SYSTEM FOR OPERATI NG A SUCKER ROD STRI NG CONNECTED W TH A V\EF] %ﬁ gcQD

I nv ion relates to a systemfor operating a sucker rod string -
W t wel | punp. Oten it is necessary to produce wells such as oil wells
by punpi ng. One of the nobst conmmonly used well 5 punping systens includeg
a downhol e reci procating punp having a plunger which is raised and | owered
by a sucker rod string connected at the surface end of the well with a

wal ki ng beam  The wal ki ng beami s genérdlly driven by pitman arns

connect ed W $NSTEANKROAT OPERATANGd AbSUEKSRATRODL GTRINE FCONSECTEVERITRY an
electric notor or an TInternal COMI ne of the gasoline or diesel
type. The notor or engine is cou e shaft through belts,

chai ns, and sonmeThdsmiofventdeni Bzl akes t@omtsysxﬁé:ght‘:’smrapwﬂei@l g

mount ed on tQ?cféangoargErlngTESnﬁgnEEQ Withd a J?g beam is
pi voted on sanson _post” at a suf |C|ent he| ermt the beamto

be rocked by the QFFﬁﬁnlérm§fQﬁcq%ﬁ%F%gtan@HQQﬁﬁqr@e%hé Stckeras o8idtring

in the well. we1The pyoreisimpal \wﬂekl ag bﬁaénwae mmmlyasise@r wall is
an inefficient systemhavin ngng g bgagin ol gg er gargs which are
subj ect Po VBAPPERY osfyt % gl o S genm VETREEFE 1 ddE BR™Beep
wel | s. Forhayanpl| a, Plsogh*awpumpIuﬁnnﬁ}SEQtauﬁelovéreﬂemny'éeeuchay be
forty feet high. strg? 'QB%Bléc%\éﬁhaac p&HH) m#a@@vsna L:?r Q;“r‘.h |\ a0 Wgk ki ng
beam and quite heavy count er wei gl Sone deep we ave even been
known to us@p‘ﬂﬁb’&lﬂavpﬁgman ShenALRiNg Reamkis geFﬁé'arlﬂys@ﬂ‘él‘é%fhpbﬁents
of such a ptﬁptxﬂgnsasmgrrbwﬂh@bt@ustm% r&éﬁﬁcdélfrhélgrbﬁﬁtéae&%i'é)nsﬁéfizhe
punp caga slhbstantlal wear P’%t e_nmany bearl n ears

el‘epent Clyo 18y, fivéveé’ys m 2P e fHiSS oS t MRFOT oREUNRRAg “%1 grnal
expensi ve necatiznatien engddiet iahalthe el imeecoradd iduesle capeed The

parti cul arl yulyor 790 BRURMe WA Qe dd18, 1 EACLEEN <A kNG UMD SLPES ! O

hitting I|qU|d I'n bore tr sn1ts forces to I Ag’ beam
pi t man ar ns,Chminer dAakd 3spme form of transmission. Counterweights

are generally mounted on the crank arms. The centre of

15 +the walking beam is pivoted on a samson post at a
sufficient height to permit the beam to be rocked by the

| pitman arms for raising and 1lowering the sucker rod
string in the well. The conventional walking beam type
pumping jack or unit ‘is an inefficient . system having many

20 bearings and other parts which are subject to wear and
often is quite large and expensive whers used on deep
wells, For example, such a pump having a stroke of

N twenty feet may be forty feet high. Obviously such a
pump will have a large, long walking beam and quite heavy

25 counterweights. Some deep wells have even been known to
use pumps having an eighty foot stroke. The massive
components of such a pumping system which must be moved
during the operation of the pump causes substantial wear

in the many bearings, gears, and other elements in the

30 drive system requiring time consuming and expensive
maintenance, Additionally such forces as those caused
particularly by "rod pound” which is the reaction of the
punp piston to hitting liquid in the well bore transmits

shock forces to the walking beam, pitman arms, and cranks
35



-2- as well as the gears and other parts of the systemcontributing to

addi tional wear. Furt her disadvaritages of the wal ki ng beam type wel | puynj
include limtations on the length of stroke of the punp and thus the Ieng&%ﬁ)
of 5 t he reci procating novenent of the sucker rod. Still further

di satlrant ages of the wal ki ng beam type punp include the difficulty of

sati sfactorily hiding or enclosing the punp2and noi se produced by the

punpi ng appar at ugi\gré}ggdr 519 bl di;ﬁ%i éréoa%ac‘atpgch g%PPé |8 1qpe system

popul at ed areas tot resent 1 nventron ere is provide
system for opera@@hﬁrabﬁﬁékérﬁﬂxf ¥tignabniwesred Wehtheyeldispdiypntages

conprising: ‘a dOGP'EhéC&éDﬁlﬁéUbéaﬁykyﬁéeheﬂ§VbBQDOEBG§hﬁg EQW@Ea%Qons on
énds; neans for connectlng p&l linder with said sucker rod strln
S

raising and | oneFPfigleapd 9¥%uﬁ§aFBes§PHPp@ﬂ§ thithsth%r §B§EPyPﬁg
pressurizeg fl uithal tx@’di@ir&iqaﬁlngOmovenfem cyEi rtdﬁar end&erl nﬁd)dldl ngsaill

direction contr Ive vable be me n ext . and retra
fgngg §g§V$P YA e ?£nd§} ﬁ%a&?%ﬂn eftlpump

conditions to ex 3hd r-ac r|ve
sai d direction cbnciofle c@hEroﬁlﬁéansﬂﬁnw Gp@rasah98§@¢d0dere hndn5925or

responsive to th@né%&&i‘ﬂ?a%é thﬁ:ﬁt SRy CTRI S %r%ah@eaylwdeahe . aﬁhgsqln@g
limt valves positioned fo sinulate the gdraullc cyl i nder ‘extend

retract stroke eRBPREREWFoMRKING giti PifLhFyet H& n@lﬁﬁﬁabf?c%tﬂﬂnlﬂf f P
changing e | ocpbpenaeédeaebakinit valve and the 30 = distance between

said limt valves Qr elec% %bé a%%ust%n nghetleng%geof Ehe stroée%
of said hydraulic cyl PRARFARE tRe BRAPERFFPP tof PVRE TR hOCARd PePFEYE
strbkes of sai d aykyatlem, foanoppeaatioyg aeamskhmrroﬁemmmgn§5connected_w1th
~ a well pump comprisings: ' '
‘a double-acting fluid cylinder having opposing power
15 "~ ends;:
means for connecting said cylinder with said sucker
rod string for raising and lowering said string to
operate said pump; _
means for supplying pressurized fluid alternately to
20 “the cylinder ends -including a direction control valve
means movable between extend and retract conditions to
extend and retract said cylinder;
'drive means for shifting said direction control;
' control means for operating said drive means
\;' 25 responsive to the extend and retract movements of said
cylinder; including limit valves positioned to simulate
the hydraulic cylinder extend and retract stroke end
locations, said limit valves being'movably mounted for
changing the location ©of each 1limit valve and the
30' distance between said 1limit wvalves for'-selectively
adjusting the length of the strokes of said hydraulic
| cylinder and the end 1limit of the extend and retract

strokes of said cylinder, cam operator means for opening

35



-3- and. cl osi ng each of said lint valves at said end |ocations

‘ang onnection nmeans connecting said .camoperator neans wth said
: hyuI ic cylinder whereby said cam operator means simulates the extend and
retract 5 strokes of said hydraulic cylinder, said connection neans -

including a flexible cable secured at a first end with-said hydraulic .~
cylinder and connected with said cam opeBator neans to nove said cam

oper ator Meang:q MYESL enghoah TRANS AITANGGhi0 FaYGeLheatamLaRar atgs
means and 10 5 f1xed eave neans spaced from said nova eave neans,
means bi asi ngtRERBIABFabPBIShEAPREEPD aRBATT 0rFRRRIF Eindd sabdvecaBans,

sai d cabl e bebpgraeeyeteansr widhd savyaang ifd xaf stway eyndealy aRda
secured al ong_t he seco g%end t her eof, at f| x | oca Lon so hat novenent

15  of sai Ryl TRTE? "RhudlRihe SR e FE&REG vefPEFaftve

to the5 fixestrskesvef aeadshydaadlldeajnhnaer,ap@iaguognnactibuimloans

count er bal anc fg) uhPheCa | 5P JoGUALNLEL, AT AT S0ling de 4gombi ned

wei ghts of sald suc rrng, a production ol'um™in 20
bore above $&i4 Hﬂﬁﬁ?ul%d ol e a:mirf&@@neétﬁeppr@hthsuﬁpeﬁtedamn

sai d’ Cy||nderop@ﬁaﬁ@r3ﬁeanéﬂﬁb(Hﬁﬁé|§aﬂé %B&Cbbé%d¥g¥xﬂégﬁﬁs RbvhBge

i nvention and_t he foregm ng jﬂ s and advant a%%s%vm |1 be better
under st ood IO VT HBSERE| RERA d@gcf“PHﬁ &he PPSHR TN RS oADMK t h

t he acronpanyfixedr sheaygs mbansl spaSed from sai:dg:mseable sseaae mehRsptic
view in se vatds y i hcorporating.
the feat ures%%%eglggsghgl géné{l m%];’%%l%Ag?a’% 58“{1\% %t ﬁerronf o?grfé
schemati ¢ di af*%ef (?fheéVI‘Pde%Wc Sgdwercabhel bedmar orees‘?@t@merf osai®  /
oper ati ng thQnéWéEPé” Ia%&ekixeamr@a@ IRESnd: EhIUTRchied 2a8big Vigw |

section and el evat 8
second en thereof at a flxed locatlon so that movement
15 of said cylinder causes the movable sheave meéans to move

relative to .the fixed sheave ‘means; and means for
applying a fluid counterbalancing force into said
cylinder for offsetting the combined weights of said
sucker rod string, a production fluid column in a well .

20 bore above said pump, and movable surface eguipment
supported on said cylindef.

25
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a specific enbodi ment of the hydraullc wel | punp of Figure 1; Figure 4 is_a
broken back view in elevation of ‘thte 15 = hydraulic well punp of Figure.

3; Figure 5is a viewin perspective of the hydraulic well punp of Fi gures@
3 and 4; Figure 6 is a schematic side view in section and el evati on of
anotker form of hydraulic well. punp; 20 Figure 7 is a schematic

di agram of conponents of a hydraulic power _gystem which in conbination with

the conponents of the fluid systemof Figure 2B be used to oper t he
hydraul i ¢ punp of Fi g&be @etpidsr €f859§cg th@F“Dgggme&ftshfgr é'gﬁ &“f’leﬁ%d"élnd

25 power SyShﬁH\ \MHeChchTingcbﬁangeHjteOtepemat eadven taglrsaubi Ll phap bertter
Flgure6 Flgure tic V|ewo ul
Pﬂg Fﬁ§8ﬁ ﬁoﬁhlu f&@WFEfb h&smfihtpggp ig

accordance with daviTes sensi and cont roI I [ ng
t he punp stroke Icengmlncar.ndeGuth dtélﬂ @@cpmpa@o'nmmdmawgmm%@am mot i on

of the hydmaulic cylip q§5 Fi gurgg | QA agchdfR iakepidwgeiher skekiva Viagd
i.n section and elevatio OF t he h;ﬁ/’draul I.c cyli nder stroke | ength sensor; e35

-5- Figure 11 i sedevpadeent afy & opYFreNidfowrRglonRBP (HRFBRITRIDY |
val ves of the segsgru@bsFoguras 1Qv&hd.1bﬂ3 Fl gure 12 is a right end

\ibiwan::lnlosBecH gzrean%égurgs ?Ag\é%%‘:iragl .VI ew o%ngpﬁy%sot "Fltgd c(r?ill’ ag__g\r/c:s
system of the seﬁaalg;raﬁu gofe d4 hysirauloir broowar phad vtewimltkﬁy%morf%
body: Fi guiee 15 %e@a%ﬁ%@ %h%whbﬁfgﬁffglﬁglf) pun}f of Figure 1;

_ ‘Figure 3 is a side view in sectlon and elevation of

- ~a specific embodiment of the hydraulic well pump of

| Flgure 1; _

R Figure 4 is a broken back view in elevatlon of the

15 ~hydraulic well pump of Figure 3; '

Figure 5 is a view in perspective of the hydraullc
well pump of Figures 3 and 4; _

Figure 6 is a schematic side view in sectlon and
elevation of another form of hydraulic well pump;

20 Figure 7 is a schematic diagram of components of a
hydrauiic power system which in combination with the
components of.the fluid system of Figure 2B may be used -
to operate the hydraulic pump of Figure 6; '

Figure 8 is another form of hydraulic £luid and

\; 25 power system which may be used to operate the hydraulic

' pump of Figure 6; .

Figure 9 is a schematic view of a hydraulic well

'pump in accordance with the invention including deviees

for sensing and controlling the pump stroke length and

30 device fer controlling the linear motion of the hydraulie
cyllnder, _ |

Figures 10A and 10B taken together form a view in

section and elevation of the hydraulic cylinder stroke

length_Sensor;
35



stationary sheave bl ock of the sensor; Figure 16 is a left end viewin

elevati on of the stationary block of Figure 15; 15 Figure 17 is a
tew in elevation and section of the stationary block; Figure 18 is a
sinde“view in elevation of the travelling sheave bl ock of the sensor; Figure
19 is a right end view.in elevation of the 20 travel ling bl ock of ™
Figure 18; Figure 20 is a left end view_n el evation of the travelling

bl ock of Figure 18; Figure 21 is a top Slan view of the travelling bl ock of
Figure 18; 25 Figure 22 is a viewin section of the travelling

bl ock al ong the Ii ng.r é%rr%Z g fé ggr@fgﬁmeﬁhgy € 2p 1 vid VE@%&H S%ﬁl gureand

el evation of the hy i'c cylinder ear | on-control devic R
24 is a righthe eydindeaywlimit yadiiegn ofafde3@ensay] @fatfigmrsts tife ansli ce °
of Figure 23; hipgyre 25 is a view in section and elevation of the valve

body of the device of, Fi urﬁ 23; Fi ure 26 is a fragmentary top plan view
of the central portFdFug é vé?ve boﬁ’;/glb‘f’ ERflr 7y 3 section piafde -

217 is asgpottomllevagiont a5y vhewsehsidre vHlvstrated- ihodidquirds guoa 2md
Figure 28 is a h ont view in elevation of the cross head of the notion
control device ‘Figure 23; Figure 29 is a top plan view of the cross head
of 5 Figure 28; FFggue'e30lBS is f monschematia eviamt icdh bhet heakben @ngink

of the notion gpaLLRl g g‘%\ébfneo‘i‘f tlﬁlegléré@ls%% Figure 31 is a SI de view in
section of the camcra on ine 31-31 of Figure 30

10
Figure 32 is a si deF¢BE¥A; r?-%e%:?l Bnt&’@d RikeR | BhaBf Vo o‘Pft ﬁ@evéwf’sreat s
_of t he nﬂglon %ayr.ol devi ce of

Figure 15 1is a side view in elevation of the L_j
stationary sheave block of the sensor; ' _
Figure 16 is a left end view in elevation of the
stétionary block of Figure 15; |
15 : Figure 17 is a top view in_eievation apd section of
the stationary block; '
. Figure 18 is a side view in elevation of the
travelling sheave block of the sensor; | |
Figure 19 is a right end view in elevation of the
20 travelling block of Flgure 18;
"Figure 20 is a left end view in elevation of the
travelling block of Figure 18; ' -
Figure 21 is a top plan view of the travelllng block N /
of Figure 18; ' _ : e
25 Figure 22 is a view in section of the travelling
| block along the line 22-22 of Figure 18;
" Figure 23 is a view in section and elevation of the
hydraulic cylinder linear motion control device;
Figure 24 is a right end view in section and
30 elevation of the device of Figure 23;
| Figure 25 is a view in sectlon and elevatlon of the
valve body of the device of Figure 23'
Figure 26 is a fragmentary top plan view of the
central portion of the valve body of Figure 25;
'35 Figure 17 is a bottom fragmentary view of the valve



Figure 23; Figure 33 is a side viewin section and el evation of one of the,

val ves of the notion control device'of Figure 15 23, Figure 34 is a ~.,,

| ongi tudi nal side viewin section of one of the valve spools of the notion égED
control- device of Figure 23; and Figure 35 is a viewin section of the -

val vé~“spool 20 along the line 35-35 of Figure 34. Referring to Figure

1, a hydraulic well punp A includes an air,._counterbal anced hydraulic ,
cylinder assenbly which operates a flexible ?en5|on menber connected with a
punp sucker rod rRR&Y ref antigrsRe?bhg the 25  rod twice the distance

of the [Tift. of . thepj Héayé'§sC¥|E@6ﬁE V1euhqn hdratidn &% EReeEross
assenbl y i ncl udes a.sta I onary draulic glston on the upper end of a

hollow1p|stonlwxp%?qmﬁﬁnEﬁﬁlﬂoﬁb Ri GPNEPQAt WY LFSt PONF APBERA 27 f | ow
conductor 3. The pistonidg@te has et do80plan baletw dihetpesicadsk apedsd ngf
into the angulaf ﬁf@%ﬁ bgémeen the piston rod 2 and the flow

conduct or tount er bal ance annul ar pi ston 5 is novable in
seal ed rel ationshi p al Bigutée3pi Stsora r broRt wiviilewn i sebdevahiaoy ©fl itiercém

at the | ower end &ﬁa@khaﬂreué'ﬁoeyéhnésatzo§5aev1c&hb§hpﬂayﬁé b9, seal ed
-7- relationship along e statlonary h%?rau Ic,piston 1. An fdfer. sheaye

platform8 is secured 3ppkf 2ndl Yh%wnbvaﬁ?%tb9P|ﬂﬁthe7°am fapak

sheaves 9 and 1&g fméwmfﬂelmthIiaanragusaaged relatlon on t he
platform 8,,5 A fI X|ble 1S sec

710 r %f @g \'A w g n? Dt g.12 tg
t he base of foundatlo 19 n h§ﬁr%uff puﬁ% &Rt BRY %Qe he ShakivRe §
and. 10 and downwerni yofomthectwd et séatst bdr wml mothoa welnit rednpleuoker of
rod‘string 13. é?*gﬂf 4 bal ance air receiver 14 supplied with air froma
10 \— conpressor 1 onmuni cates through a conduit with the. stationary
cylinder 6 belom/the[ﬁ%ﬂ%ﬁ?5330¥5a®p$y¢ﬁgvhew in section and elevation of

- one of the valves of the motion control device of Figure
15 23; |
' Figure 34 is a longitudinal side view in section of
one of the valve spools of the motion control device of
Figure 23 and
Figure 35 is a view in section of_thé valve spool
20 along the line 35-35 of Figure 34.
Referring to Figure 1, a hydraulic well pump A
includes an air _counterbélanced hydraulic cylinder
assembly which operatés a flexible tension member

o : connected with a pump ‘'sucker rod raising and 1ower1ng the
N 25 . rod twice the distance of the 1lift of the hydraulic
cyllnder. -The hydraulic cylinder assembly includes a

stationary hydraulic piston 1l on the upper end of a
hollow piston rod 2 mounted in coaxial spaced relation
around a flow conductor 3. - The piston rod has ports 4
30 below the piston 1 opening into the annular space between
the piston rod 2 and the flow conductor 3. A
counterbalance annular piston 5 is movable in sealed
relationship along the piston rod 2 within a stationary
cylinder 6 at the lower .end of a hydraullc cylinder 7
35 - which moves in sealed '



pne,J.t|c force upmardly on the piston 5 substantially equal to the

d force produced by the conbined weights of the novabl e conponents
well punp 15 i ncluding the polish rod string and the fluid _
in the well above the punp plunger. The hydraulic well punp Ais -
operated by punping hydraulic fluid through the conduit 3 into the novabf e
hydraulic cylinder 7 above the piston l4.aising the 20 platform8 with
t he sheaves 9 and 10. Because the first end of the tension nenber 11 i's
secured at 12 the second end of the tension menber connected with the
sucker rod 13 irelatfilondHip Gl dne uliestsa:moddw Hydr fleiay g5 stan rial Sexh

T ot ooy an™t ML Sleddie BERFORTRIOS (RYSRedon 1l LMBSE L0 S
and 10. Théeheneinghiabdepmyrliowiary The hyldlad i shegveade? agdenbly are
equal to twce £ G RHARYHERA %é&é% %‘&31“&’16@%113; e pbﬂ?\{%e p%“ i s

al so equal to t sum of the vertical force 3 provi

and the verticd ffl@rx(,*é’lﬁr (ﬁﬂ'lfe'@fby“%‘ke{up%rlﬁr Séﬁﬂréﬁdaéf °Pﬁee(‘}§al ildeo 7.
When the hydrawheC sade nder floﬁm@étt@&ﬁﬁdféﬁ tihe UPPEFaelik ObulnBs Sditkfis t he

| b th bl l,ind
T bel bw The pi Svar EheserediRa"d b AY nd q“jyrm - SaRPRARRAL 1C .
'EI_Ee pi 1?':1onhr8d oZ:lmerrd ennli}/\mwrty & hmagh phmp postickekr bebdw steipgstidn 1. A
us e r c e n unpi n
y % gﬁlan@é”pan% yréggiQ Yy %d%ylled Zvrheﬁ Qgrﬁe*rogl np1 ng

the hydraulic er asse upwar dl'y “an pneumati c
count er B& anci re@mrem@rhymamquqatmﬁmthéeusbs Qhe?oﬂ’@mé r‘éqﬁhré'dIQO J

reci procat e the R nad Q@l&%é}f éhseiQ&CQhaec;ﬁ%wnv §0f5r awifﬁ%e
mechani cal and fluid friction in Runpi ng system and co um  of

being lifted afPey¥d@dis af%r‘f‘ﬁeuﬁ’ﬂ§§d&ﬁ’ 1 £hEi PhPm> arﬁiltﬁ?e"”ﬁb"rﬁ)]&i’ents

of the punp and;-qsmketormhéaeaagnwarad foﬁqu:ttl’diﬁxdﬁiitlb? pPth® revisined
downwardl y, the t.0 for.ceghare redgjc_e 3’ t he 19 vgl ue_ at t.riﬁut able to
e m nts o t pump

the colum of wefllg § aBbve Fhetove potie e we _
15 1nclud1ng the polish rod string and the fluid column in

the well above the pump plunger.
The:'hydraulic well pump A is operated by pumping
' hydraulic fluid through the conduit 3 into the movable
hydraulic cylinder 7 above 'the piston 1 raising the
20 platform 8 with the sheaves 9 and 10. .Because the first
" end of the tension member 1l is secured at 12 the second
end of the tension member connected with the sucker rod
13 is lifted twice the distance that the sheaves are'{mj
raised. The free runhing end of the tension member moves ./
- 25 at twice the rate of extension of the cylinder 7 with the
platform _8' and the sheaves 9 and 10, The weight
supported by the hydraulic cylinder assembly is equai to
twice the weight supported by the sucker rod 13. That
weight is also equal to the sum of -the vertical force
30 . provided by the piston 5 and the vertical force provided
' by the upper or cap end of the cylinder 7. When the
hydraulic.cylinde: is extended to the upper end of the
- stroke, the well pump is reversed by pumping hydraulic
fluid into the movable cylinder 7 below the piston 1
35 through the annulus between the conduit 3 and the piston
rod 2 and outwardly thfough the ports 4 below the piston
1. Thus the hydraulic well pump is reciprocated by

iston 5



ipl unger punp which of course is not |owered during the downward stroke. 15
$20 25 30 35 -9- The counter.bal anci.ng substantially reduces the force ‘
required to operate the hydraulic well punp and the enpl oynment of the ;
tparticular arrangement of the idler sheaves and flexible tension nenbe
Iprowdes a punp 5 pl unger and sucker rod stroke twice the |length of the
4travel of the-hydraulic piston assenbly thgeeby cutting the height of the
required structure to half of the conventional wal king beam type punping
jack. A hydraulic fluid power system which may be used to 10 operate the
fwel | punp A of Figlterdatelyl|psmpahgd itheFi gmaersnﬂﬂicandchZB':dexRef assemplyo
4Fi gures 2A and 2 h y wer | t_

fillustrated, it E% &Qi’al%egg?og %%{Hg?d&ﬁe r ecl pr%r?é‘érﬁé’h& E¥95§/ﬁnchng
nmoves rel ative toof héhgtavfisﬁalprwgﬂénpymps rﬁslucetﬁorhhé%t %ﬁ reqdieed ehd

swith the p' ston &@@ﬁé%éﬂgelﬂhéh@lmpo%eﬁhe S¥hi B€€the ﬁorcbnneéé§399§eto
to the air _counterbal ance s stem chemati cal | represented in Figure 1

The sane ref er encRVALAEREI & i Angj frHtdaTrdcddongnit e hc“hep"mp’-hg
Jcor r espondi ng pasystemf anahe:oﬂwndf aplf i <f1aaa }sgimqndelifsyaat eamaasaacelusade

with such parts i i g c X I nuner al qdesi S
gt he hol | ow pi st ong?gd S ,goﬁf Q %g‘&v“go%%ﬁé‘ onnggFegowpt%zetnh% gﬁ :
drod for supplyi ngpuhe hyéraubkerf Irmdd by nech mve@s t B6 ouXlsice azgxltlmelepumo
gand thus the punppdy, dOWRHeRHa4d145 3Pnd5 total forces are reduced by the

10 value attributable to the column of fluid above the

s thihadds

S plunger pump which of course is not lowered during the
~ downward stroke. '
15
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-10- The power circuit for delivering hydraullc fluid to the hydraul i c

cyljader assenbly includes tw fixed volume punps 20a and 20b each
c‘a #,¢ of delivering a desired volunme and pressure for the partl cul ar
fu on of the 5 wel | punp. The punp 20a is associated with the cap

end of the cylinder 7 while the punp 20b is associated with the piston rod
end of the cylinder. Thus the punp 20g.drives the well punp during the
lift cycle and the punp 20b drives the well punp during the retract or

| owering 10 cycl e. The two punps 20a and 20b are coupled to and
driven by a cdrtm®n mhdntearﬂdﬁfancﬁjngnéuaass:iamglmmqw\elreﬁuurase theot f6hEVs,
whi ch may be a]_rts:gé i ed NLELN draulic
fluid reservoir |én%| cctac{rgggsc%etréat Egal ?Ayy&P%r‘Ef?Eésq'g% t& mé)veat'l EH
returns in theeRBAe¥ment ovfdetheh@ayhrid asf  Aydaagement| Wil ftove bbdheof

“the punps.  Thenauiéet 4Ha tIF diiM) 203 on iGN NREh8%r! OpkBeiaaR egd phnbhe
cyl i nder 7 by | ine 23a i ncl %jdl ng a check val ve 24a permtti ng fl ow only

in the di?ectiRPNISE 0anEhSY ef@dofstrgie E‘(ﬂ?ﬁd&he lengb the
pressure reli etfra/\aélleoES&hei hyrnadicediston hssemdby |aash duy fé@ﬂtib@

line 23a and e Kk |ief  val ve_ 253 r pon ds,to
pressure in the |%%1 ?i o%@%s %%ud'}hﬁgi %ﬁFBCtBrtehet?aﬂi?]t?&? 'é}‘e
maxi mum sel ectwwretsmn@l ofaliping | beam typeapweplinghpackl ve 25a 25

thus Iimts the mud mypfdud fePEasdl Bopkal ballent Gnilh oAl il ol e

cylinder 7. The outlet” of the punp 2 I's_cohnecte nd 0O the
cylinderl®y tIRPFIHe 28Bei Walddi PR hd PecRighree R4bsadd lusdnated ahe - -

pi ston rod 2 ote.ltgduétg 3heahd opppat IReF@tcelhlaetbOdu%déH ddher¥d 28, onl
cylinder. s}} he effective ar hha|ston rod.in,the cylin er\-ef
| ess than that T 2 RPVEH AT n‘f3°'2'65° %E%Wbtﬂi’ft%r’e udberbEfng -
paraneters friom bedag tu'idqausmoo&O&hat Ahpr assglifgrodetief cydlivider25h is
connect ed by tvp-' n 6% I|n 2 and £L9; the 35 . _, tan 22 '
for durrpl ng "{Hd %E)g'c tLl% %k §P‘ 3"l°nary piston f
connected at a lower end w1th the piston 5 operating in
the outer cylinder 6 in. response to the air
counterbalance system schematically represented in Figure -
1. The same reference numerals are used in Figure 2A to
de51gnate the corresponding parts _of the hydraulic
20 cylinder system as are used with such parts in Figure 1,
such for example, as the numeral 2 designates the-hollow

piston rod 2 with the flow conductor connected with the

piston rod for supplying the hydraulic fluid which drives ;o

_ the movable cylinder 7 and thus the pump A downwardly. A
25 .

30

35



-1 1- selected maxi mum pressure in the line 23b is reached. As seen in
Figure 2A, the control systemfor the delivery of hydraulic power quid'éEi‘
the punp cylinder includes- sequence valves 3la and 31b ED
associ ated 5 respectively with the cap and rod ends of the cylinder 7.
The. sequence val ves are connected as cross-piloted valves to prevent the
overrun of the reciprocating cylinder in the-event resistance to novenent
shoul d reverse for some reason. The sequence valve 3la-is connected

bet ween the 10 | ine 23a and the tank 22 by a_ line 32a. _ The valve 31b

i's connected betweBhe t REWEEN&1XRY idn F9hedehhkepdngy hydragd isofluldrpgo the

xalve 3%? s Conne§§8gaﬁgléfﬁtﬂlﬂﬁﬁé%NJdgée&bﬂy|Oinckhaes gﬁ&)didxeﬂhabolhhe
al ve a is opene resppn 0 _pressur en
cylinder. The 15 Pump§aP@& §¥§P ?@bcgﬁtgn?ﬁPéhi%h8 Fﬁ LYSEHY & nggfred
Ilge ]E%Sbhso tlhat dthelunévanaltpmﬁsxmesfon rtexepcpmetimlxesﬁunetunntrmfcape
end of the cylinder W | I he r h C d
reci procat e; in- eag%::gf)r gljoﬁgh% I‘F_’h %tfés‘%égiWQEEBE;ZEE%ﬁlltﬁdg{heogzgj%eené
opposite end nust © gi eyddnfler thevhvide n P¥MAD TfusassoreiakrieNit
valve 3la reli evestggepggggaur&d Neddieogapn@nd i ddwe cyl eAdsr t?xeaspﬁﬂi;ﬁ? 20a
211 6ves the pressRFEVeR nEbRoweldd TP G2 4ne ChS| hEEr CYELe nd pthe pump
relieves e press n“tfe r t 2
cylinder extends onognuesvapwaméhwenmrpmmpoaucmngrmhaﬁré&namylondéowaruag'
and 205 aniOne tankels:® HheVIPE: vipnn, 288 AN oALbo ey eriPlel o hE
Vﬁl-‘ws i ncl udi ng s@obienplhyy, a3@ommorshdaivealshafdubRe popbes, sﬂrn?]cﬁ apywer ,
The valve 40 is a o] o] ve \, I i ered [
PBFSeP f%ott'b QR&% dt}ﬁamgmgg 54 eLEedL BLer FHAP A | 8P

in which the outlets are comunicated with
the tank 22 ef fectinteynahl ca@bagtborh puapse. Thd hyAyauipchiludd ER§SERQLT

retract positions ﬁ@r §§d1catEhU|@dwémadﬂdynryﬂﬂwiﬁhtf&bipé&ﬁ tBoi t Several
respective fhd returns in the system provides the source. of hydraulic
fluid for both of the pumps. The outlet of the pump 20a
is connected to the cap end of the cylinder 7 by a line
23a including a check valve 24a permitting flow-only in
_ .the direction into the cab end of the cylindér. A
20 pressure relief valve 25a is connected in a line 26a
;leading from the line 23a and dumping into the tank 22.

The relief valve 25a responds to pressure in the line 23a

and opens to Qump fluid to the tank when the maximum
selected pressure of that line is reached. The valve 25a

25 ‘ thus limits the maximum fluid pressure available to the
cap end of the cylinder 7. The outlet of the pump 20b is
_connected with the rod end of the cylinder by the line

23b including the check valve 24b and the line and piston

_ rod 2 defining the flow path into the rod end of the
30 ' cyliﬁder., Because the effectlve area of the piston rod
in the cylinder is 1ess than that of the cap end, the

pump 20b may have dlfferent operating parameters from

those of pump 20a. A pressure relief valve 25b is

_ connected by the line 26§ into the line 23b and to the
35 tank 22 for dumping fluid back to the tank when a



-12- of the cylinder 7. For controlllng flowto the cap end of the .

cyljRder 7, the outlet of the punp 20a is ‘connected through the line 4la to
thé&%?lve 40. \When the valve 40 is in the dunp position for the cap end of.
t he® cylinder, the outlet of the punp 20a is dunped to the tank 22.~

The outlet of the punp 20b is connected with the valve 40 through the |{™e
41b. When the valve 40 is in the dunp jpesition for the rod end of the
cylinder 7, the outlet of the punp 20b |s dunped. through the valve 40 10
to the tank 22. To extend the cylinder 7 to the right as seen in Figure

2A, lift the cxsbue@@edamawmmd pr@s'aw énl tHhaivd VBHlGd Sré?dijl'fé&‘d to the
|l eft as seen in Figyre 2A b|0CkI t a at he “val v the
I'i ne 41b renmai ns op 13 %Ru %’f?o t’he%'bei st8h ’éﬂf:l &Ystetf?é“ 1 °r ,
cyli nder back deliilvertyankt Zﬁydrahéloutmmerf rbhuide tpun@éOaumgcea&amdqr
- flows: through lighe 243 ,4and he

into the cap Bgﬁgd _t% aen{:lnder g#e%ere y'nngpﬁg t %écyllnégﬁaf%d .
rel ative3to t héelspﬁé’c}lﬁeé-ﬁoﬂltb thegiqan and; rad ends &ft thee cydbindater?.7 20

downwar dly, toghe seghlenice fad\ved %%e tdzﬁm\é@t\éa Aa% Ics;oséy-fghq%ﬂéa R vdght
to block the line 41b whilg the. lin open Fl ui d
fromthe punp 36b BIXEDY ot"t‘?leOP’SGré‘ﬁd °caf'f the E?F?’HH@Fa?lPﬂr Géfg}l’rnfiﬁé' lithe
23b, the checkthelwwéhﬂ)raﬂukﬁdncéItmvmmnemgntZSBBuld rexeesdi for igtme
and LT ouah b8 ol St Sthe hdics yINg PIESSHECcbnbREe! AR codR aths,

t hr.ough the pilo e val v enrn ve permtti ng
flow fréfthe dapeeﬂéaoﬁnﬁhéh@yW@mﬁeﬂ27wabdghmtH@d i n@e2aadme tHe va ve.

3la back to th%oh%@%t%& béUW%é%“%ﬂé”fﬁdé”bﬁE éﬂh thedESEkethbQ“afﬁlnéf“’
reC|procat|ng é@é!ln er 7 be directly™ related to _the nmanner in

which the dir -on EBﬂtW@PV%wﬁ%% ispgonnected; k9 he line 23Ry py a
appropriate rra@uubltatwﬁe 033ath§b dhatct iche eambéolnaal ve, opénedsln_

possible to cause the cylinder to emul motion in
the pattern of &éeepssa’éfoﬁfgﬁ&u&eecéw e G0 e 5 Vst gyl inaed " e

33b so that the valve 31b operates in response to
pressure in the cap end of the cylinder 7. It will be
appareﬁt that as the cylinder 7 reéiprocates in each
direction, the pressure within the cylinder on the
20 opposite end must be relieved for the cylinder'to move.
Thus, the seguence valve 313 relieves the pressure in the
cap end of the cylinder 7 as the cylinder retracts or
moves down downwardly; the sequence valve 31lb relieves g;,
the pressure in the rod end of the cylinder as the
25 ' cylindér extends of.moves upwardly.

Direction control of the cylinder 7 is effected by
control valve. 40 connected between the outlets of the
pumps 20a and 20b and the tank 22. The valve 40 may be
any one of several types of valves inciuding spool, plug,

30 ~ shear sal, double poppet, or rotary. The valve 40 is a
three-position valva hav1ng an intermediate dump position
in which the outlets of both of the pumps are
communicated with the tank 22 effectively unlocading both

_ pumps. " The valve 40 has extend and retract positions for
'35 ° fluid flow from each of the pumps to its respective end



rate of the particular punp driving the piston and the maxi mum force

-13- novenent, the speed of noverment will be proportional to the discharge
o
applied to the piston will be limted by the setting of the respect

pressure 5 relief valves. The hydraulic systemof Figures 2A and 2B
i nclwdes mechani sm provided to.reci-procate the direction control valve 40
including a small  rotary hydraulic nmotqr, 43 having an output shaft
44 driving a crank arm 45 10 nonlrzo’tatably fi xed to the output

shaft, Figure 2B. A pitman armor link 46 is connected between the crank

armandthere0|prct|n val v T8 f t he va e 40 sh

direction control® ot at S gcyf ?g coﬁr ng? dﬁt]g%t#?cgwycgﬁ’poe%
external | obes 490|fs &hso QBllndenonTlrotabablvutietxedoftothe hepummpt 20a is
shaft 44, A lQ¥d rc‘?:%%urt%romrg_ Wel Q3 éﬁ?crﬁigdi% tHd Ra1de aﬁ)soqultégp the

relief valve 51 provi (gressurlze Tl ul riving the notor 43 a
provi des pilot fl¥adveordbpks at? ngheeAuEPn P[S’lsllétl%*pefr%ﬁ e’i-:P‘%aF%BsePﬁcIOlfdéd‘e

in the hydrajlic L:QQJl@'xd%lrrCL!tﬁe 28utletat Syméeipultip RO €8 ZunBul 2Bo - the
The punp 50 may beé dr| v, hhe dri vg S,ﬂf?fthﬂ al so&% ving the BLﬁmBs %
and 20b. .The punp 3¢ harB § CHHR FR93PERPo 1§ | GPAPPFAEYsYLE
whi ch i ncl udes braLMhe&aB%a dndibdmgmctheli hingei nbb opWhahetthet walway 4% ds
and start val ves h a S rd 54.c

intermttent flow%of tfq u?dﬁlr@]g?ng?hnoa_ %ogolt}l‘% the ?r%ﬁior f439H&T élltnderagd
start val ves 53 afffespuidetc @it thel @dlff@y 20bniits \Gaimpesl Bgirm%eﬂwndfaelmrﬁo

operated stip pil @b ¢&kVeadk Ql@era&%de_meewae tH &9 iHdr CRRA&he Aght as
vaniable orifice 60 is SOé‘Slgéiprow ded in the line 52 between the stop and -

start valves to f§FeH dF I&edy contl ofhe of YL hRIRY aRSuFievRSt 4P fégure

The limit valves 35 amé Yalatee mtmtﬁdlbtye@ £aMthe e dbl asWskeln tike Figure
cyllnder val v

: 55 wh
cylinder 7 reache?At ﬁ?q |kr‘hntg < Lb?P era e%&eys‘{ap&ggaﬁ h‘égfr‘]?‘?n' ?h\rall\fé‘e

56 is 4lb remains open to dump fluld from the piston end of the
15 cylinder back to the tank 22. The'outpht from the pump
| 20a necessarily flows through the line 23§, the check

valve 24a, ‘and the line 3 into the cap end of the
cylinder 7 thereby moving the cylinder 7 relative to the

fixed piston 1. Similarly, to retract the éylinder 7
20  downwardly, to the left in Figure 2A, the valve 40 is
shifted to the right to block the 11ne 41b while the line

4la 1is opened to the tank 22, Fluld from the pump 20b

"o/ | flows to the rod end of the cylinder 7 through the line
- 23b, the check valve 24b, and the flow passage 2

25 extending into and through the plston rod 2. The
' pressure in the line 23b acts through the pilot line 33a
to the valve 3la opening the valve pérmitting flow from

'thé cap end of the cylinder 7 through the line 32a and

the valve 3la back to the tank 22. The acceleration or

30 deceleration of the reciprocating cylinder 7 will be
| directiy related to the manner in which the direction
control valve 40 is shifted. - With appropriate
manipulation of the direction control valve, it 1is
possible to cause the cylinder to emulate Simple harmonic

35 motion in the pattern of acceleration and deceleration.
For both diractions of the cylinder



-14- operated by the cam C when the cylinder 7 approaches the limit of its
ext erd stroke. The stop pilot valve 57 is'actuated by the | obes 49 on the
stom 48 for blocking the fluid line 52 to stop the nmotor 43. Fluid

- unde pressure is supplied to the limt valves 55 and 56 fromthe -~
punp 50 through the line 58 and the branch |ines 58a and 58b. Pressurizéd
fluid is also supplied to the pilot val w357 fron1the'punp 50 through the

lines 52 and 59. Pil t fb ﬂucteg Lron1 Ignit val v gs 551and 56
10  to the %Y%’P?n v quen PREEEEASE WildePS1RTOBIFEIPRBLSAG ¢ 1| €
val ve 62, andthée: mlslcmarlgener@ig o;. Pthet siamnnbulsaucopdn@t edir f vimg t tdest op

pi1 ot val ve 5834 Rohgns! el alalftnth LS PLONaBERiLE! dd NenE%piTbnSNARL A Ve

53 is normal | pened passing fluid tot and l'oséd by
pilot fluid D¢rdmmlttr%i BY| othe y Serd ingy OMehh%ctﬁﬁﬂE@FW%n@réﬁsﬂlﬁé

| obes 49 on the] s&ppvsaged8. The pllot val ve 57 I's normal ly cl osed

communi cating the $I|O Ilne 65 W t he e stop val ve 53

% K Ilomﬁqg%th
to shift to the no Béﬁuﬁ6§|ﬁy SRR Fﬁguﬁﬁﬁo@Auﬂ 2B 1inclydesg
engaged by oneechah hem c prolvildes 4t90onetthproamté8 tHehed vaéyeidd iconapened

passi ng pil ot i_ éd for Oghl’:tl]ﬁd!thae 5}@ tlhergttg?gd %‘?{%ﬁ% 05| 1,’1;h(;i35top

val ve. The p| operat Start-va connec Fanc i ne~52b
is normal |y chagidganani sowpehkd §?a§FIoﬂ425dr1V1PBU|é fromkei exor dle of

the limpt val H@ﬁ—ré@a@é‘gl 5€f1swadUEéeGLﬂé1reu9 urthesrmé@t hvh@%rélczéeaw ng
fromthe shutt|e valve % 56 are

i dentical in BiFBRRURE™aRE F&H&tgénls qQQR%FF%§§W%ﬁW?%% FBetﬁEaPFnPFm
val ves 55 andah® fthem t&ei gt tind hvalgle 3fembert bE Ium5v52vand4(58tand‘4

t hrough the d vaI es g1 an 2 ed espect % with, |

val ves 55 and® ngf %ﬁreglvg ééggﬁsﬁes 1 tokth g??ﬁ¥t<vgfvéb55
~ through the Ihatrem@adltahet@mwpl\larl vepprsed peixites nllui tobest 48 |isn alsal ve
56 threygh thﬁon!ﬂ-P@té@le hefpyg@ Vi Veghe3S motord! SISt e P ot 10y

oper at ed val ves. opened and osed
pressure hydraulic pump 50 thh an associated relief

valve 51 prov1des pressurized fluld_for driving the motor
.43 ahd'provides pilot fluid for operating certain pilot
_ operated valves includéd in the hydraulic logic circuit
20 - and system of Figures.2A and 2B. The pump 50 may be
 driven by the drive shaft 21 also driving the. pumps 20a
and 20b. The pump 50 discharges to the motor 43 through a
fluid line 52 which includes branches 52a and 52b
inclﬁding pilot opérated, twd—way stop ‘and start valves ;;
25 53 and 54. The wvalves 53 and 54 control intermittent
' flow of fluid from the pump 50 to the_mdtor 43, The stop
and start valves 53 and 54 are controlled by limit valves
‘55 ahd'56 and a cam operated stop pilot valve 57 operated
by the rotary stop cam 48. A variable orifice 60 is
30  provided in the line 52 betWéeh_the stop.and start valves
to function'as'a speed control for the hydraulic motor
43. The limit valves 55 and 56 are actUated'by a cam C
movable with the cylinder 7. The 1limit valve 55 is
operated by the cam when the cyllnder 7 reaches the limit
35 qf its retract stroke; the 11m1t_va1ve 56 is



the |ines 58a and 58b associated wi'th the Iinmt valves 55 and 56,
respectively. - \Wen closed, the dunp val ves communicate the |ines 58a

58b with the 5 tank 22 allomnng the dunplng of .-fluid fromthe lines 58a
and 58b. Each of the dunp valves 81 and 82 is opened to enable the limt
val ve associated with the dunp valve to pasg-fluid when the Iimt valve is
opened by the cam C. Referring to Figure 2A, when the camCis noving to
the 10 | eft, the dunp val ve 81 has been previously opened when the cam C"
engage the limt. vapera 564 aby ovhegcafl Gwwhilenf |tlied ayrind@r theaPPFRAGNSS t Bhe

the shuttle val ve g%mlt é% gQgséHﬂgiéngggOQAU|dThé g@gﬁe 1@@&ow@naéu51|pg

6le to open t he val ve val ve IS

precondi tioned to @FFW?@UPHS"-PG 58§§5t Hﬁo@é‘h ttbr?e $498 tc%l% %%r wAtRckHag
val ve is engaged bynéhe1Gam Clahet B2 r @or agtopt ralee mbtbt. 431 [Fandiy, ahder

t.hat i nt he d I 82 i ti d, by. fi ng t '

e | Pnee 10 o APPeRRYFE: ot GOBRLLStn SSLGHPS bt i PabuPRe 530 20d o gfrom
the extend stroke thei pumps50! khsbaghd thien 1Hingurss 284 thee syaneim hives o§Ba
circuitry for closing %P d eggéyggeangiﬂggs 335958r¥u ﬁiggaetgagth andie

cam oper at ed rel ea88%v e cam on and rotated
by the shaft 44 ofvakve Sﬂhérmt dhespumel 39 i ¢hronght thed Lidest idh IWwdn3Phe

crank 45 and the S%QPoEaﬂf}@a llh%ovaah&%%d&h@mtﬁé qrﬁuapwmég assedand 56
t wo- way norfg osed val ves opened the 0 era& RPE n the Bglb
Pilot fluid®s suppPi &het Stags a%kﬂ%; RP8ugH e ,f =
and\39a. 30 Thetual whutt s aatoei @xnd m&h tHe ﬂullrptva‘llm 851chrou§hlot
pilot fluid Iine Sim] arl Y a at t
thbﬁgﬁs Gondug té& ?égﬁ g%g %PITQh% §§99€ §¥jﬂﬁ Ehe

t he dunp val ve 82 uid Tine ure 2B,
stop cam 48 and rekeapevaEve Saanhseuaheatpwédtsélnha65wheﬁ5§h§tﬁ9tﬁﬁlﬁs ﬁé

started by is normally opened passing fluid to the pump 43 and is
| 15 closed by pilot fluid from the pilot valve 57 when
acﬁuated by one of the lobes 49 on the stop cam 48. The
pilot valve 57 is normally closed communicating the pilot
line 65 with the tank 22 allowing the stop valve 53 to
shift to the normal open pdsitibn. When the pilot.valve
20 57 is engaged by one of the cam lobes 49 on the cam 48,
the valve 57 is opened passing pilot fluid from the line
59 to the stop valve 53 closing the stop valve,
The pilot operated start valve 54 connected in the
branch line 529 is normally closed and is opened by pilot
25 fluid from either one of the limit valves 55 and 56
| conducted through the pilot line 6lc leading from the
shuttle . valve 62. ‘The 1limit valves 55 and 56 are
identical in structure and function. Fluid is supplied
to the limit valves 55 and 56 from the pump 50 through
30 . the lines 52.and 58 and through the dump valves 81 and 82
‘associated, respectively, with limit valves 55 and 56.
The dump valve 81 supplies fluid to the limit valve 55
through the line 58a; the dump valve 82 supplies fluid to
the limit valve 56 through the line 58b. The dump valves
35 are bi-staple pilot operated valves opened and closed by

-15- pilot fluid. Wen open the dunp val ves pass fluid fromthe Iine SZégg



-16- the engagenent of the camC wth the limt valve 55, the stop valve 53

IS ed by di sengagenent of the cam|l obe 49 fromthe stop pilot valve 57.
Ths@%é@ease valve 84 is opened by the cam 83 passing pilot fluid to the
dur val ve 81 which occurs before the opposite | obe 49 of the cam-+48

reZehgages the stop pilot valve 57. ‘The passing of the pilot fluid in te
line 86 to the valve 81 closes the valme. 81 all owi ng the dunping of fluid
fromthe line 58a to tank 22 permtting the start valve 54 to close. 10.
The start valve 54 is closed even though the limt valve 55 is still
engaged by t hepiclaon (Ebwid hat whiee opkear th2 idunyt opapkdesheasthe laddosfiiam | obe
49 of the stop,ca res € k t pi_l gt -wal v 7. he .dump ,val ve
BLwill - rensie THfecsy tY ERE, ife] 2aPad 8 KEsehianel Bt TLAE
pre-condi ti onekimigy vakiees|5hi andvilbue regpectiivelip.  eWhend cdtoseide. thieni t .
Wth the op&ffd OPa1pbs BRmuMEt@te 4hd Nilhekedshy dRf 5801 Likdl et at

i
the extend stroke |[Im¢t, a sim]|ar operatrng %icle‘bccurs wrth the | obe of

rel ease Gam 8FaPersR i WYLPRENT cFRasdubaive 8 ugd| f¥epm she limast58a uid

through the |idia &B8B.0 thecklusp vhéveaulg. vBLivekl g1 bha eperial icpemd the

Vi ng Lo ¢ he SRS, Sl 5 et it torSe et d e R epe e 38198 Bt

valve 81 has ipams pflbvidushen opemeliimbt28alve dappppneluiby tthet lwam iCu t

Tt valve s8Cn R Ly FREREECIRS WhOR, oS el e RO Ra

val ve 3&d  skefitd nghe ¢nep %589 81y dassibeen apEBUsPRSLEi IopenRduithes .-

palssed -]Eo the awgpcaal \Cf _aﬁgag?szcné ?magh.t aﬂ%e } jsa‘etalgl_lcsivi@emqt hma?-’

YA i % SHIE MG SRELAL! §0ne TaGTROT S Loyl sapngages g 5t o0

‘renovi ng pi | otthpressime pibott BRusdodsvdass<m3 siiraigh sthédedioperdde o t he

stop valve spidgy ¥he iR !!ValhE 8Lt CLot NenbePeRE hA10E 033 cAm 83

15 preconditioned to allow £fluids to pass through the limit
valve 55 when that valve is engaéed by the cam C at the
retract stroke limit. Similarly, at that point, the dump
valve 82 is preconditioned by fluid passing through the
lines 61d to allow fluid to pass through the limit valve

20 56 at the extend stroke limit.’ _ '

' As illustated in Figure 2B, the system and logic
circuitry for closing the'dump valves includes a rotary
release cam 83 and cam Operated release valves 84 and 85.
The cam 83 is mounted on and rotated by the shaft 44 of

25 the motor 43 and driven in timed relation with the crank
45 and the stop'cém 48, The valves 84 and 85 are spring
biased two-way normally closed valves opened by the
operator lobe on the cam 83; ‘Pilot fluid is supplied to
the valves 84 and 85 through. the lines 52, 59, and 59%a.

30 The valve 84 is associated with the dump valve 81 through
pilot fluid 1line 86, Similarly, the valve 85 is
associated with the dump valve 82 through pilot fluid .
line 87. o |

Referring to Figure 2B, the stop cam 48 and release

35  cam 83 are timed so that when the motor 43 is started by



-17- the release valve 84 closing the dunp valve 81. Fluid is dunped from
the line 58a and the connecting lines allowing the start valve 54 ‘
to cl ose. The notor 43 continues to operate until the opposite stop c%ﬁ%ﬁ)
| obe 49 5 engages the stop pilot valve 57 opening the valve 57 °

t hereby cl osing the val ve 53 stopping the notor 43. At the end of the
stroke to the right in Figure 2A the cam C _engages the limt valve 56.

First, the start valve 54 is opened to start the notor 43 and

si mul t aneously the dunp 10 val.ve 81 is opened for a succeeding

operation. . Agai fd Il a3 44 "efe dLaENA20PEn 2L RLOR AT LGS A Lo

stop pilot valve e engagenent o [e3se Va
t'he .| obe of rel eastaparnglye SﬂTﬁ% o bheddaﬂpgaaemenezofotbeogumwipbe

start valve 54 evepy Jjom tﬁeh%b égl adt Nd1vwedlsie Shpres rlaﬂle%ééo%l% te is

cam 16. When the cans 48 and agai n reach the condition

illustrated in Fi QReRess byhdhg oﬁa'OaI% B3sing é’s‘é{?tt ofipdd thee hBeodurmp

It will be rgcognivzadd ret ammy@&@ws Cb@ﬂdi\ﬂé aml Bonsn:éogbBeS!St@fl afhe
Figures 2A-and 2B as used to o erate é functlons

i ndependently of ¥ ¢ n’f%r%‘é e § %tg Pn@l & ng}'at By &asEfng
and t he conpressmi thk nﬂﬁqﬁ1fkngqﬂyn tihe lineo86t he tbatealaph&ikgldses

bel ow the base pi st J_ e r| n .L e %&m %n?rSE' PiQ¢4t ??ohotg@ IS ne

and lower the sucker g , he rod strin
reci procating parﬁ§§ﬁtqrﬁﬁ%%l pHﬁﬁmF§téBﬁthﬁe§QQFqtﬂ?%ﬂ? §ﬁpﬁﬁ<9}Q$ﬁo

the syst em figneat rHeh&s g At G lve 54NUS, clédded hé!déﬁ%h@u@m\/&hes}lihﬁm ivalve
oo on o U UL B kb e $R R oR ot LB BET, 4 1
pl unger during thetsppiedkehen Ehes dppobyts alldbe syst &f i sheristap | yam 48
concerned with over c%r}‘l\ fr| ogt(g‘gt R§i§§l Q;aq_g)engs.;md %cel&&&g lebge 81

novabl e nasses inval ve |n o eratln .
will remalu closed in the dump condlulon until

15 - pre-conditioned by the 1limit wvalve 56 at the extend
stroke 1limit. With the operation of the motor 43
initiated by the 1limit wvalve 56 at the extend stroke
limit, a similar operating cycle occurs with the lobe of
release cam 83 operating the release valve 85 to deliver

20  pilot fluid through the line 87 to the dump valve 82.

Briefly, the operation of the hydraulic systems of

Figures 2A and 2B is as follows. With the cylinder 7

o moving to the left éktending the cam C toward the limit
valve 55, the dump valve 81 has been previously opened to

25 ~supply fluid to the limit valve 55. ~ When the cam C
approaches the 1limit of the stroke engaging the limit
valve 55, pilot fluid is passed to the start valve 54
opening that ° valve and starting the motor 43.

. Simultaneously, pilot fluid is passed to the dump valve

30 | 82 through the line GIQ opening that wvalve for a
subsequent operation.' The motor 43 fi:st,dis-engages the
stop cam lobe 49 from the stop pilot valVé 57 closing the
stop pilot valve 57 femoving pilot pressure from the stop
valve 53 which is then opened by-the stop valve spring.

35. Shortly thereafter the lobe of the release cam 83 engages



Figures 3, 4 and 5 show a specific preferred structural enbodi nent
of the hydraulic well pump A shown in Figure 1. Corresponding parts of the
pupp. as shown |n Figures 3 - 5-will be identified by the sane reference 5
nuEApl s used in Figures 1 and“2. Referring to the drawings, the =~
onary cylinder 6 is nmounted .on a base 100 provided with a flow
coupling fitting 101 which admts counterbal anced air fromthe receiver 14
and the compressor 15 into the cylindet?% bel ow the piston 5. 10 The
annul ar count erbal ance piston 5 is secured on the |ower end of the .
vertically moya ble _inner cylinder 7 which cognects jn seal ed Do

rel ationship at ?hEeH%%%? %%ﬁv?h€$e5}°?h?% gh 'RRe at%% ggQ cBhntdt &8 on
t he bott om of dhmpe&eaﬂsmplatmarniﬁne ‘Thea i nawed nDMabIeoﬁyécﬂﬂmg 7lihes = .
is nounted in a el er,th ed pigton_r 2' i ch
connects at th% ?‘gﬁ/{e]é h%?gf)f' Va% he\ibas‘% %dﬁ.géThe c'%'unt gro%% an'(l:
piston 5 sI|de%onhls@%$eﬁorepatﬁﬁﬁshpplél@hg oppositer shppf s ofohéded 9 .
piston red 2'. engaeegp&% eaeiopf ptlh%tfwsﬂvgl Sstvon %én@ﬂanefﬁé ¥31ve- 5*7“0
the fixed piston i'nper urface of the novab cyl i_nder

slides in seal 'é’aeF%]i’lét F?Jﬂ%hf‘% LPEngalve o} eFtRRINE et l“ﬁ§°5| 4on lAtThe

upper end porttRe @ihd of hthe $txsite t@lﬁﬁ@nrlglli@danFJ.glhﬁe 201 eé 04k cthh
cir'currferentiallg?.'%% elg pprts, 4 b jston

hydraulic flui@® HEt v ‘é% }1 %\‘ieten %?5?0%‘3‘?‘6% 34 L
t he cylinder 7osbeme®pecuastagtthhembborptéﬁpanﬂhrsmgﬂtartesmsimmm ddump

st roke. o] o) r caqnn, g e 10
extendl%% in concentr?cwgﬁ ace %£|§§roﬁpwf§%éeé@£8¥ BQEgStggﬁon r%%ahn'SG’
connecting atth¢hmotappds Lkt hisLngages pastsHep 1camoE°§§ppﬁr3ﬂththe _
hydraulic fluigd tglube Gfﬂrii@rsiof‘foﬁltl%& hsypmeorkarlga\géﬂé@tt% Cythé nder
7 for operatlng i e mell1§ n@ throgg g) gard or extend § r oke.
The flow condt®t®?58 V81¥Bad2d R ¢ Fffi 1R %l IGLERSR rGHh 28385 This
defining with ¢heses st dup ava breB2artd | oloshatine| stdddt valve 54 even

15 - though the limit valve 56 is held open by the cam 16.

When the cams 48 and 83 again reach the condition
‘illustrated in Figure 2B, the stop valve 53 is closed to
stop the motor 43,
_ It will be recognlzed that the hydraullc power and
20 logic system of Figures 2A-e&nd 2B as used to operate the
well pump A of Figure 1 functiqns-independently of the
counterbalance system including the air receiver 14 and ..
- the compressor 15 which' supply air into the outer
cylinder 6 below the basé piston 6. = As the well pump |
25 reciprocates. to raise and lower the sucker rod string 13,
- the wéight of the rod string and the reciprocating parts
of the well pump is supported by the air supplied into
- the system beneath the piston 5. Thus, the hydraulic
power system is relieved of this'weight of such movable
30 components, the sucker or polish rod string, and the
fluid column in the Qell above the pump plunger during
. the upstroke. Thus the hydratlic system is primarily
concerned with overcoming friction ‘and accélerating and
deceleratlng the movable masses involved in operatlng the

35 pump A.



-19- for fluid communication between the ports 4 and fl ow passage neans 105
in the base 100 conmmuni cating with'the fl ow passage 2 for the hydraulic
fluid which operates the punp through the downward stroke. A stop tquESQ'
110 is 5 mounted within the annul ar space 103 on the piston 5 [im

t he wpward movenent of the rmovabl e cylinder 7 at the upper. end of the
upward stroke. The upper end edge of the,sfop tube 110 engages the | ower
end edge of the fixed piston.1. The sheaves 9 and 10 are nmounted in 10
rotatable spaced relation on the platform 8 within a renovable

protective cover 1llpjgqutlg f3 exigpl eandte@ltyj,rman‘%er é,@clef&tcencbrfergpred

fi xed ends connected mnth the anchor 12 to the sucker coupling 11

the movabl e end ofSHHEHURRY SPhadinant °ﬁ?ﬁp%ﬂkﬁﬁﬁaﬁkl¢swﬁ%thEBPoﬁ ghown
thle upper end 8}‘ dm m@?re nqzt lgxurr%ts@aﬂmdaglbar&@ctffectrfaﬂpm@ﬁ%% Js%lwn iM
t el escopi ng cabl e _cover ne i.nner, e “and an outer eeve
115 is connect ed Eg ?%e bét%ﬂﬁﬁfé%% 6FePﬁé ﬁéa& [ﬁhﬁfﬁ?W?S Fhenee
platform 154 ﬂﬁm@raappeuseénduzoFlguhes olt and tmbe Ref@Bring to - the
connected with they t I in

tube is connected v]\%tg}hltngr?e I&qne?f%%gm 1@%%*%1{#% ;ﬁ?&i%%? Pgscog%s
on the inner tubeld9 t pEopideforwith rai §é@wan§°P§\JvéPGd ﬂutth@gth@%tmé%l
of the well punp. aaﬁuct%bl&mlqagm&sedlpwfdkfyohhrtfwrrém&ér 14 ahat ft@{éﬂ

114 through the inner. and outer tubes connecfed at an per end w,th t
Diatform e s GRROFESSEE it BeRe R Bk UIRH | By bAIRY (T BAHLER Bhe
cabl e, not 1sj10wn T@etemlml@rth:e:ulmttérraialhamceylpmledsnssr oke Isergidedsessorthe

shawp in Figures nd tel esco t ube assenbl .
protects that por#%@r?%of J?%éosfengo c‘éebrl'eci%lof m&¥arbd'r?s BBP nggh%nder 7
platform 114 and wid bl ardrorentss duni ﬁgarledl prebatiorship t Ae Wiid- ppppr lemd

accordance with thdtedsNetd A cf fitnadt exbp! § 020 e LheS A Al

Figures 3-5 are each a 35 sp eC|a ti-Tayer band or ribbon assenbly

each of which of the sheave plat~orm. . e inner movable cylinder” 7
15 is mounted in concentric spaced relation over the fixed

piston rod 2' which connects at the lower end thereof

‘into the base 100. The counterbalance piston 5 slides in
sealed relationship along the outer surface of the piston

_ rod 2',., The upper end of the fixed piston 2' connects’
20  into the fixed piston 1. The inner surface of the
movable cylindef 7 slides in sealed relationship along

the outer surface of the piston 1. The upper end portion

~of the fixed piston rod 2' is 'provided with
circumferentially spaced ports 4 below the piston 1 to

25 admit hydraulic fluid into the .annular space 103 between
. the piston rod 2' and the cylinder 7 for operating the

well pump through  its downward stroke. ‘ _The fiow
conductor 3 connects through the base 100 extending in

_ ‘concentric spaced relation within the fixed piston rod 2°'
30 connecting at the upper end into the piston 1 for
supplying hydraulic fluid into the chamber 104 above the

piston 1 within the cylinder 7 for operating the well

pump through the upward or extend stroke. The flow
conductor 3 1is spaced within the fixed piston rod 2'

- 35 defining'with the piston ro&’an annular flow channel 104



-20- is conposed of a nunmber of very thin steel strips bonded together
“al,.ong each end portion of the assenbly of the strips adjacent to the anchor
KZrand t he coupllng 112. For exanple, one set of tension nembers 11

Réfated on a 5 prototype of the hydraulic well punp A was fornmed by ™
ei ght |ayers of st eel strips each 10/1000 inch (0.025 cm thick Utilithﬁ
an epoxy bondi ng between the | ayers alqﬁg_the | ast several inches of
each end portion of each strip. A very thin filmlubricant was placed -
bet ween the 10 strips to provide lubrication enhanC|ng the slip between
the strips as thg Skqjpga i SBVESn O¥Rlellf, S red1C 4l BYEES 4TI NG
the strip asse les are held together 0 in a aroun a radi us .

the same di nenflafsage maanhellR adthe Bi’s?héoﬂeFPmﬂ‘Hﬁﬁcﬂﬁ#F‘s m%m ng
15 procedur &ligy RRIFIgED forThilﬁe apfrAnl id a1 gar wiifcr Nsbd mass fe

each str assenbl er en e _sane, st when_t he | ayer.ed S
nmenber |Ispsubjé’c‘,’c“l§g % %Eli%l &p %Hrf‘hagrqeﬁg EoverAtﬁ °|pdl>/’él?b%hé'§t elslosg

and 10. 5t V\nlxdonhﬂ:eabpaiemnt ltdie aannedeh |spereedlansomn tienbpisfén 5

= q
ot vaen't he i nidmiARend Wiiad® dylidddy B fnd Vbl Sy % dls ©
| ayers. The-mhanunnﬁnc@m@ pét wben upwa ridayatyroke.ovi Bhe hpbercendoredas
the slippage bejpmegns t Beohaxehe. 1107 éndsge s thaelm@rl Qalrﬁ 28age by aHRd

t ensi on nenbers_ keeps {he bendlng stresses low i n each of the netal strips
formng the merfk PLSEPR| lpe rEBBgriitRAY hal ANer 1PerdionmABRbEAs idlich
as rol | ergchai nsotatiatgles sphtea, relhiidi esnagie Uplaft fot i Bl ewstRid a <

bl b d as .t b th he 3Q, f d f f v
Mt <1 ayored FAMEVAPRnBEPEeRERES Py Yl atthe PEFSEERES RN oo
provi des supemembepey f bl mertmend Cabimesfixed tend=sapicdhpenced. w1téhsnrrgal e
cabl e requires Vﬁ%ﬁ %ﬂei%gﬁﬁé‘vﬁﬁckgrmr% g’ﬁt | Caﬁ?’ﬁ eBB' el GBS 6.

“the hydraulic ustrate a varlatlon of
the pump A of the tension members. The anchor 2 1s mounted on

15 the upper end of an anchor post or standard 113 secured
on a base 114. A telescoping cable cover formed by an
inner sleeve 116 and an outer sleeve 115 is connected
between the bottom face of the sheave platform 8 and the
plétform 114. The upper  end of the outer tube is

20 connected with the bottom the platform 8 while the lower

' end of the inner tube is connected with the platform 114
so that the outer tube telescopes on the inner tube as:
the platform is raised and lowered during the strokes of \/
the well pump. A cable 120 extends upwardly through the

25 platform 114'throﬁgh the inner and outer tubes connected
at an upper end with the platform 8. As discussed in
more detail hereihafter, the free end of the cable, not
shown, extends to the hydraulic cylinder stroke length

- .sensor shown in Figures 10A and 10B. The telescoping

30 - £ube assembly protects that portion of the sensor cable
120 which runs between the plétfbrm 114 and the platform
8 during reciprocation of the well pump.

In accordance with . the . invention the flexible
tension members 11 shown 1in Figures 3-5 are each a
35 special multi-layer band or ribbon assembly each of which



-21- shomn in Figure 1 wherein the only force supporting the punp load is

contributed by the -hydraulic cylinder. Counterbal ancing S

{ achi eved by hydraul i cal |y supercharging the hydraulic punp supplylng
the pressure 5 for lifting the sucker rod string. In Figure 6 those
parts’.corresponding with simlar parts of the punmp Ain Figure 1 wll be

referred to by the same reference nuggerals as used in Figure 1. The
well punmp B primarily differs fromthe well punp A by the elimnation of
the 10 count er bal ance piston 5 because the counterbal ancing is-.

obt ai ned by superdoMydl¢f) of tdhenumpbidP of suapyyitngn strlaelh;girrawg cbended
pressure for the lift .stro ower. end_of va bl e

. The. Y
I's closed in qog(ﬁtﬁxger skg?‘é%l ?gf:gt |ed%dskﬁ’%rth??h°ft h f??%ﬁm %Fl the
by the annul-ar stkips aijsrent cep ¥he ankhoirhd 2veand pohp Iotulpdlmgdrlam.i c

punp 20a is swc%@gnqgctlvat - st 885t ngbaﬁgﬁg_m e9¥d&av&b%ra%%um&nfat°f

N2 or a dead weight drau I C accurm at or
which is donne®@ratotsineh of hdhentBk@ranlitcowelde pump 2Bawas sfermefin by

giBg;JrE 6. t ThtehZQel ght M@:@dlc{z RN gtchlrgsgleca&i rlqwltdoo Q‘;]nd‘ﬂ gztt{&ﬁzs? c?rnd
aken oge er, .na s.e (0] era e e e portion o
the system shown "‘é é‘&r‘él’ﬂ%qgs Lﬁ?@wﬁeeft H"}l IR¥e5 SRl

the system descriHeedlash coewnerdl orlnmtdrs t bé& oqaac}at | errd obohrltaowel of pusgrhA.

The 25 por ti Il r f the
I ncl usi on of t %ydraulégf%haé%un&%\ggéir% e e(r%"ras ghb eg%ﬁets %
and 7, the ot at isctrrsv\sl e vy iete ubwlr i ¢t FogueshaBedsgi gh@t @lumé)asuvgmn
and,/left si des, %r.g}q vel 4

Figure 7. Refer rtlt{leg to sg%rsg tglf Et}:‘rnr r?g\ét t%satl\%) g)o VpPIJSrrp

:B, hydraulic fl U|Td‘epr1éé’sq¥r5e fiarmdiagp | Hhed W&m@ SRARPLigs tam%dgerm He9gther
. 23a into the condw ta 3186° Sb@ﬂdtﬁeoﬁﬁasﬁurﬁdﬂhé her caﬁabgaméoala@cAmohh%s

piston 1 lifting vable ¢ |nder eversin | ve 3 i de
V1 is closed for cﬁt"r‘?g gﬁﬁa ?e§ tus nof het}%{"ccﬁﬁﬁﬁat%‘?mp Unfde %R b°“dsl
.. 15 procedure is performed. This assures that each of the

layers of each strip assembly experiences the same st_res's

when the layered tension member is subjected to normal

‘operating tension over the idler sheaves 9 and 10. It

will be apparent that as each layered tension member

20 moves over the sheaves there is a ‘difference in the

distance travelled between the inner and outer members

and thus slippage occurs between the layers. The film

lubricant between the layers provides lubrication for the

slippage between the layers. The use of the multiple

25 . layered tension members keeps the bending stresses low in

each of the metal strips forming the members. It will ‘be

recognized that other tension members such as roller -

chains,. s-ingle cables, and cables made up of multiple

small cables may be used as tension members though the

30 preferred form of multi-layered tension members made up

of the metal ribbons b_'r strips  provides superior

per formance. Cables tend to rapidly wear. A single
cable requires much larger sheaves to minimize wear.

Referring to Figure 6, the hydraulic well pump B

35  illustrated schematically is a variation of the pump A



-22- W or - N2, which ever 1is being ‘used, - to supply supercharging
' ssure into the intake of the punp 20a thereby enhanci-ng the lift of the
@p. Hydraulic - fluid below the piston 1 returns as the cylinder 7 is
Ised 5 through the flow channel 2 along the line 23b and through t he
open reversing cylinder side V2 back to the tank 22. During the downstro¥e
of the well punp B the reversing valve-gilde V2 is closed whereby the output
pressure fromthe punp 20b nust flow through the line 23b into the flow 10
passages .2 and outwardly through the ports 4 into the cylinder 7 below the
piston 1 forcinghpWa dwydtigunsgy |} ndeergidokhearadily forxe i agpphetiognwied

stroke the revepgnBd 1cadali%® contirdButedl by | Sh lidePitithisag .
count er bal anci nb hgdrau?l c fluid presgufe to be e‘?fectlvu lfo CWT&

ei t her .t he accufGMBEBFPALBRCLATt he &8cunuRshéevRE al oRY thehh’ﬁﬁéué-l@altlﬁe
line 23a, and tkepblrewaeghdyciuiie Shydisulhe 9)dlnpndﬁfpp1|ﬁ rtﬂ@%&@@éﬁrtehe
plstonl\ghlch QBP s“d.sftthedvmwa{ldrme 41 g g t?.
hydraul i c*power TPFuitd SddS ot  ERFESEt vt B 66P83 Rd 2@“re 9 AthoREN
together operat parhe hpahr&tslplomd\mlgl wWidtip sEimnlaaxapai"gzstbé Shiee pammer da
reviously descgis W { h e t Stg Fi e a

gperatl ngyt he vvg Pﬁ?e iAwlliq(S)i;k:Hr? Qeﬁfgfréée g@\%‘, % r%g\?/@rs?% égehve 40
is shifted to tﬁémﬁéﬁllscéﬁnﬁﬁleéatllnor?lt%tr\ﬁee‘n 251‘he W¢lheBUMRaBaﬁéflm§€1|1§

closed while thaikkaes4Hroms wRrengs1l op hh\@v 2%he 'élltﬂl'n%trm:e 9% Lthe |
operatio the flow % wihe accunul ators

an o ass_to
i nt ake of®the pGRPRSE ABRSJPIG e PﬁF6u§ﬁetl enec?'%}‘gt ?%}%‘:%Bgtl’ré -
cap end of the obtamded 7 Yyor sppeathaggthg puﬂ‘pa 30pump Insr.tﬁ‘;elymsqroltﬁev

h 20 L ] : | at
Ine, U, 200 | 5hlU3utYROEERREARD ELOTLRRE Okt Be KU SULS SECURILBLOGE
in the line 4lbthe tmevabhk. cylindeuny 2dls dicdosedgedn nsdidhiegl | sea2st

punpi ng the cyl kegsalzngﬁwwpénf WHd € fiRea35pistollyd auly ¢ crRcCUAHLaber W
or N2 |s conmuni cat ed ' . :
~closure cap 7a In the well pump B the hydraulic pump
20a is supercharged by a. gas charged hydraulic
accumulator N2 or a dead weight activated hydraulic
_accumulator 'W either of thch is connected with the
intake side of the pump 20a as shown in Figure 6. The
20 hydraulic power and logic ciréuitry of Figures 7 and 2B
taken together may be used to'operate the well pump B.
Thé'po:tion of the system shown in Figure 2B is exactly
the 'same as that portion of ‘the system described in
_ connection with the operation of the well pump A. The
25 portion of. the circuitry shown'in-Figure 7 differs only
 in the inclusion of the '_hydraulic accumulators.
Referring back to Figufes 6 and'7, the notations V1 and
V2 as used in Figure 6 designate the right and left
_ sides, respectively of the reversing valve 40 shown in
30 _Fiéure_?. Referring to Figure 6, during the 1lift stroke
of the well pump B, hydraulic fluid pressure is supplied
by the pump 20a through the line 23a into the conduit 3
raising_the pressure in the chamber 104 above the piston
1 lifting the movable cylinder 7. The reversing valve
35 side V1 is closed forcing the pressure in the accumulator



-23- line 4l1a applying the pressure fromthe accumul at or fromthe line 23a '
into the cap end of the cytinder 7. Wth the exception of the hydraulic G;D
accumul ators, the remainder of the power and logic circuitry for the

hydr aulic mell punp B5 as illustrated in Figures 7 and 2B taken toget her
operéfes exactly as previously described in connection with the well punp

A. Astill further formof hydraulic power and logic circuitry

enpl oyi ng hydraul i c count er bal ance ~4¥5 10 ~schematically-illustrated.

in Figure 8. Those conponents of the systen1of Figure 8 which are simlar

“in structure and fgncti,on 0 onp nts, of _the previ.ousl
described -- syst e% ar%rol dlg%fl fi eg 3 & amd Sy ef%?le’h%e N&&8ral sé/%s supply

previ ously used. SR@?éFhﬁﬁglngoHﬂ§ﬁﬁu;eEnntmhehbydmmdkm:&5 umdlpdmp 20a

temincludes a ¢nkira8er ehB8nchinat 1 a rod
;Sl\y:upported on thehgl stog Fo ,r?gy 3 Qiﬂe %“I]lft quf suc%‘ﬁ&? ‘od Hi’agauf\l g&r’nd

123 novabl e with t RELBFstdS rR)’ds'%%" e%gﬁ@'éaﬁpé \ﬂist hth%ecyﬂnrmiEVal'A/ess 55aaséd
56 within the |Og|tthﬁghlth¥ glotvhenamakeny aIB$ESZ§EGEHh§ 39p - aggegﬁgoﬁén
'/

I 124 a ch di scharge
'ngdvgghaglgtgg E gpgﬁ ‘?ngggﬁﬁnagingéﬁeéf EV% backngopthgstapk 22.

control |l ed by canst3®nan¢h£31desﬁrdtee dfi the orell coumpn BSheié wetvbBrkhgag
48 ~ driven b rayl is
ggghected with thgvawg Sgagogghlgufgg%gg I%%feb¥é§nlndmgaﬁg?egﬁ%ﬁf?ﬁﬁl§r°m
whi ch operate throﬁgﬁ BUTP 280k BE%Flﬁb@wlggrowghyUhagllnecaahtenbilahelﬂgow
0
accunul ator1340 i spsosagssed idid a@@wémyorah%qsp #wp &Z%S {&g‘ﬁ? Bhe

u 141 also is ¢ ed into the suction sid
PraEngp punp 141 dlg%ﬂé? 8% i ht oP% %wsuEIP‘FonP*l-?ﬁ‘é“oflpuﬁ‘arq_QBgtthﬁghmavable

check val ve 142. cylidder 143 downlwatidly .a pbuetingpediad edowaldedl44 IR the

| eads fromthe dis th 141, to the. tank, 22 and to the sequence
valve 3la. A line {%ﬁégggﬁ fr%ﬁﬁ&%ﬁ Ilnﬂéﬁ4 dwnst}®am P&H 35 Permitting

counterbalancing hydraullc fluid pressure to be effective

15 from either the accumulator W or in the accumulator N2

' along the line 41c, the line 23a, and the flow conductor

3 into the cylinder chamber 104 above the piston 1 which

opposes the downward movement of the cyllnder 7. The
hydraullc power fluid and logic circuity of Figures 7 and'

20 2B taken together operate the hydraulic well pump B in

exactly the same manner as previously described with

respect to the system'of Figures 2A and 2B ih'operating

i : the well pump A. Looking at Figure 7, when the reversing

valve 40 is shifted to the left communication between

25 lines 4la and 41c is closed while the iine 41lb is opened

to the tank 22. 1In thlS mode . of operatlon the flow from

the accumulators W or N2 can only pass to the 1ntake of

the pump 20a which dlscharges into the line 23a flowxng

to the cap end of the cylinder 7 for operating the pump

30 in the upstroke. The pump 20a is thus supercharged from

| one of the hydraulic accumulators. During the downstroke
the valve 40 is shifted to the right closing off flow in

the line 41b to the tank. The pump 20b discharges into

the line 23b pumping the cylinder 7 downwardly while the

35. hydraullc accumulator W or N2 is communicated to the



-24- the valve 144 into the line 23b including a val ve 150 pilot operated

0)Y e pressure in the line 23b. The cans 130 and 131 are configured to
@ ‘only one of the punps 124 or 125 to deliver fluid to the cylinder.

ny 5

one tine. The accunul at or 140 supercharges the suction of-

120

the punp 125 to serve as a counterbalanc@3agalnst the wei ght Wso that t'fe
only work regyhéeqlgfgﬂﬁa tBe . PYREANTRONMBréfi &heONa @@t D@t o POELLAN

the ¢ Ilnder tr be under _count er bal apnced.
down {0 | % fe?%wﬁkilbghgb%PSWCPﬁeﬁﬁQHQ#:éhﬁ_?%%§%§e¥h7oqu1FHetP§Ive
31b andIirmeiﬁbpb1¢MeoﬁcmMGnhydram&bwldcagmumunbeebMﬁﬁunf@mafhgafeof9

illustrates

st roke Iengt h§50%£C§%éy%°&Pg %gﬁg F#gcf§E|EhQSH§dF8&ﬁg 89#@25%§% %gnp

control | Bng ageillnetrahedi dn Eigureshydedd i2B ctakenletogéthbe ppepatése
devi ce 150 Iéxaétg%taatﬁgewoéeifl bekBrfbayr e beﬁnelc@@oﬂn@ﬂc% %%e well

i ncl usi ve.

The vice 151 is iTlustrated in Figures 23-35. to be

underst ood tA¥PPthe devices 20 150 and 151 are |IIustrat|ve of syst
whi ch may be enplayetina ceaktnbrt heotmngth afarhalstr okswed tha hydgaul ic -

ly.d bed and th h of notion each sfrok

Rerorring t CETORFEEY | on crekev i 11 hB8HERITen c£00nterbaTagRR) L dds

structul® f0$0h©mmt1m@llme111u$trwe¢@esnSBlandeSB.anmhosbecompbaEnmg ofm C

(or cam 123 pﬁevggﬂﬁééaﬂ bef @19‘?% @) Rch NErYalaies 1ot %:PVQLFS&&?Q%G%G
e er I

| ocation fromth

rau structure o

physi cal conﬁ%%??b%nréﬁhlﬁéﬁ b@?%ﬂ%ﬂeﬁbs °ftrﬁhquymngylpyelanddeﬁerlbed

hydraulic cysyseen aseembiyntsribe oper ehénGdiwd! ect2PeWbbChayd &S as.
bet ween t he h%%raU|'f cyl i nder gfs nmbl y and the sensor_device 15Q0. The
Yhet ’fﬁoﬁfe‘x%

~ device 150 %

&4 ‘i nd t hi FLPHGS: R cdiec BEeReskith

limt valsvescpbifd®er system includes a cylinder 120, piston 121, and a

20

25

piston rod 122. 'A weight W supported on the piston rod may"

_be a well ‘pump sucker rod strlng. A cam 123 movable thh

the plston rod is engageable with the limit valves 55 and
56 within the logic c;rcu;try of the system, The system is
powered by two variable volume hydraulic pumps 124 and 125
which discharge to the head and piston rod end of the

cylinder respectively. The pumps are controlled by cams

130 and 131 which are driven on a common shaft with the cam
48 driven by the hydraulic motor 43. The cams are

:connected with the pumps through suitable links 133 and 134

. respectively which operate through suitable bearings 135.

30

A hydraulic counterbalancing accumulator 140 is connected
into the suctlon side of pump 125. A makeup pump 141 also
is connected into the suction side of the pump 125. The
makeup pump ‘141 dlscharges into the suction line of pump

125 through'a'check valve 142. A line 143 including a

pilot operated valve 144 also leads from the discharge of

35

the pump 141.to the tank 22 and to the sequence valve 3la.
A line 145 leads from the line 143 downstream from

of

r

ens

e.

e



-25- and 56.. The sensor. device 150 includes a travel | i ng sheave bl ock X
supportl ng the cam C and noving ina housing 153 between the valves 55 a c‘@
56. -The .cable 120 i's reeved 5 over a  pair of sheaves 154 and .Eh'
155 carried by the travelling block and fixed sheaves 160 and 161 in t he
housi™ig as shown in Flgure 13. As evident -bgem Fi gures 10A, 1 0B, 12 and -

14, the housing 3. ugl.e e at.e,.nenbe aving a n d
top slot 162 al O%Eeld’aslv J& Fls’g E%hn? Cﬁ'gggmf\?e% 5ef\§vggﬁnghga vg \E/Lelg gg’tda
and 56. A rect apglibar opeongetetlyspheepriggsures iins thec drie @3H.he mmlcafrmﬁ:e
of the. housing. aiaﬁegﬂd'QﬁE'Q?Eec$ﬁf1gur£ﬁet%hﬁﬁﬁ%% ol AHY oflFhe

rotatably nounte e travelling k 152 shown I'n detail 1In gures

18-22. 15 Thé24h&xvdRhr &0 nBghi¥8Y F WS stt Ehehicor ioser thedugh talwy
opposi te emds of ghBe timavel | Thg Btealkuabitgied 40 Sepelchaghes whieh swspiand

t h ot her. h h t ed | 165, Fi 2

opening upwar dl y°EnE"RoBMIR: iy 150 A |94 12 cRaUBFeF RB1APGEK “pas s the
vi ewed 20 i nwBighteW 50Atand tBe ofly sioxkyeelty ries sufppdre qiimm &s to
shaft, not shown, gé&%g 8916R18HOUAA WRE LECiBOWe e dylisicactdnidide

slot 165 at a [err heave 155 i s noulnte

170 openi ng throu@hchhguﬂbﬁ &mﬂqﬁQQRnﬁQ#RF reednd Wheph@umpdng | ok
25 bl agk as ghewreithirk &llﬁﬁ%l 35%1%%1 the Jb@o@cmgogasbaae tqafr&i@;ea the
travelling block permts_the Qé Fé%de mnt i n the housi é}

sufficient porti 8A4VEF BAR SRR j &/ nd T t(??%ﬂ%%*?%e

cable on the sheapeaﬂdﬂUmlanbheghou3|ng The sheaves 160 and 161 are 30
153 50 seen' i n Fi gur o plsand 1A TiREEEbep | pclfehq Pl FIY ng AN
in Figures 15- 17W€IﬂeP$W®6w6$wmﬂleﬂKWﬂ§h.%rEuth§F§Qk§ Aenathd sepsasr t3rd
35 15 controller 150 and a logic device 151 for controlling the
linear motion of the hydraulic cylinder of the pump. The
device 150 is illustrated in detail in Figures 10A, 10B
and 11-22. inclusive. The device 151 is illustrated in
_ Figures 23-35, It is to be understood that the devices
20 150 and .151 are illustrative of systems which may be
employed to control the length of the stroke of the
hydraulic pumps préviousiy described-and the character of
motion during each stroke.
Referring to Figures 10A, 10B, and 11-13, the device
25 150 includes structure for mounting the limit valves 5355
and 56 and the operating cam C (or cam 123 previously
referred to) for the valves in a protected remote
location from the hydraulic cylinder structure of the
well pump. The only physical connection required between
30 the device 150 and the.hydraulic cylinder assembly is the
operating cable 120 which extends between the hydraulic
cylinder assémbly and the sensor device 150. The device
150 simulates the cylinder movemént'shifting the cam C
. between the limit valves 55
35



. -26- slots 172 and 173 al ong opposite sides of the stationary bl ock. The
st. |onary bl ock has an internally threaded horizontal -bore 174 opéning at
’ fte ends to the slots 171 and 172 for the nounting shafts, not shown,
|c-h 5 t he sheaves 160 and 161 are rotatably supported. The .
_ _st »{ onary bl ock also has a horizontal internally threaded bore 175 Yor
a bolt and nut assenbly 180, Figures | 0B and 12, securing the _
stationary block in the right end. of  fT é’housing as seen in Figure | OB
A 10 - | ocking recess 181.is provided in the stationary bl ock conprising
a cylindrical r egeg,% porti-on which opens.to a |ongitudinal recess opening
t hrough the toﬁn nd "6f the stationary bl ock opposite where the sheaves 160
- and 161 are nDuntedThéﬂﬁanannxﬁﬁqineréﬁeideslaﬂeanahotrbaélling Eheave
secured on thegpfix sq% 1 I 20 fors an ng..t n ith
the stationary bI ock cﬁgtlﬁlgﬁ%se?éegeﬂdvgﬁs?ﬁ{éés%ga\%asﬁggggﬂg qs\lgl :
Fi gure 13 wit hbekweesbltdrasalvRe ofP andt Rb-sheBbe rodleo ke #BvaSEFeEnd

of the cgzle C?Q&QCth paih tdre Bhéhb@%”‘@SQf &he hysls auwdder 248 by\MﬂHe
punp. Coi

h beg
" stationary bl 85?V%}'}i%ga#glz°?lﬁeaf‘§o res SB?IBX?S lg'%of 8"':‘1’?% 316r]rge’r Wget%
‘travel | i ng bl obkuaiay hsmahdunstmIFDgarg hBockAs &v hdent héxrbimx #d gare sof
th bl I t
U1 ea by upnardhoudmin i hrafd SLASTERY, HoSing! Uy LIP £2RbELEE smuare
block is’ puI ed@ngad@arkemhere having oﬁ&rﬁﬁ)m&%@atﬁm alnt shé? nglong\/\hen

the wel | oPunp rhathoHeneuas cdeunwaidhiy bkhGeeablttel YaTRead ssowad siehe a :
sensor allowngthesrln 82 to e andforgIr the travelling 30 \J
&y

‘bl ock al ong t h&eR&AEBHG A% aheSBRGEF o ]b‘?‘bcksmiﬂq’r’gr eORathe
toward t he val vack5.fade bhemth@wkﬂngemoo&émt iaf Rh;anseanmt The

illustrated the,camC cciggrl $83 t am,{re ééat%bf %gbg?ﬁ)ﬁggggtﬁ%

mounted in si dé“ﬁ Y§ide | ati Onsh p on op O
bl ock so that theveé&sngxtbdt@h htoighhawn dne dedwill ein Figures 18-22.

15 The sheaves are mounted in two slots which open through

the opposite ends of the travelling block aligned at 90°
angles with respect to each other. The sheave 154 is
mounted in a slot 165, Figure 20, opening upwardly and
downwardly into the left end of the block 152 as viewed
20 in Figures 10A and 18. The sheave 154 is supported on a
shaft, not shown, extending through a hole 170, Figure
22, intersecting the slot 165 at a 90° angle. 'Simiiarly
the sheave 155 is mounted in a slot 170 opening through ./
the top and bottom and opposite end of the travelling
25 block as shown in Figures 18 and 19. The octagon shape
' of the travelling block permits the block to slide within
the housing and sufficient portions of the sheaves to
project beyond the block to carry the cable on the
sheaves within the housing. The sheaves 160 and 161 are
30 mounted on a stationary block 171 secured in the right
end of the housing 153 as seen in Figures 10B and 12.
The stationary block is shown in detail in Figures 15-17.
The sheaves 160 and 161 are rotatably'mounted in vertical

35



-27- along the slot 162 in the top of the housing 153. One of the cam

menbers operates one of t'he valves ‘55 and 56 while the other cam nember . -
operates the other limt valve. 5 As evident in Figures 10A, 108, »u@
11 and 12, the limt valves 55 and 56 are supported froma vertical

rmunt‘rng pI ate 183 secured to the bar 164 al ong the back of the housing

153. * The linit valves are novably nounted gver the line‘of travel of the

cam nmenbers C and C2 with one 10 - of tHe valves being aligned with one

of the cam nenbers- and the other valve aligned with the other of the cam

menbers.  Each of dihad iyii usd vess éfoﬁ&CH{)ngi“céh gqual b 'Fiﬂ:_l f%ﬂoa’r%i%ery

whi ch provides fluid communication to the a nountin

val ve. The val \Rdogk. Thansftatdenagy floak k| anhdntesmadilyy thrarded
slot 185 in the nMoudriRGnYaat dordedas c@erhhf afe bppliditd hd@ o IH: siots

extend al ong t he sI 1 t u intern t hr eaded boreo t he val ve

mani f ol d sogt hat 3{% aﬂﬁj '?‘?516{&5 rm‘ig’égf"égtﬁgﬁ &St hBOFi Wla| PR which
‘associ ated 26 lteh shémveadjlﬁgt |argi hal &dre rmuedtabmyi zippddted. T
inward ends of 1%‘Ha "1910 8;80 ht}iasve begfJ oggratll onisném% ]gld

in a central retainer The outward end portlons usti ng
190 have flat surfddesaged  pprenghf2nefer ofa ab@ﬂ-énchndo rat at@ssembhar ¥as,

25 ‘adj usting th@ddyaﬂtﬂdﬁ'EHdFI@'téé@hfﬁnéhﬁhé'Et&tY@hX?yaB Bﬁkaﬁﬁpthe
with the bar. As seen in Figure 11 the limt Vvalve 55 1s secured wt

'spacer plate 193 whitgRtal ?ﬁﬂs qhhethgl RPUTIRF | @it | §SRBr WER d FFTUnR \}vae 5

\7\3 \Lgat ht hel?DaI ve %dkﬁnlgn :aé::rem:remelvmltsh ;bmvidémt mamrf@nbeu@bnse block -
| tevave56| WI cam menb

55 and 56 are m&e%‘ % en{;l'l%y a'{her %]g ’f‘u‘%ﬁ%%lﬁ’?f%’o"? h‘é‘?lﬁgt RPFHE %o a

| engt h of the hydr d@nigd typdiipadt rm@emdophalagpe:mrmw?i oviez lopi terod ble the

stroke are adj UStaQ't%tlUﬁ‘ér?D‘&ﬂ’&{)é 69?1:&3%@?%1% AL s 3P60 and 161

simul ates the novenent of atform
: are mounted, The reces= 181 receives an anchor ball 119

15 secured on the fixed end of the cable 120 for anchorlng
‘the cable end with the stationary block. The cable is
reeved over the sheaves as shown in Figure 13 with the
cable passing off of the sheave 160 to the movable end of
the cable connected with the platform 8 of the hydraulic-

20 well pump. -~ A coil spring 182 is dompressed. in the
" housing between the stationary block 171 and the
travelling block 152 for urging the travelling block away

o, _ from the stationary block. Since the fixed end of the
| cable is -anchored to the stationary block, when the cable
- 25 © is pulled by upWard movement of the well pump platform 8,

' the travelling block is pulled toward -the stationary
block against the spring. When the well pump platform
moves downwardly  the cable is moved toward the sensor
allowing the spring 182 to expand forcing the travelling

30° block along the. housing away from the'statidnary block
moving the cam C toward the valve 55. In the particular
embodiment of the sensor illustrated the cam C comprises
two cam mémbers Cl and C2 independently mounted in
side-by-side relationship on the top of the travelling

35 block so that the cams extend through and are movable



{-28- is one-half of the full stroke of the punp. Since the only physical
‘connection between the hydraulic cylinder assenbly of the well punp and the
gepmor device 150 is through the cable 120, the sensor- device may be housed
; separately at a location renmpte- from the hydraulic cylinder-
enbly which is of course at the wellhead for raising and | owering thes
punp sucker rod string. The contr ol =2 alve- device or mechani sm
151 illustrated in. Figures 23-35 prOV|des the operation 10
requi rements of the follow ng conponents of the hydraulic power and | ogic

system shown i ny Fbgyr efe 281800188 mau(s 49y seuehénﬁo&ém r gk arahé5 £
val ve 85; cam 83; valve 84: valve 57; cam4 % he cam [ obes 49: 8 he

| ogic drive mot b 4 §am %JF‘FP?E%@W@%%WB? \Poﬂ VE fedifditiasn ig and 1§§,
it is to be undelisleodhdatotier othrr mempepctFeitdde thest othel Figuies
2A and 2B are cg%fggted with-the control valve nmechanism Referring to
Fi gures 23 and he val ve control nechani sm 151 includes a body 200
mount ed ok a bracketAgOevidenplin FheuhgsrkOAj c10Bj vil mendrl123 theskimitd
to the back of the,bedys Tha 3 vt 5;uaagr§édaﬁfmntf&mapp@aanwﬁ?

body. The valve 85 i s_supported fromthe bottom o ent |

poppet val ve aB53h®| 183 sSEenrgde ¥RuhbedbaA d-&ﬁosﬁlt@%lﬁ}ég rckneohotipe

provi ding val veh@8sing 188Cti ahe cpmmpe@ﬂwg wrkh fdvabIRPaRddfred| §@epr
end sections of the, valve_4 or co [1ing the extegﬂiand retract

functions of theifylitas PE g§ﬁvﬁ&ep g&mﬁ mambeFs &4 208 ¢ biﬁy°§90
are showQin quﬂrtahe25a2?esﬂbellmgd>a]ha;meai oeltth abne eofardua acraqoomémberﬁ%
provi ded 30 [ al, c I r' t ¥ pe20 [ c

val ve body portlons ggS egﬁéﬁd %%ﬁ]%hg%%S%OSI é&s¥ é%heﬁﬁ¥kbg:fgf§$m
housi ng the poppetbeEsve aBaemblofestie2 limis vﬁb‘ée%orlés s¢cenedpodth a

portions 205 copank cxaé@lfai@ugmcwhheﬁrb%kua%rsesfﬁ% t Sorkeen S IS to

cavity 204 35 of t.he bod As seen in F|gure 26, the top of t he body
the alve an a mounting fo the 'valve. he valve

15 manifolds 184 are slidable horlzontally.along a slot 185

in the mounting plate. Identical threaded adjusting bars

190 extend along the slot 185 through an internal

threaded bore of the valve manifold so that when the

adjusting bar 190 is turned the limit valve associated

20 _with the adjusting barg is moved horizontally. The

inward ends of the adjusting bars 190 .have bearing

- portions mounted in a central retainer 191, The outward
end portions of the adjusting bars 190 have flat surfaces ,

192 for engagement of a wrench to rotate the bar for

25 adjusting the 1oﬁgitudinal position_df the 1limit valve

associated with the bar,: As seen in Figure 11 the limit

valve 55 is secured with a spacer plate 193 which aligns

the valve 55 slightiy forward of the valve 56 so that the

_ valve 55 is in alignment with the front cam member Cl

30  while the valve 56 is aligned with the rear cam member

C2. The valves 55 and 56 are independently movable

: longltudlnally s0 ‘that both the length of the hydraulic -

. pump stroke and the upper and lower limit of the stroke

_ are adjustable. The movemént of the cam members exactly

35 simulates the movement of the well pump platform 8 which



-29- is provided with a forward opening 211 for the valve 57 and a rearward
opening 212 for the valve 84." . Simlarly the bottom of the body, Figure )
27, is provided with an opening 213 for the valve 85. The poppet valve )2
body 5. portions 205 each has a poppet valve inlet 214 and a poppet @
val ve~out | et 215. The valves 57, 84, 85, and the poppet valves 202 are
operated by the hydraulic notor 43 through cam and cross head structure
mounted on the nmotor shaft. Referring to ¥1gures 23 and 24, a cam crank

220 10 is.held on the notor shaft 221 of the notor 43 by a retainer

222 secured by % b né hg g qﬁﬁ Zgéroké 8%5' .O \n a@ﬁyggj*he
i 8F & } Hn aé’t

slots of the shaft® an cran i ng the crank as rotates.
As shown in Fi guresn30 physic¢alt ireno@ntdoankbeeemsthn ihwdagudlicc apy Isnder

225 for operatin ye 8 n e m t
ga%sor@s S£84nd d,efifl SSurhgiCahd t@fea”i‘eﬂs?of UgBGSBY 1ste is

motor.  The cam an integral_ cross head shaft_ 230 for driving the
"cross head of the Seuskokbeolc ah#&m thep sensar H@%‘ﬁl%lmalil @ﬁ'e‘ém?%ed

and 29, is cgupledsep éfaﬁér@{]cr@&s @earbéécaiénzsﬁbmotérhefﬁ&n thé:r(ISﬁifmﬂlc
has a vertical slot rou ch the cross head ext %_r}gs% fb‘or

bushi ng 233 is fitTEHWEE RSET EYh‘égéhcéhé?ﬂ BRuRSELaY 6‘[ et
cross head and busd'airrguag earitbllbmirhge t:he)smlm:easiuskmn‘trd@ sttinmast washer

~secured on the cross h ShafdndPo 2 lQﬁalicY'eJ n98%§1ce 23p- mec-mﬁmgﬁlosslSl

head shaft has horizon aIIy Spaced si dewar openi slots 24
coupl i ng the poppetlingstratedenin | BiQOes th31 c?’é%‘é“gl%%ld the Th‘éP%’é"l‘r%lq@

are securedlo| N hofdgPitéhen SPaELUhd StGE 1&Wing rk:éxﬂ@onéx@@smttmé\ l@fdfél@llc
cross’ head in an upwardly openi 8 recess 30
0

cap .scr
the cross head redi§ffcatRd He9+ZoRYaFEY ?H@"’Eal’rﬁ‘ Eégéﬁgrsa Z\tar?(\,ﬁs é?5]7‘"a |
. The poppet val ves geseabliptsng@02606f dﬂa&:Waém a6mt rvall weectmi samlEBB, valve

Flures 23 and 3280 oERED 415l dlesed YN CLRE g onds VY Sy Lend e
drive motor 43, Utilizing the control valve mechanism
15 151, it is to be understood that the other components of
the system of Figures 2A and 2B are connected with the
- control valve mechanism,

Referrihg to Figures 23 and 24, the valve control
mechanism 151 includes a body 200 mounted on a bracket
20 ~ 201. The hydraulic drive motor 43 is secured to the back
~of the body. The valves 57 and 84 are mounted on top of
the body. The valve 85 is supported from the bottom of
K»/ o the body. Tdentical poppet valve assemblies 202 are.
mounted on opposite Sides of the body providing valve
25 - functions corresponding with the opposite side or end
sections of the valve 40 for controlling the extend and

‘retract functions of the hydraulic cylinder assembly.
The details of the body 200 are shown in Figures 25-27.
The body has a central rectangular portion 203 provided
30 with an internal rectangular cavity 204. - Cylindrical
valve body portions 205'exteﬁd from the opposite sides of .

the body for housing the poppet valve assemblies 202,
The valve bores of the body portions 205 communicate
through cylindrical bores 210 to- the central cavity 204
35 of the body. As seen in Figure 26, the top of the body



; -30- seat ‘has a cylindrical externally threaded outer portion 253 which
secures the valve seat in the body portion 205. The valve seat also has a
_é;y f'ar inner portion 254-provided .with circunferentially spaced
i}ﬁ?gated flow 5 ports 255. The valve seat portion 254 has a seat. " .
face 260. The bore of the body portion 205 is enlarged al ong the val ¥
seat providing an annul ar poppet val ve, glscharge chanber 261 which
comuni cates with the discharge- openlna 215 in the body portion 205. A
ring 10 seal 212 around the valve seat portion 254 seals between the

val ve seat and;{hg,gopges Vakve LAY | edliy | YR dl AN Npa i oobyr 0

chanmber 261 erring to Figure '3 has
portion 270 whaed FeF@é@UG§§|QHﬁ?#H%3%%ﬂvﬁpéeébetﬂbdwarQﬁwtlﬁhm25411YThe

15 t ubul are por bbeBom/ GOf cid1epdal Y € FiguReOVa ALdi W Pidvided with an
C|rcunfernt|allg sg aced Iafgate di sC arge ports 271 which are
LR gridd

circunferenti af d¥at¥ar §2 -por (T55P8PPERe YRMYR BO4Y
that flubd w tﬂsmﬂtidaesvamse gachi Mas278 fdoppetouvadvdl Vidlwtoughat hendoat s

271 of . the 20 % an hro th or. 255 t af.into
t he di scharge %%%ﬁ%t Qiﬁﬁe og?% Evgggé hggﬁﬁﬁkéhlarégé H%ﬁy %%Tt?%ﬁ g?? and
an external anpeppettupived CARvereegpeXaledetoyedina mydndnilisr potor oA3270

and the body pEhtbeghn cﬂaeax&l aﬁogsaaega?»sepuéberaainsﬁntéaeaﬁaeﬁébénstaﬁ
with the val ve seat™ 260 he val ve_seat portion

the valve fitkaftn 3?5§€r1§9|&qu¥%H%ﬁ§o%%hFBdw?€m|$tQﬁ?tQEﬁﬂ5r22°
portion1g54 ofig h@eld vén sadle spotbat safaftmezwl \le | ghaDvRstdre! aBi by t @ J
val ve seat in an é';m al ?r ction R Ii)near Tel §h| p e ) 3(% is
bet ween the valYERHISEh igzg 58Ff‘1§ %71 ¥nd t BE aI gg seat éo%ﬁ?’at 28neiSt| ow
rate .through po$ittiahed ins aiirgudd yspobporlfi drited $bafhe adidstaramek for
:ravel led by the;y ﬁk%e 0’ éﬁﬂpla%'f:h%hesh‘é tverb,gaggged 25{%0 %5]%}113 § Rt al
ravel, the fIOw Yate theref rough | s change ercent. he _
body portlon Higpeesableand Jéeuitbe mqn@h/aazg)e hasoan integral cam
15 225 for operatlng the valves 84 and 85 as the cam crank
is turned by the motor. The cam also has an integral
cross head shaft 230 for driving the cross head of the
valve control mechanism. A cross head 231, Figures 28
and 29, is .coupled with the cross head shaft 230. The
20 cross head has a vertical slot 232 through ‘which the
cross head shaft extends. A bushing 233 is fitted on the
- cross head shaft within the slot 232, The cross head and
bushing are held on the cross head shaft by ‘a thrust \J/
washer secured on the cross head shaft.by a lock riﬁg
25 . 235.  The cross head shaft has horizontally spaced
sidewafdly opening slots 240 for coupling the poppet
valve. assemblies 202 with the cross head. The cams 49
‘are secured .in ,horizontal spaced relation in the top
pdrtion of the cross head in an upwardly_opening recess.
30 241 by'cap screwé 242, As the cross head reciprocates
horizontally the cams 49.operate the valve 57.
. The poppet valves assemblies' 202 of the wvalve
control mechanism 151, Figures 2-3 and 32-35, each .
includes a valve seat 250, a valve 251, and a valve
35 operator spool 252. As shown in Figure 32, the valve



-31- 252 by a retainer screw 274. As seen in Figure 34 the valve spoo'l

252 has an endwardly opening intermally threaded blind bore 275 for
engagenent of the retainer screws 274 in the spool. The bore of the b
portion 5 205 along the valve and spool .is enlarged to provide an

annulddr inl et chamber 280 which conmmunicates with the poppet valve inlet

port 214. To provide for a tight shut-off. between the valve seat and the
poppet valve, an area differential between t he poppet seal area and the 10
area of the spool 1is provided so- that the shut in pressure W|th| n

the chamber 280 bigsas Hdw 90@pﬁndaia£1tese@édnamvzyseﬁ&eaazhe Jubess
t he val ve spool has upwardly and downwardly opening recesses 281 an I} ?'Pﬂ

portions 282 for coltbhlWHER ecHIsRk HfodalvE t3eathe it body PP
slots 240 of the cpmssvhead. seérhe dIrsznt hak the ﬁlﬂﬂ.)/la&OBLﬂhetrhepdﬁtyen 254

'Co_ntrol nmechani smi.s Qodxs)esaed the g%:{"?eg?gtigé;hat ace UC%P %3%% 'nflow

whi ch the cams an®T¥ Yed®
conmuni cated wi t h pdvs 1265 rd&amlrva)fsadm poxtticon \dfeh IR a sent v%mv@ce

control mechani smje Conﬂ?&t ﬁré Nt e fﬁs BS&?rpéE‘@ébﬁg'zﬁssl%t PRSP long

shown in Figures 2A and retal ner SCrews
274 have a | ongith®di n‘éﬁl‘é% aPeh rePZQZt'lﬂPri“Sh HURRRRLRE t REPEREh TR LI

“wi th the chanber 2kdmiryeof vhambear €28l 2%hicH eSE6MANIAicREESSUKALhSO the

that th dj ff tial - th I

vaive control devitBoHBETS CRRHLAS ofibn 1B N SEPHE BOREACENE] Byi o AoyEtih
such as that showsdal inguraasoxﬁiaaudeZ&lv@eselatvpogtd)bnt 126 4h yeobradlld | lwe ot ey
4330 turns thet Gam, gy gak rQL&“ﬂ%tggYE@@ '9?&22%0%}’ %B@tQBBS?OS |

head shaft 230 whi c causes the cross head t o0 reclprocat rrzontal
As the cam | obe 22mweptdat ésomhethenl ddscBargred Samber opkflat ed. RefAEring €6

cross head reci procghas U, cal | ek 495 LoRREChedublithr! pRreiess IrAdmich

‘operate the valve Since -the cross head
telescopes into the valve seat tubular portion 254.. The

15 . tubular portion 270 of the valve is provided with four
.circumferntially spaced elongated discharge ports 271
which are circumferentially aligned with the discharge
port 255 of the valve C so that fluid within the valve
portion 270 - flows outwardly through the ports 271 of the

20 valve and through the ports 255 of the valve seat into
the discharge chamber 261. The valve has an enlarged

_ body portion 272 and an external annular tapered valve
\_ seat 273 between the tubular portion 270 -and the body
' _ portion. The valve seat 273 on the valve is engageable

25 with the valve seat 260 on the valve seat. The_tubular
portion 270 of the wvalve fits in close sliding
relationship within the tubular portion 254 of the valve
seat so that as the valve is moved relative to the valve
- seat in an axial direction, a linear relationship exists

30 between. the valve discharge ports 271 and the valve seat
so that the fiow rate through the valve is directly
proportlonal to the distance travelled by the valve. For
example if the valve is moved 25% of its total travel,

_ the flow rate therethrough is changed 25 percent. The
'35 - body portion of the valve is secured with the valve spool



;i -32- coupled wth the poppet val ve spool s 284 reciprocation of the spools

" opens and closes the poppet valves perforning the valving function of both
3;5 of the val ve 40. At m dposition of the cross head both of the
et val ves are 5 open and thus the chanbers 202 of both poppet valves

coAhuni cate with the chambers 261 of the poppet valves so that the purrp?"
20a and 20b both conmuni cate with the rgservoir and thus are not operating
the hydraulic well punp cylinder 7. ﬁ& “each extrene side position of the

10 ~cross head, the poppet val ve on the side to which the cross head is

nearest is cl 0sag WY 18 LBEL0RAPSIdEZROPPAL. VARKE dehd UAYPORERe 3ENGhe

rel ati onshi p bétwe ports | he val ve an ports iIn e valve seat |
of the poppet Walve pﬁWPdeszﬁ?ne*a"r‘sop%fhl R al’é%hh dParHan g opgdiesndles so

15I that the ‘t@a'r%%efd Ot i kY dbb?ét zarsogﬂsfl eagggehatatemfnt-.hteo]cﬂ@tﬁaﬁmet&e
val ve .i s open i S ange rovi des irect_contr of the :
accel eration’ aﬁ(‘fr(?é’(,selgiét f“gnng ﬁ%é’q\riydraﬁ{’?cb\%ﬁl %nbh%mgeﬂiﬁ PYHIOent -
upon the gates zwrs cai&mglgtlwdva:lmel gdt lspopdprat aralamssed | noophrem\ﬂer(im
(the 20 rate nabbe ol bo Wl Loh PUBRAGRRLERA! g ey 0"

decel erates is? |rec Iy propo I'ona oppet va ves
are opened and poippsdd. valyeatinlgtte P@ﬁ-&oritlr‘bl | afflce pyovhéeraﬁcur ag Whight t he

nmotor 43 is op%wte%f\wtréw&ﬁ umze NP Re mr%aeéhbypapp%@uadalwt ry of

the 25 met eri ng valve 60 in the line 52 suppl hydr au drive fluid
to the notor 43réenedbft ?’H%“p’cﬁ)lp petuesas t@@nt?QﬁP%e"'c h&egyl iHRA 8Rerddi®on

i n the hygraul iagesel bfpuenewrsgidbl hasot bebvfiaeahesual ¥Rat cotlié Ol shdthe in |
cylinder retracti QL The, ni head '

SLeoten yoke Brs¥hurel 19N obhi ConaRbRF, 30 ke OBln BoBBRs v ve
poppet val ves ttowalride rttest ae;a'@.penTaadloWasé iemda ofe| due t yapuet epoodf has

har noni ¢ notio (gﬂgl HESwe s Ssead Qe e e A4
val ve 57 at thg g)?tr-rgtelﬁe ri gh‘? anda d%n ngf"([if\ n?eof te%Ocif%%s IE:H dél
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whi ch: haisbeenh@hﬁldﬂﬂ ené 8lotbezane-of the cross head. The front of
the body 203 of the valve control mechanism is closed by
the plate 283 so that the chamber 204 in which the cams
and cross head operate is seeled. Such chamber is
communicated with the fluid reservoir of the system when
20 the valve control mechanism is connected into the power
and logic system such as shown in Figures 2A and 2B. . The
spcol 252, and the retainer screws 274 have  a
_longitudinal axial bore 284 ‘which communicateS"the W’
chamber 204 with the chamber 261 both of which are at
25 . reservoir ‘pressure so that there "is no pressure
differential across the spool.
When the valve control: dev1ce 151 is connected in a
- hydraulic power'and logic system such -as that shown in
Figures 2A and ZB; the driving of the hydraulic motor 43
30 turns the cam crank 220 rotating the cam lobe 225 and the
cross head shaft 230 which causes the cross head 231 to
reciprocate horizontally. As the cam lobe 225 rotates <
the valves 84 and 85 are operated. As the cross head
reciprocates the cam lobes 49 connected with the cross
35 head operate the valve 57. Since the cross head 1is



sent application. -33- CLAIMS 1. A system for operating a sucker rod
string connected with.a well punp conprising:. a double-acting fluid ‘
cylinder having opposing power ends; 5 ~ means for connecting said
cylinder with said sucker rod string for raising and Ilowering said
strinhg to operate said punp; neans for supBpBkyi ng pressurized fluid

al ternatel y tO%Jé{yéegal LN dtq‘n-:d(sjp ct UdbAged dAG | 984 coBLEBlo¥akYBn1@ s

nmeans m)yabl e en exten ract. conditions to extend and retract
sai d cyl i nder; tligi PROREENCRYY?S sﬂPﬂt |°ri‘tj>3§a°1 dther KOPRST cHMYOF; p(?é'rfrt"lr(‘}‘lmg |
means for opghat 'v%gvﬁ\?l Jfukt ¥én BEANSOHIESHOASEV O ccidevervendicand At

ko Simulate (HELAPRFLERPE OBy FRRAEFOCEPERA PN et acPObbErola ey S1e

| ocati ons, 5 sabgehi nand vaﬂhn:eas tediengcvenbbirs n@0At edf f drohampneet t valves
| ocat i on gﬁmpnkagkgzg\i%vemea%atﬁg@rg skance 4l VE5Ppe a1 vkbMido

val ves for I've adj ustin ength of the sttokes of said
hydraulic cyli hUer- ahldet HRurerR IZOIQ t a@fi t BBbexPehl FRMMWR Ferte sWidies the

‘said cylinder, rgamy-9Berataia Means fé)fe 05@,@ NSp&Pslt i £ 0HhRy hP@csul D¢ wedild
limt valves at sal d end. | ocati nd connectlp rrean conn |
“said cam 25 BPEPaiBHIRAGK Wit h &4 oe"’h r SHGEETEY | ?h@%r e‘l.%? s%? t&ﬁ%\

ople_r a’(tjor liga_anSbB‘dl aeed,t Iaaeepbppétalvdllvet oaC tthet rediides tof whdich Hhdr audass
cylinder, said,connectio ns; 0.4 :fl e e a
1ﬁde§H¥E gggea 11e)%$) oé??%fté g%?%@ttvélve

first end with Sﬁl 1C cy connec
oper at or neansiso frdy m@caﬂb@eraﬁétlnBéhsp hataisien sthaveorEandn the

arranged to noyg;ihe ;camGRer 3l PEs NBANE naNdfliveesadieay e FRanpoppReedrdivam
sai‘d novabl e sheave neans, neans biasing said novabl e sheave neans_ away
from sai d provides linear opening of each of the poppet valves’ so
15 that the valves flow in direct proportion to the extent to '
which the valve is  open, This arrangement provides for
direct control of the acceleration and deceleration of the
. hydraulic well pump which is dependent upon the rates of
opening and closing the poppet valves. 1In other words, the
20 - rate at' which the hydraulic well pump accelerates or
decelerates is directl§ proportional to'the;réte at which
the poppet valves are opened and closed. That rate is
controllable by the rate at which the motor 43 is operated
which in turn may be controlled by a manual control of the
25 metering valve 60 in the line 52 supplying hydraulic drive
' fluid to the motor 43. One of the poppet valves controls
‘the cylinder extension in the hydraulic well pump while the
other of the valves controls the cylinder retraction. The
hydraulic motor driven cross head or “scotch yoke"
30 mechanism-When operating uniformly causes the two poppet
valves to alternately open and close in a velocity pattern
. of harmonic motion. The cam lobes 49 on the cross head
operate the limit valve 57 at the extreme right and left
positions of the cross head. _
35 Reference 1is hereby made to our U.K.  Patent
Appllcatlon 8604537 which has been divided out of the pre-

sent -application..



fi xed sheave neans, said cable being+eeved—over sai-d 35 -'34 - novabl e

and:-. fixed sheave neans and secured along .the .secend end thereof at a
fixed |ocation so that mvenﬁ‘““ﬁﬂuﬁmﬂuﬂu der causes the novabl e sheave
,» s to nove relative to th ans; and means for applying 5
.\#yluid count er bal ancing force® i hto said cyllnder for offsetting t\¥e
aubi ned wei ghts of said sucker rod string, a production fluid colum in a -
wel | bore above said punp, and novabl e surface equi pnent supported on said
~cylinder. 2. The system according to38raim 1 further conprising a 10

| ongi t udi nagtxrmevabl e bl ock secured with said novabl e sheave neans and
sai d canlopgTafﬁ‘ means. 2 stationary block secured with said fixed sheave
means and sard sBcSKAtEMdIoF QHFHaEéBQea aﬁakgau6°ﬁe§ﬁ§199a§pngesaed
- hovabl e sheavshneawelhvwpymproompaidihyxed sheave means conprises - a. 15

spring between sai b The 'syst em
according to cIa?n? %?t%gtfngn%?Fé?n ghng?BnéaﬁéaghBBEPﬁbn sBpPyer
stationary ®r@8k being secured al ong one end of said housing, said novabl e

bl ock being |1 dables! Bosabnhantiin gpera'ad SAUHAE Ber 10 Ly dedi gt h 20 a

| ongi t udi nal éop slot for said cam at or “neans, ﬁDuntlng
plate on n for afdisingadpns i AQW§(§’|1(§\W s&adfi ngteaol sted linit

val ve with speﬂaﬁéaésldep@hpsald limt valve being. anany supported on a
separate one of sgld sgrews _above said houslng slot for enga enent by
sai d cam operat of s>t 4SUPPTRNY BEBAPUELD @'ﬁgufé %%QeBFa ehynko1-3
wher ei n sai t:h@o@mlamldglraneeds‘sormlrmmxg i ac| dithesc 9l s U Rloeth@dllanegl pé st on.on
~'said fhyid ghanbe u n [ said f.luid cylinder \j&
sealedhrelatlonshﬁgvaﬁgﬁ g%gég%%?c%gﬁ%ébbqﬁﬁacgég?ggg % g’&@@ﬁﬁ hb

count er bal aF%EEeRM ARG LREFIGE so A cevhip@dnt ance plston and nmeans for

suppl ying a courdervalmeses fek dsh it 0i8gi da £8U81 FLORLBRCERRATDET -

control means for operatlng said drive means

responsive- to the extend and retract movements of said
15 cylinder; including limit valves positioned to simulate
the hydraulic cylinder extend and fetract 'étr¢ke_.eﬁd
locations, said limit valves being movébly mounted for
changing. the location of each 1limit valve and the
distance between said 1limit  vaives for selectively
20 adjusting the length of the strokes of said. hydraulic
- cylinder and the end limit of the extend énd retract
| strokes of said cylinder, ¢am operator-meansffor7opening "/
. and closing each of said 1limit valves at said end
locations and connection means connecting said cam
25 operator means with said hydraulic cylinder whereby said
cam operator means simulates the":eXtend-_and- retract
strokes_of said hydraulic gylinder, said cohnection-means'
'including a flexible cable secured at a first end with
said hydraulic cylinder and connected with said cam
30 operator means to move said cam operator means; movable
sheave means arranged to move the cam operator means and
fixed sheave means spaced from said movable sheave means,
means biaéing said movéble sheave means away from said
fixed sheave means, said cable being reeved over SAid
35



- 5. The system according to any of clains 1-4._ wherein 35 said.
- count erbal ance fluid is a-gas. .6. * The 'system according to claim 5~

wherein said counterbalance fluid is air. “"l"ﬂm ording t
any precedi ng cl ai m wherein sai d direction contr ]mmme oper abI e
to direct said pressurized fluid'into onggaf said pdwet ehds® of* said
cylinder while re ressuyized fluid fromthe 5 ot her of said

turnin
power ends BVQQ{[jﬁnda'g‘?] LIRS SheRvE cPrRRder andaj SEERFRL L | PR NTENG!
val ve neans |sed:udangnspanede6fuad aofit kel akuesohawonghbltuivdveaenecbiron,

respectlve[y, cen of_ sai hydraullc cylinder, said

drive neans i e ud| r?{gla ro{iafg?}w%ﬁu gﬁe ﬁfdl ﬁ‘&aé’ sc%%éﬂsyo*f?e FEVE ng a
érosshead coupélatgivai tonbher fiked saedvel meanison andnimealn sv £lowe appdyding t he
control neansy beflﬂgld)p%ro%tdt\éerbta%%ltr{go' ;E%S'c@ WSBQB Tﬁéf’é’” g’ﬁﬁ&éﬁ hgo or ng

extend and retract npvenents of said em accor
to claim 7 °ffsethieg thy; ﬂoﬁglnedcﬂﬁf‘gbltsvaﬁvéé‘lér éup‘é$§|1‘t irefedtEAng,

opposite sides pi—oaadt@ennmhed Wouhhninhe..rcré)sﬁé@ﬁdb@feSabévéc@ﬁa(ib Yele, 9.
The system. acco di n control, val yes _are

poppet val ves®RA é%aﬂ?’épﬁ‘éﬁbgguwﬂﬁggt EHPWtrﬁeQaPG‘ sgdfcryydmpger.
crosshead.  202. 1‘IDhe Fhetepseemraddiogditey dlmiot al nf@rthemhcohpsadisdngoppet

val ves eagl If&,l,?lfleu@?ﬁélifga P Oiiedy N2k 008N D0k SAidl YalugYe 11

The system accofding sal roI neans fo
‘operating sai 8heRYSe Mazds ?ﬁél iddl acam opgratnr valle@@Sf:ora c@rttartélolnﬁrirg

fluid to sai dbr@éprséedréanweangapa sakdackasabeagehak aaar ahbli 0 sedbda

pi kot val ve. 12. The cordin laim1l urther risin
release val ve&ds8 m%%/’e‘% gﬁleSal"’H“goﬁ?llg le"BEat'? Ng bgans
connect ed W|$Hneavsa| ﬂeamtmayfﬁroﬁOsaldOﬁékeﬂl Bheaedmeaheagempalives. al3.

The systeq geeordiBoruelp <204 nBLEETE! Bl Shehme0ehughag,@n 1 dler

sheave platfo _
. The system accordlng to claim 2 further comprising an

elongaged housing, said -stationary. block being secured

- along one end of said housing, said movable block being

slidable in.said housing, said housing being provided with

20 a longitudinal top slot for said cam operator means, a

h limit wvalve -mounting plate on said housxng, and an

adjustlng screw securing each said limit valve with said

plate, each said limit valve being movably supported on a

separate one of said screws above said housing slot for

Vo 25 engagement by said cam operator means. |

4, The system accordlng to any of claims 1-3 wherein

said counterbalance force means includes a counterbalance

piston on sa1d fluid chamber, a counterbalance cylinder

around said fluid _cylinder' in sealed relationship with

30 said counterbalance piston and'defining a counterbalance

chamber below said counterbalance'piston; and means for

supplying a counterbalance fluid into said counterbalance
chamber. '

5. The system according to any of claims 1-4 wherein

35 said counterbalance fluid is a gas. _ |

6. The system according to claim 5 wherein said

counterbalance fluid is air.



i cylinder, idler sheave nmeans nounted on safd—pfathTﬁT"a’TT_X|bIe t ensi on

“nmegher neans secured at a first fixed 35 - |d hydraul i c
cf/hwnder base, extendi ng over said sheave m |y therefron1tq
a\wpvabl e second end havi ng neans for conne ensron menber nqus
to the sucker rod string. 5 14. The system for operatlng a sucker

rod - string connected with a well pump2&pnpri sing: a doubl e-acting

- hydraulic cylinder assenbly including a base, a stationary piston rod
secured to its l'ower end to said base and extendlng upwardly therefrom an

annul ar statiodary ﬂhet@N81@msa©mumﬁuﬂthpEﬁhyppeécéddngoeubQ& U 3G
BT ey Conp” s St 81 RABH SRS VYRS PR pBRBRP TR Roniect g -

| i nder cap secured on the up end
gI i nder ang 83id d?ﬁﬁﬁ%%rlﬁﬁit §huidhyidrtaul ooef lafi dsaid elpdméran&edsvmotfhl n

l'i nd d e n the
0 i sk i ety g aROH R R |
pi ston defi ni n§ &. £th © gals(fl1 nBPYETpi SR H, . t%aﬁﬂt@wﬂl need | wetrasd d spiidt on

rod an annul ar c¥dindek;c ddid ddﬂ.E'ecao‘.anf&fmolbebtﬁWv%aLIﬂeﬁ{%;;J'lggl g&aggn
said piston ro av or artio ere

'annulgr plsto%pgg ef ggﬁ% ééné‘!%]ydra d‘5i0%1§édd Feppgstion,
"~ chanber, a. fIoﬁPEBﬁ@HGV@lelypébe@hensapdb@wmanunnﬁslcfrehﬁaladehhmhe

sai d plStOﬂ FOQyEPH&@Et'leahaPHQQ nahf agﬂgia&%thgfgPg%ﬁ%nggﬁgngQEOFor

thereof jnto 25 _said éxtend chanber and cConnec {
adnlttlng hydr%ﬂﬁlﬁ FFBFthMPBeSQﬁﬁléﬁhﬂuﬁﬁoﬁﬁhﬁﬁdﬂqoumisngdsaedtmndor -

‘chanmber, the wbthersaisir Gag@ctlon sabatrbl oW LONJUGIOy, And t&% {:BQ‘EEg% b‘g
- surface of sai pbiston. rod def |gtn§ an annul ar. hydraulic Tl ui ow pdSsa
within 30 sai d'g?m% PeBY P BEAGLY |E1°f‘FBWE%dﬁé%érmPéprhyasaqnscvm tod

"flowto said ahmelexteedrand chanbet maﬁdméhﬂﬂlaﬁ3§§9& cPBBRgerincluding a
f|0“’COUp|'n9 gin fpLd s}ggﬁh according to claim 7 in which said
15 control valves are positioned on opposite sides of and
connected with the crosshead of said scotch-~-yoke.
9, The system according to claim 8 in which said fluid
control valves are poppet valves having a valve menmber
'conﬁécﬁed with-said'SCOtch-yoke crosshead.
20 | 10. The system according to claim 9 in which said poppet
valves each include port means prov1d1ng linear opening
of said valves. _ _ _
, . 11. The system according to claim 10 in which said :
“control means for operating said drive means includes a
25 pilot valve for controlling fluid to said motor and cam
' means on said crosshead for operating said pilot valve.
12, The system according to claim 11 further comprising
release valves associated with said control means and
rotating cam means connected with said motor for
30 operéting said release valves. _ _
13. ' The system according to any preceding claim
including an idler sheave platform mounted on said .
cylinder, idler sheave means mounted on said platform and
flexible tension member means secured at a first fixed
35 '



comuni.cating with said annular hydraulic TTurd fTow passage; an idler

sheave platform mounted on the. upper ' ylinder of said . |

hydraulic cylinder -assenbly; idler gﬁml‘ﬂ““\mmt ed on said sheave
pl at form -37- flexible tension nme cheans secured at a first fixed @

~end With said hydraulic cylinder assenmbly base, extending over said sheave
-means and downwardly therefromto a novabl e second end; neans on said

second end of said 5 tension nenber foT3§écuring said tension nmenber with

a wel | pgrrp_- selmkegvitlgdsaidingdr&tl;mteuby'mifxaﬁgldba?wr eaadngggbcwg&cuiatiay
.connected wt sSal u naer . as or .extendln n ~
retracting sa?%eﬁ%ga%¥%ﬁgy%h§d§¥wbg Fgﬁge gﬁ&%ﬁﬁﬂﬁ'Eﬁﬂ%l@%gghgenﬁ$58P8 end
of 10 said temdi baviegbweanacfodi cgnmecdling mEesid | tersli ¢on nnembat vesaher

sensing the epd pRsi LiOkePf r ?cgtfgﬁ .extend and retract stroke, said
val ves being adapted to be selectively positioned for varying said end of

each of saPd k#rokBRe an8YS.PR ndhe IRFKARLRE. sai d SWCKGRes, redm stripgans
secured in MyGPhected akiidh Wat Ryl dphingl tcompy¥e5ihef @NJasLBUealEting
operating said éﬂl_mi val ves a8 flexi bg rrerrbfr having a first ng.connect ed
W th said hydPRTElS eviRnack AESeR Ly A pof PAEAT sPaRBEes r BnFEATHOPAFEL
end coupl ed wisteai dodanseeanedt dtsi dflsat bowae rendenent sdid®0 bass dand
hydraulic . cyly ; W LiC | Y I % . I LAg
flow to the cbonriing MpWdfiRy, thordtibfl) A8 ERALTQr BLYEsbRAry PEELLES
oper at i ngl9ai se¢ened sphgngvanyaprpeiclan ngerhionyafaseidé Rirstan nedeora

actuated respPNShyEr mbPablai foshtibheaValkbdha AMid arkPulSEopEhryRkea
coupled between ,said drive notor_ and said reversing valve fe; ogi[a I ng _
sard reversi Y VHSRT SAR SeRAEed PR @lﬁJnPBPﬁFa st i AELLBRRY  an

annul ar countdehinh by e wiitht osahad apllimier emdnt edidr camch ke d piysdioa| &C -
oyl nder Lor ASFALE e} b OPRLARISRNNE iih LS, SUEkFhe ooy 1,
sai d suckdéb resafid annular piston, an annular closure between the lower
end of said cylinder and said piston rod below said
annular piston defining with said annular piston, said
cylinder, and said piston rod an annular hydraulic fluid
retract chamberlbelow'said annular piston, said piston rod_
20 having ports- albng "an upper portion thereof below said
annular piston for admitting hydrauiic fluid to said
retract chamber, a flow conductor disposed in spaced
concentric relation within said piston rod connecting
S through said annular piston at-an upper end thereof into
25 said extend chamber and connecting through said base for
admitting hydréulic fluid into said cylinder assembly to
said extend chamber, the outer surface of said flow.
conductor and the inner surface of said piston rod
defining an annular_hydraulic-fluid flow passage within
30 said piston rod around said flow conductor for hydraulic
: fluid flow to said annular retract chamber, and flow
passage means including a flow coupling in said base
communicating with said annular hydraulic fluid flow
passage; an idler sheave platform mounted on the upper end
35 of said cylinder of said hydrauli¢ cylinder assembly;
idler sheave means mounted on said sheave platform;



string, and the novabl e conponents of said-sucker rod string supported by
saiEjnnvable hydraulic cylinder. 15. A systemfor operating a sucker
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flexible tension member means secured at a first fixed

~end with said hydraulic cylinder assembly base, extending

over said sheave means and downwardly therefrom to a
movable second end; ‘means on said second end -of saiad
tension member for securing said tension member with a
well pump sucker rod string: hydraulic fluid power and
logic circuitry connected with said hydraulic cylinder
assembly for extending and retracting said movable

cylinder to raise and lower said second movable end of

r od

said tension ‘member including movably positioned 1limit

valves for sensing the end position of each said extend
and retract stroke, said valvés_ being adapted to be
selectively_positionéd for varying said end of each of
said strokes and va;ying the length of said strokes, cam
means secured in movable relation with said limit valves
for éngaging and operating said limit valves, a flexible

. member having a first end connected with said hydraulic
‘cylinder and a second portion spaced from said first end
coupled with said cam means to simulate the movement of.

said ‘hydraulic cylinder; a hydraulic fluid reversing
valve for directing flow to the opposite ends of said
hydraulic cylinder. assembiy; means for operating said
reversing valve including a hydraulic drive. motor
actuated responsive to said limit wvalves and a
scotch-yoke coupled between said dfive motor and said

reversing valve for operating said reversing valve; and. a

hydraulic counterblance system including an annular
counterbalance piston and cylinder mounted around said
hydraulic cylinder for offsetting the combined weights of
said sucker rod string, -a column_of-well fluid in a well
bore above a well lpump .operated by said sucker rod
string, and the movable components of said sucker rod
string supported.by said movable hydraulic cylinder,

15,' A system for operating a sucker rod string connected

with a well pump substantially as described with

‘reference to and as illustrated in any of  the

accompanying drawings.
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