2170559 -1- A DEVI CE FOR DI RECTI ON CONTRCL OF A DOUBLE ACTI ONAY ULIé
CYLINDER This invention relates to a device for. direction com 9
d Ql e action hydraulic cylinder. According to the present invention there
'i oyided a device for direction control of a double action 5 hydraul i c
c‘nder conprising a first fluid control valve adapted for connection to
the extend power end of the hydraulic cylinder and a second fluid control
val ve adapted for connection to the retfact power.end of the hydraulic
cylinder, the first and second val ves bei ng 10 drivingly connected to one
anot her by the cross-head of a scotch-yoke and arranged such that when one
val ve is bei ng AnREHIGE) FOR BIREGT IO CONEROLOOFt & POUBLE AtoDno&f

pressurised fluid to its respegjy¢ r ‘ t he hydraulic cylinder the
ot her valve is being npved to i%w@f%ggvgégtion such that when one

valve is fully ofgh®hdn¥eRELON, Fekates dpsad dewire £orot diyectiand
not or connecteartrol tdfe & iubley Glctt fdn MNeFdPIOLAE ecyNEngepSS- head.

Ref erence i s now Q. the .gcconpanyi ng. dr awi ngs,, 20 {n which,- Figure
l1is a scherraticA\%\%&l%gsec e B ré?/a’t'?‘f)enr\‘,\%’fg%n'ég‘é%oﬂ? RV ifed
hydraulic wél | deyikes i fegr psideatdame damtrolkes of tde dowishd i oactFbgures
2A and 28 { alEltdlGel RYL IR SHEIIRIAS 2% 1 A% AN q Loner &Y 08t LC
power and ntral _system for operating the hydraullc we punp o

Figure 1; Fiaé%rpé: i §°% SORBRSLIONS tR \Fhew ¢FteRdt PeeEn R c@ft | bhe of

anot her for inysframldicaukiyd ingelr pang eabogygtsgdt held pat ueest el t halve
i nvention; 3@ L g | chepati ¢ _di_agram of co nents of a
Adr aul i c pomgPtggst%% V\Hf,gﬁéfﬁggnﬁ)ﬁ&na ion - %trﬁ%tthep%vb%oggﬁt Shhithe
Ui d syst eRYSrapildGr ecPBi pEST be thsedfdgstpeand e sdmond/dralives pomingf
Figure Iy 3drivingly connected to one another by the cross-head of a

scotch-yoke ‘and arranged such that when one valve is

being moved to its fully open position to pernit flow of
pressurised fluid to its respective power end of the
hydraulic cylinder the other valve is being moved to its

15 closed position such that when one valve is fully open
the other valve is closed, and a rotary fluid motor
connected to the scotch-yoke to reciprocate the cross-
head. |

Reference is now made to. the accompanying drawings,

20 in which:-

%9. Figure 1 1is a schematic view in section and (
elevation of one embodiment of a hydraulic well pump
incorporating the features of the invention;

Figures 2A and 2B taken together form a schematic

25 diagram of a hydraulic power and control system for
operating the hydraulic well pump of Figure 1;

Figu're 3 is a schematic side view in section and
elevation of another form of hydraulic well pump
embodying the features of the invention;

30 Figure 4 is a schematic diagram of components of a
hydraulic 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 3;



-2- Figure 5is aviewin section and el evation of the hydraulic cylinder
| inear notion control device; Figure 6 is a right end view in '
section and elevation of the device of Figure 5; 5 Figure 7 is a -

view in section and el evation of the valve body of the device of Figure ’

Fifure® 8'is a fragmentary top plan view of the central portion of the

val ve body of Figure 7; Figure 9 is a bottomfragnmentary view of the valve
10 body of Figure 7; Figure 10 is a fropt view in elevation of the cross

head of the notion control device of Figure 5; Figure 11 is.a top plan view
. of the cross head of Figure 10; 15 Figure 12 is a front viewin

el evation of the camiguaek 5ofig e wib¢w oinceattdbndeandc e lafvaEigur eofs; theé gure
13 is a side V'hs,vaefg}ﬁ%%viag%rt he nage &5@9&%8@9@%&»9&14 14 of

Figure 12; Fi e view I n section an evation of 20 one of
the val ve seats of FHEUFEti 6n d&nt Rol rdagbkceedfl Fréare &0 FPEEEECns5 aBdgy

S|degy}em/|n s%q@vgﬁlémdogleugtagalgg eﬁeFQBugaesyalves of t he notion
cont rol éce of Fgqi,ure mlnﬂoél

- w C&rb n I'}T a gﬁe\“ ew
in sectlon bf one o lﬂﬁéevgl sapo‘b’r% of‘ tﬁ8 ?Por? gorﬁ 012 d&N & o
Figure 5; and Riadwee bbdyi sfatheedeviceeofi Bmgui:et he val ve spool al ong the

line 18-18 of Figure 30 RgUre1dn a-fugr agl i gpael |
punp A is shown |ncIu§?ﬁ§ a% &ﬁ'(xnnngéﬁ nce cgﬁrgu%?c gyllnder

assenbly whi clﬁ’e“&ﬁérlaﬁ’%tl&n pEekhp| ¥alyenbper ofehbe8Rreohhected with a
punp sucker rod rai ¥igarend |imwes i pgrtoe f@agfuwneeryt e et Yfanaee @alvé he

lift of tﬂg} h)()dr ulolch1gure 75
&Ja : Figure 10 is a. front view in elevation of the cross
head of the motion control device of Figure 5,'
' Flgure 11 is a top plan view of the cross head of
. Figure 10; _
15 +~ Figure 12 is a front view in elévation of the cam
crank of the motion control device of Figure 5; '
Figure 13 is a side view in section of the cam crank
along the line 14-14 of Figure 12; '
Figure 14 is a side view in section and elevation of
20 one of the valve seats of ‘the motion control device of
Figure 5; )
Figure 15 1is a side: v1ew in section and elevatlon of
) - one of the valves of the motion control device of Fgiure

% 55 - - -

- 25 Figure 16 is a longitudinal side view in section of
one of the valve spools of the motion control device of
Figure 5; and ' |

- Figure 17 is a view in section of ‘the valve spool
along the line 18-18 of Figure 1l6.

30 Referring to Figure 1, a hydraullc well pump A is

shown including an air counterbalanced hydraulic cylinder

assembly which operates a flexible tension member
connected with a pump sucker rod raising and lowering the
rod twice the distance of the 1lift of the hydraulic

35 ' - '
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35 cylinder. The hydraulic cylinder assenbly includes a stationary

. @ydraullc piston 1 on the upper end of. a hollow piston rod 2 nounted in
CoaX| al, spaced relation around a flow conductor 3. The piston rod: has

5 bel ow the piston 1 opening into the annular space between the

!h!rod 2 and the flow conductor 3. A counter- bal ance - annular ’

pi st on is novable I n seal ed relationship along the piston rod-2

within a statfonary cylinder 6 at the. lower end of a hydraulic cylinder 7

10 which noves in seal ed rel ationshi pzal ong the stationary hydraulic :

pi ston 1. An idler sheave platforn1 8 is secured on.the -upper end of

the novabl e cylinder- 7. |dler sheaves 9 and 10 -are nmounted in:

horizontal epadaderel athen myartdel ju atdylimddr Aakkembbie mes:h@@s mepber 11 °

15 is secur ot e r foungat i for draullc
punp, extends%g$g% 822 qﬁgdéégf %ﬁ %% 8 d%mnﬁggdlgﬁ%oﬁnec é -
ot her end wi hhldowelpistem redker mmtstdrmg ggaxxalcmdbatm@nr _\g- .

recei ver 14 gypahied Widy aéndy@res sormrm@ewlsl&rpomnhsat % 4
through cond it with the stgalonar%ﬂc¥llnder 6 below th |ston 5 for
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conmponents of &Qﬁﬁgell o e ?ﬁ%@b&g ghe ﬂplli$va%&g 25 stgd ‘fnd t he-
v

fluid colum 1In he punp -pl-unger dr aufi ¢ el punmp A
i s operated sylpﬁﬁsnﬁglayeﬁansu &Ehg RSt obed ?héﬂé'-@ﬂdmat stationane

novabl e hydreyhadeeyle ngter thé ales &he oE' 540ﬁydi=aﬁmél lJ.TnB@r307
pl at f or he sheaves t he: ten5|oQJ

nmenber g? |sw éE gﬁvﬁ?iﬁ?t§ﬁ;iégoﬁﬁlﬁﬁ Tﬂea§8H§|§#QHﬁﬁﬁﬁl oRdFhect ed
with the suchgdraolii&3 pestodtdad tw Be tihialech stsheaget hplatfiormhediveiss are

raised.. The EESﬁrEHthnghgnGpﬁertQﬁdtgﬂstﬂg ﬂgggﬁi n@yffnder 7. Idler
sheaves 9 and 10 are mounted in horizontal spaced
.~ .. - relation on the ﬁlatform 8. A flexible tension member li
15 is secured at one end 12 to the base or foundation for
: the_hydraulie_pump, extends over the sheaves 9 and 10 and
downwardly connected at the other end with a well'pump
sucker rod etripg_13. A counterbalance air receiver 14
. supplied with air 'frem a compressor 15 communicates
20 through'a'conduit with the statioﬁary cylinder 6 below
~ the piston S_for applying a pneumatic force upwardly on
~ the piston 5 substantialiy equal to the downward force -
produced by' the combined weights of the movable &/
components of the well pump including the. polish‘ rod
25 string and the fluid ceiumn_in the well above the pump
| plunger, -
The hydraulic well pump A is operated by pumplng
'hydraullc fluid through the condult 3 into the movable
' hydraulic cylinder 7 above the piston '1 raising the ' 5
30 platform 8 with the sheaves 9 and 10. Because the first
end of the tension member 11 is secured at 12 the second
end of'the tension member connected with the sucker rod
13 is llfted. twice the distance that the sheaves are
ra1sed The free running end of the tension member moves
35 at twice the rate of extension of the cylinder 7 with the



35 at twice the rate of extension of the cylinder 7 wth the -4-
platform 8 *and the sheaves 9 and 10.  The weight supported by _the
hydraul i c cyllnder assenbly is equal to twice the weight supported by
sucker rod 13.° That weight is also equal to the sumof the vertical ¥B#ce
5 prOV|ded by the pi'ston 5 and the vertical force provided. by the upper
or capend of the cylinder 7. - \Wen the hydraulic cylinder is extended to

t he upper end of the stroke, the well punp is reversed by punpi hg hydraulic
- fluid into the novable cylinder 7 bel ow t4e piston 1 10 t hrough t he
~annul us between the conduit 3 and the piston rod 2 and outmardly t hr ough
the ports 4 bel ow the piston 1. Thus the hydraulic well punp

"reci procated bykatkermt & yagdnpthe t keayesaud i cand| ilfder a§'§éan919ht
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bei ng noved. course as.t nmoves_downwar t ot al orces are

reduced by the R#l &Beatvcaa%tam &%%@%ol% 61’1?-!‘@?’6 dbove W& pEhfiger
punp whi ch of dopdsmlisc noylimeredsdwxﬂe@d@ae toWoNer dppekl @ of ThRe
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of Flgure 1is dlééggéfgf§jlﬂhmp1ng the hydraulic cylinder assembly

upwardly and downwardly. The pneumatic counterbalancing

15 of the hydraulic well pump reduces the force required to

' reciprocate the pump to the sum of the force necessary to

overcome mechanical and fluid friction in the pumping

system and column of fluid being lifted and accelerate

the mass of the fluid column and the components of the

20 pump and sucker rod being moved. Of course as the pump

moves downwardly, the total forces are. reduced by the

value' attributable to the column of fluid above the

k,f plunger pump which of course is not lowered during the

downward stroke. The counterbalancing substantially

25 ° . reduces the forces requifed to operate the hydraulic well

" pump and the employment of the pérticular arrangement of

the idler sheaves and flexible tension member pro#ides a

pump plunger and sucker rod stroke twice the length of

_ the travel of the hydraulic piston ‘assembly thereby

30 cutting the height of the required structure to half of
the conventional walking beam type pumping jadk.

' ‘A hydraulic fluid power system which may be used to

'operaté the well pump A of Figure 1 is illustrated in

FigureS'zA-and'ZB. Referring to Figures 2A and 2B, only

35 the hydraulic power and control circuitry is illustrated,



Figures 2A and 2B. Referring to Figures 2A and 2B, only 35 t he hydr
power ,and control circuitry is illustrated, -5- it Dbeing understood that
t he: rroc'ati ng cylinder 7 which noves relative to the station

- pi stopp/l

~outer. cylinder 6 in response to the air counter- 5 bal ance system
schematically represented in.Figure 1..-The sane reference nunerals
used in Figure 2A to designate  the corresponding parts of th

hydraulic cylinder systemas are used Wit such parts in Figure 1,

exanpl e, as

t he nuneral 2 de5|gnates the hoIIow 10 piston rod 2 wt
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The power circuit for delivering hydraulic fluid to the
hydraullc cylinder assembly includes two fxxed volume

t he
The

23a
to the

pumps 20a and 20b each capable of - dellverlng a desired

volume and pressure for the partlcular function of the

- well pump. The pump 20a 1s___assoc1_ated.w1th.i_:_he cap end

of the cylinder 7 while the. pump 20b is associated with

the piston rod end of the cylinder. Thus the pump 20a

drives the well pump during the 1lift cycle and the pump

202,driv'es the well pump during the retract or lowering

cycle. The two p‘ﬁm_ps 20a and 20b are coupled. to and

~driven by a ¢qmmon. dr__ive shaft 2! and a single power

source, not shown, which may be an electric motor or .

internal combustion engine. A hydraulic fluid reservoir

22 indicated schematically with respect to ‘several

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 permitti_ng' flow only in
the direction into the cap end of the cylinder. A
pressure relief valve 25a is connected in a line 26a
leading from the line_ 23a and dumping inte the tank 22.
The relief valve 25a responds to pressure in the line 23a

. and opens to dump fl_ﬁ_id to the tank when the maximum

such for



| eading fromthe |ine 23a and dunping into the tank 22. The relief valve
25@ responds -to pressure in the line 23a 35
t he tank when the maxi num

end of ‘the cylinder 7. |
rod end of the cylinder by the line 5.
and the line and piston rod 2.defining the flow path. into the rod end of
the cylinder.

paraneters from those _of

_ and opens to dunp fluid te.
- -6- selected pressure of that line is reaggeéézg
The valve 25a thus limts the maxi mumfluid pressure available to the cap '
The outlet of the punp 20b is connected with the

23b including the check val ve 24b

Because the effective area—®f the piston rod- in the cylinder
- is less than that of the cap end, the punp 20b may have different operating

essure relief valve 25b is

10 punp 20a, A, pr _
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in the line 23b is reached.

As seen in Figure 2A, the control system for the
delivery of hydraulic power fluid to the pump cylinder
includes sequence valves 3la and 31b associated
respectively with the cap and rod ends of the cylinder 7.

The sequence valves are connected as cross-piloted valves

to prevent the -overrun of the reciprocating cylinder in
the event resistance to movement should reverse for some
reason. The sequence valve 3la is connected between the
line 23a and the tank 22 by a line 32a. The valve 31b is
connected between the line 23b and the tank 22 by a line
32b. The valve 3la is connected to the line 23b by a
pilot 1line 33a so that the valve 3la is opened in
response to pressure in the rod end of the cylinder. The
valve 31b is connected to the line 23a by a pilot line

33b so that the valve 31b operates in response to

pressure in the cap end of the cylinder 7. It will be
apparent that as the cylinder 7 reciprocates in each
direction, the pressure within the cylinder on the
opposité end must be relieved for the c¢ylinder to move,

- Thus, the sequence valve 3la relieves the pressure in the

cap end of the cylinder 7 as the cylinder retracts or
moves down downwardly; the sequence valve 31lb relieves



opposite end nust be relieved for the cylinder to nove. Thus, the sequence
yal vg~3la relieves the pressure in the cap end of the cyllnder 7~as the
cyli retracts or 35 moves down downwardly; the sequence valve 31b

i reli -7- the pressure in the rod end of the cylinder: - the
“cylinder extends or noves upwardly. Direction control of the cylindér 7 is
effected by control valve 40 connected between the outlets of the 5 punps
20a and 20b and the tank 22. The val ve 40 is a three-position valve having
an intermediate dunp position in which’~the outlets of both of the
punps are communicated with.the tank 22 effectlvely unloadlng bot h punps.
The val ve 40 S end and re ct sitions,_ f l,uid flow from
each of the Bgﬁpsf TIYS espec{"l:;%e e"% §pd; et %qendgyhindeﬁor Rorit%l 1i ng
flow to the gxplederoextemﬁae oy| novies Upwahdlyput| et of the punp 20a is

connect ed throughpt hectiog diacker!Be W& Miadlienythe wiluedd ttﬁze' n.the
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to the rlghtlas §@éﬁh|nQMQyMQP§#$t$|fPfth@O¢%I|ﬁdér bheV|9m@DS|naEEgure 1,

the val ve 40cbsmahiéiedatwithechel tank QQe@f'f@cE'lg'é'i? %mlaa%bnqmttfhe l'ine
41a at the valve 40 _whil e_the b Be 41b renui ns open to dunp fldid fromthe

pi ston end oP“PR&- 2Ehe Xﬁ}Yﬁdé ek exsePeap bEeﬁfaCtTﬁ@sﬂﬁﬂﬁﬂﬁ f£O&m t he
punp 2080 necé]suadl £Yow | Drem t dachight ttiee |punpsA3n, i thaaBpedtival wnd 24, an

the |1ne ‘3ypbngyihher 920 oo dineddid (6 LAYIST do ' OFL oBp BN e

cylinder 7 re atrve'to the fi | ston rac the .
cylinder 7 8be cubhndardly, the tQ‘a’é'-lIeéf tofi thg gewmp 2A9§t As mm@czt@dq s

- through the line 4la to the valve 40. When the valve 40

: is 1n the dump position for the cap end of the cylinder,
15  the outlet of the pump 20a is dumped to the tank 22, The
outlet of the pump 20b is connected w1th .the valve 40
through. the line 4lb. When the valve 40 is in the dump

- position for the rod end of -the_'éylinder 7, the outlet of
the pump 20b is dumped thrbugh the valve 40 to the tank

20 22. -To extend the cylinder 7 to the right as seen in
Figure 2A, lift the cyl:.nder as viewed in Figure 1, the
valve 40 . is shlfted to the left as seen in Pigure 2a
blocking the line 4la at the valve 40 while the line 41b <
remains open to dump fluid from the piston end of the '

25 . cylinder back 'to the tabk 22. - The output from the pump

' 20a necessarily flows through the line 23a, the check
valve 24a, and the line 3 into the cap end of the
cylinder 7 the_reby.moving the cylinder 7 relative to the
fixed piston 1. S8Similarly, to retract the cylinder 7 |

30 downwardly, ‘to the left in Figure 2A, the valve 40 is
shift;ed to-the right to block the line 41b while the 1line
~ 4la is opened to the tank 22, Fluid from the pump 20b
flows to the rod end of the cylinder 7 through the line

" 23b, the  check valve 24b, and the flow  passage 2 -

35 ex_tending into and through the piston rod 2. The'pressure_



shifted to the right to block the line 41b. while the line 4la is opened to

thf tank 22.
hr ough’ the

3 extending into and through the piston rod 2. The pressure -8- in
the line 23b acts through the pil ot

valve permitti
32a and the va

- in which the d

mani pul-ation of the direction control valve, it is possible.-to cause the

‘Fluid fromthe punp 20b flows to the rod end of the cylind

er = -
line 23b, the check valve 24b, and the flow passage}

line 33a to t-he val ve 31la opening the

ng flow fromthe cap end of the cylinder 7 through the Iine
| ve 3la back to the tank 22. The .acceleration or-deceleration
5 of the reciprocating cylinder 7 will-®e directly related to the manner

i'rection control valve 40 is shifted. Wth appropriate

cylinder to emimattde siimg e23barabAi Ehraghokhe Pikate lingtd3a ter the
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15

driving the plston and the maximum force applled to the
piston will be limited by the settlng of the respective
pressure relief valves.

The hydraullc system of Figures 2A and 2B 1nc1udes
mechanism provided to reciprocate the direction control

"valve 40 including a small rotary hydraullc motor 43

20

25

having an output shaft 44 dr1v1ng a crank arm 45 non-

-rotatably fixed to the output shaft, Figure 2B. A pitman

arm or link 46 is connected between the crank arm and the

reciproéating valve member of the valve 40 to shift the

direction control valve. a rotary cam 48 having
diametrically opposed external 1lobes 49 is also non-
rotatably fixed to the motor shaft 44. A low pressure
hydraulic pump 50 with an associated relief valve 51

" provides pressurized fluid for driving the motor 43 and

30

35

provides pilot fluid for operating certain pilot operated
valves included in the hydraulic logic circuit and system

of Figures 2A and 2B. The pump: 50 may be driven by the.

drive shaft 21 also driving the pumps 20a ahd-zog. The

pump 50 discharges to the motor 43 through a fluid line

52 which includes branches 52a and 52b including pilot
operated, two-way stop and start valves 53 and 54. The

" valves 53 and 54 control intermittent flow of fluid Efrom

provi des pressurized fluid for

driving the nDFWﬂléﬂeéndﬂﬂwwmﬂee mqhﬁ f$Eﬁ%ﬁfo?fop@PX?Wﬁﬁtceﬂﬁ%ht;ﬁ?ot



30 of Flgures 2A and 2B.
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uid

RAS 1§t cam 48 for blocking the fluid line 52 to stop
the motor 43. Fluid under pressure is supplied to the
limit valves 55 and 56 from the pump through the 11ne 58

and the branch lines 58a .and 58b. Pressurized fluid is

also supplied to the pilot valve 57 from the pump 50
through the lines 52 and -59. Pilot fluid is conducted

from the limit valves_SS:and 56 to the start valve 54

through the pilot lines 6la, 61b, the shuttle valve 62,
and the pilot.line 6lc. Pilot fluid is conducted from the

stop pilot valve 57 to the stop valve 53 through a pilot

25

line 65. The stop valve .53 is normally opened passing
fluid to the pump 43 and 'is closed by pilot fluid from

the pllOt valve 57 when actuated 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

30

35

the stop valve 53 to shift to the normal open position.

When the pilot valve 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. . . N

The pilot operated start valve 54 connected  in the
branch line 52b is normally closed and is opened by pilot
fluid from either one of the limiﬁ valves 55 and 56

" The punp 50 nay be driven by the drive. shaft 21
I ving the punps 20a and 20b. The punp 50 di scharges to the notor 43
a fluid line 52 which includes branches 52a and 52b i ncl udi ng pil ot
t ' d two-way stop and start valves 53 and 54. The 35 ..
54 contro{ intermttent flow of fluid from -9- the punp 50 to thé notor -
43. The stop and start valves 53 and 54 are controlled by limt valves 55
“and 56 and a cam operated stop pilot valve 57 operated by the rotary stop
cam 48. A variable orifice 60 is provid®¢t in the line 52 5 _
stop and start valves' -to function as a speed control for the hydraulic.
|mt v%l & ?"Pn nd 56 are actuated by a cam C secured and -

de &Jotog; @3y fbe §5°PsaBBeP5?EH BFlyae 83m when
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cgm 48, the valve 57 is opened passing pilot fluid fromthe line 59 to
stop valve 53 closing the stop valve. The pilot operated start valve 54
gonnected in the branch line 52b is normally closed and i.s opened by plT
35. fl'uid fromeither one of the linit valves 55 and 56 - 10- conducted
~through the pilot line 61c |eading fromthe shuttle valve 62.  The linmt
valves 55 and 56 are identical in structure and function. Fluid is

- supplied to.the limt valves 55 and 56 f+bd+the punp 50 through the 5
lines 52 and 58 and through the dunp val ves 81 and 82 associ at ed,

i{respectlvely with limt valves 55 and 56. The dunp valve 81 supplles fluid
to the linmt vappdussedhitdirginghethen®ides: lire dédg Vieadimp Suppl ithe

: LI wfl tlo thel | isRteyal V9a§5et hagughTh@e 1imee 58Pa1vde BED ard vesg 1Qure are
| -staple pilo

the | t ; closed b ffl
A
associ ated wi t khehd imiti tvalaleses BRmhd&6f romspeet puspy 50Wearovighsethe t he -
dunp val ves comgbc%tze aﬁl? EgNesigd &{m;negpg hgmlghggé.@egacffkfga 82

: all ow ng the dunping Id fromt a and the dunp
val ves 81 and SESP§1BESQed respectivelihe with t 1imlte vad¥es A2d2RAt B&ehe .
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retract stroketheniltineSBE8i ltar lthe atinelsatsspoianid, SBke abstziated with the

limit valves 55 and 56, respectively.. When closed, the

When the pilot valve 57 is engaged by one of the cam 30 | obes 49 on th %ES :

_dump valves communicate the lines 58a and 58b with the
15 tank 22 allowing the dumping of fluid from the lines 58a
and 58b. Each of the dump valves 8l and 82 is opened to
enable the limit valve associated with the dump-valve to
pass fluid when the limit valve is opened by the cam C.
Referriné to Figure 2A, when the cam C is moving to the
20 left, the dump valve 81 has been previously opened when
the cam C engage the limit valve 56 allowing flow of
fluid through the line 61b to the shuttle valve 62. At
N this time pilot fluid is passed through the line 6le to
| open the dump wvalve 81 éo that the valve 81 is pre-
25 conditioned to allow fluids. to:. pass through the limit
valve 55 when that valve is engaged 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 wvalve

30 56 at the extend stroke limit. '

As illustrated 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

35 the motor 43 and driven in timed relation with the crank



valve 82 is preconditioned by'fluid-passfhg'through t he Iihe5m61d to al l ow

- § luiy 0 pass through the Iimt valve 30 56 at the extend stroke limt.
As strated in Figure 2B, the system-and logic circuitry for closi.ng the
du | ves includes a rotary rel ease cam 83 -and cam operated rel ease

' valves 84 and 85. The cam 83 is nounted on and rotated by the shaft 44 of

35 the notor 43 and driven in tined relation with the crank
stop cam 48.

supplied to
valve 84 is

45 and the

- The val ves 84 and 85 are spring. biased two-way normally
cl osed valves opened by the operat<al<d obe on the cam83. Pilot fluid is

the val ves 84 and 85 through the lines 52, 59 and 59a. 5
associated with the dunp valve 81 through pilot fluid
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re-condi ti oned

49 from the stop pilot valve 57. The release valve 84 is
opened by the cam 83 passing pilot fluid to the  dump

valve 81 which occurs before the opposite lobe 49 of the

cam 48 re-engages the stop pilot valve 57. The passing of
the'pilot.fluid in the line 86 to the valve 81 closes the
valve 81 allowing the dumping of fluid from the line 58a
to tank 22 pérmittihg-the-start valve 54 to close. The

start valve 54 is closed even though the limit valve 55

is still engaged by the cam C so that the motor 43 is
stopped when the opposite lobe 49 of the stop cam 48 re-
engages the stop pilot valve 57. The dump valve 81 will
remain closed in the dump condition until pre-conditioned

by the limit valve 56 at the extend stroke limit., With

the operation of ‘the motor 43 initiated by the 1limit

‘valve 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 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

moving to the left extending the cam C toward the limit

‘valve 55, the dump valve 81 has been previously opened to
- supply f£luid to the 1limit valve 55. When the cam C

uad ng1eiafl uid
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cycle occurs with the |Iobe of rel ease cam 83 operating the rel ease val ve 85

&0 deliver pifot fluid through the 300 line 87 to the dunp val ve. 82. ,/"“‘
Brlefly, the operation of the hydraul i c systens of Figures 2A and 2B |s\a

follows, Wth- the' cylinder 7 noving to the left extending the camC
toward the'linit valve 55, the dunp val ve 81 has been. previously opened to
35 supply fluid to the Ilimt valve 55.. Wien the camC -12-
approaches the limt of the stroke engaglng the limt valve 55, pilot fluid
IS passed to the start val ve 54 opening at val ve and starting
-the notor 43. Sinultaneously} pilot fluid is passed to the dunp valve 5

82 through the lin openi ng val v for a subs
*oper at i on. TheaF?BFSPc i |'1'c'1§? EF@éﬁgé’gEte 1?}Pﬁe ca‘?ﬁqqﬂJ’e“‘Ithﬁgoﬁllt“Hé: st op
pi l-ot val ve 57valloei Igp,t heiboopfpulidt isal pesSsdr esowheg staot paezssurﬂ from
the stop val ve]p? W?hCh i éhen %EGQEd $Hat hgtggggnﬁal v&espr;ngg 43.

am

* Shortdy therea of 't rel ease c t he refease val ve
84 cl osing thesé!l\#ét@aIEVESQYy Pideg ifduddhperl paosed hé°| rché YD iR Iviee

connectinggingg althewuaa the !Eiﬁét 6Yal V@peﬁﬂn?t%ﬁ@sa’n@e fdOty 43

t t t th t th
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. stoppi ng the mstop 43m Aprhé9eﬁdomf thﬁessmpoﬂlel@b vakve | ghtclosiFigyuhe 2A
‘the cam C engagegpt g.@lbhmvkl¥§| 5Q ?@mogiﬁ?tpli.g@ ﬁfégéuef@'fffoé“tﬂé %gg

to start the rmtor d sinmul t aneousl WE valve 81 1s 0O _
for a succeedi N§1¥BePat irichagas nt Gt’he"%‘??ﬁ by PFstStBPséWdé@ess%F%p cam

| pbe fromiiche shoptRyl @hevahieeb7thél 1@»@%9%&@&@1&?@@% &3 dritagen] ease
vative 85 by the, | obe.of rele mg3..:Thi s ses the ?ve 82to
close the star FPFarTdc88%e V8 Vthggﬁ Pﬁén§5 \Ygl gg‘ ey 6o
- by the cam 16. dwwprdt héromnsthé ahiing3 égglnanéactherupannﬂntlngl 11nes
i1lustrated 'naElguﬁﬁg the start valve 54 to close. The motor 43
~ continues to operate until the opposite stop cam lobe 49
15 engages the Stop pilot wvalve 57 opening the wvalve 57
thereby closing the valve 53 stopping the motor 43. At
the end of the stroke to the right in Figure 2A the cam C
engages the limit valve 56. First,'the'start valve 54 is
opened to start the motor 43 and simultaneously the dump
20 valve 81 is opened for a succeeding operation. Again, the
-motor 43 first disengages a stop cam lobe from the stop
pilot valve 57 followed by the engagement of the release
I\ : valve 85 by the lobe of release cam 83} This closes the
dump valve 82 to close the start valve 54 even though the
25 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 recognized that. the hydraulic power and
. logic sustem of Figure 2A and_ZB as used to operate the
30 well,pump A of Pigure 1 functions independently of the
counterbalance system including the air receiver 14 and
t | the compressor 15  which supply air into the outer
cylinder 6 below the base piston 5. As the well pump
reciprocates to raise and lower the-sucker'rod-string 13,
35 the weight of the rod string and the reciprocating parts



:2B, the stop valve 53 is closed to stop the notor 43. 1t will be recognized

. %h' Phe hydraulic power and |ogic sustemof Figure 2A and 2B as:used to

- op the 30 well -punmp A of Figure. 1-functions independently of.the

{\ cou rbal ance systemincluding the air receiver 14 and the conpressor 15
whi ch supply air into the outer cylinder 6 below the base piston 5. As the
wel-l punp reciprocates to raise and |l ower the sucker rod string 13, 35
the weight of the rod string and the reciprocating parts -13- of the
wel | punmp is supported by the air supptl®d into the system beneath the
piston 5. Thus, the hydraulic power systemis relieved of this weight of
such movable conmponents, the. sucker or polish rod string,  and the 5
fluid col umoin thee wedil RweR elfhSupeRptpRuMYerthRir RhE tSHEPIIedr dlto  Thus
the Ihyd{ aul It'ﬁedsy é&fﬂ b?nlé‘hltﬁﬁrtﬂ_é/ @g@.@ehnesi. vwmsq?'/eﬁgemmzfamltq_tc&ont ﬁnd
accel erating and decel erat,in e movabl e_nmasses; i nvol yed in operating the
Do A 10 power  GERLEm i3 s ILey R OF “HRES hyRIABF: ElveiC AR ABLe o
il lustrated solmpoatntal | ythes asuckeratomnpolishe pedrp shrimgyn and Fithee 1
wher ei n he f u r{h Ao } RS i Nty d fHy..t
hydraulic cy?:’qlnk%gr?:r _%tljn'rillt %a’ﬁ%ﬁef’%&gi.s acﬁél gﬁtgeie(zl %?ﬁﬁygrléﬁp}ega;l -yrfs ser- 15

~char gi ng t he thfdraR$tECkRinp T8RASp| Ydg RMranldss usystsm | 16 tiRgnare Wcker
rod stA ri ngi:_ anEb?Hé_dl ?zitgmo&ﬁ;wd:ﬁ@rgew@mh h N@ndi hllc&c&il@rh%fingarérfii} of the
punp in Figure referred t the s ef erence nunergls as.
Gaed 1 Fi quigerLesRbing ErErngvaste | faste "rielied FHE A OHE DS | “hum

A by the el'i pamat Bon of the counterbal ance piston 5 because the - -
Courser 10l anc 0, sbPegPi RNl Prosiponna naviisbeED P g e
cylinder 7 id1¢pgszated ﬁqh&r"ﬁ§1§é&3<¥d | 4t VBREAFHORI OF 2the  pREPf iAed
piston 2 by shewaniwl arigulresur evltefeiif. thé) dhBy force supporting the.
pump load is contributed by the hydraulic ' cylinder.
. Counterbalancing ‘is achieved by hydfaulicall_y super-
15 charging the hydraulic pump supplying the pressure for
lifting the sucker rod string. In. Figure 3 those parts
corresponding 'with similar parts of the pump A in Figure.
1 will be referred to by the same reference numerals as
- used 'in Figure 1. The well pump B primar_ily-differs' from
20" the well pump A by the elimination of the cbunterbalance
" piston 5 because the coﬁnterbalanc.ing is obtained by
'supercharging'the' pump supplying the hydraulic pressure __
for the 1lift stroke. The lower end of the movable o/
'cylinder 7 is closéd' in sliding sealed relationship with
25 the fixed piston 2 by the annular closure cap 7a. In the
well pump B the hydraulic pump 20a is supercharged by a
gas charged hydraulic accumulator N or a dead weight
activated hydraulic accumulator W either of which is
connected with the intake side of the 'pump 20a as shown
30 - in -Fi_.gure"3. The hydraulic power and logic circuitry of
'Figu:’:‘e's' 4 and 2B taken together may be used to operate
- ‘the well pump B. The portion of the system shown in
}\ ' Figure 2B is exactly the same as that portion of the stem
~ described in conenction with the operation of the well
© 35  pump A. The portion of the circuitry shown in Figure 4



hyf{draul I c,accunul ator N2 or. a dead wei ght activated hydraulic accunmul 4f®
W either- of which 1is connected with the intake side of the punp 20a -
shown 30 in Figure 3. The hydraulic power and |ogic ci rcwtry of Fi gures
4'" and 2B taken together may be used to operate the well punp B. The
portion of the system shown in Figure 2B is exactly the sane as that
portion of the stemdescribed in.conenctippwith the operation of the well

wel | punp B the hydraulic punp 20a is supercharged by a gas charged

35 punp A. The portion of the circuitry shown in Figure 4 -14- dlffeI‘S.
~only - in the I ncl usi on of t he hydraul i c accunmul ators. -Referring .
back to FiguredifBessd 4nlyt heimot &ltieonslx\/&l@é\ﬂoﬁ/z JF Usekel ntﬁ;lcﬁlaﬁﬂl%

‘designate the right | eft _si.des,. re ectl y.of the reverging v
- 40 shown in Fi g fﬁg'é 'ﬁfa%éf'%‘rrrRﬁgetrglﬁggu Tk 8ur$h%uf?1% 13 ff’mét r‘gk e the
wel | -punp B, hpatatiowsf Vii @ansg c62uns m@bppm &dgbyet & faapgltet theugh
the Nene 23a i pignt hgngonsei tsRaddy Sféﬁbé{\ﬁ%’ ;ﬂ-r%hﬂautéa% %@b%fal%%‘l

er rev

above the Elston 1 li1fting_the novabl e cy
side V1 is>clodRdSherei #g FREUSLedsuREGETRiRg 4 Ut BEDr 3w BRTRRY
ever is being Lset, stookeppt ythapeetbapainpgBpr aydraalist €1uha iprealsaref the

punp 20a there f : | ¢ Jf,l ui.d beI w t he
pi ston 1 retur%é g%?ggé%%}? h‘%‘eé} S}Imé) Z_L(g]eth%eﬁ@e HSﬁnrouge tzr;i;e- 1 (§W E’gnnel
2 along the |i@endBbt addrahebngh thRe PFESFUTEy dits| the cghamber 30deabpvieack
- to the tank 22¢ndurppgedbhe ﬂowngfﬁﬁpkg oéhéhemwhbwurrey&haerreverS*r%

vaI ve side V2 is closed be he_out ressure fromthe p 20h nust
ow throﬁah tﬁ%"‘F’Fﬁ’e”‘ésmlz 34 71 Hed (91637 sﬂi’oggég* thied PoGERITS $o
¥rr’ough t he pothe 4ccomalbdbercw |asndeN27 b&imza t éeepi Stsorbehrfgarasékg,tlﬁe
novabl e cylind l[?d[ M eS Ll ol ersi ng
val ve side V1 gﬁp%p}g EJ% 8%% 9 un er- v;g__\rg% tq‘e 1n8:r 201 1°C %% Tt?‘\é mB
pressure to be2@af ddyeiredyr r@qrhancmg the 11ft of the pump. Hydraullc
fluid below the plston 1 returns as the cylinder 7 is

15 raised through the flow channel 2 along the line 23b and
through the open reversing cylinder side V2 back to -the
tank 22, During the downstroke of the well ‘pump B the
reversing valve side V2 1is closed wherbey the output
pressure from the pump 20b must flow through the line 23b

20 into the flow passages 2 and outwardly through the ports

" 4 into the cylinder 7 below the piston 1 forcing the
movable cylinder 7 downwardly. Durihg the downward stroke
the reversing valve side V1 is open permitting counter-

_ balancing hydraulic fluid pressure to be effective from
25 either thé accumulator W or in the accumulator N2 along
' the line 4lc, the line 23a, and the flow conductor 3 into
the cylinder chamber 104 above the piston 1 which opposes

the downward movement of the cylinder 7. The hydraulic
power fluid and logic circuitry of Figures 4 and 2A taken

30 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 in operating the well'pﬁmplh.
Looking at Figure 4, when ‘the reversing valve 40 is
shifted to the left communication between lines 4la and

35 41c is closed while the line 4lb is opened to the tank

rsin va ve -



her the accunulator Wor in the accumul ator N2 al ong the line 4lc,

25

t he | 23a, and the flow.conductor 3 into the cylinder chanber *104, above
t he : n 1 which opposes the downward novenent of the cylinder 7. The
Rhydrauttc power fluid and togic circuitry of Figures 4 and 2A taken, 30

?ogether operate the hydraulic well punp B in exactly the same nanner as
previously described with respect to the systemof Figures 2A and 2B in
operating the wel-l pump A. Looking at -Hgwure 4, when the reversing
valve 40 is shifted to the left comunication between |ines 4la and 35
41c is closed while the line 41b is opened to the tank 22. In this
nmode of opefdiionIn h&hif| omoder off topebatioml athe s Slow Nz ooan tivel y

pass to the ns@ammtam wusP ﬁQacWﬁ' 1 Sﬂoifa!%%fgf‘é ¢ i Ohw&ké' 8¢ 2 2.

flowi ng-to the cap he. cyl i nder I operat,ing
upst r oke. ThePHtRmp w?‘éci‘ %iﬁ?e?gcﬁﬁ el F8ﬁ1 &r’ré‘eofz%ilegh9‘d%a‘ﬂll |t@
accunul at or s. tﬁkjrca&g ehé dbweher alyd iide rval Vo Copsrati g ethd Opukpe ihi ghi

cl osi-ng obf f‘l_!pé/vnpémsn%m%] nﬁ.‘é]‘]gu{é&régg ignghughsuggggh%ggea gchar ges |nto

the |ine downwar d
hydraul i c ac m AYdmanRlig ¢%cwmmém eaur:anq hehe| dewnstrakel yhay t he

pressure frcnnaiubannnﬂengﬁimtédcmatﬁﬁelrn§h€3élb§19gt8€fcﬁpo€nﬁ nOtphkhe
cyl i nder VL g eéc % hﬁghydraul C(furm ators e renai nder
of the power &Hif | @ Ri FO6i &N‘ %ie H%r iRqhargad isto  Bhgs

il lustrated Xinei gdbepumpingl thBB.tekkinddogdt heowaqwrcalyes whided | yhas
brevi ousLy denfddaiad d RGN widd) N9 elolmBhiBafed 88 engOTthe!

val ve device “mechanism 151 illustrate gures
provi des thékﬂoe?%ﬁ?]r!bﬁff‘qzotherEﬁ&?ﬁéﬁﬁnt@%‘f thee 4%4%%@%051{)@%“9 of

the hydraul i Clip'félvem@ndntegltmesyéé[ﬁnbﬁbom ltfhé:| eyIEnaérar?d %§7ta/aui@4go
val ve

coupling 46; arm e

wi'th the camﬁ l% 49 0155htehély &u&lgr |"’\?§“H’b¥'8f'°5§' the; FPPRAgderhet

control val Vé:hq;@mmrs_mnd loglc _c:L_:L_'t_:uJ.try for .the hydraulic well pump
15° B as illustrated in Figures 4 and 2B taken together

operates. exactly as previously. described in connection
with the well pump A. - |

B The __con_trel valve = device or mechanism | 151

illustrated in Figures 5 --'1_7. provides the operation

20 requirem_erits of the following components of the hydraulic

'power and logic system shown in Figure 2A and 2B: valve

~ 40; coupling 46;. crank arm 45; valve 85; ~cam 83; valve

84; valve 57; cam 48 with the cam lobes 49; and the logic

_ drive motor 43. Utilizing the control valve mechanism

25 151, it is to be understood that the other components of

the system of Flgures 2A and 2B are connected with the

~control valve mechanism.

Re_ferri_ng -to Figures 5 and '6,' the wvalve control

mechanism 151 i_xicludes a ‘body 200 mounted on a bracket

30 201.. 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

the body. Identical poppet valve assemblies 202 are.

mounted. on opposite sn:es of the body providing valve

35 functions. correspondlng with “the opposite side or end



25 151, it is to be understood.that the other conponents of the system of
Figures 2A and 2B are connected With the control valve nmechani sm Referr gy
to Figures 5 and 6, the valve control mechani sm 151 includes a body 200 ‘g,
rTEunt ed on a bracket 30 201. The hydraulic drive notor 43 is secured to

e back of the body. The valves 57 and 84 are nounted on top of the body.
- The valve 85 is supported fromthe bottomof the body. Identical poppet
valve assenblies 202 are nounted on opb®site sides of the body providing
valve 35 - functions corresponding: with the opposite side or end - 16-
-~ sections of the valve 40 for controlling the extend and retract functions
~of the hydraul PecE{PRadef 58SevBilye T &X aFPatEPlihed bbhe 2edende aHbwn

| nt El gures 7 -r8@trdbe b@ﬁldtf@ss laofleﬂ'ié ai%d@dﬁﬂﬂtﬁﬂhdafﬁ |é3.4|‘ke%ﬁﬁiypr%ﬂed

Wi an r.n e ul.ar avi ndrical , val ve y
portions 205 ea?gﬁﬂf?ri#‘n %h 8835&@ (f\é tb"?""lh b%ﬂ?uf%? Rodsi ng"ﬁ’r?e
popp&l- val ve abedwbhassal26éntfat vetftanpolas pbrthenb@dy pomtviidesi 203 h '
communi cat g t haeuglmtfa@dangr kaehahgﬁeérﬂ&‘;&g h%fo‘ile“téﬁbﬁ%‘ﬂéafl 2%1% L he

10 body. . seen ure provid
with a forwar dbﬁﬁlénPﬁﬁtQ‘Illsf PS¢ pEtead, ETom Ahe OPRAS ke dsbﬁéﬁl ﬁ§ the for

the val ve 84. Bbay |&lb|ry hdes Deg t @eof pdgiethodilvEl HEsentblids PROZ| deghaM t h

" an opening 213 val p t val baod Qr.t | 05 1

each has a poppge Pgres Xf ?ﬁﬁlggg?‘?dgg%bﬁﬁgt \é§3I \‘/'é’¥‘6'8’t"|1§t %?15’:%‘
val ves 57, 84, chBm@ndcaheprppetZl\ﬁaltﬁestﬁezC&mreﬁer@ﬁ\ed:ybyZQheOIﬁydmﬁJI ic
notor 43 flbrougad§amp@1dseéasslme%qgweucweu@umcfﬁi o th@ ey shaft.

Referring to Figures and 6, a camcrank 220 s on 20 t he _not or
Shaft 221 of tREOVHESA WRtR\aLPEFardcPPensngelliefobythendpriverd? Andy
224 is positiosedentwakdgrp@ningt 204 £be hef tvaned cganksiaildelyi nthe he

crank as the SHgii{ohOlftEfe bSap Wyl [ IW LS Ak A Wher % Sning
_ 213 for the valve 85. The poppet valve body portlons 205

15 each has a poppet valve inlet 214 and a poppet valve

outlét 215. The valves 57, 84, 85, and the poppet valves

202 are_operéted by the hydraulic motor 43 through cam

and cross head structure mounted on the motor shaft.

Referring to Figures 5 and-ﬁ, a cam crank 220 is held on

20 the motor shaft 221 of thé motor 43 by a rétainer 222

. secured by a bolt 223. A key 224 is positioned in aligned

slots of the'shaft'and crank for driving the crank as the

S shaft rotates. As shown in Figures 12 and 13, the cam
A B crank 220 has an integral cam 225 for -operating the
' ' 25 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_df the valve control mechanism. A

cross head 231,'Figufes'10 and 11, is coupled with the

cross head shaft 230. The cross head has a vertical slot

30 232 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 washer secured on the cross head

shaft by a lock ring 235. The cross head shaft has

35 horizontally spaced sidewardly opening slots . 240 for



crank 220 has an integral cam 225 for operating the 25 val ves 84
' the camcrank is turned by the notor. The cam al so has 'an ,
cross head shaft 230 for driving the cross head of the valkve -
mechani sm A cross head 231, Figures 10 and 11, is coupled with the
~tross head shaft 230. The cross head has a vertical - slot 30 232 through
whi ch the cross head shaft extends. A bushing 233 is fitted on the cross
head shaft within the slot 232. The crosgyhead and bushing are held on the
cross head shaft by a thrust washer secured on the cross head shaft by a
l ock ring 235. The cross head shaft has 35 - ~horizontally spaced
sidewardly openphdngsibes poppet fualve agFemicbigsi 202t wdthomhet wdse
assenbl | es.” 202a 4l t Npldle GfloS eadre TUECnERED 79 hétfz0 H &baddl
hori zontal spaced relation In top portion o% t he cross hea In an
upwar dl y openFRéatéeBssimathpy %%b POr&den2 ot  Abet herosgr heqdnedd an .
reci procates hgwazamyaldp)éntlmq CPdde 4 qneraiye w@ welrews57242 Thaspoget W&
“val ve assenblies

151, Fi d 14
Vo 17 “ondh| fiepagobeRa, hEG LbBpdRe 8RO R JAREATEY; Theh barla HY 5 %%%%2
spool 10 258he MmalvehBWn in Figure 14, the valve seat .has

cylindrical externghlyp &ﬁ‘g@éd@l@é’tﬁés&%iié’@ 263 M@I%W@scs:r@ralal ve
seat in the body portion he valve seai also has a tubular I_nner

portion 254 pPEFhaBdsSH dflei FLENFEFent @A y14phled %l oR3SR ed PFLYRRS0r s
255. The 15 vu@bveeseaat 2501t iz0n@m il 265, aaséah valivacopi@torThepdul e of

t he body port I s .enlar t he ,val se oV g anpul ar _
poppet . vaiQe Ld’ggc ?%e ct}"lo"'r’ﬂ)e:‘ﬁ‘z6?J \?#q- %'4 )réuﬁgat gél‘\?vlét hé%j%lp ﬁchgge \/ '
openi ng 215 i aylhedpbdal pextesnaldsy. tmneadg;%emt@lzparbuna 258 wihiah seat '

20  portion gadyseal enbeyyeer E@@tVﬁhV%éeﬁédg%f@%@Wt Mad Wea Ry
portion 205 inward fromthe di scharge chanb 61 R%ferrrn Jigure 15,
t he val ve 251SRat aisgplhes, a tubular inner portion pro 1de

.\

circumferentially spaced elongated flow ports 255. The

15 valve seat portions 254'has a seat surface 260. The bore
" of the body portion 205 is eniarged along the valve seat

~ providing an annular poppet valve discharge chamber 261
which communicates-with-the'discharge opening "215 in the
‘body portion.205. A ring seal 212 around the valve seat

20 portion 254 seals between the valve seat and the poppet
valve body portien 205 inward from'the discharge chamber
261. Referring to Figure 15, the valve 251 has a tubular
portion 270 which telescopes into the valve seat tubular
portion 254, The tubular portion 270 of the valve is

25 provided with four circumferentially 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 valve and through the ports 255 of the

30 valve seat inte 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 vaive seat 273 on the valve is
engageébie with the valve seat 260 on the valve seat. The

35 tubular portion 270 of the valve fits in close sliding



portion 270 which tel escopes into the val ve seat tubui'ar portion 254. The

tubul ar porticon 270 of the valve is 25 provided wth four \
circunferentially spaced elongated discharge ports 271 which are o
U .

: cirécurrf.ere,ntiaﬂy aligned with the discharge port 255 of the valve C ST
tiat fluid within the valve portion 270 flows outwardly through the ports
271 of the valve and through the ports 255 of the 30 val ve seat into the
di scharge chanber 261. The val ve has an-geglarged body portion 272 and an

“external annular tapered valve seat 273 between-the tubular portion 270

-~ and the body portion. The val ve seat 273 on the valve is engageable w th

. the val ve seat r2d@tdonshdpvalithisedthe HubwWsir gatniloar 387 teHneRd Ovelvé he
valve fits in ¢ Y 3- ti LDy W thin fhe tu ar_portion

254 of the val v?ﬁasf’l stgiﬁe?ts_ e{:ggfhveéﬁ_}a% viesoﬁggﬁ%%?dé %ﬁa\{%]v%g t% %h‘éag‘é? ve

seat in an axi &°h récEoR*ia) iHeactiqny dnkireaexrelat henskim exbsval ve

di schar ge portbelirheancthbh@a\l&leveli&e:aia;@escpdﬂtﬁ zﬂelaal‘ddéwbﬁeat‘ﬁai‘;g ;)gggutthe

val ve is digectd, ort,j on 0 e di,stance trave y .t he_val ve. For

exanpl e .i f %heg\%l \\%Qleis ér#t?vegh‘g}g% %?Eel  Srgign t{f-gﬁel‘fﬁt‘??e fovt BRRtLY

t her et hrough PFopPRIfgeaarstpettbentdistance Bodyelded dy dfhe healsd veFos

secured with tlgawpdhke iP0te 1¥a1veSEsbmoReet AL e SGLEW . in
Figure 16 thety‘glm\? S 1ooI 2e52 ha‘é nsen%ﬁl%%p{éﬁi %é:%i n"foe%%nlaﬁﬁ'/éf%i:'eaded
blind bore 275 96r gEhkht tBeTehRrPugh; A& <hanged 273 peremetspodthe The

bore of the botpdgopbrrenod0bfakbhagvabeevikyeeaitedPWDihi SheWar € dspdo1
provi de angl5 n ' : a : which__comuni gates wi,th _.the
poppet val ve . izr??ewpgért Egkig.sngpT(r)g;%%;eow\Z/i8%7e4‘ f‘(h)g geﬂlgl‘ftn sﬁh?‘?’(')?f_ 18ctkhsen
the val ve seat Va@h¥et hePPRbpe?Salhas an acodwdrflyr copéeningetivesrrndidy

poppet seal arearafdetih®lam@a vird hg75P2Rk iSndyqtidiRd §P L [ﬁt%? in
20 . pressure within tzgg chamher 280_£i ase thdgd%ﬁppet val .&g@t o%/éajér:a the
o]

seat. The i nwirG &Rd e vEPRPbol HHE bore of the body portion
S 205 along the_valve and spool is enlarged to provide an

15  annular inlet chamber 280 which communicates with the
' poppet valve inlet port 214. To provide for a tight
shut-off between the valve seat and the poppet valwve, an
area differential between the poppet seal area and the
area of the spool is provided so that the shut in
20 pressure within the chamber 280 biases the poppet valve
toward the seat. The inward end of the,valVe spool has
upwardly and downwardly opening recesses 281 and flange
o portions 282 for coupling the valve spools with the cross
\e’ - head in the slots 240 of the cross head. The front of
25 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 sealed. Such chamber is
communicated with the fluid reservoir of the'system when
_ the valve control ‘mechanism isicohnected into the power
30 and logic system such as shown in Figures 2A and 2B. The



upwar dly and downwardly openi ng recesses 281 and fl ange portions 282 for

. ?loupl I g~ he val ve spools with the cross head in _the slots 240 of- the cross.
_head @ﬁ front of 25 the body 203 of the valve control mechanismis

i cl oset he plate 283 so that the chanmber 204 in which the cans and

cross head operate is sealed. Such - chanber is conmunicated W|th
the fluid reservoir of the systemwhen:.the valve control nechanismis
connected into the power 30 and | ogi c system such as shown in Figures 2A
-and 2B. 'The 35 - spool- . 252, and thfpyretainer screws 274 have a =~
| ongi tudi nal axial bore 284 which comunicates the chanber 204 with

the chamber 261 both of which are at reservoir -pressure so 'that there
is no pr_essspQDJS 28R¢ f eraandt i athacr(ms:atih@rsposd:reWenZﬂHe Vviedwee centr ol

device 151 is 1' n a&lwr%f& POy @H@chogl':SmﬁMﬁESHté!Chtﬁé that
shown in Flgures 2Aa - rivin hydraul .c nmotor 43 turns_the

cam crank 22cFhamkay néo‘?hglﬁam"rl@oecbig baRd 216H'e Borh of (athich, AEaAL 280
whi ch Causes e Biciys hppds@ddet 0 soecifhacat enboei zdnt alhy. prassube cam

| obe 225 ta t he v.aI ves 8 operated. As the cross head
reci proca ‘ilnéf TAR S L}scsgnrkgleectsgg’o\;ﬁ\'nth the cross head operate the

val ve 57. Si nce Wien cth%svéﬂééﬁi contngl dewvigs ctShiih earneebedt inapve

spool s 284 r agjd¥ALAtd Olfaoﬁért Baas peyYic ogyél@eranguehoa%s e pgmeﬁ yal ves
per form ng the val vin

on of bgth sides_o
mi dposi ti on FLIIHERr 'Hia%abo'f*he $r’fhbn%oﬁf>e{:h9aﬁ¥é§ fbco’ﬁgﬁ°5n83t hus
t he chanbers @f¢hoftHotdanpayzetk 280/ etk i noc el iamaflebei 225t hadckhaber s

201 of e Ponpels Viglaes ﬁﬁgfeh%otpﬁlemau%%@ R b o e £ TV €8 © o

with the reservolr re no erati ng the i C we
cyli nder 7. mcm@m%ywwmw € hea@r dé@%e&%ﬁ Fﬁéaﬁéﬁpet

val ve on the gidevhoveli ©y t ARa2%B5 &FESTPMAtddE NESr ehe iSrosHsadaihi | e
the OppOSIteJx¥¥procates the cam lobes 49 connected with the crossf
' _ head operate the valve 57. Slnce the cross head is
15 coupled with the poppet valve spools 284 reciprocation of
the spools opens and closes the poppet valves performing -

the va1v1ng functxon of both sides of the valve 40. At
midposition of the cross head both of the poppet valves
'are open and thus the chambers 202 of both poppet valves

20 | communicate with the chambers 261 of the poppet valves so
that the pumps 20a and 20b both communicate with the
teservoir and thus are not operating-the'hydraulic_well
pump-cylinder 7. At-eachlextreme side position of the o’
.cross head, the poppet valve on the'side to which the

25 Ccross head'is.nearest is closed while the opposite poppet
valve is fully'open. The relationship between the_ports

in the valve and the ports in the valve seat of the

~ poppet valve provides linear opening of each of the
poppet valves so that'_the valves flow in direct

30 proportlon to the extent to which the valve is open. This
arrangement provides for direct cohtrol of the .
acceleration and deceleration of the hydraulic well pump

which is dependent upon the rates of opening and closing

the poppet valves. In other words, the rate at which the

35 hydraulic well pump accelerates or decelerates is



valve is fully open. The rel ationship between the ports in the valve and
.the ports.in‘the valve seat of the poppet valve provides |l|inear op g
of each of the poppet valves so that the .valves flow in di rec@
proportion,to the extent to which the valve is open. This arrangenent.
provides - for direct control of the accel eration and decel eration
of the hydraulic well punp which is dependent upon the rates of opening and
closing the poppet valves. In other words,the rate at which the 35
hydraulic well punp accelerates or d€%rerates is - 20- directly

" proportional to the rate at which the poppet val ves are opened and cl osed.
That rate is cmtrre@tllzyolﬁrg%(‘,{,@foﬁﬂ e¢at t‘MECQaf:Qe P 9L 4R tsheo%&gﬁgg
which in turn con by _a manual  contr f’

netering val ve Vgg"e'lsn 3% openrd 3pd” gdBERGIn é'haﬁyd-’raé:lﬂ i¥s d¢¢v‘ér¢llﬁl@llf!o
the nmotor 43. (Bye tife thet@oapewh\iahve:mecqudﬂ s43 hescbbp&deédemﬁ@si O:Dn' n
the tydraulic the t he val ves cont the c |nder
retraction. Th\g%hydrgu ic rmtorﬂ';rr?olv}nécr ss %held 8? 10c°n f)t c‘ﬂgyo
mechani sm en“@ﬁ@rf&mngvilh?q!oﬁ@i yiraddes lheet ik psppelyiagvesydraulic

alternately op@rized mlose w ankeliidy Baltemad b NRREDYG R i dh vddie
cam | obes 49 on the rc[rosslb ead orglsrate the Ijmt ,val ve 57 at "the extreme
Snstig £l

ri ght- and | ef t SS8&E §&s eEtapsiep in thexpydraudics wabk to
~our U. K pat enpugpeoihfileattihen diher? t¥1 89 fualvashicdhtidtd Prigsenéylinder

_ speC|flcat|0n Rat el VIR rY¥raa13% SRotor driven cross head or

\j' . 10 ™"scotch yoke" mechanism when operating uniformly causes
T 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. o
15 Reference is made to our U.K., patent specification’
No. 2131890 from which the present specification has been
divided. '
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CLAIMS 1.: A devicé'for_direction control of a double action hydraulic
scylinder conprising a first fluid control valve adapted for connéction to

:the-e tend power end of the hydraulic cylinder and a second fluid
Hcontrég’\mﬂve 5 adapted for connection to the retract power end of the

“hydraMMc cylinder, the first and second val ves being- drivingly connected.
to one another by the cross-head of a scotch-yoke and arranged such that
when one val ve.is being moved to its fu@%y open position to permt flow of
10 pressurised fluid to its respective“power end of the hydraulic cylinder
the other valve is being noved to its closed position such that when said
one val ve iSC%E&H% open the-other valve is closed, and a rotary fluid notor
connected to ot ch-yoke to reciprocate the _cross- é; head. 2. A
devi ce accor di-ng Po dBHIGH 1EQReAEFRCEiPPOTMBTOL0I OF 2Py HULLG AT LR  or
control I ing hliyawaefl ier %?&Iilhﬂ&edcbinprdsﬁ.ﬁgt aefﬁlrstdfmmrceuthol hedlede ,~

speed. of rotation aof the out t f d | 1 byxzb i}
said flow coffP te@ %/% ntEAt {/l 3’2’ a%ﬂg%rggegg?o%g%al m % V\ﬁg?el n
the first andhysie:@midcvabyésndeé papgeta v@aﬂ@sldeaélluhéw ﬁgnér‘ahl veakivgiber

connect eds W Liy égt dSCfBﬁhcaRKécﬁwﬁs'cBea&e %etrfc@eybﬁera@@ar Hmgeke C aim
3 wherein sai ppet 25 v ves eac OV|d|ng

linearly prod¥ 'tﬁ?ﬁ/%%ES?r&dat§gﬁ?B§eH%iyq%s 48y open’
position. 5. dryﬁlmguwceoameetéﬂngotonanpnptheedbygthéacnnsaeheddngf a:

hydraul 1 COULQNTEARS 9ha S UMD Eulh VichallD! Ghelt YO vaatl® 1o

scot ch-yoke Cross eac es 1'ts ‘oppose reci procal movenent,
the  hydraulbiedng asved|to nﬁm‘sﬂhummg&m;ﬂm Yo RRE B Y R o6 \J

oper at € ¥ Mgy a&Hutd se@ PEEYEAT tid om;éo rd¥pdBtive a@dwéamémanafontmére
Cross-'he_ad_ : Cl')xryd a(\axrla:'.tcI Q: ltlrrlu%ee:l Il'.%e oathveer tv%lcvleosles sr:»e:.ng moved to its
closed 9051t10n - such that when seld one valve is fully:

open the other-valve is closed, and a rotary fluid motor

. connected to the scotch-yoke.to reciprocate the cross-

15  pead. '

' 2. A device according to Claim 1 wherein a flow control
valve is provided for .controlling flow of pressurised
fluid to the fluid motor such that the speed of rotation
of the output of the fluid motor can be controlled by

20 "gaid flow control valve.

3. A device according to Claim 1 or 2 whereln the first

and second valves are poppet valves each having a valve .\J
member connected with the scotch-yoke cross-head.

4. A device according to Claim 3 wherein said poppet

25 valves each include  port means providing 1linearly
progressive opening of the valve from its closed to its
fully open position.

5. A device according to any preceding claim including
hydraulic control means for stopping the fluid motor when

30 the scotch-yoke cross-head'reachesjits opposed limits of
reciprocal' movement, the hydraulic control means .

. including a'pilot valve arranged to operate a main valve
to prevent flow to the motor and cam means on the

cross-head for operatlng the pxlot valve to close sa1d
35
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-22- main valve when said opposed |lints are reached. 6. A devi ce
according to Claimb5 wherein the hydraulic control neans :further conprises
a pilot valve which is arranged to operate a main valve to supply
pressurised 5°fluid to the fluid motor on-'conpletion of the extend or
retract stroke of the hydraulic cylinder, limt valves being provided
adapted for co-operation with the stroke of the hydraulic cylinder, eaeh
limt valve causing operation of the pilofjaval ve when sensing the
termnation 10 of said stroke. 7. A device for direction control of a
doubl e action hydraulic cylinder substantially as described in Figures 2A,
2B, 4 to 17. lbadd @0l wdierl 1€kl Hpdidldedd 11 itdittlsl Bkl kehbhed.,

6. A device according to Claim 5 wherein the hydraullc
control means further comprises a pilot valve which is
= arrénged to operate a main valve to supply pressurised
5 fluid £o the fluid motor on completion of the extend or
- retract stroke of the hydraulic cylinder, limit valves
being provided adapted for coaoperation-with the stroke
of the hYdraulic cylinder, each 1limit valve causing
operation of the pilot valve when sensing the termination

C 10 of said stroke.

N~ 7. A device for direction control of a double action
hydraulic cylinder substantially as described in Figures
27, 2B, 4 to 17. ' '
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