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I NVENTI ON 5 HYDRAULI C O L VELL PUVPI NG APPARATUS

I N\VENTORS: FESI, Mchael, A, a US citizen, 3341 Bayou
Bl ack Drive, Houma, LA 70360, US; LAPEYROUSE,

Wllard, J., aUS citizen, of 302 E. Wodl awn Ranch
Road, Houma, LA 70363, US; and VI NCENT, Kenneth, H.,

a US citizen, of of 42BAStENTA®PL$cAFPoROUl evard,
Carencro, LA 70520, US. ASSI GNEE: PETRO HYDRAULI C

LI FT SYSTEM L.L.C. (a Loui si anaAtgney PatkasdNo. P06618 (99125.1P)
liability conpany),

70546, US. CROSS- L el AR nal: NS PR ukOu2s. 1p.wo)
PrTlamQFaﬁIEJB\WENJTLQMnaI Pat ent Application Seri al

No. 60/ r por at ed

her ei n %\?fmﬁf er GH@EE%LFI’&&M?@%M%H ty of US
PrlbWENB@RS Patent Application Serial No. 60/824, 123,

filed ugust 2006 | ncor por ated herein by

refer e%iEeSI%&W@¥éb 2 USqqities, 3 &5iaBeyomnG lark Baror Niguma, LA 70360,

F Mﬁ@mﬁﬁ
aggﬁ i cabl e REFERENCE T %t%lg%o{ APPEN%%;N(I{ %R"ad Houms,

appt i70363.eUBAGRERANEERE, Femneth/ENTR NS @izeh, officd] di26f St. Pierre
tlyoulleq)éﬂ}@a gi@iﬁ?'ﬁwbé nvention relates to oil

punps and nore parflcularly to an inproved
hy’e&SiGNbe oil well punp that is electronically

cont ol B MM RS 1 PSS g i
enompsny)pmgfmmpeozmnﬂmgg IA vom @rs.sucker rod
S8 R B B0 AL AR B 0ot 5 "
Gener alprBaGKBF VU Brfisib Al Hanve r}:{ﬂp%dt%h 8Ll r@é‘t é‘d}‘7§4 481, filed 1
have i ssued that relate generally t e punp
o POMRR 094, Bicprporated herein by reference, is hereby clalmed
Priority of US Provisional Patent Application Serial No. 60/824,123, filed 31
August 2006, incorporated herein by reference, is hereby claimed.
STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
Not applicable
REFERENCE TO A "MICROFICHE APPENDIX"
Not applicable
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
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-1 WD 2007/ 090193 PCT/ US2007/ 061478 well. Exanples of
those patents are contained in the foll ow ng table,

woher@oonios he order of |isting has no signifi cRATAIS2007/061478

ot her than chronol ogi cal. TABLE PATENT NO. TITLE

| SSUE DATE 5 MM DD YY 4,503, 752 Hydraul i c Punpi ng

Unit 03-12-1985 4,761,120 Well Punping Unit and

Control System 08-02-1988 5, 143,153 Rotary Q1 Well

Punp and Sucker Rod Lift 09-01-1992 5, 390, 743

| REdIR| Henk ey AMEoMRahaes ir@rcohﬁﬁlegn{ ﬁﬁ%gﬁ&}P rg%g:blé W9Rerein the order

Exploitation of Small Fields 10 6, essure
fagphasqoigrificange g@?rf@ncmmz Reci procati ng

Punpi ng Units 2003/ 0085036 tion Well Kick Of

and Gas Lift Booster 05-08-2 nit 6,595, 280

SUBEENTHN@. Wel | PUIRE ng Systemwith an 07- 22h2003 ISSUE DATE

| mpr oved draulically Actuated Sw tchi ng Mechani sm

1.2805/ 0155H57/58 vel | Tub| ng/ Casing Vi brator Apparat usMM-DD-YY

07- 2530327%95 - - TLWF EfF SU SRY OF THE TNVENTTON 15 03121935

The Drasant i my iy hydraulic oil well
Mpzsnglzappar atwisy Pﬂﬂﬁm S[ylﬁl &9 @I)mm?ge{e ent 08-02-1988

ﬂ
wventron—uti-zes—ahydravHe—eyH-ndér—having

| $t198.188 r od tRmryucngnﬂxzeamhleammﬂRuﬁpﬁﬁ ano! | qveer01-1992

f STTT QNS. A PUNPI NG STTINg OF_SUCKEer 1ot
(?5’%@ 7z omm&x?’&ﬁt?uafl%ﬁ] ﬁ/getb?%qu he PFghesGi ng str |%21-1995
sucker rod l&bfbﬂtdﬁ@ﬂﬂ%f@h’ldﬂ@wl&o eXt end into an qi

AN nr|rm nnvar
"II IUI pUIIplllg UII IIUIIIL e vvcnl. l_u P T HE—HBYEe

1613948l6dn  engiPnessite Gonpensited Stutiag Bomfe:nsatl ng tyms-28-2002
ydraul i c pugr& i onal tgontrol val ve noves

o open T ResBrShlas Pudia QRN 12 V2 ¢ ™

| do6a1bo g5 0560\ ot BRANGSH RS HRHIR RN HW ster 5-08-2003
ydraulic cylinder. Electronic controls are provide

hat _contr ol lrﬁ?’étrrent of the piston as it noves 28
35,‘%@?,@85he up mersq)le We'p opsllllgt éystem with an 07-22-2003

Improved Hydraulically Actuated Switching

-5
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O""':ch'j(/)

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 siring or sucker rod
extends downwardly from the piston, the pumping string or sucker rod being configured
to extend mto 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.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
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BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE DRAW NGS
-2 WD 2007/ 090193 PCT/ US2007/ 061478 For a further

wanadegretiasndi ng of the nature, objects, and advaarage®7/061478

of the present invention, reference should be had to
the follow ng detail ed description, read in
conjunction with the foll owi ng draw ngs, wherein |ike
reference nuneral s denote Iike elenents and wherein:
5 Figure 1 is an expl oded, elevation view of the

pr ef er reg- erbad ﬁfﬁi&%stﬁfdiﬁé‘kg th@ﬁﬁﬁf@,‘toylﬁc@f aﬁd"ﬁqvgﬁﬁggsrgf the present

invention; Figure 2 is an evation view of
prieY&iioad refgtsaes mbaeldobe thad teppher fallosving detedled pdessdption, read in

i .on: i ] [ | eyation view of .
AR RN SR P s SN e iy ot i
predgaeents and/wheteon; Figure 3 is a sectional view of the
preferred enbodi nent. of ,the apparatus. of th resent

i nvent ilglﬁl,]ret ReA™ aﬁxswéeﬁi»i %%‘éatggs“%‘?’ 9k r@ef%}’fe i Ghodgnent of the
4 AppdBtarg thpasent ivagiemt ary, el evation views of the
preferred enbodi rent of the apparatus of the present

i nvent i [9EU5E1A 5 v plsvatiog. B phthe preterred prabodigierpplihe apraratus of the

FigbdeBt Rvbitioh; partial perspective view of the
preferred enbodi nent ofthe apparatus of the present

i nvent i lBaureRiAgis p partigl deation ysheofald prefiregrearte dofient héthe apparatus
proqftgé'#;lggergg%ggﬁg@nt of the apparatus of the present

i nventT on; igire 8 is a partial perspective view
of t he Egurernaksceimbviventf thd pleeradpaitaidigcnt @ff thdwpparatus of the

present. inventjon; Figure i fragmentary top view

o ¥T7e lgr?netlrorl?at e%ﬁfg’gg:ﬂﬁ%?'g’d%qagﬁﬁ pparatus of the

pr esentFiguree A, 0B drid)uCe afkOfibSméntRAY, toldlati6h GH&N4 @R the preferred
Vi e e alternate enbodi nent of the apparatus 25

f th
of*™} gmbfinés%fnfthei%vé#%%ﬁ? the gipsent 1imvengion Wastrating eperation of the
ViagWhrafust he al ternate enbodi ment ofthe apparatus of
the present invention; Figure 12 is another
f r agre gy Sd4 apatitlparspeetiveaiew ¢fshepretrrvdteabertinasit ofthe apparatus
of ¢ 45 .of the present invention; 30 Figure
1:’c>)fitﬂsg]f§1re rgg{n@ﬁ@w side view of the alternate
enmbodi régirené-7tdneschpmatiadiugrams of the preferred embodiment of the apparatus

of the present invention;

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

Figurc 9 is a fragmentary top view of the altcrnate cmbodiment of the apparatus
of the present invention;

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

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

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

Figurc 13 is a fragmentary side view of the alternatc cmbodiment of the apparatus
of the present invention;

Figure 14 is a flow diagram illustrating the alternate embodiment of the apparatus
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of the present invention; Figure 14 is a flow di agram
illustrating the alternate enbodi nent of the apparatus

WO200M09@087/ 090193 PCT/ US2007/ 061478 of the pPesmIS2007/061478

i nvention; Figures 15-16 are schematic diagrans

showi ng the alternate enbodi nent of the apparatus of

the present invention; Figure 17 is a fragnentary view

of the alternate enbodi nent of the apparatus of 5 the
present invention showing the manifold in a bypass
CcwTdhd pRBent Mh@tien; 18 is a fragnentary view of the

al ternate enbodi nent of the apparatus of the present

i nvent i JRUESA dwi Loopre Kehomaic fdisietamhnshow ing theradlesnate embodiment of the

PO bl o ffh lsi:8,.f ragmentary view of the
aIOd?)gr r?tat.eo engg%lgcr%%%%g?@?’he apparatus of the present
i nvent i Bgushld\is adraghentmaniitel of thoaleerdaaraboditeent of the apparatus of

pPQsi Lion:. jgure 20 i s a .partial perspective view
o1t plsSEhe ol f Y ichB b iRt i, bt s of 't he
pr esentFigmedtis arfraghewangview oFliheiitahfe BRBbA@lAt of the apparatus of

copstructi.on; .Figure 21 is a_schematic diagram of the
prlE i R

1 BicPEd BYrsH ing the anifold, By an ypstreke pPesiEoBr esent

| nvent i Mausnovs B &abhendtl GERArend BUAAL dmBb §RGEIPAL apparatus of
Flr?%%re 22 is a schematic diagramof the preferred
ertBoRCRERtIEntien ehoazplpaﬂmmsm%ﬂd mlﬂédc_n\mstglkewmmn; _

e B A0 JuN L SR IOk A AR Bbinent of ie
f iapparess 21 thopkeXdf inviehtgaur ghoRdng an altdrhatg mesmifaldycots@wet@dn;

T CRIRARTE ST MR TN X

fragnmentary view 0

Fitigpreséh invendor RGBS tiRf dltektiad\mehifd1h ardRimakd of
fi guresF.Zl 2gd 22: 20 Figure 27 is a fragnmentary view
of t he TGP ES YR SShoppi fiagrapptfhgproterred emadimeng of the gpparatus of

RGPPSR i eMii G HORw ihd e R0l MaRford Eﬂﬁﬁgf%ﬁa%&; and 22;
Figure 29 is a schematic diagram ofanother alternate

enbodi Fegre g it hE2gppaipattew ofthet hanifnlé oéfigurendtand 82;
i n the jiR,sbhoke sRQSELL QN Fi e 30 -schepmt | ,
di agr arﬁfjéohfranotﬁerrg I %@?ﬁg\?%&gg c?d?gr%?%%‘gSf?%‘ge%gE&P‘i?%s
25 of thwirp2ésenfragmumatyi vew iofi thehmadfoih oS figiake21 and 22;

positiaen, Figure.31 is a fra ntary _di agram of

anot he:r%rl] T grg hat SEmELE eRY %gg‘etrﬂ%&;fog‘éuﬁgéﬁrﬁ%zbﬁn‘i ke
pr esenfFigumy @Mtd Ofragrmeithey Wy SF HRkBalRM bi 8flireEb 0 uh®232
is afra neg%?%r%gdla ram Qf another alternate

enbodi MENe 2SR Ay At e obtherpanifoldebligurpniband 8%
I Nt he FeQuE2$ 15k 8KRNIRR dlabRiin of another alternate cmbodiment of the apparatus

of the present invention in the up stroke position;

Figure 30 is a schematic diagram of another alternate embodiment ofthe apparatus
of the present invention in the down stroke position;

Figure 31 is a fragmentary diagram of another alternate embodiment of the
apparatus of the present invention in the up stroke position;

Figure 32 is a fragmentary diagram of another alternate embodiment of the
apparatus of the present invention in the down stroke position;

Figurc 33 is a fragmentary diagram of another alternatc cmbodiment of the
apparatus of the present invention in the up stroke position;

Figure 34 is a fragmentary diagram of another alternate embodiment of the
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30 Figure 33 is a fragnmentary di agram of anot her
al ternate enbodi nent of the apparatus of the present

wOonuErmweies in the up stroke position; Figure 38CTAIS2007/061478

fragmentary di agram of anot her alternate enbodi nent of
the -4 WD 2007/090193 PCT/ US2007/ 061478 appar atus of
the present invention in the down stroke position;
Figure 35 is a top fragnmentary view of a manifold
portion of the systemof figures 29-34, shown in the

doyppatat kst (A PR st iPRSLbA Abhe Ao o6 phSitiBnSect | onal
view taken along |ines 36-36 of figure 35; 5 Figure

37 is a8eE3Sdhatonfamantacs miew Qfmgnzltmf@é%p@‘wos pftife system of figures
figuse Bown ﬁ;@ﬁo%%ﬁogénl%ﬂiggg%ggggn vi ew taken al ong

lines '38-38 o ure ’is a top, plan
vi ew ofFigiws Jfein afsottibnef vitwdaken Bmgsleas 6136 éffigure 35;

{
W ew ¢ aREREE ang orhael oY sefepiagive 3367 AGaronre

41 is amgaetasamalsemmw ﬁa&eﬂﬁla@&% lirie8 88-¥8lo Aeud 35;
flgure d Figure 42 is a sectional viewtaken

al ong I 2ls 42°B’fp11”f Hi e e mapfotd of fenpEsSciiopm iokhe upstroke

OﬁqudE)rlﬂWﬁ}ﬁl ON Figures 1-7 show generally the
preferred enbodi ment of the apparatus of the present

i nvent |F6&ur6é1§| lgﬁa?fé@ng]eﬂéwéﬂtkey alynat Ines ﬁQPﬂ@rc&ﬂﬁgﬁJ@e 395
O veliigBdih 30 LORLOAS, MX%%?J%% s 14108 figyre 39: and

contalnlng hy rau nove
an engiliguicd2gs evcdedaloew dakcw alvpgeline® APeilsalfighgs PP

1 ' ] ydraulic

pr%%%g%ﬁé %s@#@gﬁﬁgﬁﬁﬁ%ﬁr ecei ved from

reser vdigurdd 1vi shdw @ehdrimethd3preRrd ihiiodithéf dIthe RPFdratus of the
gr%et roleumljft cylinder 14. Lift gl i nder 14 can

b

BpREtop Pk 8FIE ) bonibe 8rmerb 8076 A0. The
hydr aul@icwkil btimp 21@ &Mﬁﬁ&dﬂes%oir 1§ lfb‘ﬁ@oﬁﬁt%ﬁﬁ% (ll‘} dﬂl;fr} A prime

body 15 having a hollow interior
i 29¥50 M srhiag aglepginn é wevided &g cloiyingp ¢caspane¢tmgqowmpe13 The pump

CYB 1iBdREq RO 3%111&141& ]?Eﬂ' e lﬂggsgh&t og%@s_etlﬁzné %ry'gl%ﬁhﬁ Slél}d received from

cylinder bo
erRsepoit 1 ]owd]ﬂ})Wihllb 33 towdhydentc pdirdden or HOtrolBuwi ]ﬂ’GC}ﬂﬁaﬂer 14, Lift

19 e t ends | i nder
1 BARETE BTG PR Byt gty modeDERYOD T T Bydrantic i
t belirdenid nenaﬂep alcyiiaier I;Bd}Of 5 B EB6116W Gntddod 6.
attached lLing 20 to a punping string or
sucker \é\f“éT rogﬂg liﬂ}ﬁ‘bmﬁ‘bmssll@ﬁnﬁ g* tslessopire fashigd tptheicglinder body
C pRkicagitlg Hto A MERR 18fdrelider b&&n Pﬁ? ciRde 1|t ll%d Phas an upper

A punpi ng part of the sucker rod i S gene
p&d pyrHiae d 3 aesk e lawergng peftiond e @uzmgew@fthct hwewem porﬁun 9 extends

ab YIRS oD 5 as shown in figures 1-4C and 6-7.
In figure 1, the lower end portion 19 of cylinder rod 17 is attached with coupling

20 to a pumping string or sucker rod 21. The pumping 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 is known in the art and is used to pump oil from an oil well as the
sucker rod 21 moves up and down.

The lLift 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
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21 or sucker rod 21 is known in the art and is used to
punp oil froman oil well as the 30 sucker rod 21

wonvgdoup3and down. The lift cylinder 14 is noBaTA82007/061478

upon Christnmas tree 22. The Christmas tree 22 is
nmounted at the well head of an oil well at the upper
end portion of well pipe 23. A -5 WO 2007/090193

PCT/ US2007/ 061478 suitable structural frane 38 can be
used for supporting hydraulic cylinder 14 and its

C WuitB6le IstriiOlrall - AROYE Sl bl | -
figqressl-4Crand 6-7.CA p|ﬁﬁgﬁﬁ?i&gﬁopré%?%??§m%?ﬁﬂﬁer14and1“

| iyiipdegipd & h@bogChrisimag greq 22 apshovimdiadigusm 1-4hemdzsy.

2o, 20 B 25 BIATY e RS ALTRI 951 e 68 BN R e 2

| 251 PQoarels Rr 2¥ymulhgvec prowfantuted tor TurekiContpany,ahede] Admber N120-

2 unted to.fra 8.. During use, these

o R TR Bt bR A5 sness roxlalfy s Himaviges 24 25
S @6sdan bb end@tdd to Franef 38. MBudipVee, @Bk RekiliS brk#hiPdwitches 24, 25, 26
cylinder rod 17 and then _send an electronic signal to

t H&™ CBHEGIIP ISERseee pesiinterichalawer spdperisiel, ofiqylinder kied 17 and then
CQBAd & di8dtromi SeSe e dortrGIR2R0 Y&rﬁrﬁ@rcﬂl‘ﬂg h@ﬁiagle?,éléé%% controller

includes directronal valve 28, proportiohing va

382 savds asigrabisl the menifelfl 3§ thay mcBieg dregtiopd vilee 28treppomigning valve
el, 4 LG fd.ui-d 1 ow |in

oy A e, AL My B st

pr essurkéydraulivy fuid flave linbd trecytoivitde rford éravbmitfih® Wydida GBS fluid under

27, 29, Di.rectjopal val ve,K 28 receiv low fromfl ow .
i B BGH Aot PR SEER. 2D BebEm 8 e
vdlovefrait fanelligy 29 NHRRw lide27 deddiiteivided BRBIIGHAl Ylve PHMRA cylinder

13 transmts fluid flow through the manual ly vented )
r efti &P Migaty Qpgratign. numul 3 EeRstaits fuisilozs threnghitbprmaneally vented relief

S Yak8 7RI HentRirdl RedsubP oD sfshen Eﬂgtﬂ)est&rt PR, the engine or
mover 12 is started, it activates the ydrauﬁfc punp

13T BV S LR 1i$ stpvipd, iibadtiyates thedividraylic phmpugh flotestifldnitigtty traveling
V@Bt heABLA RN 37 4 iy i SLREIAGLL DY, The cycle

of op%ratlon begi ns by vent closure df"val ve 37 so

t hat oiThefdyclai afgperatiofilbogink bpee@Elovare bf ealed 37 6@ that oil flowing in

directiopal valv 8.. At. ahou e sape tinme, the .
PSR ow BV eia R rssoRd Sehve ?Bu AL45 thAgHmS fime, the directional
unaliee 2p isamstilifedss thitlo@Gingel ptedufd i9WrddtBevid fiotQine 27 to hydraulic lift
hydraullg lift cylinder 14 body 15 and its hollow

i fYEdenl4 bedy HHend jisieder iptsgon ¥ouwiThe ¢lisdersragh/ bt will then elevate,

| bt oY TS th it
liftirgnfe bﬂﬁp%%@lﬂé%ﬁ&f SRGczbd V%ﬁlgﬁgF%c{ i Ir‘tg )%).\(’)V'f '

(see figure Frame 38 carries t
pr oxi niteame}d8 £armis thewluralisof pupxirgity ordgnit Waiehes Bé, 25, 26. When the
(VAR t he. f ot troke, .t o

CHRLELS 19, eSSBS0 Bl Syl conicn i
p Eppérmiobly peuwiimih )swstehs asnsth ehg pssitibo rofodoupling| A0Ngn® @nergizes the

and_energi zes th %} cti nq# Vv Iv%kég' 0 tgﬁg | t )
o Be R OF R0 Tt eses ey o Pringivsgrcysh progwation valve
val v¥alvd 1 iddamduadprdpdriforddBidiad with A0RTCheQNRk ras@lidt&d flow on return
MA¥E(L|OW 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 docs not continuc to pump fluid. It can be sct to halt fluid flow at a certain

pressure value (e.g. 3000 psi, or 210.92 kgf/cm?) which can be set by design depending

upon the weight of sucker rod 21. In other words, pump 13 is volume compensating and
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of hydraulic oil to the reservoir, thus allow ng a
restricted flowto control the rate of descent of

woybi7rnderwsrod 17. Because the punp 13 is a conpemaalionge6147s

punp, it continues 30 to run but does not continue to
punp fluid. It can be set to halt fluid flow at a
certain pressure value (e.g. 3000 psi, or 210.92
kgf/cn2) which can be set by design depending upon
the wei ght of sucker rod 21. In other words, punp 13

réliives NSatH HeoraPhsar %59%9&1?@(11) P
P%%/USZOO /061478 Rggessgggapggﬁgﬁgg y Parker such as their

d satf SHEARAEHO000XY by Parkgr such as
[ El .
t err g{i‘lt ?u'ccl? %é&loxf’ﬁ%m@% cf%g(f‘ ?lg ng&Q@’c componsating

di recti ona used to close
t mimmlauq:srtg romtmwlth Bhecomgideridat ho ldr@blaih&nlw' flid toh@w line 29.

S 2r DR BHTRRah et el b i 29 i closc.
atﬁimﬂ i hﬁirslamaaymma 1%y driaihe vRF1dve likds@Tesd 36'&%@%& caportionjng
(%LBnder 14 now drains via flow lines 2

hyd
S s od A RepengtaeBve 1o aHEndey Ppdsits, T belngtautic fuid
depsiendsidit cdtinded vhey qxllht@ﬂgf lg’ggﬂtuﬁr%s td A whydr 'hﬁes 27 and 30

fluid draining fromcylinder body 15 interior
c dhtough esonostisnpgvatiel | pededdlerss @ themfinB0flow hino ag lwhich is a drain

p rlﬁl@ 91’3 Eésgf{}o%gb% kg@iﬂg’v’ba{ﬂ%%fc%ﬁ l{)g rplrgxﬁd&{] dieh Ren €00 [o]ef(|3’6 {§-8- Thermal

I ne rain Ine 10 rese
TI‘TeralﬁSIf@w odel 3BOGasr18®) pamli ded oil t filtet | (@0l Parld® model no.

f del BOL-8-1-9) and |
a1 aémg@ggpa‘?aﬁ%gro o, RF2210QU)P32$9932) o

d esi r eBinds fre@ups &S Pper Peces @PEiRTer t&H LR apRHdiy) Qeﬁegﬁ@QO drop (see

17 rdI t begins to drop figures 4A a
et YA et BoA? BRERRAESE B 2 S5 prder By bdpuph 20 will meet o
c @é@nﬁ%oﬁﬁnt‘ﬂolr Ihnﬁf'%@ﬁtcﬁ 25 Jcéu&ﬁg 9&9 f(slv{ﬁt 102 Cq;ee! f&%ﬂrgs 2,4A,4B,

swtch 25 which is belowlimt swtc
2 4CAaThg Bnntzmltchﬂﬁes Flodrtto $hi lowier o&d partioh (e lexatmplbhbfoot or 0.30

I [ foot 0

A PO BRL R S5O Bt B8Rl B e onwine 0
oﬁe@b@bypllcamnWGm lime swumb In2€ngn 20 emstacieentpifi@uiaRAY 1D Bignals the
I embodi ne re 2A). it

s kiR i 5 et 1B TR0 S i 5% Scbih vl through the

smdmlmmn@wwwuhﬁﬂdv@m@zf Boid to travel through
t he gortlonlnngalve 31 via flow lines 27, 30.
The pr FBI&PE’ REFHABNS Aflye 3315 2 @agualpronartiphisg yrlve srthrigpw check for

V adswectvd ﬂ@w@n‘i‘@fu@xh@%dﬁ"eﬁfhc o8 id &E&Qoxfrl 09.th §<?diﬁiﬂg 20 rcachcs

of hydraulic oil to the reservoir. e coup
2 therrsaeinty or fipt gyvitchi2di thy disectidnal Yalmwlwhe% diebiethe ﬂow to lift the

B0k P AIRS ASER IS L 40 1 e
| pﬁa;ch ef gradpdiyt slominggha/sieeé oBthehgtinddreo @57 ehd Retordikcted sucker rod
s con né & ? {é%fws{}gﬁ ?ﬁpﬁﬁf@ﬁﬁﬁ@g{}@ ‘ll"g pg“led&’ﬁ?&g‘fddhflé" &ed between
Fﬂﬂﬂﬂswhﬂ‘ﬁiﬁ&mﬂ B WdddnoiBE it YN tHe ¥&atiBEn BEhYRSBctional valve
from the upstroke or downstroke to allow bumpless transfer of fluid to the cylinder 14 and
balances pressures. This choking of flow by the proportioning valve 31 also slows action
of cylinder rod 17, preventing unduc stress from being transmitted to the sucker rod 21
as the bottom of the downstroke of cylinder rod 17 is approached, then reached.
Directional valve 28 can be a Parker® valve model number D61 VW001B4NKCG.
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di rectional valve and the sol enoid controls danpens
the transition of the directional valve fromthe

wapsdrooke3sor downstroke to al |l ow bunpl ess tranBCeUS2007/061478

offluid to the cylinder 14 and bal ances pressures.

Thi s choking of flow by the proportioning valve 31

al so slows action 30 of cylinder rod 17, preventing

undue stress frombeing transmtted to the sucker rod

21 as the bottom of the downstroke of cylinder rod 17

| PropptioariediveldeanRachS ! '

canbg&g_Pa?ker(r) val ve n052FDﬁ%ﬁ%ﬁ%a%gé%ﬁg%%%g%§C6OOOKL
B4NKCG Figurey @y 94507/ 095998 empiugr0e the aiprrgus of the present invention

Pr&&%ﬁa{t%@ %B%QC%W%G%S@ él?%_%éﬁ? (KELLE) Thal, gmgtlc):dc%llbodimcnt of

nunber Show a 'séecon
erfizudised? cofployselifhpplindat 04, ofd thesupkeseidt 21,n&mé 38N coupling 20,

degj d.gen I y e nunmeral 40 _.in fi es .
PR, RS 2 Bl Rt 18 Hegres 15, 16, ofl wel
epplpyepphiabds 40yprovides a tekervbadi 1 %ds ccﬁiﬂﬁhﬂ% a"hggra%iic fh#138®e used for
38, QQUEan FO gHFKOX|n1ty swW tches 24, 25, 26 of

t (PECfHEE Sl detbens K yiinden 14 Guprame T ven suchors engitel 42 operates
PushpeRAGhabiep48. AHEe }5{11@1?51_3 ?uﬁﬁﬁ Gy ¥RLfic dﬂllgid {iRder pressure via flow line
contaLnlqﬂ_a hydraulic fluid to be used for o era%lng

meRite B1et A4s ¢ 12) efrnimigdd 44 fAuid Arapsfenblopiod&r Fimitcthen exits fluid

as i [ 43... The. .
S ens R 3 Re i GORENRS) I8 DRyl incer 10
6 2Natise jimifigrc5 16 tise dldv grurayers2d iofineréRiviiaindhd4iff tyinder 14 is being

T e R SR -
c otmainiec aRi(s¢e fibtfe 12)fdndohisndRiughdlow MY 6§ @se'erﬁfgi.\keg W6 Fto inlet of

16 thaééf%pxglﬁ%éeversed in line 63 when the |i o o
cyPPiftRY Eydrpulig g gonignyes infowfipg 8F Hupneh filter 36, unghis gnpties into
t hgsepidstyiod 17 is falling. In figure 16, fluid is

discharged via outlet 52 (see figure 12) and flows

t hr ougha figwigs 18- Heash1 74 8emprifld 44 i6yhovar inmhae defail. The lower end
COQHEBM oF |j.G£:L ) j s, 1 flowline 66 .. .
RohE TS 8 o SRR Y A0 B0 arections
4 yalve 46, forgpertioniBg Valvard, rellefvalverd ibipakvalivd 49%ng a1 w Bontrol 50.

tail.. The lower end .portion of nmanifold 44 .
e R b SRR B P e ctrvate
d#B dotdtipngh the ¥@hy Madfor apthe nctionhving rasbdt 8o thé preferred embodiment
re¥%FfvaI¥§ 43, bypass val ve 49 and fan flow contro

8PS shduPMgetsd (e At Bedetiakpsh by Hie drumessalp ghirgetional valve 28,

V@idpartﬂﬁﬁngovmﬂ,iaga%néf%we34.7, relief valve 20 48,
function in the same nmanner as they function with

r espectabiss tie4pr 63 ern bd contoliidmwith 2 plogfirgurble 14gié controller or
WheyT @ _Ebﬂta T g?'\?g ﬁilgtgfr%%r%‘ijo Yast % ﬁé%@g{,@é? }ﬁth a_gayge port 54 that

di rection proportioning ‘va
r edn kefused ity :0Bitor Maksas wiiiin thé fludBtraasterbdo kot r ol | ed

W th a;progranmmuable | ogi ntroller or "PLC
cpntroIﬁéwgﬁﬁﬁnﬁP&?ﬁsggéﬁﬁggrggﬁl%Wnﬁﬁé%%ﬂwﬁénﬂWBVP@@@kﬂ39t°
wedihmanigate geittpaid codtrdlnaé vakes 46 nesusRI4d, O TR kleBfation line 69
pre%Pu%iiygéhln the fluid transfer ock 45.
enables to control bypass valve 49. The valve 49 is a bypass valve that can be
used to transfer fluid from pump 43 through line 62 to fluid transfer block 45 and then to
reservoir 41 via flow lines 65, 66. The flow linc 66 can be provided with a filter 56 for
filtering anty foreign matter from the hydraulic fluid contained in the system 40, Bnp

43 receives hydraulic fluid from reservoir 41 via flow line 60 and its valve 61.
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Instrunentation lines 69, 70, 71, 72 are provided that
enabl e controller 39 to communicate with and contro

woharnabdwes 46, 47, 48 and 49. | nstrunentati onPCTMS2@9/061478

enabl es PLC 39 to control bypass valve 49. The val ve
49 is a bypass valve that can be used to transfer
fluid frompunp 43 through line 62 to fluid transfer
bl ock 45 and then to 30 reservoir 41 via flow lines
65, 66. The flow line 66 can be provided with a filter

S@nstaimerftatidngink 19 eMdblesTATE@E IR dWakbESrob BR%El%Ne 47. lopstrumentatlon
hydrg&llc fluid contained in the system4 Rnp

gaablegl Ta9|39ct°fqomral direstipna ye 6116r 41 via flow

l'ine 6Qnﬁnga Al 193 i
T US208 T By efimittes oot e RRLCRIES B agrs orpe ke, Tho
3Pypessaahve (B of heofemnts amnta:ldmbm@s dffatukerttiat ermbles did fine mover 42,

li 7 9.t0 contr di recti gnal val ve

+8°8 SRADLERI R R g R Fom PRI Wi for a period of

rmimﬁ (@@ﬁc 80atinites)isfai bb@ﬁni_nglf@ o%oaiﬁ% lifbyyRasr Mal O’tﬁeﬁvglse the lift
eature that enabl es

ter at e enhodi is a
¥hrbcfef %?PeﬁénH h&ﬁw atehEt2yds a6 Pf thefnreferred embodiment

b Qif figures! ITP e dncﬁ anHé: ERSERMM ué‘li]l% LavYag 0y U wWifth (?an%g 'Eﬁe%Qme valves
of tine : - 30 m nutes ef or e begi nni ng

0 [5%3 ak @k?q l}r@n(@yqs vAkes 284831 @7 Wespaitseely ofite Iplréﬁarred embodlment

cyl i ndey,
25, 26 o?élfqﬁgé%f) DficARG G (it Sh B %ﬁersegs 15 fhopnterconnecr
aRarts A0t He S2afb Seendenlws UAgidalove 46, 47, 48 whi ch can

b h I P I
R T A N

Bhsacslzd Mopaitprb@pasdezdlv\ent@moctharﬂm?i Sow® ?@ﬁ%lgi@ 652' f@%ﬁt 51 and then to
S erconnec ports
%%éﬁ £ﬁ§m9§% ?mgjg ofpdpcki4f-t i gure 17, bl ock 45
| s show figiredes,ahk dpdble cpyPas §hd’=191§ 8t + | 74 in block 44
controller 39 is used to Operate bypass va & 49 §

t Ramerisdnlet X1 apgdlory bin 43 weouslet $parpbilaw e koo thaelnydrmhc fluid can
PBE hurdgeBitlick b{%@mﬁé £y ﬁiﬂ%@ 'M-] %r UP%II:[%\I/%'{[%L\/%& S 1474 2&15 In

figure 18, the up Strok® cy
channeln figuten 19 ﬁlﬂ&ddwnstMrra&twm ghbatn ’Eﬂieraﬁdmidt QW is closed and

| %%Iff 19% ﬁélﬁcfj l%ﬁl&)ggs ﬁ'53 a %%lnlgw zlllltjlﬁgrelgl%p&e QEH‘F%S% #pd a channel 75 of

C‘ylbpln déthat 4s fhad cblﬂinmfnﬁdaﬂgntvh&l fiodsind 65. 2 fighk 19, %ﬁroportlonmg
&ggbéoke cIe is shown wherein Inlet 51

cY%‘ée %"3 g’ﬁ% PIETR 1 RSl 1@ Tepgivoie yiarfiayriieg 67 Aerbehaptel 75.
via fl Eig‘ufdsnm-§§ shewt ﬁ&taltél%aﬁengorﬁigﬁpﬁfbﬁe or %ﬁo%ﬁn}]iﬁ)gd, designated

bl ock 44 that is fluid conmmunication wt
eenerallyfydhe sumeral Yheltmhopldrbei undprstp Odvtéhivtée 4fanifold 76 will be used

OimadHbldaYio AR elr%yﬁ via flow
65 and chgnné?a§eg 8?3&m§3né§§%% ﬁﬁmg Fé?ﬁgpécmnmmn&nug
cmﬁﬁm@hﬁa¢m9hcﬁ%ﬁﬂvﬁerhhandp@dpmgeﬂmgmaﬂeﬂro@@heﬂﬂébmbomnwnm

b nungral 76. It should be understood that the
ﬁ%ﬁ% gégy ' Wil |l be used in conbination with a

r eser vbi ﬁgu.’tés 2028, Eslightte difibrent VA in@ediRb S@ner® RO BSMed that utilizes

Iﬂr(Ppperf:' Qalve gavmg a conically shaped valving member.

Manifold 76 provides a fluid transfer block 77. Attached to the fluid transfer block
77 as shown in figurcs 20-28 arc a dircctional valve block 78 and a proportional throttlc
valve block 80. The directional valve block 78 carries a directional valve assembly 79 that

includes poppet valve 85 with a conically shaped valving member 100. The proportional
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25 punp 13, hydraulic lift cylinder 14, and punping
string/sucker rod 21 ofthe enbodi nents of figures

wa-20@/09193f i gures 20-28, a slightly different varmiSzg7/061478

arrangenment is provided that utilizes a poppet valve
havi ng a conically shaped val ving nenber. Manifold 76
provides a fluid transfer block 77. Attached to the
fluid transfer block 30 77 as shown in figures 20-28
are a directional valve block 78 and a proportiona

t hth@dtilk Q@alvy BlokR 8b|cﬁﬁ'h%s%q3roﬂ_&%ogélrtﬁl%ttﬂl@%l/e gl’:ll Tﬁe 8% anster block

78 carries a _directional val ve assenbly
i ntl YEBertpsHet valv 82 bamsawalie 83, donllom pbgtr@tvape@zt poppet valve 85,

b o sReuERARE RG ilts BDRuRh SRR hRIY 76 Sholl i Ggurps 20 is similar

cdpﬂm@smampnupﬁheabnaﬂe@hwodtmﬁumﬁﬁmaesx19Hhemﬁhh&ﬁhmmbk176and

tr. ock 77 su ts ief valve 82, pass
v R kgl PRRecan e SSRERNY SofrBaimitn § Brosempplodbigs controller or
aMGhmdMeenMﬁinmtzﬁﬁ;nsﬁbﬁnQ@ﬁg&%me 20f the manifold 76
shown | ?gres 20-24 is simlar to the operation of

the alt elg?ifﬁ Lt Ffetestte 41 wrpttoke grigntation fayapanifhlsl 76, as when
MaRé hadreufbliRBHitdel 19 MATHRAMSnY &r¥eRuCaR rBE F? Ml B‘éﬂﬁ’ elvated. In

controlled wt progranmmabl e” [ ogi'c contro

P usssd It a6 %@chhr?@mramdgmarswtnmg 88 @tmdamthh-ﬂiﬁzv line 87. Flow

it | hroke

or S0 2o flectslcR il b vt AR AL RO A el In igure 21,
| ipoppeiyMalveddris d.lsznethuis qilwmmglﬂmdtﬂbwn@dm iretefitt i @8] fhlowdeflow linc 89

b I vat ed. res. .21 nd 23, Dbloc
pr%lc))\l}lg1 gsgandlﬁp g CI’u’ﬂlet ﬁﬁlﬂggé ?‘é(oh‘%gtlh 1g f{gl%‘?,v?},lth%proportlonal
8 ThroFtlcovalve08 1 isma)ss& Tang) era)hsnﬂs’meis alsotdiddad. 88 with

ting. 93 as shown in figure 21. In figure 21,

out | et f|
poppet zf[ BPECS3EL: 129, Qfety 1 ﬁﬂ%’nﬁml"fﬁvﬁ%ﬁm&? shawpwPennstvalve 85 is
| RlRbd fdihd 4 PO |
then to é%tle?ggfﬁg?%ggggﬁégéb%%%ﬁﬂﬁg Tﬁ%%%e%%ﬁPgﬁhgﬂgedeegl
218 opered peivsdhe PhRatontrdient Mabtveril %&1 Bovide a‘.:d:cms(adiy shaped valving
T I i

Wr{%nbet‘ A@I&Vot\/\/m'ag?rfégéxefp%g ?}J' d‘? | ‘tglr'n]z&iso% th {I\e Im%iJ %%E?he\j 2&2,25 26. When
8!’416 Brlmq Boykons2 dpersies g;ompah:ﬁtmg ppmprapfmblre id gglefated in flow line

c I 0 pal tle valve 81 1is

o B0 il o lcs (0 1B OPRE o Rinetst! TolonyestBrioeeuy b e travels via
afloortineaB9 0 19bajeet feihy DB gnd MRARES AP fine ¥0/Be %%dr‘éﬁ’]ﬁckﬁﬁ cylinder
vﬂéconblnatlon wth the limt switches 24, 25, 26.

the prime nover 12 operates conpensatlng punp

13, pr apsdl BicihydBRN TR Sindd 1! : iti ;
attaches to gﬁ%pk 77 afgﬁﬁ | et #?%%#%g§§§&§?° Ebosition, coupling 20

phésdlig wpsemest diput awitch20y The timitwwiitsh 94 act@utds| tbmpdogrwmnable logic

SR | b 108 A9 0 s 25 ST, oo

| tPfrpttby‘valm e:hatlépﬂe@aaheradh pfppﬁrtmg)sstofpopdrﬁﬂgo ras controlled by the

ﬁgx%%f ?210 }1082040031230 fé%O BZ—PZS Vi 6{3? g]ﬁ%ﬁsgﬁ\;\%tnfcggq%g Thet] valve 81 has

opened allowing hydraulic fluid in cylinder 14 to travel through a return flow line to block

fitting 93 and then to flow lines 91, 94 as shown in figure 22 exiting fitting 97. This
hydraulic fluid then travels via flow line as indicated by arrow 96 in figure 22 to the
reservoir 11.

When the falling pumping string/sucker rod 21 is lowered so that coupling 20

reaches the second lowest limit switch 25, valve 81 can begin to throttle or close so that
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controller to begin closing valve 85 and openi ng val ve
81. The valve 81 is a proportional 25 throttle valve

wohed7/0opeas a desired percentage of openi ng asPCT/US2007/061478

controlled by the progranmable logic controller. In
figure 22, valve 85 has been closed. The valve 81 has
opened allowing hydraulic fluid in cylinder 14 to
travel through a return flowline to block fitting 93
and then to flow lines 91, 94 as shown in figure 22

ol co 7 u
RSByl YL L B0 MG s 2
t heacliw thedsmewp'rpxmlty Offlinmit §vicH 26 Ithtngalpel Bpiinglosed and the valve 85
stri ucéﬁtth 1 is | owered so that coupling 20

383 PRe™E %ﬁE@F limit switch 25, valve 81

C an begiatve 85 bl‘ti’v&lek lh@oficaltt s pedor thpsrbd vatbdg Wdmber 100 Thus, fluid
2007/ 0%93 PCT/ US2007/ 061478 the. rate of descent of
Héa"ﬁg% ARG e praw S dlesy lng,$7 and indet St repshes hlpek 77 and then

CapRlelsNGs RO 1iH6 89 RESI: B8, TAWBRLetRORaLBE Hu'to HaWEthrough valve 85
switch 26, the valve 81 is closed and the valve 85 i5s

operfiay bee 9hathe kapersgoshape epedving myaibee 188 ofindwdtdeanyssurge as the
CcQ \/ | 12 r .

£ iR X RbaD Sl Bl ARGE ORI ISR, iiE05 I8 ppenca.

i nl et fRelicfngv82 caxdehwed tolppciectilic @rsd:nh frem ovbrmavelie. Valve 84 can
vi,a fl I|ne 9 to,.inlet 98, T tl abl e

I dretb bodas drind RSt g s huits veRls 58 4o B 81H pyggnrol flow
t &ﬁﬁﬁ@ﬁn&iﬂ&ﬁﬁn&fuld/ﬁi ditdtionE ARG 7DQEcceligurtdat, ) any

surge as, the dual ly taperlng val vi ng nenber 10

roves i Ehe BRBRSY SRV §5ichp b Tonexnle 2 Parkgs diasgifin Falve (part number

Rehi-etmaorséec afhe%oﬂ&ﬁ@n&l@hlﬁftfétv%% chhe §ymgﬁ@m valve (part

overpressure. Valv can 10 be used to control th

cdﬁﬁmﬁ@Tﬁlﬁﬂﬁ5ﬁBVQﬁB2h§HW9tIe val ve 86 can be used to
cont r ol 0 )
ol ve® 7okl PR SRR B bl ol 85548080 nepresen
benfantiosxdesignated g@mrkkbr byHdie mufneml\l ar.vas(witdr the puetbeed edbodiment,
e pr o orth? throttle val ve. can be
t

1V V‘ﬂliOIle ﬁ,ﬁ% ; .
a BLVRIL PR fe'm? C{)’aﬁ,‘fg YA 1 FRIpRISAting pump, primic mover to power
TRARZSIOMNS B2l e), Hyklrdrilig Wi R§likRr 14,3418 @ Y6 A tHEBling 20, sucker rod

al ternat.e enbodi nent of he apparatus of t he present

i RFGIIRERE STHBS Pgnitag 3 éeWéF aPIghe24. 1 Rrgd A copfyplleryguch as for
W dxhmbRes Prodtahmstle @6%9 dbaBiMer 3991 In VR RO figures 29-34, a

enpl oys a reserv0|r npensating punp, prime nover
t copbraber 3%gmep as @@r‘éga@lmﬁébglp@é)conﬁyléﬁraml “{P&.0" dan be used to control

¢ %h& Eﬁg{roﬁc"’ r%dqy %?f(c ?9‘910 il}%rgﬁf?(lughh@& 1%0 &%%g@lﬁ g%amc 38 can

263eapld>valeddnt mqulpbsir lisht ustitchss 2dr 230 Zéxzamphﬁ @linder 14, as with the
pro I AR le.ko ic ntroller 39). In the enbodi nent
nﬁf Q Bh 55%controller 39 such as a

pr ogr ammia’@hﬁeslmm Afithy 03 B2 cOmpemdabing Pﬁ\ﬂnﬁ b&ich aesvmable volume
control the up-stroke and downstroke o

CYIUTHY 8% S9e gw eXagwle polyS1Patept, Byrpberg3.d 30, 093 en 1tled “Pump Control
System” and assigned to Parker Hannifin Corporation which is hereby incorporated herein

by reference. Pump 103 can be for example a Parker model hydraulic piston pump model
PAVCI100B2R422. The pump 103 has a cam plate or swash plate 110 that can be placed
in different positions for controlling flow as is described in the ‘093 patent (sce figurce 1
of US Patent 3,726,093 and accompanying text. The directional control valve ofthe ‘093

patent is of the four-way closed center type for controlling the actuation of a double
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be provided to support limt switches 24, 25, 26 and
lift cylinder 14, as with the enbodinents of figures

WQ208/09@931 n figures 29 - 34 a punp 103 is a PCT/US2007/061478

conpensati ng punp, such as a variable volune punp as
seen for exanple in US Patent nunber 3,726,093
entitled "Punp Control Systenf and assigned to Parker
Hanni fi n Corporation which is hereby incorporated
herein by reference. Punp 103 can be for exanple a

P .

B BRSO D b sFONG sy orcions
114y thé atletq:zmt be amaa&ﬁ an@Or portsdaﬁcﬂgrzepztlr pheirh @osts f Biee motor ports
contr ol i s described in )

( e S Pipgelp Wi pivERTS o Samoies by QLR ARy gno of which
t e&lens When dhe esbliardlmsnpbal ivpleyfirDbd hhe theo&ﬁer of which is cam-
patent is of the four-way closed center type f
c SPEReA Ve therrssopiatehioiT rort & fouEEiCated Mo adjacent return port,
2007/ 0981 83ntkeTTé bEpERRd HIGHHR pePGd ditiehidd &4 Hle Q@EQ{ pl&3410. This is
co ri ses the housing having a bore intersect

chievgd byeareabisian 1 wwlhs onmnetenfb of the dyash p]@m t1@forking against

t

nt&l? Eorﬁgffléé S(ﬁ;’énbgm ?ﬁ:egotﬁg %tfm%) ﬁor % olfncﬁ]e f ? 1%%&& aPPetngﬁrmg spring on
mih@ pthey endhyTld capitiet kpocd (198 8ctonea nfetmhigdhlvd}phn]s vidtisgrthe pressure

e.a ci ated. notor. port is pressurized and the other
&ﬁ@jﬁ F%V%ngqbﬁgbened when the associ at ed not or
p 0 r t | STlexmmadmi Gﬁﬂlcﬁzdpﬂsﬂdhbcd B}Q}uﬁhﬁj HZ88cpcalidtt DpHotc lcngth of strokc
control is achieved proper posi.tioning

t rﬂaf theRERPipe Bistes1g0- f’ﬁtfsslerr%gh SelFev gefugy 1%@%115%%&1@ position
11T tREL A pite 906, RNEiREAmMIAdS, 8 WeRiBvdd a%taﬁ a}l%fé d@%@m degrees.

agai nst the conbined effect of the off-selting forces
of t he Phestogaimngiagonheirel 1génd@vanry the piimg mewver ghé drive 108, moves
ot € SR,

VaRERERT 120 B ARNLE Rien SR Bl St B g o PR Mytcaty agains
p itb¢ fane ﬁzﬂ.@le swheh @aeuno. Wl’fehmh\% gwash piaecel] Hyis impve€idalipgsition (figure
Snden st.r ok '

p| S a’ﬁli? gwl clg e%?l ﬂéetl?‘%R‘é %a"r%f]tzh hﬁepqﬁgﬁé PRton stroke and

d %ﬁﬁd@u@ﬁ@ llny fliid &ligp@seiban Whén thBewawasihtepl 1@t1§p éﬁ@ened at an angle
Maxi mum flow i s achi eved at an angl e of about

d é&%@éiﬂ Ttherisongd £t gregpiced in sk qud pf thpparrgh Weq*ildalwci fiigplacement
Prehif® JrkerTingheict e A% of@%%@vasﬂ- glag‘ e10ithL gf%r cﬂ'gtge piston 120

in a circular path and piston slippers are su
hytioket ati cal | y agai nst the face of the swash plate

posi t] o Faa o EhFeg R fahhy SSIAL Bion s opptine of tho

OfSWtath pﬂatstldﬁ ashein lﬁ]ﬁgufd$e3fﬁ-3l4$ 'ﬂi‘helﬁf(ﬁé,othesplsi@lne 120 effective

and uentl di spl.acene When .t he ...

o PR RS Bt o0 Seeraliedn 5V AT EREENY o ¥ TotitalgeutraD position.
3 3Dhis dRBoRInG FHAS isbdBneddenshtity $RMh pAtaNd i9:g18f bytthe force of the servo
barr el 121 and fluid displacenent 20 takes place. The

gﬂ%%@%ﬂ fhe angle of the swash plate 110, the greater
the pi gheudtd, psibf RKEarting a prime mover (electric motor, natural gas engine or

diesel engine), a control valve (e.g. solenoid valve) 105 is energized to dump pump

control signal, bringing the pump 103 to a minimum pressure (standby) position that is
shown in figurcs 32 and 34 (scc arrow 104, figurc 34). Any flow discharged from pump
103 travels via flow line 114 to reservoir 11. Hydraulic fluid does not flow in pump

discharge line 114 because directional valve 106 is closed (figure 30). Flow line 114 can
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The centerline of the punping piston assenbly is
offset fromthe centerline of the swash plate 110 as

wehewvoore3fi gures 33-34. Therefore, the pistonBCT282007/061478

effective summation force tends to destroke the swash
plate 110 to a vertical (neutral) position. 25 This
destroking force is bal anced as the swash plate 110 is
angl ed by the force of the servo piston 119. In
figure 29, prior to starting a prinme nover (electric

MHeQfrovidad Wit cHIalR vEREI11§ 8", rew@h@ﬁ:?(!k BRI IR valde 106 éo pump 103.
control valve (e.q. solen0|3 val ve) 105 is energize

t OVaEHRe U Mewts sertsd.ghedtatehiyyl Ofandtae pumun@ﬁump 103 turns
a P 1B FHIRLRA gﬁ%ﬁ&ﬁ%’lﬁﬁ AP YéOOO}Qﬁ%\Xl%I h i 3)%%{113? A 3 iﬁ%\l\ﬁay (figurcs

infigures 3 sSee arrow
f 1383 @@h@ﬁlgleldteflrlﬁris mmhqiow];ﬂassm'eqamitmn\uf fighlee B0 hd82. Pump 103

1 VoI r s.not flowin
ootk &L ERRIK B it G hoithe A o aress e pripgue can be
| Sre]nrived; &Sing fdhgﬂxfﬁvea@% tha&|dﬁﬂipb eXR sl ssuddto redevOh 1 via flow line 141
2007/ 090193 PCT/ US2007/ 061478 be provided wth check

var Wllf‘:? D prempty MRl 1 Wﬁﬁ?h/ﬁlewﬁ!{)@es ingo prgmyyoir 11.
103.  WerpishkprdydR ¥8Y %@m‘eﬁ 3t Q{cf 99) bédind B%%l%ee%elgmmg the two

drive 108 and the hydraulrc punp 1 turns
s @Pgitipp golepeid yalyg RS aglosibe fowlded 1Bzmmahmg1sw¢se plate 1 10 to move to

prtﬁegﬁbﬂit‘foxﬁﬂ h%m@g ﬁ§tﬂﬂﬁdﬂyar&f hl%{i}ﬁ% 0%11.1?? 1§§ ) ];re%swéeu roelglcrease The

plate 110 is OW pressure
3@onimollc@ B9 daengizdsOBe ﬁlrlccticaiabmﬂftyma(slcb Gigldcld. fwnem thc dircctional

REREO8 bl e By Sl Gl SR PHER BimL8 oo therod end

eX 08 9f tipr Ingisailie cymlcreeseravon(sbéﬁgu@ dgyow line 141 or
flow |i 1 _can enpty into rom1I|ne 119 which then

enpt i e hFHPg:V%?' @EWFefﬁlﬁﬂﬁchﬁc%@F@N@3@%@ﬁ8utsaﬁ1ﬂﬁﬂanuppﬂ'
f pgdisy 3Witand4 F3ctpeed Hﬁtl‘f&%o@ﬁﬁﬂ?% gh R d e fir‘f%muty switch 24

posi tion sol enoid val ve 105 osing flow line
e thsmisignglssapisplles B te de-poereize tindiractiond Qalyh 06 tsistalbing the flow of

[ 103. u
| e AR naR ) L1 14b SIS L Proramil PERRH 5 g asignal
v & gentrodigr 33 edvidhi signaks tB@brop\ﬁﬁmmI few donieeivabralo7 ty db¥eto a point
ner gi.zed, raulic flu i§.directed via flow
gﬁvevél%&%ﬁm%li%ﬁﬁqtc{% H&°F i Torgy &‘16@96? TeRE My H-aul i ¢
cyI I nd@he leylinder kbd (el Idvastr & Sdend I8 deBfled {eWc tﬂr and until the
el evat e ol retract (see arrows 111, figure 29) unti

aROWp8r20 1agchss o%?P%‘K% Prosniy switsh 23 nostioneé @ @}ectwedlstance (e.g
C aptbkintted) oad f&&e ok @d301-zictcP E)Oﬁ‘bfﬂ n¥ b%Wotn? Bagd ot{tﬂg Iilod 17. The

signals controller 39 to de-€energize the direction
v aent signaktaghe hwppﬁﬁglal advd | &Giwwdl thempel deerkasedfand umblmsms further,

f
ik Ao 17 8 s o R B S A3 aecotorate
proi dlnet qcnmahg 20 bwearohitthot andhlenehed Bird roeipeity switch 280iARthat point,
i C f|UI di schar ges . vi lines 118, 119
cine Dt A 9l sSpmoite ‘éfﬁ?m BBroReBienebvalyt [0, lgsingfand hatting
etticdlog @Ihsalrﬁmslﬂh&dﬁbiﬁﬂ &3Ghdet 1an6 rédbvdir I N6ia flow lines 118, 119, with

a voltage signal again sent to the directional valve 106, beginning the cycle again (see

figures 29 and 31).

It should bec 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
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coupling 20 reaches second proximty swtch 25
positioned a selected distance (e.g. approxinmately

woneo7fooe3 or 0.30 neters) fromthe bottomtravreir/ustoo7/061478

the rod 17. The <current signal to the proportiona

val ve 107 will then be decreased and it cl oses
further, forcing the cylinder rod 17 and attached
punpi ng string or sucker rod 21 to decelerate, 25
until the coupling 20 | owers further and reaches third

Prooxirdl nd B dntdht 8bswah Ffa@f 1000k en a IbREr &‘er{nﬁﬂ m pressure position

sbgngl Wi ll be renoved Tromthe proportiona
FIesi2ngnd & higkprhznessurgy positien qucﬁgum 3Hy1@raim iknown Parker’s

Fﬁ'bﬁceftfo’ﬁn&rﬁﬁ(ﬂcﬁ n@gﬁcs]lﬂ'A% r\?a%ﬁ%?éobmg cm% ¢ %%)Vr\llt lgnps at page 6

a vol tage si
dideseritics agoniral epgiond M” ﬂ&@ |cnuid|11§: IISB@ a€ peﬂt ef dgansth68 € the present

fi, uld be u r st.QQ

B30 RNl 40 308 Inriubbinsier ) 1Ochpinvempine posiions
kmhunnmuﬁpmsm2h3AS Par ker Nbdel No. PAVClOOB 2R422,

descri Par ker publication entitled Serles

PAVC V. PF‘&%R‘@M& ggPWE%WP%%R%HWWO Pt 11913s\wved swash

200 9901930 E@yt&z (SQ@AAZ& 1099 Mo nfé fhp HE)% 196 move the
swash plate 110 tween a | ower Or sure

P 6@}3%1‘?56 Amoght sjthe edinger baverld2hirgfhtes. r Bsww Bé gmmgtlmd ronly applies
0 Par ubllc tion

e%%lfﬁ:ﬂglg gfeséiérﬁl galﬁgt }8/6 tré/l%a P %e ple e%%rrﬁla £§-gybrass) 122 form
Panptriaae heayecngungepistonh ¢ 30 and: mﬁsrhqjlate atoon "M that

could S as ar ne of e _present 5
i nvent i on tﬁg)ﬁcon %con&ﬁ?ﬁﬁofﬁ) ang% thafshufis batween different
1 pOsiietsnéimurdshal, pa;u {Th @iggre 34 QWO nhiflinfallg Pr&8urkd-p3dp 168 transmits
the f'gﬁw§'€%>éﬁﬁer Qr m ni num posi tlon servo pi ston

chapngls 13,0136 13h 127hdBY sodithenoie reservoir 11.
(&rﬁﬁvafmmél%b y@ﬁ%tﬁb@uélﬁgoﬁﬁ@m stons 120 nove the
smal | est anount as the cylinder barrel 121 rotates. In

fi gur e S32sh Blgte H§ angle conirgls sheiuites o efiths prachp PO sSsuesh plate 110
a t

peRaEs coMRRiSa e kD pefirl R dafe Shnd ShETHnEstg pumping
amﬁt@wéga apd &y ehelfgme Hithg sekO3 piseon b]@OVTIGEefoa:dl@chhé &drvo piston 119

that .shifts en_different
%Q%z}t%{:tgm? b}e% L& c P‘g@jmg pistops 8 ﬁg W%glg botlhh’aé‘e at the same pressure.
m ni mali figpres 2984e doﬂﬂﬂ‘ﬁ'ﬂbﬂ}ﬁﬁnﬂ 13844 &:Sp lo a_nb ortionally controlled
draulic flujd via channels 125, 126, 7, 139
a RESTHR foRtEel de¥ise installed thelﬂ?“f:l”éﬁ/\mahlsdﬁ bﬁWéﬂenmglpl K03 discharge
t Dt k@@rves NG Wik | EFcoldBiheR B3Rl hal
controls the out uﬁif|OMIOf fhe pu%p 16§M%é§3&%ghﬁcchudt0ﬂm
1RTGSSUER B e IPS‘H’@CS&M}I@‘[ gead lapptiom 42 plus ¢haymney d%dentlal setting.
agai nsiyythe s t-he I ston
120 and’ by th\eeﬁ F@%ﬁggm#ﬁé% é%@éﬁpﬁgfgﬁe%%g>Efﬁ@nmiaiﬁon1ﬂw
f ottpet dianndld 2§ o e irat pistoh119 9 visoficeairathatriedm24 Bl to the control
f ﬁé?%’% Xéla hgssgge@6n %s%x%gt a(?sqge %r%(s)su\é\deqseaq bp)t%t err]ldgjl E)F the cont?oel 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 leavcs its scat causing the pressurc 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
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20 In figures 29-34, control of punp 103 can enploy a
proportionally controlled pressure control device

wonst7abdmwe in the flowline that is in betweenrPpumns200861478

di scharge and the reservoir 11. Punp 103 could then
mai ntai n pressure approximtely equal to the pressure
at the punp discharge at |ocation 142 plus the punp
differential setting. By neans of internal porting
(figures 31, 32), pressure is connected fromthe 25

out1pUb redR@NBehe Al tThid BBvSBIM QedicSt AR &g%zag t@? gx&ﬁqi ifte 110 and

or_channel 124 and to the control spoo
pdegsheretiyees the ppppg 163 ontput fpwssures at both ends

fthe c ' | . th ool 123 .
i 1 oy BpRaars ot g ERkBo 3 Mons " P Rue” Gt pring foree
t Wethesyppoinla®Zr, thihamtot geolil 23 meashgsvdrli e saintdifngn &fuilibrium on

t .8SS co ator contr ol .. the 30 spool ,
L L R N e R T ———
C lanbeitrd] epdis nid ey 0pdbringie: thepRelp 1023 oNAMIBYESsplacement.
downwar d .causj ng pressure in the servo piston 1fb

cavi t y P&SYER!> e upsERktresitionsy theppparasen 3dlance Benp 03 in a high

atprddaer HRnPk®h, V.Q D 14 ..
BRSNS ) kRt D8R Rl S1RThg phrion 130 of

r igfltent fpvsthue inaressingrtbe websnet diefluid gluetped byteacls wash piston during
Dlp%@% antﬁ%re theraby 156 %Liﬁa%ﬁ. Iy BY rﬁB%i Oixoll l%ﬁirg%i mgghrotﬂed by

fIow. pressure on the control s
berifee p2%sdowevaymtessprd dugs fravaleo channtiie 73poeldiebadi@arrows 131,

t ontrol,s I 3 noves dt intain_an

e R BB R sy P T Y Hiflend 335 cpessed frinesgngs the angle
p bé?\mﬁheplitall {l(Stdlﬁb ﬁymmﬁ@b BEidh Ok pt%%ﬁﬁﬁééh ﬂ%&l‘éi Ot%é,ﬂt@ﬁﬁtte(ftb Piston 119
contro ol moves up, bringing e punp 0
na%ﬁWﬁW$§?§§%&8én%%%. In figure 31, the upstroke

posi ti QcIinBePORAha ISt dBarlYcf 998 cHUILE R E&l%lﬁgﬂﬂ;]auﬁc fluid
pressure position, swash plate 110 ?ornlng a greate
aflgPéngaint fipw Hae dil9-e Eldvoling 385 afd vilwé [ 3@ nen be oved toumovide flow to

[ ' u . 1M ed.b ac .
TSRS, SLUPECind |4 RSO0 GRED BB an 12
oplow it bA9 dictakgs Gomrfarc havhael erh@fesits réderatit 1 2d by

orifice,L28. However r.essur es travel to channe
127 | n%Y‘IJ%%‘%SiOP& PSR SIR R Oggﬁlfres 53371 the BUARDDINE bHO of pump
1383 antiug hejosted bpivededrhidhl folufle Puipidel GiguesORes R B 418 low or no
i ncrease the gle of swash plate 110 to the figure

OB RGPS (Pl essiqrd 4 Rastiowst Camdol velvel 108 ipihss eperated to
13&1121’61??08&&@ Bﬂﬁ{lﬁlp]lag at 1 fgteh2) g&s&é‘t %Qiolv&flﬁ?hggcﬂﬁc and to start

ot her heat exchanger 134 can be Used to coo
hifgraagriatusiyhanceginnéng ingnjunlopHedypiinp d 03 pOsitiGh Gligures32, 34).

135 an B rovi de. fl ow .
oper at gn ié%g}éﬁ%—% ’a%%@lg&d E?’%\?\S/ Stlhlgﬁ'gl t%l%c ¢ h{}fﬁ ng ?% phannel fluids to
f thermarione compdnérds slpewmatre fifaes 29430, Athewnirid®d 145 is shown in the

djic?xsgs ok pggi 15?1}‘11 gu:lle% S%d T%g%gaimefgldt 1(215 rise 8 %’[V%Oirh {he%})'stroke position
in figures 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
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Wth the oil well punp enbodi nent of figures 29-34,
the swash plate 110 of punp 20 103 is thus adjusted

woebomwenoki gh vol unme punping (figures 31 and 3BLTAIS2007/061478

| ow or no volunme punping (figures 32 and 34)
positions. Control valve 105 is thus operated to
control pressure on punp 103 at 142 (figure 32) to
start the downstroke cycle and to start the apparatus
when begi nning in an unl oaded punp 103 position
(figures 32,1 34). In figuresednodl, a manifold 144 is
shown that could be used to channel fluids to 25 the
vari ous congonents shown i npfimguneser29-30. The

mani fold 1 is shown in th wnstroke position in
figures SSﬁ'S. The nanifold83%§8$%a%ﬁgﬁﬁpin t he
upstroke pdgition in figuragdd8lcit ciflineef ol | owi ng is
a list of rts and naterials.suigégle for use in the
present invention. 30 PART®'{ rt Nunber
Descriptioneée 10 oil well pugplow ke 2007/ 090193
PCT/ US2007/ 061478 11 reservoir 12 prinme nover 13
conpensatiﬂa punp 14 hydr agYlijnder s cylinder 5 15
cylinder bgdy 16 hol |l ow i nt ggir, eyl i nder rod 18
upper end portion 19 Iomer&@%gegg %F%%J 10 20
coupl i ng 28%unpi ng stri ng/ kxyekend podion22 oil wel |
Chri st mas ee 23 well pipe roximty or limt

swi tch 15t2 5 proximty or F%ﬁ%@gsmﬁtch 26 proximty
or limt swltch 27 hydraul pempingwtririghecker 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 linc

33 flow line

34 flow line

35 manifold

36 cooler

37 ventable relief valve

38 frame

39 programmable logic controller

40 oil well pump

41 reservoir

42 prime mover
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28 directional val ve

drain line 31 proportioning valve
34 flow line

ventabl e relief valve
controller 30 40 oi
nover

29 hydraulic flow line

38 franme 39 progranma
wel | punp 41 reservoir

20 30

32 drain line 33
25 35 mani fol d 36 coBCEMUS2®7/061478

ble I ogic
42 prinme

-16 WO 2007/ 090193 PCT/ US2007/ 061478 43

conpensating punp 44 manifold 45 fluid transfer block

46 directi onal

val ve 5 47 proportiona

relief val wg 49 bypass vaIv%O§Qe&Qﬂné#
inlet 10 52 outlet to cooler and reservo

val ve

r

contr ol

48
51
53 outl et

to hydraul i4 1ift cylinder nBaifgduge port 55 cool er

56 filter 455 57 fan notor %ﬁi

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

a{}{s%c? Ibijo ck
directional valve
proportional valve
relief valve

bypass valve

fan flow control
inlet

outlet to cooler and reservoir

outlct to hydraulic lift cylinder

gauge port

cooler

filter

fan motor

manifold

manifold

flow line

valve

flow line

flow line

flow linc

flow line

flow line

flow line

flow line
instrumentation line
instrumentation line
instrumentation line
mstrumentation linc
channel

channel

_17__



59 manifold 60 flowline 61 valve 20 62 flow |ine
63 flowline 64 flowline 65 flowline 66 flowline
waz0@n9619ew | ine 68 flow | ine 69 instrunentat PON/US2002/061478
70 instrunentation line 71 instrunentation line 30 72
instrunentation line 73 channel 74 channel -17 WO
2007/ 090193 PCT/ US2007/ 061478 75 channel 76 nmanifol d
77 fluid transfer block 78 directional valve block 5
79 directional valve block 80 proportional throttle
val ve bl ockss 81 proportionalpthepttle valve block 82
relief valve 83 bypass valve 10 84 fan fl ow contr ol
val ve 85 péppet val ve 86 shunifdld valve 87 flow |ine

88 inlet figting 15 89 flow ljne o piock

78 directional valve block
79 directional valve block
80 proportional throttle valve block
81 proportional throttle valve block
82 relief valve

83 bypass valve

84 fan flow control valve
85 poppct valve

86 shuttle valve

87 flow line

88 mlet fitting

89 flow line

90 arrow

91 flow line

92 arrow

93 exit fitting

94 flow line

95 arrow

96 arrow

97 outlet fitting to reservoir
98 inlet

99 outlet

100 conical valving member
101 conical valving member
102 oil well pump

103 compensating pump

104 arrow

105 valve

106 directional valve

._.18_
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90 arrow 91 flow line
94 flow line
menmber 101 coni ca

di recti onal

107 proportional va

contr ol

110 swash plate 5 111 arrow 112 flow |ine

suction linm7 114 flow | i ne
flowline 117 position

pi st on (B%np pi st on
109

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138

92 arrow 93 exit fitting 20
95 arrow 96 arrow 97 outlet fitting to
25 99 outl et
val vi ng nenber

103 conmpensating punp 30 104 arrow 105 valve
val ve -18 WD 2007/ 090193 PCT/ US2007/ 061478

100 coni cal pealus200g/061478
102 oil well punmp
106

109 rod end
113
gréﬂo'iu&ba%gmyal MRel0 116

flowline 119 servo
drive

| ve 108 drive

rod cnd
swash plate
arrow

flow line
suction line
flow line
check valve
flow line
position
flow line
servo piston
pump piston
piston barrel
wear plate
control spool
channel
channel
channel
channel
orificc
channel
direction
arrow
arrow
channel
cooling fan
flow line
valve

spring
compensator control

_19._
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10

15 121 piston barrel 122 wear plate 123 contro
spool 124 channel 125 channel 20 126 channel 127

wohRened193128 orifice 129 channel 130 di r ect POT/URR007/061478

131 arrow 132 arrow 133 channel 134 cooling fan
135 flow line 30 136 valve 137 spring 138
conpensator control -19 WO 2007/090193

PCT/ US2007/ 061478 139 channel 140 suction line 141
spring 142 location 5 143 relief valve 144 manifold
145 coolingg3ban flow |ine Agjpeasurenments discl osed
herein are at standard tenperature and pressure, at
sea level 199 Earth, unl esssigtigindimeed ot herwi se. 10
The foregoipg enbodi nents agﬁﬁggesented by way of
exanpl e only, the scope of present invention is
to be lintldd only by the fadchidong clains. -20 WO
2007/09019%4§CT/U82007/06147

relief valve
144 manifold
145 cooling fan flow line

All measurements disclosed hereinare at standard temperature and pressure, at sea

lcvel on Earth, unlcss indicated otherwisc.

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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CLAIMS 1. A hydraulic oil well punping apparatus,
conprising: a) a hydraulic cylinder having a rod that

woOoeTweaib e bet ween a upper and | ower rod posPCTmIS3407/H61478

b) a punping string that extends downwardly fromthe
rod, the string being configured to extend into an
oil well for punping oil fromthe well; c) a prine
nover; d) a hydraulic punp that is powered by the
prime nover, said punp having a conpensator that

r qauheyies punp flow and punp pressure; 10 e) a
di rectional control valve that noves between open fl ow

and cl obed fAdwdrawdis iotlivealipunipingarfracatusd, icneipcisingect i ng
the pu and raulic.cvlinder,. the control

val ve @i ng %iolg‘i%ta F%%gglﬂ}dﬁfp Rang p IR thatds g’é"’?ﬂgt opyecgghupper and
cdoweotodf papitionet ween t he hydraulic punp and hydraulic
cylinder; 15 a. proportioning valve; h)_a hydraulic . )
fiuid réser v%g\)’mf"&g SEE'&%“ ?trﬁXFF&%ﬁQBWEWF‘H"{fY FPm e £ e string being
S WpRliL@dd t® exteh@ iy dh 8l vl BHPRIping od #dRhd 8¢ t hat

transmts hydraulic fluid from t]ﬁe hydraul i ¢ cyli nder

to the ©reset POTE THAVESt he proportioning val ve; and 20

j) an ehect r opi @ AR thiY RS Jzﬁ% ihf ver :
of t he ro)d as Ilﬁt] ?rovegﬁlgﬂbetme nwtefwe pt%g?hg%cfﬁ?%\%esr%%&mp having
pastoninsnsatoy thebregnistdsipwgnpt firev end puop presswe; and t he

proportjoni yal - in.the control system

el el an Skt ARGk Uy 3RS B 5 g losed flow
t pesipoogor ti oni ng val ve so that a control of rod

nmovene is eﬁabl ed when the rod changesworli rection

at
the | oWer pdsiPYdMeSPIPEREnE She Pumg afA dhehyirpylio cylinder, the control

prvapebhingRidiBionad ethd Tokslis k@ i ad GWRFo1 FbRVBREQHUBR hydrautic
it as the rod is descending fromthe upper toward the

| BWEP gnddverastic cplindee hydraulic oil wel | punping
appar atgys ofalgllo%mo},jr%hg‘q‘%i. n the electronic control
l'e

systemincl udes at_ st one proximity switch that
acti vathes a alokiwiy fvid teervoipfopmmntiing hydraakio/fuidto Be supplied to

S ﬁ% ition of the rod relative to the switch.
38}'1%@ e]%ﬁ@lé%rﬂéul ic oil well punping apparatus of
cl ai m 1) wherafiaw tilethet eatsrin hgdraa oo rosy Sle@firaulic cylinder to the

includes .a plurality. of proximty switches that each
sERGTEN ‘é‘?g%tl?r%?’ém}r/‘gﬁgd’ﬁge’ n the rod assumes a

sel ect ¢d posinteleRirobiRlcahiryRystemlithR coXird B 8RN emeRdofthe rod as it moves
between the upper and lower positions by controlling the control valve and the
proportioning valve wherein the control system includes an clectrical signal that opens or
closes the proportioning valve so that a control of rod movement is enabled when the rod
changes direction at the lower position of the rod, and wherein the proportioning valve
is choked to lower flow through it as the rod is descending from the upper toward the
lower position.

2. The hydraulic oil well pumping apparatus of claim 1 wherein the electronic
control system includes at least one proximity switch that activates a choking of the
proportioning valve at a selected position of the rod relative to the switch.

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

signal when the rod assumes a selected position relative to the cylinder.
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WD 2007/ 090193 PCT/ US2007/ 061478 4. The hydraulic oil
wel | punpi ng apparatus of claim3 wherein the

webhewtweorsc control systemincludes a proxi m PgTRMRE0CA61478

that activates the directional control valve to nove
bet ween open flow and cl osed flow positions. 5. The
hydraulic oil well punping apparatus of claim3
wherein the electronic 5 control systemincludes a
proximty switch that activates the directional

cont r ol 4val Vens By BN il AP AhiRPERD oL SR :
cl osed fIOM/pos?¥fon mneﬁgg%e%?%g eaé egg" ég%ﬁ%%%?ﬁ%GECHonw
r FPNFOssxsteammebidgs p proximity beitclylhanahivates theldigectional control valve to
hy, ' ' i n arat.us of claim3
mﬁgégfkhﬁﬁgﬁé?%ﬁé#%ﬁ#@gk%onﬁ&%@ogvg?%n1includes a

proxi mi.y lsvv"l['h@lnydrh]lﬂic oél@treill\;ﬁlkmnf' gdﬁ?aﬂﬂtlgs&ﬁf lbiaﬂﬁalwherein the electronic
control valve 10 npve fro cl ose ow pasition

¢ ol ebmefint Fslen s Praratach el sdieies i Sheal comtrol valve to
| aneve fro@CarPepét FlOW p&ditain 16€a EBsdd 8o Wok#MeR whefr thd BEd reaches the
hydraulic oil mell_punPlng_a paratus of claiml

WHEWPET PP d rRsitmaetetignie thecghirdsl system i ncl udes a

pluraligy of Tﬁ@ﬁﬁﬁa@fc%‘v&@ﬂ&%@‘ﬁﬁ&a@i}Eﬁt&shﬁ&aﬁfrf‘g B REAf e electronic
an electronic signal when't rod-assunes a selecte
peenirobsysteat mciudes 2 proximeity switeldibat actiSat8s thEhbrehtioiza nbmteol valve to
oi ' .af us. of cl.aim 1. wherein one of

© oo Wt BB B PR ALER Ko Qe B B S RE N ER B hghos tholower
atrotl pesitipp eclativadophs cylindor.r el ati ve to the cylinder

9. The hydraylic oil. well punping apparatus, of claim1 )
wher ei nﬁonea{g_ © lfWéa“hﬁ\rgﬁ%‘f %PWWE’% aPB%é‘Ql_SiO§°1§’6‘f { Wé‘?’@é}i the electronic
whentrbhgsteatdndisdata phiitlity@¥@ied ROxRES shvitRes tR LN &l n electronic
the 20 cylinder. 10. The hydraulic oil well punping
agpErathel Be red asswes weleatcd posiEonfelative toghosylindey

switches is pgdhwaheg éﬁt‘%@ﬂﬁ)ﬂﬁ'x fngd pgéraals & a%f%vﬂ@rein one of the
that is in between the uppe Ang TPower ro posi ti 0ns.

1 proqimity sivitchgs i apiivaéhyheppwmat isatdhe op@ermod pokiive rglative to the
tlggli,l&?égraul ic punp has 25 a swash plate that is

nmovabl e between | ow vol une and hi gh vol une positions.

1ﬁ. Ih &.0i : Thed hydnwhljci oigwdppﬂnhﬁhg;ipﬁiraﬁﬂﬁ@ifm&nvlhﬁﬁég}aﬁ one of the
t he raul.i c punp.has swash plate that is novable .

b STSRIEHY P SR Sl e 1B Bxtihe log37Pe BRSHon wiative to the
Achmiieaul i c oi | wel |l punping apparatus, conprising: a)

a hydraulic cylinder having cylinder body and a piston

that i ¢Oovabiiehydsolisaihyebpwaping eppgrriug @éclaito It wherein one of the
bt yaslty 3witPR& s Qtﬂg/alcc‘&%ﬁcgghé tQNis BOS Fgéit?&?t'hafﬁ i between the upper
punpi ng” string that extends downwardry fromthe

pisd inwertrhé pesitivey bei ng  configured to extend into an

8 IU er'pY\ﬁ lglll . an dl“ﬂe%q_ﬂ Vyéﬁ &lgnf))lrrl]ge ap%raraqgsr Oef c?alfr% eVSr/herI'g.lldl %hef h%frdraulic pump has

a swash plate that is movable between low volume and high volume positions.

12. The oil well pumping apparatus of claim 1 wherein the hydraulic pump has
a swash plate that is movable between low pressure and high pressure positions.

13. A hydraulic oil well pumping apparatus, comprising:

a) a hydraulic cylinder having cylinder body and a piston that is movably
mounted to the cylinder to travel between a upper and lower piston positions;

b) apumping string that extends downwardly from the piston, the string being

configured to extend into an oil well and including one or more sucker rods for pumping
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-22 WD 2007/ 090193 PCT/ US2007/ 061478 oil fromthe
well; c¢c) a prinme nover; d) a conpensating hydraulic

wounp/ias i s powered by the prine nover, sai dPCPWISR07/061478

havi ng a conpensator that | essens punp flow as punp
pressure increases; 5 e) a directional control valve

t hat noves between open flow and cl osed fl ow
positions; f) a flow line connecting the punp and the
hydraulic cylinder, the directional control valve
beiin@oRIsd Hikened in the flow line so that it can
control flow between the hydraulic punp and hydraulic
cyl i nde®); 2 pOmgmevepr oporti oni ng val ve; h) a hydraulic

fluid rgservoj r..contalni.ng h ulic flyid to be .
suppl i e‘@ to " %%nég’%%t%lﬁrh yi%clfau;%lﬁ %b‘“%%@ > ??‘S%CH ilbﬁéhct Jgpe movor, said
t rppungnfidvingney ehirapdnisatof bt tbséans puidpeidiy &y pihp presyirk Adteases;

to the .reseryoir, via the oportioni ng val ve; and 15

i) an Pectrd ?P“GB?&CPB?OJS‘%‘{%}?:%%‘PS beftees rrenEYw gag elosed flow
ofpokhiengi ston as it noves between the upper and | ower
piston:Sositions.by controlling the directiona

controlb) val ‘%/%0‘_3 Hee eermepiingibe Phoniang thedivdeulih eyleider, theadirectional
CQRhfBI val¥Sb&RE hBGHHAES infile HoQFHikd éba*hats LAl n{‘rgﬁﬁow between the
opens or closes'the proportioning valve so that a

c dwtiraylic pimpiagt dydmplieadimdei;s  enabl ed when the rod

changes direction_at .t he. |l ower position of the piston,

and wh einzﬂébgﬁgﬂgwg%%¥?$oning val ve is choked to

| ower fi)ow tadiiahigilici fluidecstiveirgbsé@itaihifg He&QEREHFNE to be supplicd to
fr@gg%re usfer_tomard the | ower position. 14. The

hyf _rﬁgm "'Reel | punping apparatus of claim 13

wher ei m) t he a fdWwGhé Ot GasaiisTYlira8 S h&MEINEIHGFaraalic oylinder to the
| east qgne proximty switch that is positioned on the

hy BReaAT E2 ¢he pregertionine Yahws ar¢t i vat es a choki ng of the

pr opor ty oni ng Malves , Sio L forile siston as i
pi ston J}r el ative tto&ltl(ﬁé()%‘fl ?ﬁﬁ%ﬁi%fg%iﬁf%% %{)/J\ée?gﬁqiog tt%f piston as it
waha vep betpicpgthappaeraind sowér pidton pesitdnathg centnolti@the directional control

el LORnj trol. syst em,i ncl udes a .pl ural.i of ) ]
ey i Bung (e B B Rt an clectrical signal

sitignaipenhenciobes {hi Jiroporais slngelve s€tee heghnpos bf pRfbn movement is
rel a\%li e .to.the CKI i nder. 16. The hydraulic oil well )
pGRBTHG™aFh e 4Pt Shigiecs fRpsHoPt Hrelosich PpHEon gbthe piston, and wherein

eHRCHioPBIHfonERNAIY isTHk&MJ BHIHABS, drdip®dt B e pivb $descending
that activates the directional control = valve to nove
bR B¢ wwpehtomaghihenlawer pedidet.| ow posi ti ons.

14. The hydraulic oil well pumping apparatus of claim 13 whercin the
electronic control system includes at least one proximity switch that is positioned on the
hydraulic cylinder and that activates a choking of the proportioning valve at a selected
position of the piston relative to the cylinder.

15. The hydraulic oil well pumping apparatus of claim 13 wherein the
electronic control system includes a plurality of proximity switches that each send an
electronic signal when the piston assumes a selected position relative to the cylinder.

16. The hydraulic oil well pumping apparatus of claim 15 wherein the
clectronic control system includes a proximity switch that activates the dircctional control
valve to move between open flow and closed flow positions.

17. The hydraulic oil well pumping apparatus of claim 15 wherein the
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17. The hydraulic oil well punping apparatus of claim
15 wherein the -23 WD 2007/090193 PCT/ US2007/ 061478

wehetweors c control systemincludes a proxim t pCEMSL@®N061478

that activates the directional control valve to nove
froman open flow position to a closed flow position
when the piston reaches the upper piston position
relative to the cylinder. 18. The hydraulic oil well

punpi ng apparatus of claim 15 wherein the 5 _
el ioalt conGOI¥yk@n BNEEGR J:BEik iteh fHaP2d Tp\z}{ee\é %h%\ﬂrirltg\%tzonal control

that activates the directional Contro Va
f r'éfiedodPgseHom Bwoprssilewaesitiondn aogesedf flawppsisivh ivaren the piston
WHERHED BRI ; ower piston position

ey e 5’%@“@3&?’% g’?{r&%&é i ﬁ?‘b‘}dtgfn ic oil well

punpi ngt&ppaFlat _tbsdt?aﬁlimzloa']i me{lfﬁauﬂqﬁn@iap?hﬂaﬁ;s 6f @RirhOIY Gvherein the
cant . Syst incl.udes a plurality of three proximty
AR R RSB RS oo bl £ Righ e dietonal control
t helvpits tmovea §SUITR SlRes FoCHEGHIRPR) it BPerd BORL04RichAvhdiihe piston
cyl%£q§r. 20. The hydraulic oil well punping apparatus

ofaehgs The1aweiRisten positien selativedo the evinder.y swit ches i s
activatied Whem b oS wall u!ﬁ%' bt {4 08 o
relative to the 9%)?] [ nél)er. 23 “ggoﬁ%‘%‘gﬁﬁ gpgl F}gv\f/e% quwrem the
pGIFSiTABLc £ppaEPe bvsienbinclstied apluslinhef dirve moeingfy dwihed fhat each send
PLR% T b)ic S ' ' n.the rod is at the
el SHnLERAe 12 1AL KL TS, BUFRLT Byt i 10 % ytincer
The hydraulic oil well punping apparatus of claim13

wher ei n,one Qf .the proximty switches is _activated .

when t %8 pi s c?nhylgéauélg Og %eg]]sq tHTE ?Hi‘ﬁfat}%ofﬂalﬁb]ﬁ/\)_é@ﬁem one of the
t peoximppewitetivd id RVRitel MheR B8 rbl ¥ thedhpéBpistbdoBitibn relative to the
wel | punpi ng apparatus of claim 13 wherein the

hydP8§i ¢ punp has a swash plate that is novable

bet ween 1! ow Rl HyAE.L&8Ei1 Bl 1‘1#% I d The

oi |l well punping éf%lpar at us%g%&@c al r#g%%ﬁs i.égriélfnn%?wlelerem one of the
hPEAHILY evisehep is aetivatad wihgs thepbd st thealp wies pintwuglobieion relative to the
b@ﬂw@@n | ow pressure and high pressure positions. 25.

A hydraulic oil well punping apparatus, conprising: 25

a) a hyar aullibhe hygtauticleil welpungim aphiaoeest dlgeh 13h@berb® one of the

I etween a u r .and | qwer rod positions; b) a
BBy SFIRS s RatiVabsEt whlL g Ubiarioy = AOGORABA i & between the
t hppestand fgvdrabagosiciond.i gured to extend into an oil
wel | fgg pu in%ex(,)il fromthe well; c) a prine nover;
30 d) & hydr&dGIotevsitrpring erpasatys g elam By Whseeip therhydraulic pump

BAE swSA Iptht® UHER i YBM V44t between low volume and high volume positions.
24. The oil well pumping apparatus of claim 13 wherein the hydraulic pump

has a swash plate that is movable between low pressure and high pressure positions.

25. A hydraulic oil well pumping apparatus, comprising;

a) a hydraulic cylinder having a cylinder 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 primec movcr;

d) 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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a conpensator that regulates punp flow and punp
pressure; -24 WO 2007/090193 PCT/ US2007/ 061478 e) a

wdizomvieaal control val ve that noves between spemstdoons147s

and closed flow positions; f) a flow |line connecting

the punp and the hydraulic cylinder, the contro

val ve being positioned in the flowline so that it can
control flow between the hydraulic 5 punp and

hydraulic cylinder; g) a proportioning valve; h) a

hydraul iy fl r [

i d 18 be Sl iag ool SaMhE MRt BB and closed tlow
IinQ&W@a transn1ts hydraulic fluid fromthe hydraulic

cyl i nde e 10 reservoir viat oni.n

vt ve: Bna”; § B R SeRGHIFE s hiftp) 26 B BRME S1Rer, the control
Cc omhredimgmcmtimfeﬁ nofhetﬂtﬁzv tiyd baelar iticafl co@solitlowBM@Ren the hydraulic
betmeen(ig; u and | ower positions by controlling

t HRIERFRG Rpydr Cfg > the proportioning val ve wherein

the congy ol sysdpRMiddsd vales an el ectrical signal that
opens or closes the proportioning valve so that the

rod sl os dothAydredlio fud s¢serypidgr eentpining tydeaspe Suishe de supplied to

t NGe hONBLTE position. 26. The hydraulic oil well

pun%%ng app@ﬂntus of claim25 wherein the electronic

controli syst eflowiink te sraasmit elastraudicdlupt ornrthd yydsailicelinder to the
tioned.on th raulic cylinder and that

a(r:}t%%%rg %gl%zthcﬁr%omoné?g Yﬂ S p‘#‘gpor tioning valve at a

sel ect eyl posi élbcﬁtfbrﬁé c&rﬁtﬁ)lfs?@’ccﬂh&hzﬁtdovlﬁ”otscinéxktﬁncnt of the cylinder rod
cyli.nder. 20 The hydrqullc oi.l. well

27.
5t EBUEs v LD B BT P oR A PHRTEEdBR EqsFol valve and
SYihé BrBpbREdnttemI? vitldiéia kikd dbnﬁ%l KERK ﬂ&lﬁ&essa\l’{' oleehR1 i3l that opens
each send an el ectronic signal "when the rod assunes a
selfetlo®d the IreRSHORBE aefwpesa that ke €9d slosksr dowpg itsTthavel speed as it
hy, g apparatus of claim 27
wﬁ%ﬁg#ﬁh§ﬁ§kh) eg%?%ﬁggbgontrol system i ncl udes a
proxi maty swihe hythatic adt wedt msnpihg @pamuw Ofl&llall’n 25 wherem the
St CPaHEn Get el Rl PrCo SR e s g R g Toned on the
arlgramﬂhu eylidet laad nha Aciiheesh Bhdltig o LR GrbsuttioniBe RuFvelat a selected
system i roximty swtch that activates the

udes
W@EPP&&&G?%H? e tq,thewsIdsTnpye from an open 1 ow

positi g .to e |h9§1%ﬂ11(f, | R Sy R V&ﬁﬂratﬁeof Qfhim 25 wherein the
reaches the upper rodW§§S|t|on re ive to

cyflgctigaic. captrob @ystqrh énqiyaps aupliealisi ¢ preiximify) ﬁmtc@s that each send an
ARREBLISiSal Ghdh Ao2bd WEHES R Lld6ica position rclative to the cylindor.

28. The hydraulic oil well pumping apparatus of claim 27 wherein the

electronic control system includes a proximity switch that activates the directional control
valve to move between open flow and closed flow positions.

29. The hydraulic oil well pumping apparatus of claim 27 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.

30. The hydraulic oil well pumping apparatus of claim 27 whercin 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
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el ectronic control systemincludes a proximty swtch
that activates the directional control valve to nove

wobnramow®Bosed fl ow position to an open fl ow pBeTHISZN7/061478

when the rod reaches -25 WD 2007/090193
PCT/ US2007/ 061478 the lower rod position relative to
the cylinder. 31. The hydraulic oil well punping
apparatus of claim25 wherein the electronic contro
systemincludes a plurality of three proximty
S ctronlc signal when the
rw%ggggﬁgég%éﬁgéﬁg%%%ggntﬁ% oﬁ Tel ative ?o t he
CyI i nde3l. 5 BRe h'y'ﬂneauhy Chtheilemnj)mg\Biplpamxmp bAiglaim 25 wherein the

aratus of claim erein one of the proximty

AIRBIRE qoBirgl byl '%Vﬁg%ﬁ ity 6§ tree Broxihiey am@}cs fhgg cach sond
pQﬁ1l éléc@fbrﬁcﬁdlgﬁall Vet he 138 asdiithdsdRlecteds osiﬂ&ﬁ rBMEAVAHY the cylinder.
oil well pu apparatus of claim 25 wherein one of
the prdkim 196 ieedl well pepping eepprafve 9 f t?IWén 2&avhierein one of the
Al prblighity WRIchEOH aPEWEd eﬁ % 'd‘é? t‘ﬁe'il er osition relative to the
cyllnder 34. The hydra I C o f
ofcybihdgrm 25 wherein one of the prOX|n1ty SMAtCheS |s
activat wh ogition t
bet Ween?’fI he ﬁ%e féylh?auhc ﬂ:‘g ]gg FRArRHIg QL C E %’%35 Wrem one of the
oiproxielily spritthedy aaippasdiviien ﬂ‘fe rolas #p tA6 lwh& et pokition relative to the
hyd&g@llc punp 15 has a swash plate that is novable

%" 1 ow vol ume and hi gh vol ume positions. 36. The

oi | wel 34, punphdBydRNR AL Wil ﬁﬁmﬁh@' ?%%étu%?élﬁhﬁ 25 B@icroin onc of the
hydraul.ic punp . has a swash plate i S novab

b SREBHLYI S cpr s aefvataghmhant t&ﬁ o 554 g Pesipen that énig beh’eﬂen the upper

A hvids-au doa ﬂsjtlomel | punpi ng apparatus, conprising: a)

a hydraulic cyl i nder having cylinder body and a piston

t hat i s35rovabhgoil gl mmmtf&lanp@rettﬂmaohyzimﬁtéwh@mm llha\hycﬂraulic pump

> SHE800, RS A QU5 oRL SLATRR R Pl hgime posicons

pi st on,3& he "Slﬁe’ oihgeld @Iuﬁ@mg@tpibﬁt@w @Kblzilﬁl BwBa@id tht @y@aulic pump
e or re sucker rods for

oi,| mell d i cludln o
&%Fﬁ‘gﬂ%ﬁﬂteﬁﬂaﬁf? SRIE Pt gop lom Pl A el pSRHRRSitions.

hydr aul3zg pumydl%ﬁmd)m aveuﬁduﬁﬁmgayﬁfdritﬁgatcofnﬁngﬁgnect ed

to and that powers the pu e) di rectional contro

val ve t#Hat nbbedayis Wélmﬁl% aving pﬂwdahbo@sr gyed pistemthat is movably
p‘?ﬁélfdt&f‘t%’ thb )cyﬁldfef {osfra‘; B‘leéeﬂq u%gglnﬁﬁit bR #1@&) ﬂ% jons;

and the hydraulic cyl |n I rectiona
val ve B8i ng gposmpingstsdg that ¢xttendsidowniviandly fomtthepiston, thastringbeing

¢ %B{'xﬁé)drczl ItOOXY(tcnd into an oil well and including onc or more sucker rods for pumping
oil from the well;

¢) a variable displacement hydraulic pump;

d) aprime mover that is connected to and that powers the pump;

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

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

g) a proportioning valve;

h) a hydraulic fluid reservoir for containing hydraulic fluid to be supplied to
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g) a proportioning valve; h) a hydraulic fluid

woes®rweiss for containing hydraulic fluid to beCcT/US2007/061478

supplied to -26 W 2007/090193 PCT/ US2007/ 061478 the
hydraulic punp; i) a second flow line that transmts
hydraulic fluid fromthe hydraulic cylinder to the

reservoir via the proportioning valve; j) a control
systemthat controls novenent ofthe piston as it noves
bqhg\/ﬁﬁd}au&lglﬁﬁp;upper and | ower piston positions by
controlling the directional control valve and the

pr opor ti) oni ngsegand/Bowhing bhtirdrseits bydraolic fuid frem the hydraulic cylinder
g lectrical. signal that opens and closes
tﬁg?%%g%r"?? gﬁ%tﬁép\rfﬁo\yl@?mﬂg‘@vﬁ’ontrol of piston

nmovenen} bei agpremvd isetin tacont fdes hOebntdhaBHAs pisti RAhdWs between
ower positi.on of the piston 10 1) wherein the

t | f
Srt%%smef 8hf Iy T en Pesitipnsirongollisgehe diresionscoutnl vatve and the
aprépiatioRis vVeRe wheflds BRNGNAY] {ysQm é&%réipspiﬁ{ el&&i‘@{lgigtnglethat opens

| ower position; and n) wherein the control system

c R glosethaprepprapevalie: to a | ower di spl acenent

when t Pi sf @BntkS1 | l.gher di splacenent

when tEg piston is BQ?@E‘*&??‘RS’%&‘? g%ggﬁlggﬂglalwv\eenl ﬁ% rod changes
puirpdtinp atdawat nesitdn of the pisBh wherein the hydraulic

punp s a late that is novable between |o )

vol umsrtgnd h‘i;g éﬂ\% T S A 1%@1_101{?%0 iﬂ"Yer\%é?W through it as the
ppispdmiy dagqeadiat Fon thealppbMmovArdMiey 18idr bb&tibanaul i c

punp hgsgﬂ&smsh pl ate that is _novabl e between | ow

pr essur TR gihe pPULW)r SSirH i thepgRs. pump, displecepent to a lower

WalshlapetiptitRghehnBa bistdtsis Wwid 4R nighe! BigladeRRaPWBy I piston is
a variable 20 displacenent piston punp. 41. The
i fF¥AeNs substantially as shown and descri bed

herei n3g - 2%pe oil well pumping apparatus of claim 37 wherein the hydraulic pump
has a swash plate that is movable between low volume and high volume positions.
39. The oil well pumping apparatus of claim 37 wherein the hydraulic pump
has a swash plate that is movable between low pressure and high pressure positions.
40. The oil well pumping apparatus of claim 37 wherein the pump is a variable

displacement piston punp.

41. The inventions substantially as shown and described herein.
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