lﬂ?\ﬁgngpgﬁgﬂr?%}{l g val ve i s choked
ae)da direntionall cohieolvalve dirat imaves bemmnabpaajﬂowuanyl closed fiew positions;

bet ween t e

Q fﬁqV\h § Fannec {g\grg)lrﬁgfa %Hf{)e»g 8{5!}0 eﬂﬁ%%hen %ﬂtr@[@alve being
positidnied irpthetflow liae se tisstd@ad cbutva flow bebrbeafthe hydradiciunp arwehydraullc
o Iindm ddl e proximty switch and wherein the proportioning
YIAGal ve is choked. 12. The hydraulic oil well
pghoprgodippiagatlys; of claim 11 wherein the electronic
C .
¢ ALt hithe gL R SRLP orlipn RGO RO Hihycrauic
pumpacti vates a choking of the proportioni ng val ve at a

Sﬁ%%@?lqemltr%h&ﬂlié)ﬁyd%ﬂm ﬁhrg o {hglhgar'a\ﬂf?c fﬂn%{?@n%fhﬁ greservou'wa
the pr@qqm)fmwl‘(ﬁ' claim 11 wherein the el ectronic control
}g%heégdtrgﬁic%ﬁﬁol% BleH @bt &dﬁtr%fs r%@?hé'ﬂtto‘!tr%%yilﬁﬂl#%d Balt moves

send an e ronic sign when the piston assunes
betwean & ennes ang davaripositioes by p%rq_ll@gtth% cg@qui Nale and the proportioning
valve;]laéd The hydraulic oil well punping apparatus of cl ai m

wherein the electronic control P)/,St em i ncl udes
plkloyherein jhesegnirekpystaatinivdes e Broxiu gyvitdies; g givitch generating an

electnEQ Rigral th‘é%ﬁf&st& B8 tﬁé%r‘éﬁ@r"ﬂoﬁiﬁg Ralvk One @66trdl |s?§t6|$l lowering the
| ow positio The, hy draulic oil

P'Stonpﬁﬁ aﬁm@ gmpap%&%%efene the aqu@nméf@éfﬁds Pwe&a@@ew*ﬁm'% the piston

travels 941l rn%or&y %tf it Ul@&hﬁé’%étv@eﬁrtﬁé' éNaﬁdMoWéh pbhiidn untll reachmg a
activates the directional val ve to

fr
SeCO”QrPFB’ﬁ@HYfSI‘”&W‘ 3681 Bre ioresng GPdugen atcﬂmmf’ﬁgww SR after the

propoh.Bﬁ.nﬁlvgﬁ,@rg &RRedes the upper piston position relative
to t | i nder |ICOI|

The hydra [
s i et of fescent St ARt Ve AL BbisHEh yerty of the
distan86 Bétweken IS liger bAE tHedewerroppositioht y sw tch t hat
activates the directional control valve to nove froma
closed flow position to an open fl ow position when the
ptzztm rryemiwau ek plrapmg apparatus qmolainn powherdirathie\etectronic control

dr. [,
systerp ek g Pae proxipivaiie hay e hrether rihe vyt singer and thet
activateerd ctaking)yfttiesrpiapottiodiag valvelat madeldcedopositionesd the i reiative to the
. . Switches that each send an el ectronic signal when the
cylindefi st on assunes a sel ected position relative to the
cyl i nder. 18. The hydraulic oiI wel | punpi ng
at S cl ai 17 wWh g .
a? ['aé,l '%8\! we é{)léraplwﬂ %hg%%tu%r}ﬁ EH]QIthe%ﬁg]peﬁeérétromc control
systerpirgtudes p pmrantmf prairaity swétches thheach lsemwlae*relectronic signaigvhen the rod
The h apparatus of claim 17
assumisd arsé%f t%%%é)sq?& 'Jﬁla\ﬁ% °th£%‘ng tches is activated
when the rod is at the | ower piston position relative
to the cylinder. 20.23The hydraulic oil well
punpi ng apparatus of claim 17 wherein one of the
proximty switches is activated when the piston is at
a position that is in between the upper and | ower rod
positions. 21. A hydraulic oil well punping
apparatus, conprising: a) a hydraulic cylinder having



b) a punping string that extends downwardly fromthe
rod, the string being configured to extend into an oil

wel |l for punping oil fromthe well; c) a prine
nover ; d) a hydraulic punp that is powered by

the prinme nover, said punp having a conpensator that

regul ates punp flow and punp pressure; e) a

directional control valve that noves between open flow

SR S YRRy s B o conv
g VIR y

systerfi @itiudek a\proNRitPSLitth thatsictivatesttie diredtioaalf dontrol vialve ts move between

hat it canp. control fl ow bet ween the hydraulic punp
open @%%@Wﬁ?ﬁ%" BSFGNSer - g) a proportioning
val ve; h) a hydraulic fluid reservoir for

ﬁggtrﬂ{ﬁr}%yg%ﬁgﬁ \?vléll pgmgangl)a%ga% J% f?:fa ? Fret(?n {hgeelectromc control
systerhyratuadek iaqoroxinnityl sztc:h]thaitm:tlmltds thel dmecngnal oaterol t/ajve tqagnove from an
open tlcﬁ\?’pg rs:jlt%:qlrt%x g%ﬁ% W égﬁfornt Fg réo\gﬂ{agﬁeg tt}ﬁ) \Pé)er h)d p%?ltlon relative
to thetcilandex/| | nder rod as it noves between the upper and
| ower positions by controlling the control valve and
t he proportioning val ve; and k) wherein the
c 861t Thel hydgedie nil watt pumemgtanp@rettprqﬁ riaimh 2§ wheraiheslecgaeic control
systerﬁ \Mcﬁuﬂ%s %&8%% %9/ @tk S&?v'éte%alhe ELQaiﬁhaltd?)ﬂfrol%%sto Phove from a
Fronin e control system
closed fdnmemosﬁ@ntth an ppm fémv msﬁ@nﬁwhegtthafog eachep thedowsrrest Rositina relative
tioning valve is choked and wherein the piston
to the{&?@\?gf s said majority of the distance between the
upper and | ower position until reaching a second
PHP: XTH(? rfylﬁra?)ﬂ’b bf G/eﬁ‘Bng)#\S '&Phé’r‘éﬁls' di8lairi 21 Wh%FéWth@teI&tromc control

secon ower eed af ortioni n val ve i.s
systers iskuglgs a plurality oﬂtwreméqu isheo el each $§nd aa elegitenic signal when

the ro§ Lowimé 4 §&1etBE pbsiforRMativE %’@nb Ilrﬁieﬁal ority of the
di stance between the upper and the |ower rod position.
22. The hydraulic oil well punping apparatus of claim

238 WARY 1dPadiiB @il Weﬁ%ﬁﬁ@fﬁg‘-‘a@@@ttﬁ@bf cﬁéﬁﬁtmhé‘r@inwﬁésof%e proximity

| east one proximty switch 't is 05| |onE F
SW'tCh‘?ydﬁ%fﬁ'P’?f@ddmePﬁ'a%Fodaﬁat &hﬁélppacrpfi\vaﬁl Qn platyg ‘fﬁﬁe

proportioning valve at a selected position of the rod

\rl\gila.at A t e hgﬁ\gﬁ lzﬁ’lfJE‘Q"@faQPIaEﬁt‘r‘ﬁ sz C:?M Y"Hg grwgounle o% the prox1m|ty

switcheb @s:édwatba \Aﬂﬁ:ﬁtﬂﬁ@}odﬁy at @elowatIrod pssitorplelatiad td the @flinder.
proximty switches that each send an el ectronic signal

when the rod assunes a selected position relative to
t Be. T hydekulic oil well pumpitdy. apbaeatiy off akalin 27 whéreinedrle of the proximity

st R4 BB ok S 5 L b9rs ower o

positichel i vates the directional control valve to nove
bet ween open flow and cl osed fl ow positions.
25. The hydraulic oil well punping apparatus of claim
231 vheetricd df pempingadilfemi an o wel,alongyisingthe stepsides a

Caﬂgr%l n§ z?lsnyg%hﬂc tﬁﬂ\pger gv%n\s/;aat '%ggllé%?ﬁ r‘h'o{'lgb% b&p@gn uPper and lower

om¥an | 'OW poOSI
rod po:hmmsd af pawpipg sstting thathextertds edovouvardig droes théeod;piperstring being

conﬂgured 1B ex{etnld%]to ra%' o%tv{./c-\zﬂefoF 8urh£‘iﬁg o lfrjoﬂmdtﬂ[a ‘well, a prime mover, a hydraulic

pump that is powered by the prime mover, said pump having a compensator that regulates pump

flow and pump pressure;
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26. The hydraulic oil well punping apparatus of claim

23 wherein the electronic control systemincludes a

proximty switch that activates the directional

control valve to nove froma closed flow positi on to
en flo r od eac es th

- BLTBR i Eea poar GalvR L ok B twesn open flow SHE Hioged flow

positidigdraul i c oi I well punping appar atus of claim 21

erelnthe el ectron ystem.in S a .
s npedntcne mirsLal et it s areaits Advetdei e et ransmits
hydrau’rm ﬂald&fdm HBipampitg the! cylivitan, th@&réoﬁdnaﬁssmtrmgalae seih@positibned in the
f ﬁﬁtlon relative to the cylinder. 28. The
first ‘5(9 fulic oil well punping apparatus of claim 27
whpsaitroliing fovobetivieen firedwirautiy pamp achiegiradicaglindeawidftthe directional
tor,h%n the rod is at the upper rod position relative to
contr V%yl i nder. 29. The hydraulic oil well
pelrmomgmgppmmmlrrgfvaueaa hy&iulmiﬁlerderésermiefoocton_ltaimjng hydraulic fluid
to be u{a%ﬁ?ﬂo tﬁ E%%rta%ﬂhc Orgu él aceltcb?e{é‘flg\g l%@;ﬁ%tﬁ AUk Orlﬁeifr%q'nybrcauﬂ& ﬂ&ig‘ﬁ'om the
hydra@ig.cylirder toy/thie aedeneimiia thﬁe:)rbpqﬁmmgmelm)pad atus of claim
2
V\ﬁ eﬁﬁﬁ@gﬂg@féﬁl&ft 9ittn§ rogj; epsiﬂ rgzr)]\}e;é I%)%}%eteﬁ Iﬁ?esudg%t &‘H Ib\)&é‘ftr%i positions
by connrppleg treadnirowalverand tlpm;gpponbnsmg valve wnth a gqntrqt\syﬁéqrn (duat generates
an eléﬁ)lt’rfgé @ngf that 'oB sa%r dseg\’%+ n'l | 0ave, h&agﬁﬁi%o%ol of rod
ng a dra |ccy|ner ||garo
movementaiiies tfm%mbangqsw@ecmmthemtrol pysierp insluding igperamiddie and lower

tring that extends downwardly fromthe rod,
proxmﬁﬁgmt?%:s;g bei ng configured to extend into an oil

wel |
f g) chokingi the; pesiportioning: vehve taslaw the rafeioidesrangpf thg rod and pumping
string B}Y l%giﬁb’ih ﬁ1eq}6m?né S¥alydiaSiliCRIE TG ughife %F%OH‘HM Q4lve after the rod

havi n? a“conpensat or that regul ates punp
has d¢chmﬂ%f.ha ALY P @gsqﬁt@nce between themppsf gqql g]enlewgr rod position and

activafeld" ﬁ&Hldﬂ'@bro‘Zi‘Prﬂﬁ/rsWncNaén\ﬂe t hat m)ves bet ween open fl ow
c§ | osed flow positio connectin

pn}mh%rﬁ@ ip istepsy Brand "o th@;nlstﬂfa @r'O\ooP&eH a aff] r?%'ghqgéﬁﬁ?q hfore the

propoﬁleﬁthg tyaRasi8i dhokdty dhdWHeteih lthé Pistaromavene sﬁu fmajb@tytdﬂ &he distance
cylinder, the directional contraol valve b

betwepi e WRpSEANG loweR Rositionsgnd thgy the; Rigton is Iowereddfa)t {4 second lower speed
after tR@plobBHibhing vElew &ikeeen the hydraul ic punp and

hydraulic cylinder with the directional control valve;

e) providing a proportioning valve, a hydraulic fluid

I 83 ETHEOhEthb@ bf €18t &1 Wheiryie icantrdl Sydtemiinklideskst least one proximity

.. supplied to the h uI| [o0) flow
switcry RGY foran AR el © aTNARor GRPRE P SBPIiB g vaive at 2
select&d pbsitis ofttie fdterelatigetotaé brokiraityt switchr opor ti oni ng val ve;
and f) controlling novenent of the rod as it
noves between the upper and | ower rod positions by
C8AtTHel rhéthed bhetaigndt whéreinethe eorstrodl sydtem fabyatess tai phurality of proximity

owichgEL55s Mk B ARG s Eh B FE AHENAA o roo ssumes 2
selected ppsiidn retting to/edohedf trenafiihderg control of rod novenent
when the rod changes direction, the control system
i ncludi ng upper, mddle and |ower proximty swtches;
g34.Cinekmethod bisclaima@Bowhereinitingcardiolsystem cloves ar eleatrenioproximity

t of t I i i N0 o
switcr R s ompad ¥ s BRI InG sl bph e i G promity
switchito opovethietweemeppealflow afdt dosedflowrpsgitibas descended a

majority of the distance between the upper and the

| ower rod position and activated the m ddle proxinity
switch; and h) wherein in steps "f" and "g" the
piston is |owered at a firs higher speed before the
proportioning valve is choked and wherein the piston
travels said majority of the distance between the
upper and |l ower position and then the pistonis

| onered at a second | ower speed after the
proportioning valve is choked. 32. The net hod



33. The nethod of claim31 wherein the control system
includes a plurality of proximty sw tches, and
further conprising the step of generating a signa
when the rod assunes a selected position relative to
each of the cylinder. 34. The nethod of claim
33 wherein the control systemincludes an el ectronic
proximty switch and further conprising the step of

Sg%b‘%@?;ﬁgxﬁ,\?ffﬁ#{ Cvkt'&?%%kl@{ o rﬁp%ﬁéﬁrll Ig%s‘ﬁ aroeqnalgf awtch and

furtherf doPvprigPithd &8 of usmg the pr@éﬁmtde’vﬁtcl‘Tm ssidaefthe tissatind8 control valve

erein the control ste [,0X:

to moviligms o oRIOROMBHPD SRR AEpBR y iR i sy leipoerrod
positichtela@iVe fodh@cjlindat e t he d| r ect ional control valve to

nmove from an open flow position to a closed fl ow

position when the rod reaches the upper rod position

r 86.atheveethed bﬁtﬂalm)(ia' witkrein the control sy8&m ifbledee @ poakinoify switch and
further qo%xﬁrpﬁ{%gng%e r{)qg?th% %nt%{]rg tcy 33% ﬂ'n ?c%&’i:tﬂg eLfﬁgﬁ w?ctlonal fcon':rol valve
to moueérdn@abbsed)ﬂmpmmtlop te ah bpén flaw mhmwi‘@nﬁm@rodlrﬁmﬁ dredpwer rod

nove froma closed flow position to

posut:ogr{e é%toftﬁ%ﬁﬁ'aggltl on when the rod reaches the | ower
rod p03|t|on relative to the cylinder. 37. The

ﬁuf h%hac*frq%’r?'l PNGh&M ﬁwg%oﬁf?&téél%{en?ﬁ%ﬁg%' hr‘éﬁ@%f three
aplura 0 ree proximty swtches an ur
proxmutyrspmtclsesr@ds‘enmrmgmwseg sendiogao elscyaair signahwith a proxnmlty switch
d

when B B B BBl B oA s

38 The nmet hod of claim 37 further conprising

agé "I"ﬁ%trhé(:jﬂofofwaﬂﬁ '3'7"1’\5 e?%rhﬁlhs lvétn\% d R8xitty 8litdhhen the rod

ositionre atlve he cyl’i nder.

is atti@glpp'ﬁh@dmsﬁlél rejaitivel taithe Gb’?'"ﬁ%rrt her conprising the step

of activating a proximty switch when the rod |s at

the |ower rod position relative to the cylinde

489, Tieamelbomatiiam $1 BFtheraomRIsIche sSR! FSRING Aeraxiraly switch

when Pl B8 d #akd RUeRrdR gOsitidh rylafe ke ¥fiedert he rod is at a
position that is in between the upper and |ower rod

posi tions. 41. A nethod of punping oil from an
Ohd. ™M theth68 BPE AR @Efdrth@r édn?ﬂ ifgfthe step of actw@)mg a proximity switch
rovi ding a yraumlhc%{m% r havin c‘x g P?’fbe/
when Bgdod isata Rasition dhatisin ﬁﬂaﬂ?r&i‘ IQver{ad POPIINFe
to travel between upper and | ower piston p03|t| ons, a

t t hat _ext ends. d dly f
oLV AR PUARAISEort A OB g BRI BUICTPP bt enc

| B} proird & h\p@dahncaasdeﬁﬁ hu\ﬁmgwgylmaer b«sdymmce aspistior rthatdsl snovably
romthe we

mounigip BBy Bt s By BB Y bingsng hat
extencm ddwmar@iy ngmathd iplstsH, twmmm@smg bmag vz:enﬁdw&d tocexéend into an oil

vt e AT P Yo i e
hydra@kﬂpdﬂﬂﬁmat lhbewéted&:(ytth@padnemm\/er ol val ve bei ng

t f
pgfergﬁﬁlnglq lfgé:y?q% c?ntga, ﬁl’g;ag?%ovlfalg %BM ggpgh rﬂSw and chosed flow
positidhsCHriLd gﬁta mwg?]?smdepdmgitha wrmyhmmﬂwrhydrauhctcwmder the directional

providing a
conre 5 boiRG APr Do GaebiRgod g tsten el 0 cscrvoi
f oycantroliing mBNIQWWUydiadllntﬂurﬁleMeh(U’ldjwdwp@pmrgmamq)hxdr@hc cylinder

, e) transmtting hydraulic
with "ﬁyﬁﬂfegy aiﬁ?’#fr@’?{ydr aulic cylinder to the reservoir via
t he proportioning valve in a second flow line; and

[+]



f) controlling novenent of the piston as it noves
bet ween the upper and | ower piston positions by
controlling the directional control valve and the
proportioning val ve, mherein a control system
geperates a si aI th S or C es the - :
D ALRIBHEINg A PrRPt B SR N Fesehbl drrcontpiningpydrautc
ﬂundt@b@@ﬂé;ﬂ:@ﬁ t@metﬂyeraam@dngf pi ston novenent is enabl ed

op) ltrﬁasrﬁ‘ttglgohycnatﬂ%ef?wg Ifﬁ@?’r(\: B'PES\E"M ralutp 8)46'%??150 oe: retase(onnr via the

propoRioAipgraive i ﬁ@e&t&id\ﬂbvmmd ander the volunme of fluid flow

through it after on| esce d|n from
u ngqn%ogmg MOVERER &Slag P ogrgs | oves bqu?e ugpﬁrt %}hd lower piston
posntlcfﬁsew taritfotling aing ﬁlbéct@yislt eontrohealvel ead a‘hqabmpattuohmgofalve wherein a

conn VSEuPL A Y S0k SRErRRE o LELBE € BOREA g st

variablehampusitsonthaiss oorerol af thel speed df pstint movemerit ég enablecdwhen the rod

each proxi mt 1) activating a
changSngna oln)?tgﬁﬁ[g‘g g'ﬁhtoi?%%pms’t?on is at a position that
i §) gradballywaeking the propertioringivaleserlowerthe vslread §uid flow through it
e nt r oI system
after tﬁ'e Brlsltjo&eg gg{c%ﬁgln ffrogrlntge éérl t%l?é BW%r %gﬁt
pb)swheremxettje aleztrom@cd?rl’tml hgaﬂ&ramduﬁes ylnlufelléy ohthteefmcmwy switches
and flﬁ'&@ﬁ Er’?ﬁhﬁsﬁngﬁ H} s;t&g ?g g%r}c{rb%a %F?Q?éi W]ﬂt\/é pZ?é\kl@ﬁ\;‘ sfvg%ﬂ ‘gﬂér‘l k& piston
assumsa selmtecbposuﬁm rplagivete e@hamxm;ltx gwitcheanrd/| i nder .
[
e PRl Eh Brch (5 Blsfirlc ol ELAGh HRARIin betweon the
upperandﬂ@ms'omelslﬁqm her conprising the step of a
proximty swtch sending a signal when the piston

assunmes a sel ected {)OSI tion relative to the cylinder.
442. Theematbod eficlaim 41 whereirsthaicentee! systam indvdesdsit '%%?&?f&rprox'mlty

switcH l'ﬂﬁ{ Hqﬁéltl@n&f Ré()!t'i‘& the ﬁ'))@rétﬁle et HF\@ hﬁ[he? @&Hﬁhéihg"ﬂ\e step of the

activating t directional control valve w't
proximiySyMiteh tnynagw 8 ePKNG GHEVRPTBRRHEHNG wwate sslgcladpasitigs gthe piston
relat:vE't@YHe%};ﬁMéronS 45. The net hod of cl aim 43

wherein the control systemincludes a proximty switch
and further conprising the step of activating the

disg errd rRaRbd 6%|ﬁ1041 Wﬁ’ér&iﬂ tﬁ@elﬁ@fiﬁlé é&ﬂ’o%ysmemcfuﬂéy\e plurality of
position to a closed ;ﬁ(bgosm

proxmlyéwlt@gesa@quﬁﬁl@r cBmlglﬁg tep giA rOX|m1ty swqgf%genfﬁﬂg a signal when
the piétBh BSSLnRds &éélécft%d’rﬁow'tﬁfr%ldﬁvé hfth@@;zrtrfd@h system i ncl udes
a proximty switch and further conprising the step of
activating the directional control valve to nove from

a44) Treatethbevf cmﬁma wnéretrnh@eomm@ys%émmcmes tai pooximiteswitch and
t he ston ower

futhet GamBEs g dcBieTes i cireeiier Brel ReVE vl R diprimity st to move

betwes} 9penfibw ahd diesediflg positiodsy of three proximty
switches and further conprising the step of sending a
signal with a proximty switch when the piston assunes
a4s eTreohettiod ofdl4imo48 wisdraini thie cormtrod aysterp inahides ayprexiintt $witch and

48. The t hod of 4 th
futhef goragRaIne RGP 8" BRI o Oy B oA Bite 1 B EBmBben fow
positidrhte augipssd flowgiositiop egiehitios pisteinaeachestan upper pigton mpdeition.
49. The nethod of claim4l further conprising the step
of activating a proximty switch when the rod is at
t He. Thmmeethpd sf daimpswhérein the bantiol eystemiriviides laipnekémity switch and
. ; {
furthegﬁ?onép 'Tﬁ% thg o%c%tg/)g(f’mrﬁ‘ibé E.réé{khgﬁf \Nﬂﬁar\'@{\{é %ptﬁg}/% ﬁgrlng‘:l (fgcpsed flow
a p05|t| on that isin betvveen the upper and | ower rod
posi tions. 51. A met#od of punping oil froman
oil well, conprising the steps of:

o



a) providing a hydraulic cylinder having a cylinder

rod that is novabl e between a upper and | ower rod

positions, the rod supporting a punping string that

extends domnmardly fromthe rod, the string being

conf i to exte oi | well for.punpi oi
posiicyyigriopen et positon when (e Tisten eaches a e pETRRaNG o

hydraul i c punp that is powered by the prine nover,

S%s\; rgﬁg&m@%{ Cﬁrga@ lﬁ%&ﬂ %aet cgectio;nactpcrorggrgloﬁyﬁ m mcaug@s a plurality of

three drlol(s;mtyl s&rtaheslcami fucthervadnweistnigethe lsmpe:.tf sleedmg arslgtm with lagwoximity
switchERCE PR S DR SaRa e Ry nrelaiEo eoft Rk siygen.

control val ve being positioned in the flowllne SO

}02? fl'l\gtlgtr{n% gd ﬂ{/) trgﬁ+1 t@n %rf 40 nﬁm(géjgt% o\‘ g%t{\/lktl'rﬂ.r%aeptoximity switch
when the rpd &vatdiergppser prstmmctsmomreigtmeetb\tm c;dtntigrdr aulic fluid
*reservoir for containing hydraulic fluid to be
supplied to the hydraulic punp and a second flow |ine
t #&tTherraetbod bicléigl afurther dampirigingrtoersten of astiyating @ proximity switch
e . r Q] tioning val ve;
when §'rb 81 4 ohiF oA Fokh e AREE, | 2"y nder
rod as it noves between the. upper and | ower posi tions
|50, b Of iAok B RS o8BI PR R ProaMly switch
when tierpision isria p@mﬂom at isan bemmﬂ thehuppar 8pe lawes fﬁ’%@%\mf‘ﬁe
D wherein the control system generates a signal that
enabl es partial closure of the proportioning val ve,
ehhth mﬁgwoﬂnépumamg @il fopvareilwell. cempriging thessieRePfaf t er
ﬁf‘prB\qgm l‘é'[fﬁ’é AfinddrHa0m I'é\a(‘.ﬁlﬁnde‘?\l‘@d fﬁgt i8 nifbBlkibe¥véth a upper

di st bet ween the upper and | oner rod
and Iow@srodup@ﬁ@oram ihe e SHRRASING? BYPRING §tr@wﬂtaé Rxteadsdquyrpgardly from the

rod, th@"b‘t’nr@ béMbG&ﬁt't” ured t§éﬁ@§d into ar@Bijelgi"orbbﬁtpﬂb%ﬁl%m the well;
lowered at a first g er speed before th

pPloyeYiding i Rile, MPYRL 3n ScHSRAC ZHEPIE I PoVETR byithg gyime mover,
said p&r"nﬁ\fﬁl/i%g %Eﬁoﬂ\p@ﬁi;é?tbt’ thiit refulblee plinigt Wéhd)ﬁlrmﬁpﬂesélht@
per and | ower position to the r oxl
s Rrevidsa Gtrﬁetprtaheorﬁmgv%vp that gies e%tws " gPerbligfand closed flow
posutldn§\éﬁﬂ aS‘Fﬂﬁ@leaiFté ebnﬁd&ﬁn@ttfécﬂtﬁtmém(mmhyara&w dyﬁditidrsthe control valve
veing SE S (B o 85 0EC ool B st SURSRE g hueen e
hydraﬁﬁh@uff@té}@dqyﬁf’auﬁd; aynmjérl vvher ein the cont f ol system

s at | east, one S
B YHde A PrRBRE D BCLAYEI R SO T OLGRTg gaulo
to be stppPIYd t6 th’égtyﬂfwh@p@ﬁp ahd aeéwnatﬂbwgnathahttdﬂsnms bfdradiie fluid from the
a sel ected at?osntlon of the rod

nyetrafig el RS Tame i i e By S v 53. The
neYdontolifig theapeeddf mbveneant of the cglinder ol as jtstaves batweeddise upper

M ¥R TR TR a  p——

switcheb\dncltidieg cadrotiing Lﬂmad;trea:tusml eonhtexl vplve |ahd <the prebcatmmeg valve;

5@ V\P’l?p?lﬂ tbemgt%b? sgtﬁrg gaeétterat a s?%ﬁllmb Ie:ﬁg@?é’ gﬁgfal Etogtn@ of the
proportionihg ehive,adnabling the rad fir sew IdDWyI ltsvknat/eltspeed afierghe eedrverchpumping

. en_f ' ”
sting R late & oy &34 ol Btileph Mpperan he fprdod Bésitons and
the Iovwbrrpemtimtby]atntohostactwlatedaame wWth a proximty sw tch to
Vi P I
n@ﬁhér&ﬂ%\g%ﬁg iﬁ%na @Wh@ﬁqéd 3 \Xé&&g Sgrg‘?rr?sggt %‘Je???eegnnefore the
56 The net hod of cI aim 53 furt her conpri sing o
activating the directional 2ontrol valve with a
proximty switch to nove froma closed flow position
to an open flow position when the rod reaches the
| ower rod position. 57. The nmethod of claim51
wherein the control systemincludes a plurality of
three proximty swi tches and further conprising the



59. The nethod of claim51 further conprising

activating a proximty swtch when the rod is at the

| oner rod position. 60. The nmethod of claim51 further

conpr|S| ng activating a prOX|mty switch vvhen the rod
en t

ition h
proponftlewgg g '56&‘9?‘?‘6%§ wherem nhe plsW% traves sail? ajorafy of the distance
between the upper and lower position to the middle proximity switch and then the piston is
lowered at a second lower speed after the middle proximity switch is activated and the

proportioning valve is choked until the lower proximity switch is activated.

52. The method of claim 51 wherein the control system includes at least one proximity
switch that is positioned next to the hydraulic cylinder and further comprising the step of
activating a choking of the proportioning valve at a selected position of the rod relative to the

proximity switch.

53. The method of claim 51 wherein the control system includes a plurality of proximity
switches and further comprising sending a signal with a proximity switch when the rod assumes

a selected position relative to each proximity switch.

54. The method of claim 53 further comprising activating the directional control valve with

a proximity switch to move between open flow and closed flow positions.

55. The method of claim 53 further comprising activating the directional control valve with
a proximity switch to move from an open flow position to a closed flow position when the rod

reaches the upper rod position.

56. The method of claim 53 further comprising activating the directional control valve with
a proximity switch to move from a closed flow position to an open flow position when the rod

reaches the lower rod position.

57. The method of claim 51 wherein the control system includes a plurality of three
proximity switches and further comprising the step of sending a signal when the rod assumes a

selected position relative to a proximity switch.

58. The method of claim 51 further comprising activating a proximity switch when the rod

is at the upper rod position.

59. The method of claim 51 further comprising activating a proximity switch when the rod

is at the lower rod position.

60. The method of claim 51 further comprising activating a proximity switch when the rod

(=]
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is at a position that is in between the upper and lower rod positions.
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