1279- 2494G - 1- 2150983 HYDRAULI C CONTROL CIRCU T AND VALVE
ASSEMBLY This invention relates to hydraulic control circuits and val ve
assenblies for operating and controlling hydraulic recipro--cating devices.
Control logic, both electronic and hydraulic, for operatin . .
reci procating hydraulic devices such as power pistons in lﬁﬂﬁb@-ﬁmd
devi ces for housing cylindrical mnii_pieces, I S expensive conplicated, and
often difficult to maintain and operate. It is therefore a principal object

of the invention toHYDRAULEC NROWERJANBDEOREROBDSYSTENg systens for {
hydrauli "eChRIQCaL hOEnRRBA! atled atls i Clhymubfcrmauteaeturaem and\,

mai nt ai ned a ower cost than pre- sent l.y aval |l abl S anot her
obj ect FORRECL NPYSEERF tTPLHr BOEHR ?51"‘15\y(?r“<ﬁulﬁ"&“‘E’E)ﬁ’ﬂ(‘eH)’I>< ?&?ﬁlafﬁ\lbfﬁ
control Srébﬂpﬁbé&&ih@“déﬂ‘uwserrent of the p| ston in a hydraulic '

cyl i nder/ pi st¢8ﬂ€§$f &ép s’d ggg tleqrgaclg_ ‘&0“5398(;#%%{'8 ageyl eration

and decel er at t on. 'S ano er obj ect e Invention to
provs de epeydtingi erepempcaﬁdnsomycbﬁa%l#%u@Vﬂ@ﬁ%ﬁ%ﬁl i A§ ®OM&E procating

menber Sﬂﬁ?téﬁsalﬁhﬁéﬂl%uﬁ@QkaﬁaddavmbeB €birV @idulz)d ng h.‘yd.rlaidm@almt or. It
i s another object of the invention.to pr oy I d aﬁt}é/?%'aullﬁ oftd ever5| ng
€

and acce¥eFKt i &1e5RE deckT er SEPBRSAEERaNISSR des oF&ht i nuous
t or que fdliuffl:.anlbr ,taanmasospénennd oopegateni nIti n§st Hehexrerat ael ected

positio ghamﬁ&@soiortwewﬂé}&ﬂ&w RECAPLBT e’ ORAPNSNE 1 O
sel ecte 05|t ons of controll ed hydraulic_ apparatus .a fluid valve for

flule fl WPE@T‘E?@OIOH%%‘H@QZSSYS‘:GB‘& r%‘PFe(P Liqis regiPrasatms% neans
coupl i ngapparaehs’ wHidWemay be manufactured and maintained at

' lower cost than pvesenkhﬁ available systems.
o According to oné aspect of the present invention
there is provxdea .a uydraulic power and control system,

15 comprising: .

(i) a hydraulic mechanism. driving a rec:.procatlng
member between two positions thereof;

(ii) pump means connected to two opposite £fluid
inlets of the mechanism;

20 (iii) control means for controlling the supply of
hydraulic fluid from the pump means to each of the two
inlets in turn, whereby the mechanism operates
alternately in two directions; '

(iv) a continuous torqgue hYdraulic-motor operatively

25 coupled to the control means;

| (v) an escapement for controlling rotation of the
hydraulic motor; and '

(iv) release means for releasing the motor from the
escapement in response to arrival of the reciprocating

30 member at one position thereof, thereby permitting the
motor to operate the control means to cause the pump
means to deliver fluid to one of the inlets of the
mechanism to drive the member towards the other position

thereof.




.f|UId valve. It is another object of the i nvention to provi de hydraulic -‘e
I t

control C|rcuitry whi ch does not include el ectronic conponents. -2-

i s anot her “object of the invention to provide a hydraulic control circuit
whi ch utilizes a continuous torque notor and escapenent apparatus. In

accordance with the invention, a hydraulic power and 5 control system
for operating a hydraulic reciprocating_ evi ce includes a hydraulic power
fluid source, a fluid direction controll& for sel ectively directing power
fluid to the reci pAééardbngdém%éome!ép@azm@tm% the i pre grntvdaventian and

second™p0si ti @Asren l%agghr&haé@ ali h?a&aamsc PIWRMET 864 EORLFBYI NG it

di rection con%rol | er be vvee[}gé rst. .and second 0 erati ng“%léﬁgs
conti nuous t ofbe f?qﬁﬁfqﬁﬂﬂar BonBARAF 1S h FREIPEDS Eé?g a

for restrain- comgrthenqntbydr@uhn¢dflmeddsmmmiycmeansﬁrﬁﬂdx& ditredtda dnvo
oper atings posaaheeslaﬂeafngr f&ﬁl eeéié'&wayvh%e&el éﬁﬂ‘%uﬁ?gt 'Aldiy be-

tween the two pOSItI | ot sensors_for oper

escapenent to F@Peé@é tﬁ%PHBYdWe$B§ H%v??&ﬂt?ﬁ?%ﬁ??ﬁﬁ?kﬂg(ﬂﬁﬁq%ﬂq%ﬁ‘%btmeen

the first andreetppdcadei hi aenRAPOSGS| ¥a1iH0 m¥dhandlsmOf béted R CaprEiGaid Ny

- di h
i ui d sour co PRStERORL A" gn cRBinE? Hoai¥iiins, " eRA8, CERRI iz vl co 1 n

one directionconhyol weans havingraplimpst @osktiom ditectiog frysiaulig

device irothesphber tdi meoki ¥Aid it ein eSOdaROLLibE RRY¥CL fddddhour ce

[
s a positon directing hydraulic fluid to move said member -in

L ' -the other direction; reversing means for shifting said

fluid direction control means between its first and

_ second positions; a continuous torgque hydraulic motor

15 operatlvely connected to said reversing means; an

escapement releasably coupled with said motor to restraln

said motor from operating said rever51ng means while said

member is intermediate said first and second positions;

and means for releasing said motor from said escapement

20 respoﬂsive to arrival of said member at said first and at

‘said second positions'allowing said motor to operate said

reversing means and shift said fluid direction control

‘means between said first position and said second
"position.

. . S, PreFerob(_y,
said direction-control means, sald reversing means, and
said hydraulic motor comprise a control valve assembly
further including a shaft driven by said motor, a stop

30 cam on said shaft having a latch surface thereon, an
index plate mounted for movement relative to said stop
cam and having spaced latch surfaces for engaging said
cam latch surface at positions of rotation of said stop
cam corresponding with said first and second positions of

35 said fluid direction control means for restfaining said

]



singl e vari abl e volume reversible punp. Further, in accordagge with the

i nvention, the direction controller, the reverser, the esCaBgnent,'and t he
continuous torque notor are packaged in a 25 single unit. The faregoi'ng
- obj ects and advant ages of the present invention will be better understood
fromthe follow ng detailed description of specific enbodi nents thereof
taken in conjunction with the accoppanyi ng draw ngs wherein: 30

Fig. 1 is a schematic diagramof a hydraulic piston and cylinder. assenbly
connect egtopt Rapnwhesr fréf PEAbEE isydnterapddare iSAdd Fdnshvéd on. - -3-

Fi g-tﬁ | 8e8oh@N 'déiﬂiir&lsflrama{t ¥bew ﬁ@lhééﬂiﬂuy islhiﬁ%cbitap ofamn tascapekent
an ree-way val ve asse used in_the.contraol syst.em,of .F ; Fig. 3
is a si dE°5?€?v ?ﬂrsgg?fragifgédsgllgvgfelvg‘ﬁs&f’gt Nt gacdd c?el\elilrgge B é%rbsl 2 tgken
al ong t heoti eegaglngf afidy.ophratiing 4satd aibdex pilakei ipefdespecidve of the
escapermeihyaniny Ab6e 1 §90nEe dilq Fidn- ré18ade’ gidiftildis i odawyed: Fig. S
is afrontviewin elevation of the front index_plate of _the escapenent
assenbl yto1(arrival ofj gsagd; jmgmbepal,; Fid, Eéﬁ"’ét i 6’ﬁd-ofs?cff§“fear i ndex
pl ate of pbbetesR8PVTENEaLE thembers dahd Omaid erever ®imyamieansofig he crank

and frOngoggggtggn]Qitﬁhesgfgagﬁgggi; shaft for reversing said
direction control means when said cam is released and for
10 holding said direction control means at one of said first
and second positions when said stop cam is restrained by

said index plate.
According to another aspect of the invention there
is provided a hydraulic power and control system for
15 operating hydraulic reciprocating mechanism comprising: a
reservoir for hydraulic power £luid; a first hydraulic
pump having a discharge line connected with one inlet of
said hYdraulic mechanism for operating said mechanism in
a first direction; a return line from said first pump
20 discharge line to return power fluid to said reservoir
when said mechanism is operating in a second direction: a
second hydraulic pump having a discharge line connected
with a second inlet of said hydraulic mechanism for
operating said mechanism in said second direction; a
25 return line connected from said second pump discharge
line for recirculating power fluid to said reservoir when
said mechanism is operating in said first direction; a-
direction control valve connected between said reservoir
and said discharge lines from said first. and second pumps
30 for selectively recirculating power ~fluid to' said
reservoir from one of said.first and second pumps while
the other of said pumps is delivering power fluid to said
hydraulic mechanism; reversing means connected with said
direction control valve for changing said valve between
35 first and second positions to change said directions of

+*
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'Fig. 8is afront:viewin elevation of the rear stop cam15 of the )
escapénent; Fig. 9 is a longitudinal viewin section and el evation of the
right wval ve assenbly of the escapenent and val ve device; Fig. 10 is a view
i n section and el evation along the |ine 10-10 of- Fig. 9; 20 Fig. .11
is a schematic diagram of another form of hydraulic control for a piston
assenbly in accordance with the invention, Fig. 12 is a reciprocating fluid
mot or driven rack and pini on operable by'%ﬁe system of the invention.
Referring to Foperdtianhyodanbldipg ssaid asslnd| in 2n@of srist giasd tiyonshe
control™~s8yste hg,t AV | LiS£S; &, C iéEF¥ 3 N : sand a
pi ston rod ZS%QI%%mgiﬁglgy%%%fe‘grmgéné%ﬁl% e%ée oafg%ﬂ]eﬁlpfasrﬁj?}r (2)%12%. A
fixed vol ume p@pedbierstonfecCOALAPURUE| oROFANE 3FYAXRYLIR a™MOTOLK vA ve
31 into the hegénepdl okhhbe eyhhadeed2betwBenchaill waldraullcamlowesr Hhd

flow through the,Line 30 qnly in the dirgction. into the head e f the
¢yl i nder 21. iaf’ésetﬁ)’&rrs@%erﬂ%??%hl %y ‘Fe%’p‘Fée)sEX?%S“?sfzct HE Fef gg‘é%ﬁ% a
nunmeral 32 is dbacbarge \Jiine t¢mnnaghaednwitbe s¢fid hydraukic puapors figr a

punp int ake 'igsgp991n§h9wer- 21058520 &difl IRded N€a33ohRebydivadve rigl i ef
valve 34 is conneéected ron1th§,lln% 30 on,%ﬂe dJ%ﬁhar e side of the punp 25
into the tank $2ifof18ERAFEE| 4R IROM AALL $RAFY PR £Re SORNEO5 ck 5
to the tank whebowheapeecsfuhgdraulbhe Elutd3Boesadddhydrpudic motor; an

10 escapement connected with said hydraulic motor shaft for

restraining said shaft against rotation at 180° intervals

i”; _ of rotation at which said reversing means and said

| direction control valve are sequentially positioned for

directing power fluid from said first and S%Sond pumps to

15 said hydraulic mechanism for operating said mechanism in

said first and second directions; first and second pilot

piston assemblies operable . with said escapement for

.moviﬁg said escapement to restrain said motor shaft aﬁ

each of said 180° spaced positions of rotation; a first

20 two position 1limit wvalve connected with said third

hydraulic pump and with one of said pilot piston

assemblies for operating said escapement responsive to

said hydraulic mechanism reaching a first position; and a

second limit valve connected with said third hydraulic

O 25 pump and the other of said'pilot piston assemblies for

' - operating said escapement responsive to said “mechanism
reaching a second position. ' '

According to another aspect of the invention there

is provided an. acceleration and direction control valve

- 30 asSemb1y for operating a reciprocating hydraulic

mechanism comprising: a housing having a port for

connection of a hydraulic return 1line 1leading to a

hydraulic fluid reservoir; a continuous torque hydraulic

motor mounted on said housing and have a shaft extending

35 into said housing; stop-cam on said shaft including front



determ ned val ue. A second constant volume punp 35 is conne;hed on the

di scharge side of the punp through a line 40 into the rod e
~cylinder 21. Areturn line 41 including a relief valve 42 is connected -

bet ween the tank 32 10 and the line 40 on the discharge side of the

of the

-

punp 35 for reliev- ing pressure above a predeterm ned value in the line 40

and recirculating the hydraulic flgid back to the tank 32. A [err] valve 43"

is included in the line 40 permtting flowin the line 40 only into the rod

end of 8Rd ERFnEaR plaiesneenml PaAVPN352 REripheral sefpRMEW R AFYe 44-+s
connect gdrhfgadl it 48nkemdidiy bfet ha deanks 3ZafionEdhe ainnei ddebet wedm”t he
t he cylinder 21. The se yence val ve
“cat¥hg t hr ough
the |inén6Duddngetrodtf rom reer| pleta0 membershalsianeshoe tlal seid \Wien the
£BEAFSHAA kBabNBahi AEnSOrL OBhL NEnRIED S8gd Sof Ah2fd 1y
I at wh th %et to open, the sequence
AT reRFaPImeRtf | uid is

check va Vﬁ 43 and the rod. en
oper at eB+H®r

20 ¢

det erm ne ;
val ve aPlake membexs |sash (RAVNinRe ?odteRd syrfage

f h
Bsh % oCRREERE o S0graton HAES I 1 oa5euRg

eve I C e sequence valve is

pre-

punped whthughibhatophasu¥Edddsy dhesdib@dcamnd neinbdie,cyddidleindget mitting the

Vai ve sHEREBC o AER, ocmrhESoRE o beyn e 0 Faq2 > Are ) 1 ST Tine

30 bet weeheaBabi¥ieckngaging3lsand t kamhead edd0St

Seﬂée”9§o¥§£18n5$fi%dﬂ&”é&&eah&-%ﬁiﬁoﬁﬁ&dﬁ)éﬁ@f@feﬁs%ﬁ%Jﬂ‘éfﬁf|i“e 40
conmuni cat ed toiﬂ¥$$e yence ,val ye_through a

|
sequencEopaegEednt hisaidy tpdexehAtomitie cRaiR BPRRIE.

sequencaluagvanSlaxipenparallespaith tsaidd motor shaft pivotally
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mounting said index plate for movement along an arc
between said first_aand second stop cam positions for
engagement between said index plate stop surfaces and
said cam stop surfaces for restraining said cam at said
180° intervals of rotation; said index plate having an
operating lug extending outwardly radialiy along a side
of said index plate opposite said pivot pin through said

. plate for pivoting said index plate on said pin between
said first and second cam stop surface engaging

positions; hydraulic pilot piston assemblies 1in said
housing on opposite sides of said index plate lug, said

pistons of said assemblies being engageable with opposite

sides of said index plate lug for hydraulically pivoting
said index plate between said stop cam positions, each of

said pilot piston - assemblies including means for

connection of a hydraulic line for supplying hydraulic
fluid to operate each of said piston assemblies for
controlling said index plate; a scotch yoke assembly
connected with said stop cam including a crank shaft
secured on said cam extending along an axis spaced
laterally from the axis of said cam on the side of said
cam opposite from said motor shaft, a cross plate mounted
on said crank shaft having an elongated slot receiving

tintestdkaleroR1. The

Jne 53 extending fromthe

The

s



-5- predeternined-pressure in the line 40 as the pressure in the |ine 40 ié’;"
l.ncreased to nove the piston in the retract direc- tion. Control of the
delivery of hydraulic fluid fromthe punps 25 and 35 to the piston assenbly
20 is controlled by a 5 three-position valve 54 operated by a link 55. °
The valve 54 is connected with the hydraulic fluid lines 30 and 40 by '
paral l el separate lines 60 and 61, respg%Liver. The val ve 54 communi -

cates through a line 62 back to the tank "32. When the valve 54 is at the
central or nidulid powink whafs ifousteinepgatimg said 19ross BAYE o}t Re

lines 30-and 4 LONTYH ApddMIeiiih A Neo Vehae aRd salkt Lawid | oraie Bnastt he
tank 32 so that fluld fromboth the punps 25 and 35 .is recircul ated tq the
tank and thus @hesSpidt SFapksecRbt tZ(f%th‘r’ﬁt Bh at%’d“it S?ﬂ?s B8 ¢ Poh of

the ;/al ve f5|4 s thmﬁgalhee;o:.% ias beardoghedglee ekitelndifgt perpendétuland 15
“position, ow i n_.the e LS [b d el e | i hSi bkat ed
to the t ank 3%0 Vﬁ'?’n ?*i(')\é/]\./ ?g g hz_dl %cggkgois\#&glgkest ?ﬁt'he&gdf Sés.sgﬁé&fgggmaf %e
_punp 25 througgeauring nevigth | Saiid e BAEINE 0 RAELBRad2engUoRet hEVEYRFRder

| 12; tsﬁi ][f?\ég tgeﬁxﬁgea%z%&bwwrbﬁid hyora sdbes£0d el saf@kero¥eplabe fakve 54
| Tne 61 15 bi dektiamisad iras R o chimfy APRERERE B ALY Hyoty, 1°
the line 61 blpikdtasl, tpressaight 4 ided iresvigadocadhnchaghigr 35 Saidu§rosise
ine 40 ipto e (od enepofaldlie by SholadsrSR! ¥nket BRCEALANGakNCaRESEON
t hr ough tHe r HTHCT STt oke. As 1llustrated in Fig. a
“pair of limt pepRes ¥3luAd Fsemd wouArBEedn %a%%ﬁhr&%at FéR P@P%Si%’e
gngagement by dies adt 2€a i housing coupled with said scotch’ yoke cross
plate for opening and  closing said poppet valves
respornsive to reciprocating movement of said cross plate,
15 said poppet valve assemblies each including a valve body
opening into said housing for communication through said
valve body and said housing to said hydraulic return line
leading from said housiqg, each said valve body having a
side port therein a valve seat mounted in said valve body
20 having a bore therein.and an annular valve seét on an
inward end thereof, a poppet valVe assembly mounted in
said body and said bore of said valve seat having an
annular tapered poppet valve portion engageable with said
valve seat for metering flow through said poppet valve as
i 25 said poppet valve moves relative to said valve seat, a
piston on said poppet valve for biasing said valve
closed, said piston being movable in said valve seat:
outward of said side port in said valve body, and said
poppet valve having means on an inward end thereof for
30 coupling with said scotch yoke cross plate, said poppet
valves being opened and closed by reciprocating movement
of . said cross plate, one of said valves being closed
while the other of said valves is open.
According to another aspect of the invention there
35 is provided a hydraulic power and control system for



the piston rod 23 at the ends of the extend and retract str@kes of the rod.

The limt valves 63 and 64 control

. t he operation of an escapenment 65 which
in turn controls the operation of the 30 link 55 for noving the val ve

)

54 between the three positions of the valve to operate the piston assenbly."

The val ves 63 and 64 -6- are two-position val ves, each spring biased at
first positions to communicate with_the tank 32 through lines 70 and 71

| earning fromthe valves 63 and 64, respectively, .to the tank. The valve
63 connﬁﬁ?@éﬁé§gtﬁr6&§ﬁ95°FPﬁén92hMFFﬁuE

the val we Gd4riaplenivialak t reosgbiblei neydtawiid pghmpescaprsened 65. “W
val, ' . Qes r i ne. 45 ' to branch
LR, 12 BpRSHASU55e bl SR Bok BRI abEAEhY

respéectively,

third fi
i nes 88é§%d

€ val ves

suppl yi Ag hfdrst | @nd uistaandbughintentiangst \al veensbanper uobumee

escapempRigraf1gBeclbumd;

direction fromthe discharge of the p

u 74
unl oa i fgrnectsd, ¥igh jsa nﬁ‘é’&?"é‘éln?nv—g?m“ﬁe PEPIi o FHi Tt ¥§ ofifd

hE BEEHBBNEN CBBPTESING: S lagly,

f or

a Vabueifdoh8 therkhae KpaPgAaTLES hbe¥Lonly in a
toward the val ves gg and 64. An
line 75

bet ween connegtted 74wihthl t micheckonalineofa  f otorgws r culotboirgn oénfluid from

Lhe 2UMBeLApkaehie dlisdRD LhEn PSR Eridl HaPE inlfihgSg0xc000S 2

pr edet er

evel as sensed ilot Tine rom

downst r EQ%ASY AR @eciaid deivd shabtt haviesi & skaneswfacheoBunp 74 al so

SUpB! i eghRr @%&li?jﬂefr?r tOlYedEl Ahdfan iGex iglitte atsriiesdidli damot or 90
whi ch drive nk 55 as .con- trol] ed EX t he %?C%PaQFnt 65. Thg not or 90
i s conn®et egyﬁfr pivotal movement relative to said cam, sai :
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index plate having stop surfaces engageable with said cam
stop surface for restraining said cam at 180° intervals
of rotation, and hydraulic pilot piston assemblies
engageable with said index plate for pivoting said index
plate between first and second positions for restraining
said cam at said 180° intervals; a cam on a reciprocating
member of said hydraulic mechanism; limit wvalves for

engagement by said reciprocating member cam at first and

second positions of said member; hydraulic 1line
connections between said limit wvalves and said constant
volume hydraulic pump; hydraulic line connections between
said limit valves and said escapement - pilot piston
assemblies for operating said pilot piston assemblies
responsive to hydraulic fluid pressure signals from said
limit valves when said member reaches each of said first
and second positions for moving said index plate between
said first and second positions and restrain said index
plate at one of said 180° intervals of rotation while
said member moves in first and second directions; a
rotary cam on said hydraulic motor shaft having a
continuous cam groove; a cam following in said cam
groove; and an operating link between said cam following
and said reversible hydraulic pump for controlling the
direction of operation and volume. discharge of said pump

r



20 line 91 through a flow control valve 92 into the line 75 fromthe H
di scharge of the punp 74. An accunul ator 93 connects into the line 91
upstream fromthe valve 92. The notor 90 drives a shaft 94 rigidly
connected with a cam 95 in the escapenent 65 and a crank 100 connected with
t he 25 link or pitman arm 55 for qperating,the valve 54. The cam 95
operates within an index plate 101 piv& aly nounted on a shaft 102. The
i ndex -plate i er at. op.t Sshaff 1 e en L.ndex| itions by
i ndexi ng* pi st oﬁ’r?%g%sneegfrlb%% e§°,1%%@&%m%ﬁ?&kﬁdeyﬁﬁ%‘g&t%#1%5%31%& yQEOB IS
connect’®d t hr opgiratied 3o disc¢hawge hxdrankig3fiyighdd jsaid vhydsasli¢or
operation by {@nlainTish W& \dhe PdHiltadnY off N i dEnddl PLStONES8pabhYe 104
is -7- connegt eqmta/ %}ge, hydr%p | i pe 72_3 tlm-(} the ]imt valve 63 for
operation by Réd iHdrapir me 9RyekPprat F 8o LIS X0t f3REst201a
and 101b Spaceperdtedmgidexexpaisiblet punpt he Aisthatrge bBpdagebtat £byidn

i ndexi ng stop  Surd. . ice WA L0 i € al,.Lwo
- positions of rto%t eﬁaﬁ'ﬁ hz%&%l%?%e}&eees ap%?%ld)fhrgdgt%%g%%%% 1?92% &5% is
shifted by t h@thedexPhg $id orogdsdrpey f0B teparatingi Sadd shvdmankiFig. 1
at which the gpeghanden juw kadd 8%2ohd digagesdohg restrain the camby the
i ndex plate surfacgﬁ%Ola. Sinilaruy, the indq@%ng 10 fist n_assenbly
104 pivots the i ndBETFFEPEe14F AP MehAe ¢ ACIRBBRLRY cFOHRYW,ER,
directi o0A® o pasmhiich:t=he i ndex surface 101b for engagenent by the cam
~index surface 10laghar neSld & Nichematic diagram of a hydraulic piston

and cylinder assembly connected with one form of control

i system embodying the invention.
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ing the cam 95 after rotation in a counterclockw se directi 180 degrees
fromthe position shown in Fig. 1. One particular 15 form of escapenent
and control valve uniL enbodying the invention is illustrated in Fi.gs.
2-10, inclusive, conprising the notor 90, the escapenent 65 and the valve
54. Such. unit will be described in detail hereinafter. The operation of the
pi ston assenbly 20 for driving 20 such apparatus as a sucker rod punp
for producing an oil well may be effected and controlled by the system

~shown in Fig. 1. The operation o§-the systemin Fig. 1 is shown at an >
interimstage at which the piston assenbly 20 is operating to extend ‘e
piston rod 23 and thus the piston 22 is noving to the left 25 as vi ewed
in the drawing. The punp 74 delivers a constant volunme of hydraulic fluid
t hr ough t Bdgl.i e iB5at dongd thdiipad EFoatd véLevaradritifddyh iPh&eritd®ro1 to the
fluid notor 90 which is i ntai ned under a co gition of, continuous torque.
The odn 2y SSEADERENEd 2t FIERE-YBY: Mdds *EOFRILYNEEGR 98 &hE CRETERh o5 i 5
30 rest%a'ned against rotation by engagenent between the surface 10la
of HETIE Eﬂgfe 101 with the .cam surface 95a on the -8- cam95. In
this state;af }ghase%caaa@?%egi ineeckalh hAA e B ighab Ypeconnect ed
with the arm55 has positioned the valve 54 to the |left end of its novenent
sat  WehGleel g IFige 60 is bl ocked and line 61 is comunicated through the

"valve 54 to the'5 * tank 32. The fluid discharge fromthe punp 35 is
circul ategrig. 4 is a back view in perspective of the escapement and

valve device of Figs. 2 and 3 with the motor removed;

Fig. 5 is a front view in elevation of the front index

plate of the escapcment assémbly;

10 Fig. 6 is a front view in elcvation of the rear indox

plate of the escapement:
Fig. 7 is a front view in elevation of the crank and

front stop cam of the escapement;
Fig. 8 is a front view in elevation of the rear stop cam

5 of the escapement;

Fig. 9 is a longitudinal view in scction and elevation

of the right valve assembly of the escapement and valve device; K—;

Fig. 10 is a view in section and elevation along the line
10-10 of Fig. 9;
20 - Fig. 11 is a schematic diagram of another form of hydraulic
| control for a piéton assembly in accordance with the invention.
Fig. 12 is a reciprocating fluid motor driven rack and pinion
operable by the system of the invention.
Referring to Fig. 1, a hydraulic piston assembly 20
é 25  operated by the control system of the invention comprises a

cylinder 21, a piston 22, and a piston rod 23. A cam 24 is




fromthe punp through the lines 40 and 61 back to the tank 32. The
hydraulic fluid fromthe punp 25, however, is directed through the Iine 30
and the check valve 31 into the cap end of the cylinder 21 applying a force
to‘the piston 22 to extend the 10 E%§ton and piston rod 23 toward the
left as shown in Fig. 1. The pressure 1h the Iine 30.is conmunicated

t hrough the pilot Iine 50 into the sequence valve 44 hol ding the val ve open
so that hydneuwhtedfomithénftde endl efidtiné phetaylrodie23i s ali Sjxket edblaimamg
the line 40 between the cylinder and the check val ve 43 15 and across

t hr ough ‘tepump v25 41 eennéeted ey 45 Hhek 1ine hio tihiowsh a |ghegh |[vajve 31

obvious that for the piston 22 to nove jn_a rod extending directi 1 rd
the left, piteteutleipeadheeRdPEtPSICYHPAST | Ther € f‘%‘?f?ﬁ]i He ‘F’ngﬁa@%S
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is no pressure on the 1 ndexing piston 25 assenbl i es 103 and 104 and

thus the esthpeRBRAP 85 bEnai RUMBsiBhalf 1&nE) gnold shewen thPIRIFHFE 22 and

rod 23 reach the _end of _the extend stroke, the cam 24 on the rod engages
the limt vEPYEeE3L1aRE 8RndnEhEAYRP VR FELABAMYAL RG34t hR ?‘?%‘3%‘6‘3‘% f?ﬂg‘v he

line 72 so gggalgggeg cunu g&o&.Qghggégag§dgpgkygﬂ%fB%mésﬂﬁei%éﬁsbﬁﬁzo

1 ndexi ng pi I?nl oh~and'ro asse

_e&L@nd QbVOEEHQ EbefEPd?éc9LéﬁfaEQAqOﬂy&PSuﬁﬁéfFl&ﬂ@ iﬂoﬁ-thu pump 25 back

to the tank when the pressurce in the line 30 excceds a pre-

“ determined value. A second constant volume pump 35 is

connected'on the discharge sidé of the pump through a line 40

into the rod end of the cylinder 21. A return liﬁe 41

15 including a relief valve 42 is connected between the tank 32 -
and the line 40 on the diééharge side of,the pump 35 for reliev-
ing preSSure above a predetermined value in the line 40 and
reécirculating the hydraulib fluid back to the tank 32. A check
valve 43 is.included in the line 40 pcrmittihg.flow in the

20 1line 40 only into the rod end of the cylinder 21 froﬁ Ehe pump 35,
A sequencé valve 44 is.coﬁnected in a line 45 leadiﬁg to the '
tank 32 from the line 40 between the check valve 43 and the rod
end of the cylinder 21.' The.sequence valve.operates in response
to the pressure'in the line 30 commﬁnicating through the line 50

25 connected from the line 30 into the sequence valve. When the

pressufe in the line 30 from the pump 25 is raised to a pre-
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-9- countercl ockw se direction noving the index plate stopggurface 101a
-away fromthe camstop surface 95a. Wen the index plate rel eases the tam :
t'he conti nuous torque notor 90, being free to now rotate, turns the shaft

94 in a counterclockw se direction 5 as viewed in Fig. 1 rotating.the
crank 100 pulling the arm 55 baﬁk to the right shifting the valve 54 to the
right end position when the cra ?T shaft 94 and cam 95 have rotated 180
degrees. The index plate 101 is shifted on the shaft 102 by the piston

assenpbyelfidnkat hbviheap! ahecht eReSyefacRcd Odbl Veess 19et toiopehe patfy of
rotation of- the cam surface 95a. The cam surface 95a is rotated intw®

engageRenseniéhcéhealndeal pbas eretwpn stk dactramat e read rendi o v not or
90, shaft 94, cam 95, and the crank 100 with the arm55., The valve 54 is
now atylbederghl asdfbeidti®rPWrPShi ERreHRR | the B¢ SR e St 1 e 15

the line 60 is connected through. the valve 54 to t ' the line
61 bl @eekeef Preseytin %rﬁ‘fﬂ&l‘g’tﬁfbg 3¢ PHEET P txﬂof%%gﬂﬁi%\égl? %%@40 and .
check valve 43 into t d of hﬂﬁ?&- app! A4 aphic force
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righty2Pine ?]é Nednd Bid Aftofll K61k 3TNEn 85 CESAITBingG 30 bd tweerd Othes
applied to the sequente valve 51 through the pilot line 53 opening the

sequefKEcN v Evs 031 hara hyigls awkad éndii 6lf | the hey Lamdendbf  tTiee cyequemse 21

may flow fromthe cylinder along the line 30 and through the sequence val ve
51 andalve 51 nisS@perablée hintpekp@®se@Sto the hpressure| ivvihe biessdPe in

the cap end of the cylinder so that the pressure in the |ine 40_applied

i nt o ¢hmmunicated otot bee sequence valve through a line 53 extending o

10 from the sequence valve into the line 40 upstream from the check

valve 43. The sequence valve 51 opens in response to a

' predetermined pressure in the line 40 as the pressure in the
-line 40 is increased to move the.piston in the retract direc-
tion. Control of the delivery of hydraulic fluid from the
15'pumps 25 and 35 to the piéton assembly 20 is controlled by a
three-positiqn ﬁélve 54 operated by a link 55. The valve 54 is
connected with the hydraulic fluid lines.BO and 40 by parallel
separate lines 60 and 61, respectiQely. The valve 54 communi-
cates through a line (2 back to the tank 32. When the valve 54 \‘;
20 1is at the central or middle position aé illustrated in Fig. 1,
both of the lines 30 and 40 communicatc through the valve 54
and the line 62 into the tank 32 so that {luid from both the
pumps 25 and 35 is récirculated to the tank and thus the piston-
assembly 20 is not operated at this position of the valve 54.
25 When the valve 54 is moved by the link 55 to the left end

position, flow in the line 60 is blocked while the line 61 is

(&
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‘cylinder may force~the piston 22 and rod 23 in the retract direction. As 14

.previdusly stated, during the tinmes that the piston 30 22 and rod 23
tare between stroke end limts, the limt valves 63 and 64 are at tank
:positions thereby opening the lines 72 and 73 -10- to the tank 32 so

that no pressure is on the indexing pistionr assenblies 103 and 104. At this
‘position of the valves 63 and 64 the lines 80 and 81 connected fromthe
line 75 int o “OMEWPHPEED 1 B kEFRard -t hitd thé IPMedSurder damet 19 BiRT P -

5 r echar ges 0 3 eQntioyes,t ppk Y. hydraul | .
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23 reach theined ehet Reagebhacbrsthokeylihaegapl 2dcemgageshéhpivabiecabdembly
novi ng the val ve downwardly as viewed in Fig. 1 fromthe tank position to

10 t he stboadghoshei entefdt hergheve Coemubheavdhyget it {$nehBited t tot hbe
line 73 _so that the hydraulic pressure in the accunul ator 93 unl oads

t.hr ough®t he Figbs 9ndapasstienr ougFheheldng W 64 into the |ine 73 applying

i nto,the Lndexi ' mly 103 t t.h ' .
b1 voti ng t neb e piaF beTehe of e LGS et LS4 080 S0 48 ik B s
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sequence occurs, e 5 PRRLR] UL Do heftvild MR e que

notor 90 naytHféNEhtEReSDohé P, idee O OSd éndl dhecwes gkstddl) assembly for
count-ercl ockwi se until the camhas rotated 180 degrees back to the position
- of operating the piston through the retract stroke.

Y 10 | " As illustrated in Fig. 1, a pair of limit valves 63 and
64 are mounted in spaced relation for engagément by the cam 24 on
the piston rod 23 at the ends of the extend and retract strokes
of the rod. The limit valves 63 and €4 control the opération of

" an escapemenf 65 which in tﬁrn controls the operation of the
15 link 55 for moving thé valve 54 between the three positions of

the valve to operate the piston assémbly. The valves 63 and 64

re two-position valﬁes, each spriﬁg biaéed at first positions

to communicate with the tank 32 through lines 70 and 71 leading
from the valves 63 and 64, respectively, to the tank. The

20 valve 63 communicates through a line 72 with the.escapcment 65.
Similarly, the valve 64 communicates through a line 73 with the
escapement 65. A third fixéd volume pump 74 discharges through
@ line 75 leading to branch lines 80 and 8! connected QiLh Lthe
valves 63 and 64, respectively, for supplying hydraulic fluid

25 through the limit valves to opecrate thce uscapcmenﬁ. A check

valve 82 in the line 75 permits flow only in a direction from
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20 Fig. 1 at which the index plate again restrains the éﬂr] shaft,
crank and notor. It will be recognized, of course, with the cam 95 back*to
the position of Fig. 1, the valve 54 is again shifted to'the left end -
position for again applying hydraulic pressure into the cap end of the,
cylinder 21 to nove the cylinder 25 22 and piston rod 23 through

anot her extend stroke. During eath?transition period between extend and
retract strokes, during which time the continuous torque notor 90 is

- r otiatPRgdige halgrt ©§4 thehpurgt d4atonRFEhthHe VSRNPE £dt ands 6s cant nollcad -by
the gate of hydraylic fluid flowto th .nqtgg 2Q go through the oW
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whi C?Stggtééélaxeﬁﬁéhfl;lgﬁbr?&'lé‘f’x@sthe bydeRull eyl ﬁbdféﬁ%ﬁbﬁﬁgﬂw§og5 and 35

back to the tan in turn controls the rate at e punps deliver
hydregl £ tuid Uefoh Otheeplwdr 24l t& Phét fanRSwReN| ¥hdOpredbibe fhetnecel era-
tion and decel eration of the piston 22 and rod 23 are controllable 5 by
the Vihee792exdeednmyatprelctermgnedeclapel ad s oscwn$ed hiey hydpalbt cl toat 86l

systemof Fig. 1, if the pressure in any of the hydraulic circuits supplied

by tFeopubpe bine 355 Fewrstrsaedf therdmtiorvalyaelR | tvee the rebiefrcuit,

the un] oading qr safety_valve for 10, the circuit opens to regfurn fluid
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trolled by the escapement 65. The motor 90 is connected by a ' .
10 line 91 through a flow control valve 92 into the line 75 from ~
the discharée of the pump 74. An accumulator 93 conﬁects intqﬁ
the line 91 upstream from the valve 92. |
The motor 90 drives a shaft 94 rigidly connected with
a cam 95 in the escapement 65 and a crank 100 éonnected with the
15 link or pitman arm 55 for operating the Vélve 54, The cam 95
operates within an index plate 101_§ivdt$lly mounted on a shaft
iOZ. The index plate is oéerated on the shaft 102 between cam
indexing positions by indexing piston assemblies 103 and-104.
The indexing piston assembly 103 is connected through the - iu)

20 hydraulic line 73 to the limit valve 64 fof operation by the

limit valve. Similarly, the iﬁdexing piston assembly 104 is

connected by the hydraulic line 72 with the limit valve 63 for

operation by the limit valve. The index plate 101 has stop

surfaces 10la and 10lb spaced 180 degrces apart within the

25 plate for engaqement by an indexing stop surface 95a on the
cam 95 to restrain the cam at two positions of rotation spaced

180 degrees apart. The indexing plate 101 is shifted by the

indexing piston assembly 103 to the position shown in Fig. 1



the predetermned value at which the valve is set to open, the 15 pi | ot'ZO
" line pressure opens the valve 34 comuni cating the line 30 through the

val ve 34 and the return line 33 into the tank 32. The unloadi ng or safety

val ves 42 and 83 operate in the sane manner. It wll be apparent that in

the operation of the valve 54 during the-transition between extend and
retract strokes the 20 valve 54 wll be at a neutral position at which
both the |inext 6¢highl e agam comdeni swtEa-datie t s tdruagek 82 sestihmin the

hydraulic fluid flow fromboth the punps 25 and 35 is back to the tank 32
rat her ™han t‘ija"éll?%e"r mhdx ch]é“Pﬁ/o‘l‘ 1% ph &t a%’s"é’n)d'}rylﬁo the Wq?xﬁég

under st ood fr t 5 e | iy 0 "
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both the dir %t I&@&Inﬂaﬁl%mvwr&ndxh%&% & @ %@%&@ﬁ@ﬁﬁtd@n
-of the piston at the stroke extremties, A hydraulic control valve assenbly
110 for cont naly mpB@ngagednmt apertid Qam iofdax pIVtQR: A AorS tats A in-
the assenbly 20 in Fig. 1 is illustrated in Figs. 2-10. The control valve
-12- assenbl yinygl Cheom@inneds tafd drumstticdnialn figaturesidh  reHe cdoHtticnwous:atdrgue
notor 90, the escaperrent 65, the crank. 100 and arm 5, and the three-way

val ve 54. R&) dagrass Iﬁ@“ they pasid- iops dhewp 410 Higs 4 e&%gmrérwular
central housi ody 111 rovided with a front cover secured
To'the body ISP kRqaEEsn b oind PREFoR,Bia e i Ve BEBHBnEA 215 o
:forned 'nteQrEﬂvéMt{bn is. 111ustratud in Figs. 2-10, inclusive, comprising
g;; 10 the motor 90, the escapement 65 and the valve 54. Such unit
will be described in detail hereinafter.
The operation of the piston assehbf& 20 for driving
such apparatus as a sucker rod pump for producing an oil well
' may be effected and controlled by the system shown in Fig. 1.
15 The operation of the system in Fig. 1 is shown at an interim
stége a£ which the piston assembly 20 is opereting to extend
the piston rod 23 and thus £he piston 22 ié moving to the left
as viewed in the drawing. The pump 74 delivers a eonstant
'volume of hydraulic'fluid through the line 75 to the valves 63
~~ " 20 and 64 and through the line 91 to the fluid motor 90 which is
maintained under a condition of cqnthhowatorque. ‘The shaft.94
secured with the continuows torcque motor 90 and the cam 95 is

restrained against rotation by engagement between the surface

10la of the index plate 101 with the cam surface 95a on the



and ext end | aterally from opposite sides of the housing 111, A continuous
torque hydraulic notor 115 is nounted by bolts 120 on the b#éick face of t'he .

housi ng 111. The notor 115 corresponds 10 with the notor 90 in:-the °
systemof Fig. 1. The motor 115 has a shaft 121 corresponding with the
shaft 94 of the systemof Fig,,l. The shaft 121 extends into the housing

111 through a central openin@leZ i n the back face of the housing. The back
wal | of the housing is provided with internally threaded holes 123 on 15
opposi camsPles bh thisopeategol2fhé cescedmecrivon t st 1 2¢hd grranduntGhgen he mot or

115 on the housing. The back of the housiaﬁ also is provided with an™
i nt er nbhe ySBaF bafledcoRRef bed | whtpotie 13um whe i $reljP St 1M fidie chhieRt i on

f th d | i t lipe.62 in th t f. Fig. JLf 1 ' fl
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t he punps 25 and 35 woul d be connected into 25 the val ve bodies 114 by

the |ifesm 66h@nsufd, thespset thvel Vinedi o6 sl 6l gRidiecto | tHe tditk Bppl es 125
on the val ve bodies on the opposite sides of the housing 111. Referring to
Fi g. 3rHe dmydranl icafluidiefrqm atiss phadp o256, I8dwaver piimtdikernted beari ng 132
secured on a shaft 133 30 pivotally nmounting the index plates in the

body. th¥eughdehe pl thes3 fmoird tpithechsval i il stnta nhe raf wRd ioh of the
Slngletﬁgqgfiinder 21 applying a force to the piston 22 to extend the S;J
10 piston and piston rod 23 toward the left as shown in Fig. 1.
The pressure in th2z line 30 is communicatced through the pilot
line 50 into the sequence-valve 44 holding the valve open so
.that hydraulic fluid in the rod end of the cylinder.is displaced.
along the line 40 between the cylinder and the check valve 43
15 and across through the valve 44 and the line 45 back to the
.tank 32, It will ke obvious ihat for the piston 22 to move in
a rod extending direction toward the left, pressure in the cap
end of the cylinder 21 from the line 30 must force the piston 22
in an extended direction while the fluid in the rod end of the i,)
20 cyiinder must.be allowed to flow from the cylinder back to the
tank élqng the path just described. During the.movement of the
piston 22 and rod 23 between.end limits, the limit valves 63 and
.64 are at poéitions communicating the lines 72 and 73 with the

tank 32 so that there is no pressure on the indexing piston

;5 assemblies 103 and 104 and thus the escapement 65 remains as



-13- 101 shown in Fig. 1. The shaft 133 corresponds with the shaft 102 of 3
Fig. 2. The detaii‘ed design of the front index plate 130 is shown in Fig.

5. The plate has a hole 134 for pivotal mounting of the plate and a

downwar dly facing dowmwardly sl oping stop 5 surface 135 correspondi ng
with the index plate stop surface 101b shewn in Fig. 1. Simlarly, the

back index plate as shown in Fig. 6 has a bottomcentral hole 140 for

ownwar 5@%5' oGS 3o Hdts 2 e SRR e o ot
10 QE%
f)lt g!to es 130 a%g 1%%6?%919%18%(4; %%es%‘pg;n% é]%i gﬁ%%ﬁ% at«:ri(eanes icahlve

are per pendi g3l i £ Qidy | 40 WH AN {d WUBrinih S dR0aR tl@.r{é‘%(ﬁﬁlstlpftrﬁ VGt 72
novenent of the plates. Stated otherwise, a line drawn in the planes of

surfaces 135%s@nthdd ltiperpanaield tdr 198 unldaid ppiytingfprismiad dootaid on

of the index plates which is the axis of the holes 134 and 140 in the

pl at es wpul didskex omgepistan cassenhlynrl o iThersectom@andhaesurdfacdse HBHanid y
141 drawn on the sanme axis of rotation of the plates through the holes 134
and 140. Thel 94 cexten@piveitica the index eflate thEl gmfthe Fhdft AP2 in a

- superinposed relation operating as a unit to performthe camlatching :
functi ons okounsergdegkplisecdigectjophmovingehhef ipfgx platpestopf aucfade

on the plate 131 restrains the camwhen the plates are pivoted, cl ockw se
while the s&Pﬂ&céWEXSféﬁmtﬁéepFQPeSISB FB§fPSPn§5?he EhagnwkBR {Rdey) Biate

. are pivoted in a counte cl ockw se dlrect 0 unctigns of the
PPor hERSHn?
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as v1ewed in Fig. 1 rotating the crank 100 pulling the arm 55

back to the right shifting the valve 54 to the right end
position when the crank, shaft 94 and cam 95 have rotated 180
degrees. The index plate 101 is sﬁifted-on the shaft 102 by

i5 the piston assembly 104 until thé plate stop surface 101b lies
in the path of rotation of the cam surfaée 95a.. The cam
surface 95a is rotated into engagement with the index plate
stop surface aéain restraining the motor 90,_shaft 94, cam 95,

. and the crank 100 with the arm 55. The valve.54 is now at the

20 right end position at which the line 61 is now blocked while
the line 60 is connected through the valye 54 to the tank 32.
With the line 61 blocked, pressure from the pump 35 is applied
through the line 40 and check valve 43 into the rod end of the
cylinder 21 applyihg hydraulic force in the cylinder to

25 initiate movement of the piston 22 'and rod 23 toward the right
in a retract direction. The pressure in the line 40 is applied

to the sequence valvé 51 through the pilot line 53 opening the



relationship in Figs. 2 and 3 and individually in Figs. 7 3£d 8. Referring
to Figs. 3 and 7, the crank cam 142 includes a front 30 cam 142a anc an ,
integral tubular hub 142b which is nounted on the hydraulic notor shaft.
121. A key 144 | ocks the hub on the -14- shaft. A retainer 145 is held.
by a cap screw 146 screwed inteo tiée-end of the shaft 121 holdlng t he crank
cam 142 on the shaft. Cam 142 has .a %} surfa e 142c allgg % 0 engage the
indEQQHP&FG yalvgc801 shatThydranlicafivdd ¢p & Sncﬁﬁeeﬁﬂb 438%pehi nd 5

the iqRhes 3y 1429 208, 308 38 £915RRDUR1BAS! Bk LBRLCHRNKRGAM 142 and

t hd®¥ea asa dnit 1. The rear cam 143whas a

sto 4 R L3168980eahke tnkt hihie skndaxoplkake tahgp 3gur f ace
141@h§§g5? %rgﬁgwgh rear cans 142a and i43 rotate as a unit, the index

p|aEﬁ§ré§? 2803i231in40presshirkotinaghe gRpt chasbfaithengyliedeamsat thae 180
degree intervals described with respect to the systemof Fig. 1. Operation
the pbessureyinalthe afinehdOvappdiadséntby the0redr eedpofidthg with the
valve 54 in the systemof Fig. 1 is performed by a scotch yoke arrangement

i ncbydiingen ways$opket éhes5pistons@2 ppgsrod 23d1iB. then&egrsss plate is
oscillated or reciprocated laterally by the crank cam 142. The cross plate
hasdareetdoal. vertical slot 151 mhlch receives a sleeve bearing 152 nounted

on crankshaft 153 fqQrned on .the cr can1 42. . .The e b i.s held
on the crank§ﬁaPFeﬂﬁ°&59Wr§§Ftﬁ§sh f§$ aFﬁgﬁ ﬁ%f% the %ﬁe %gankshaft

by.%z'%% re Lp% %%%t%Q&%Qgﬁe%h EQ%lts, the limit valves 63

10 and 64 are at tank positions thereby opening the lines 72 and 73 N,
to the tank 32 so that no pressure is.on the indexing piston
assemblies 103 and 104. At this-position of the “valves63 and
64 the lines 80 and 81 connected from the line 75 into the
valveé are blocked and thus the pressure from the pump 74
15 recharges the accumulator 93 and coﬁtinhes to apply hydraulic
pressure into the continuous torgque motor- 90.
As ﬁhe piston 22 and the rod 23 reach the end of the
retract stroke, the cam 24 engages the valve 64 moving the
valve downwardly As viewed in Fig. 1 from the tank position to
20 the second positioh of the valve communicating the line 81 with : ;v)
the line 73 so- that the hydraulic pressure in the accumulator 93
unloads through the-lines 91 and 81 through the valve 64 into the
line 73 applying pressure into the_indexing.piston assembly 103
to extend the piston pivoting the index plate 101 ciockwise on
25 the shaft 102 to move the index plate back to the position shown
in Fig. 1. As this procedural sequence-occurs, the cam 95 is

again released so that the continuous torque motor 90 may drive
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cross plate 150 slides along the top surface of a guide block 160 secured -3&
wi't hi n and agai nst the back wall of the housing 111 by bolts 161. The

cross plate*150 oscillates laterally as the crankshaft 153 is turned by the
crank cam 142. The cross plate 25 operates the valves of the assenbly

110 which performthe function of the-hree-way valve 54 in the system of

Fig. 1. Opposite sides of the cross plate 150 are provided with verti cal

si de openi nghkeashhfsl 645 tB2 eamh9b5f ahd cbhé scempiaghl byounterchodivabsd 63

on a cylgndrical valve assenbly 164, Figs. 2, 9 and 10. 30 Each of %he

val ve assénbntéd tbs raml hassrarasedul 8P fespees hack 4@sthe pasthicn ©
surface 170 _which acts as_a nmeteri.n LN -15- ciycunferentially aced
IongitudinaFlguiAeaFaWE§°T7ih§nan§egig#ﬁﬁelﬁ%aﬁﬁlﬁe%%r?h%sv %ec%W'agﬁﬁft'
173. The val.ve,body | rovided with e.d74 I ng. Lr h

1t he outer-eﬁﬁa8F gﬁé @%Fgﬁ'bogg g%%irggig%?§b€ﬁ?%%gﬁogﬁgoﬁgg€'Pﬁ%%?degg
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- piston 1 g%ﬁ ?ﬁmgégkokatﬁégpg%gggbégﬁeg gg%? Eécﬁﬁgfvtﬁ%&eilvgéaéginblies
164 fits inggliidieagtbetRbi DLW ERENpasi Ubohafor ahyeineapply Ingonpdeau it hi n
each of the lateral valve b dies 114 on opposite sides of the housing 111.
Each of thepkebghze iAto theatap erdt sfhabeccylindleredli ebl|yovpatke sylibnder
ports 180 con. uni- cating with the interior of the valve housing 114
aligned [erRR &hd pippbs 108, 2Bi ghraughnarathevf exhendosatralye. 114. Long

tudinally spaced ring seals 181 are nounted in annular [err]
- ' During each transition period between extend and

t he

s 10 retract strokes, during which time the continuous torque motor 90
is rotating the shaft 94, the rate at which the shaft rotates is
.controlled by the rate of hydraulic fluid flow to the motor 90
througﬁ the flow control valve 92. This transition rate iﬁ turn

-controls the flow rate at which the valve 54 recirculates

15 hydraulic fluid from the'pumps 25 and 3% back to the tank which
in turn controlé the rate at which the p&mpu deliver hydraulic
flﬁid to the hydraulic piston assembly 20. Thus, the accelera-
tion and deceleration of the piston 22 and rod 23 are controllable

s 20by the valve 92. |
At any time during the operation of the hydraulic
control system of Fig. 1, if the pressure in any of the hydraulic
circuits supplied by the pumps 25, 35 and 74 exceéds a predeter-
mined level for the circuit, the unloading or saféty valve for

25 the circuit opens to return fluid back to the tank 32. For
example, hydraulic fluid pressure from the pump 25 in the-line 30
is applied to the valve 34 through the pilot line leading to the

valve from the line 30. If that pressure in the line 30 exceeds

P e T,



on the val ve seats on opposite sides of the ports 180 forggéallng 15

bet ween the val ve seats and the inner wall surface of the Vvalve housings
114. The inward end of the valve seat 175 is proviced with a tapered seat
surface 182 for sealing engagemeh® with the poppet valve 165 in the val ve
seat. Each of the valve seats 175 has an internal tubular surface 183

ext &h@i PFePeSArIABedavpdugoat whight thgr vad¥c138 66kata PHG“@UFEF end of

each ,val ve .seat adjacent to the valye s %t gorts 180.. The ou S es of
hePdd? %&ﬁepﬁfsgﬁet RESDS) &5& VadVer % RBOMHBLAgT i0PathEn L APERPH ¢ he

oyl mng Y8 Y8158 5ULhaces 183,90 10Ak i abven 10dygmiatai n W oper

he Vv S nove meen open-and cl osed

posﬁ%'e()ﬁ%lWa‘aIlh@ b&es&%t%ge%a%és 43hgngl %taoeﬁézatenlﬁaeheogahee valves 164

is slightly larger than sealing area of the poppet valves 182 so that

whemagaeh .Of Teh@ival vesappaekatetdhad fhuikbepbpesdischobge theagaivehe val ve
toward its closed position. The piston 172 also functions to limt the 30

for o dewingetheo trpesitaoh betwkenvektesd awlemetiractostrokesakhe assenbly
- 110 is connected in a hydraulic_systemsuch as -16- illustrated in Fig.
1, Bééﬁeoﬁ4tH@lﬁabﬁeaﬁs§eﬁ§Pt§§119QSééﬁﬁﬁnP§aﬁ§§cth9G§hth?slﬂégﬁeéplve

0Bl R3S Rabion bSrad! beck! BSoLR2 B08,0158 IRt OReact b valve
o HEE FIPE.2bh BRSu e BORRarES. T3 SR Babshl Dk 321 e o
10 rather than to either end of the hydraulic piston assembly 20. \;}
It will be understood from the foregoing description
of the operétion of the apparatus of Fig. 1 that the hydraulic
circuit of the invention controls both the direction of piston
movement and the-acceleration gnd deceleration of the piston at
15 the stroke.extremities.
A hydraulic control valve assembly 110 for controlling

the operation of a piston assémbly such as the assembly 20 in

Fig. 1 is illustrated in Tigs. 2-10. The control valve

20 assembly 110 combines the functional features of the continuous
- torque motor 90, the escapement 65, the crank 100 and arm 55, v
and the three-way valve 54. Referring'tb Figys. 2-4, the
assembly 110 has a rectangular central housing or body 111
provided with a front cover 112 secured to the body by a plurality
25 of bolts 113. Tubular valve bodies 114 are formed integral with
and extend laterally from opposite sides of the housing 111. A
continuous torque hydraulic motor 115 is mounted by bolts 120 on

the back face of the housing 111. The motor 115 corresponds



pi ston assenbly 20Zoperated by the system For exanple, as shown in Fig. ﬂé'

2, the right valve assenbly 164 is closed and thus the punp, 25 or 35,
conneét’ed i'nto the nipple 125 leading to the 10 val ve seat side ports
180 cannot punp back to tank and thus the fluid is forced to the end of the
pi ston assenbly 20 connected with thelpump. On the other hand, when the
val ve assenbly 164 is noved to the open position, see the left valve 164 in
Fig. 2, hyeiahl thefhotdrnf9 fhouhérsystér efrficulhr | The Ml bas a

| eadi ng-to one of the punps along the bore of the housing 114 aroHSﬁl%he 1
poppet “val §8afg21pht gorfeshending ith abke othabt THhePhotls Y THTD W

tank port 124 thus recirculating.the fluid fromt b, ' |at ed
punp back T etﬁga?55§$%0?¥?e" eng%er%% %?ﬁ%%é&ag§§3§§{$| egﬁh o¥ tkg
val ves 1640?&%?8#5%?23 h the BASK | AL & WE {hOMdus ik, hysHeaWd ok flatild of

fl owi ng past eac e valves when each of the valves is between the ful
open aBd CLREECHoROBhY PESprieidEd W tH fitgsrn]l N el eddwd Hmisisnd 231 brof
the contro valve assenbly 110 has two identical hydraulic pistons 190
nmovabl e 25oppositeoppdss t ef cyhe nupersing 11 22 cior ctlge rexkt s 2@ dipomauit1ng
housing 111 on opposite sides of the index plates 130 and 131, An opening

" in the topthe matonollnen 1thekowsingd pihe RAdk i gthe hRuSAng LA IF and

CYLinders 1oL PELEOLILRLLS! RLSL O 1 5Gk Slief LI ESROTE A0 A0 L1 ot
130 and 13ty HEMhSeR PO 'ESnRYEloR! St 1otk el U IS A S b 63 ih the
o 10 the system of Fig. 1 for returning flow from the three-way
direction control valve to the tank.. Each of the valve bodies
114 has an internally threaded nipple opening into the valve body
for connection of the valve assembly with the hydrhulic pumps
~used for operating the méin piston assembly. For example, in
15 fhe-system of Fig. 1 the pumps 25 and 35 would be connected into
the.valve bodies 114 by the lines 60 and.tl, respectively, which
would connect into the nipples 125 on the valve bodies 6n the
opposite sides of the housing 1lll.
Referring to Fig. 3 front and rear index plates 130
20 and 131 are pivoted on a bearing 132 secured on a shaft 133

pivotally mounting the index plates in the body. The index plates

move together as a unit serving the function of the single plate

101 shown in Fig. 1. The shaft 133 corresponds with the shaft
102 of Fig. 1. The detailed design of the front index plate 130
25is shown in Fig. 5. The plate has a hole 134 for pivotal mounting

of the plate and a downwardly facing downwardly sloping stop
surface 135 correspénding with the index plate stop surface 101b

shown in Fig. 1. Similarly, the back indux plate as shown in

0 g



-17- at the 180 degree intervals of rotation preV|oust d ribed. In the
systemof Fig. 1 the lines 72and 73 are connected into internally threaded
ports 193 at the outward ends of each of the cylinders 191 for

comuni cating one of the pistons 190 with 5 the limt valve 63 and the
ot her opposite piston 190 with the |limt valve 64. The fluid nmotor 115, of
course, is supplied with hydraulicofl uid through the line 91 in the system
of Fig. 1. Operationally the control val ve assenbly 110 in a hydraulic_

cont | Rins 6 BPdue BEsPRoBeRERBL TRLR EhaES Ee ELioFS fi%l“‘?xﬁ‘?ﬁl?ﬁeggi’dfcam
ot or PRAGe Biete Bhhby' TEaPahdnan Mifiara dnbec R IoFRRBIL GW R g, 1

the fHaret,aeaiyofs1&:{3%50399136@&&9&.t (3] cwff@&.paaaysg a9 SERLE N 1&90@r e as
fol |l ows: notof corresponds with nmotor 90; "front and rear i ndex

pl at GSuiSQcandowloﬁor.igspmnd Oh t bothdeke pt oot 104d baokt indéxr pbateans
142a and 143 correspond with cam 95; notor shaft 121 corresponds with shaft
945 tha0pahdtlpistbasstep swxifades cy3b naied sl4dDlarereachoin piameshe pi ston
assenblies 103 and 104; the crank features of 20 the crank cam 142 with
the cwbighpazeePetpPerdi¢alapnte i t hine ArawmEnem the SRELacesakCar m 55:

and it he val ye assepblies 164 correspond with the three- val ve 54. The
posi t FBR BFLEHOE BATRFRA(EORFRERE Sbrtho| PRaFeR: asSEABSY 250SEE SR oun in

"3, DRl A T il REARE SFCCGOLLSIETTAS M TROSL SR URES
']_Zggxgtﬁl ?ﬁﬁ%ﬁ?ﬁﬁ%%%ﬁ% gﬁgw%gfoﬁ Oof PRS! 1h&8x ab14beshwhensigp surface -/
10 the axis of the holes 134 and 140 in the plates would be tangent
. to a circular arc intersecting the surfaces 135 and 141 drawn on
5 £he same axis of rotation of the plates through the holes 134
‘ and 140. The piaies 130 and 131 are mounted on the shaft 133 in

% superimpdsed relation operating as a unit to perform the cam
15 latching functions of the index plate 101 in the system of Fig. 1.
The surface 141 on the plate 131 restréins the cam when the
plates are pivoted clockwise while the surface 135 on the plate
130 restrains the cam when the plates are pivoted in a counter-
‘clockwise direction. The functions of the cam 95 and the crank
20100 in the system of Fig. 1 are performed in the valve assembly
110 by a front crank cam 142 and a rear cam 143 Shown in assembled
relationship in Figs. 2 and 3 and individually in Figs. 7 and 8.
Referring to Figs. 3 and 7, the crank cam 142 includes a front

cam 142a and an integral tubular hub 142b which is mounted on

25the hydraulic motor shaft 121. A key 144 locks the hub on the
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stop surface 141 an’ the |ndex plate 131 thus restralnlng t he crank can1142'gg

‘and the cam 143 al'ong with the cross plate 150 30 agai nst novenent. At
this positi-on of the cross plate the right valve assenbly 164 is closed.
For pur.poses of describing the -18- operation, the nipple assenbly on

the right back side of the control valve assenbly 100 shall be considered
as connected with the hydraulic punp % 3 0 that with the valve assenbly
[err] closed hydraulic fluid is forced fromthe punp 25 into the cap 5

end of the cylinder 21 operating the piston 22 and rod 23 in the extend
nmode. L6oki sBhaét.FiJ. r@taiher pbpheisvhéi@ BS2aofap hecwew vba bssenbhvgd 16dtod s
engagi ng the seat surface 182 so that flow cannot occur fromthe hydraulic
punp 25 t hr thghenfeofi hbeeshaﬂtolihehthl@pnge the orankiseamfl4heor| thedshaft.

poppet valve. The_10 pressure.within the_val ve housing 114 around
the valve aS&Bnbhy Basg ?SSE?PeEFF§%°%IBﬂﬁctﬁélq%F@et%s§%ﬂﬁ$? FRYnipgex

pi ston 172 a&iggegrlggt eggstolgge ll?ﬁ ?Qenggtgqgg nﬁugeiyggn?ﬁgfnd

poppet val vB RE saéat ince ar ea

pistog 172 kfesSki8ht! ¥ahaiges Qnénléh@élééﬁ to Qﬁetﬁﬁbp99p€ﬁa¥aiﬂé1cf@ﬁk

val ve assenbly 164 is biased in the valve-closed direction by the punp
pressure. CBahh@4Qppfai tRel pbaressmoid8heotateras yahet assethe ysidPet bel.

val ve assenbly 164 is at the right end full open position so that flow from
the other hgHeankeae pampl83 hasoagstopesirfacé4lodauwhiéhebs yengagealbye 20
along the nipple 125 into the left end, as in Fig. 2, of the valve
with the index plate stop surface 141. As the front and rear
N cams l42a and 143 rotate as a unit, tho index plates 130 and 131
lQ' pivot as a unit réstraining the cam at the 180 degree intervals
described.with respect to the system of gig, 1.
Operation of the three-way valve of the valve assembly
110 corresponding with the valve 54 in the system of Fig. 1 is
performed by a scotch yoke arfangement including a cross plate
15 150, Figs. 2 and 3. The cross plate is bsciLlated or reciprocated
laterally by the crank cam 142, Thé cross plate has a central
vertical slot 151 which receives a sleeve bearing 152 mounted on
crankshaft 153 formed on the crank cam 142. The sleeve bearing
is held on the crankshaft by a thrust washer 154 retained on
20 the crankshaft by a lock fing 155. The bottom edge of the .
cross plate 150 slides along the toﬁ surface of a guide block
160 secured within and against the back wall of the housing 11l
by bolts 16l. The cross plate 150 oscillates laterally as the

crankshaft 153 is turned by the crank cam 142. The cross plate

25 operates the valves of the assembly 110 which perform the



housi ng 114, inwardly through the valve seat ports 180, alg$g t he tapered
val ve surface 170 past the poppet valve 165 within the seat 'surface 182 ‘and .
inwardly into the housing 111 fromwhich the flow continues outwardly in

the port 124 of the valve 25 housi ng along the line 62 back to the.tank-
or reservoir 32. These hydraulic fluid flow directions and positions of the
vari ous conmponents of the cont+oR2val ve assenbly 110 remain fixed until the

pi st in.the assenbly 20 reache he,end the exte t roke through

P cAUpERibheo8° 2R 28 hEDCOERE "0achn Bhe' D7 M CRE FLE7 1R Ot end,

stro I g al.ye | e | t C 4 | : e
or s SEPRRTsey RUpknR¥TsRE EFRBRoBEAES BY0 RPe"BPboLaBRIY LRGYOVELEK
cont 9hevapuaingseabbY $18t3S16D0¥AChNoFi Ghidh iét eﬁ@é?e& i g dhpatémit
val:ve 64 in the systemof.Fig. 1 is communicating the Teft pilot system 190
wi t hheaé Lé0koand thlsndyilcall valéé uads@nbbgured | nFide. r2ght ghdoiob
pi ston 190 urges the piston in a left direction against the index plates
136 Badhi16f pheovahyet Aesehhl dgs oh64 henplwdds3annasngbamt peppetkw se
direction. As soon as the stop surface 141 on the index plate 131 noves
al onyjadvei LeBy ap BRRerednser £20ekl? O whichdagbanaaral ye tening heimi op

T

| onger - restrarni-ng e notor with the
crank;icaBhl472Whbl shetR@WA YAt BY §ONNE I Tl OCkPhE SRV NSodPt P5 115. As

seen in Fig. 2, as the notor rotates countercl ockw se, the
provided with a flow passage 174 opening through the outer end
10 of the valve body and radially. through the body inward of the
annular poppet galve 165 for balancing pressures outward of the
piston 172 and inward of the poppet valve 165. Each of the
valve assemblies 164 fits in sliding relation within a tubular
valve seat 175 mounted within each o:'thetlateral valve'b-ﬁies
015 114 oh opposite sides of the housing 111. Iach of the tul ilar
valve seats has.cifcumferentially spaced‘side ports 180 con. uni-
cating with the interior of the valve housing 114 aligned th
the nipple 125, Fig. 4, in each of the housihgs 114. Long
tudinally spaced ring seals 181 are mounted in annular rec¢ s3es
20 on the valve seats on opposite sides of the ports 180 for s. aling
between the valve seats and the inner wall surface of the vi ve
housings 114. The inward end of the valve ;eat 175 is proviced
with a tapered seat surface 182 for sealing engagement with the

poppet valve 165 in the valve seat. Each of the valve seats 175

25



crank 153 noves in.g circular arc upmardly and to the left. As 15 t he AO
crank 153 noves upwardly to the left, the cross plate 150 is noved to the

| eft, the bottom edge of the cross plate sliding along the guide block 160.

The Ieftmard novi ng cross plate 150 pushes the left valve assenbly 164 to

the left toward the closed positiom BBiFe pulling the right valve assenbly

164 to the hgft Kolnterﬁg}("ai%gfﬁro&ﬁ?f%é' %b9nextéﬁdi{?§e99&ﬁe£k%g$é{ﬁ%sv5

on the right va ve asse noves away fromthe va seat _

begi ns fyonskhe bBydeadki mslzl B6wEPANERE eGubbt hehBiConi @RtR d2DvOPSeA Hlad fdSent
the rightsval ve housing 114 and noves inwardly through the valve seat ports
180 and al ohg the valve aestnpbyt25180. 1BHepastethedpeppef v veuidovwane
to the tank_outlet 124 fromthe valve housing 111. The tapered surface 170
on the valvé7&s§§nﬁb9 Eﬁhvﬂﬁvé§4afbﬁgl¥h%1%@&ﬂ% xehatign. Wﬂ?ﬁﬂ%eﬁ?%a3|ng

di aneter _of t rface OVI eff reas t he

o ol 8 ekl tppaReh £ ALY Fraly iAo, T Taotuat v Re ATV ELLER, |

164 is movipgneJBhSoEBLEr Of ;GHLSE ad SeAOL AL LAY, BYnibe w%ﬂhm' ch
REGREL, 4hjtient a i

t he contlnuous torqu ni ng chinturn i1s

control | ed B&ttvasnssbéhnanafcwsed%ael@zoﬁ@ &D@hﬂséﬁ@@il\}:é Usedts, The
Simlarly, the tapered valve surface on the valve assenbly 164 of the |eft

valve is cl pis8npLPYi 6hnN@ach et cth@oveivest164 ibessiglhitipolofdedlthd®vehe
back to the tank 5 fromthe left valve housing 114. This netering
ef fect on thealuwngvatea afsthdl pampeibivaploes db82 cent tivkt owhemeeamcit ad£rilie on
\_ 10 valves is closed, a fluid pressure force biases the valve toward
its closed poSition. The piston 172 also functions to limit the
“ force required to opén each of the valves. - When the control
valve assembly 110 is connected in a hydraulic system such as
illustrated in Fig. 1, each of the valve assemblies 164
15 éommunicates through its respective nipple 125 with the
hydraulic lines 60 and 61 so that onc of the valve assemblics
164 at open position permits the associated pump to dﬁmp to tank
or reservoir and at closed position blocks the flow back to the
20 tank and thus forces the hydraulic fluid ﬁo flow to the hydraulic
&«j piston assembly 20 operated by the systcm. For cxample, as.
shown in Fig. 2, the right valve assembly 164 is closed and tl 's
the pump, 25 or 35, connected into the nipple 125 leading to ti.e
valve seat side ports 180 cannot pump back to tank and thus th
25 fluid is forced to the end of the piston assembly 20 connected

with the pump. On the other hand, when the valve assembly 164



and decel eration of the piston 22 in the hydraullc plston Efsenbly 20 being
controlled by the control valve assenbly 110. The hydrauli¢*notor 115 '
continues to rotate countercl ockw se 10 until the stop cam surface *42c
on the crank cam 142 engages the stop surface 135 on the index plate 130,
the index plates 130 and 131 haviyyg _now been pivoted countercl ockwi se to a
left position by the right-hand pilot piston 190. At this left position of
the index plates the cans 142 and 143 are again 15 - restrained, the

not ori,s sieafdd afd waMdpRn P giadidingd seeuniher -1 eFHtosaiivee 1580 ldxegne_;es 2, Lhe
full 180-degree novenent shifts the cross plate 150 to the left end \w

posi thygiraulliiey fluisi mayt Hd dweificamartdey glard igsdambilyines4 64nerf élll.y openi ng

t he right-hand val ve assenbly 164. The rate of the simultaneous _opening and
20 1eaé|16=§ e e 1 \Fé!evé’“§'§’§e|‘f‘ﬂl°|"€s tf@4bi°§ed€|§eﬁ&}€nf’°&|§&ﬁ9t Rd4rate of

hyd I i d fl 115 h
oY Skl ' S50, 90, SRS SHRCHSUS. Bhatdie B OURRS. 1o
d t t t
o R RS A i e ol

the ¥ dimA ¢hieC pa&tt%utlu&nsslsscdsﬁaadgahpuaaakt he 28kt !:age%oabe vghge 92. As
previ ously di Scussed, the rate of novenent and the accel eration and

deceltapatiriedn sofr fake \lanalas;ge&hbheefl&‘zﬁecoauvelss leheelffdeal ac fluid flow
fromthe punps- 25 and 35 which controls 30 t he operation of the piston
assemgtpri@g con@@tiqn‘in the hydraulic fluid flowing past each of

the valves when each of the valves is betwecn thé full open and Q;J
10 closed positions.

As shown in rigs. 2 and 3, the housing 111 of the control
valve assembly 110 has two identical hydraullc pistons 190 movable
in opposite cyllnders 191 secured across the top of the housing
111 on-opposite sides of the index plates 130 and 131. An opening

15in the top of the housing 111 is closed by a plate 192. The |
pistons 190 and cylinders 191 perform pilot piston fﬁnctions
corresponding with the piSton'assemblies 103 and 104 shown in

Fig. 1 for pivoting the index plétes 130 and 131 in unison on

the pivot pin 133 for alternately restraining the cams 142 and 143 o/

Zoiat the 180 degree intervals of rotation previously described.
In the system of Fig. 1 éhe-lihes 72 and 73 are connected into
| internally th:eaded ports 193 at the outward ends of each of
the cylipders 191 for communicating onc of the pistons 190 with
the limit valve‘63 and. the other opposite piston 190 with the
25 limit valve 64. The fluid motor 115, uf course, is supplied
w%th hydraulic fluid through the line 91 in the system of Fig. 1.

Operationally the control valve assembly 110 in a

3] . ——



-21- It will be evident fromthe foregoing description that the control k&
val ve assenbly 110 including the scotch yoke val ve operator mechani sm
control's both the accel eration and.decel erati on of the hydraulic piston
aSsenbly 20 as well as 5 t he changing of directions of the piston

bet ween the extend and retract strokes.25The operative rel ationshi p between
the cans 1ﬁ%€%g§ﬁf43 and the index plates 130 and 131 restrains the valve
assenbl i es THPAFET i3 PhIde t7d tife Fba erdd PRQY ides gde funekdons

funct i-Qqi n t e of stroke t everse 10 t he pi st '

di rect_?."gn; g?s@v\f'erH] %‘gﬂl‘tqﬁmc qﬁftao%u% k’\“eol%roeft cebddf ti&é“?%& ip&ﬁtﬁwd‘sﬁgg&qé’r d%on.
The controlwith efed RanTBiEr i l4i fir gt r | GepU ,
pumps 25 and 35 in H%?¥ 1, as théﬂghﬁg?nggﬁﬁ?gﬁﬁfﬁhﬁgbapgggﬁgtg#& ?3't%§a
driven pi ste adeediway?@adive’ 6di.r cReFereingacl Faglshe 3t-apk if eerinBeotSthe
hydraulic’circuit connected with the non-driving end of the hydraulic

pi ston dEsORFvAtden of ddeh systereofTRdgeodt tbke fuovitdedsbyft bRecodinpohents
val ve asseg&ly 110 is effected through si npl-e hydraul i c nmechani cal neans
not requiritg e CONtE Yrl¥ecaeeemPdycdAlr ars. asTReldgwsem motpesils

ive t f act 0 i mpl d ch t i nt ai d
operace theeTERRRoRaR! M B mptar 80, EFERE RBH BERFoLRARS PAALSRNRI0 and
functions. 7l gk t h ' t of the_index_ pl at
Stop surfadel HorreaRoRd bl ch thabRptakd'TRE: Bran ebd, feeb fans 1128

rotation bEthQ4bn§6*rﬁkﬁbﬁ§.WkghnaaﬂsBBQemBEB?;LEEfQCEZ e&&@f@séépg§eggpﬁ

i ndex. plate stop surfaces and the.cam stop surfaces as the Inhdex
Ri_yot fnmnshaftraumymgeppsub;0p$stanéeEQQSSnEOEhé &y@@ﬁder§t1§&|éoﬁké9pgﬁd
noted that the valve assenblies 164 in
with the piston assemblies 103 and 104; the crank features of
‘the crank cam 142 with the. cross plate 150 correspond with the

crank 100 and the pitman arm 55; and the valve assembliés 164

correspond with the three-way valve 54.

15 The left pilot piston 190 has pivoted the

front and rear index plates 130 and 131 clockhise to a position
at which the stop surface 143a on.the cam 143 is engaged by the
stop surface 141 on the index plate 131 thus restraining the
crank cam 142 and the cam 143 along with the cross plate 150
'20 against movement. At this position of the cross plate the right
valve assembly 164 is closed. .Fq;.pgfposes of describing the
operation, the nipple assembly on the right back side of the
control valve assembly 110 shall be considered as connected
with the hydraulic pump 25 so that with the valve assembly 164
25 closed hydraulic fluid is forced from thc pump 25 into the cap

end of the cylinder 21 operating the piston 22 and rod 23 in the

P O



“the control valve assenbly 110 are slightly pressure biasedcl osed and

require mninmumforce to open due to the relation 30 between the
pi-stons 172 and the |ine of seati?g between the valve 165 and the valve ’
seat 182. 91 -22- Another hydraulic systemfor operating a hydraulic

pi st on asgendl Moaa‘oodubaﬁiﬁgahur@&g of 24 hend: ny@f){,J:an.ﬁﬁvé'l'é{?téﬁtéﬁe' n Fig.
11. The systemof Fig. 11 differs fromthe systemFig. 1 only in the
substi tualge aEsambayelsiblie easaghbhg vhkuseab surfpe8PrEDrsd henawo
hydraulic punps 25 and 35 in the systemof Fig. 1 and in the use of a-gam
oper at e§lP¥nrageotoogentr ronhtheahydbhel vol pwep pRipthrowylaceheflihe ‘wtot ch

yoke ne Banisn1in the control valve assenbly 110. The conponents of the
systemg ERGC thevRiBRIEof FRsBBRAUSE t Af t WRC syb o of P valyge i Badti - 10
fiegl in_FlLg. he.- fer e nuneral s;used in Fig. 1. Referring to
F o 1rpund ptdedbeb 05: ERER LECNERIE RTEISHCLIT Senind She watve pe

hydr aul § §sbh a i | L C ' end

and the rachaEy BP THE UEeSti TREIANGRenY VA el G 48 e

pi st on psseohl Y7218t the Ar Sghit @ €3INEhé Sl EnS b eSeMhP Wty A8 Ret ur ed
by Doubl e A Division of Brown and Sharp Manufacturing Conpany.” Such punp
i ncl udelse tweeb atbd| popyé t ndelve| bEK ahd viee byeatn 18P Uit stied tlad &ad ai ni ng
a plurality of piston assenblies in parallel axial relationship around the
shaft c®HR?®| the awearrbsthe IRiseRp 172 is slightly larger than that '

10 of the poppet valve, the valve assembly.164 is biased in.the
valve-~closed direction by the pump pressure. On the opposite
left 2nd.of the control valve assembly 110 the valve assembly
164 is at the right end full open position so that flow from the
. other hydraulic pump 35 through the line 61 occurs frecly inwardly
15 alogg_the nip?le 125 into the left end, as in Fig. 2, of the valve
housing 114, inwardly thrdugh the valve seat ports 180, along
the tapered valve surface 170 past the poppet valve 165 within
the seat surface 182 and inwardly into the housing 111 from |
which the flow continues outwardly in the port 124 of the valve
20 housing along the line 62 back to the tank or reservoir 32,
These hydraulic fluid flow directions and positions of the
various components of the control valve assembly 110 remain
fixed until the piston in the assémbly 20 reaches the end of the
extend stroke through which it is moving as shown in Fig. 1. At
25 the end of the extend stroke the iimit valve 63 is operated by

the cam 24 applying hydraulic pressure in the line 72 to the



20 cam pl ate. -.“The direction of operation and the punp displacenent is 44
control l ed by varyi'ng the angul ar position of the cam plate The punp 200 in
Fig. 11 is. coupled with an operating link 201 which varies the position of
the camplate in the punp. The link 201 is connected with a roller-type cam
follower 202 which 25 "operates in a camgroove 203 in a rotary cam 204.
The cam 204 is connected wth the hydraulic notor shaft 94 which also

drives the stop cam 95 controll-ed_by-the index plate 101 in the escape-

ment 65..As discussed in connection"with the systemof Fig. 1, the pilot

I stonassenblies 103 and 104 pivot the index plate 101 30
gequent?ilﬁ%%ﬂ%ﬂﬂ%%ﬁﬁ Rd-SERE §§8p18aﬁP§5°8Pt58 -ya V@eafﬁ?%?%%ngﬁaiﬁ?ervals

at the ends,of the tend ang,retract . - 23- 0] o¥j di ng rol
reversal OFhFﬁglgfkgﬁgg f tgé gkéfoﬁlggs ﬁﬁl§§§69a§§l§ésyéa#ﬁiﬁégtﬁ¥ggem
" hydraulic W3 90 1dyrgi ihRe e pxt agdipet kg t{9egi

hydraul i c g?i?g' agsgﬁtpgmggsg%ﬁ%lhgdfgél?Eggogt%ﬁﬁougg%gfqugbn%%gé %g? t he
mot or shaf teak ahd th%@dhyheaﬁiiapﬁm&ﬁla pbeas@rtngaAr ppeateghtnpaleent rol
val ve assem bly essentially identical to the valve assenbly 110
substsi t ut i pd sttom 1G0auyyeamtB84poatbheinpbtolefhafiiré2tion pyatesvfthae.
scotch yoke mechani smshown in Fig. 2. The rotary cam 204 is coupled
directly orindex Pﬂéﬁ?soﬂ39hén§héﬁg pRYosdnghhbeaplthescanstha2rip 133544
143 are rotated by the shaft, the rotary cam 204 drives the link_201
through th& CONPASFFIRERWEES RoFeEhARBr ng?BhEOPBsRE bR oFtPReSEERRPRatdlin

the punp 2%%-£LQ€iRHS&abig@eoiaihﬁo§¥§tSﬂbng a circular arc counterclock=-
.\—;

wise and downwardly from the étop surrace l143a on the rear cam
10 143, the cam 143 is released thereby no longer restraining the
hydraulic motor 115, the motor shaft 121, with the crank cam
142 which afe nﬁw rotated counterclockwise by the motor 115.
As seen in Fig. 2, as the motor rotates counterclockwise, the
crank 153 mpves_in a circular arc upwardly and to the 1eft.  As
15 the crank 152 moves upwardiy to the left; the cross plate 150
is moved to the 1eft, the bottom edge of the cross plate sliding"
along the guide block 160.  The leftward moving cross plate 150
pushes the left valve assembly 164 to the left toward the closed |
position while pulling the right valve assembly 164 to the left
20 toward the open position. As the poppet valve 165 on the-right_
valve assembly 164 moves away from the valve seat 182, flow
begins from the hydraulic line connected with the nipple_125
opening into the right valve housing 114 and moves inwardly
through the val§e seat ports 180 and along the valve assembly

25 164 past the poppct valve flowing to the tank outlet 124 from the



of Fig. 11 is identical to that of the systemof Fig. 1 inﬂﬁ respects
wth the exception that in the systemof Fig. 11 the 15 draulic power
fluid fromthe reversible variable volune punp 200 drives the cyl i nder
~assenbly 20. The limt valve 63 and 64 are contacted by the cam 24 on the .
piston rod 23 as the piston 22 reaches the end of each extend and retract
stroke. ‘The Iimt valves control the operation of the pilot piston
assenblies 103 20 and 104 in t?ﬁ escapenment 65 pivoting the index plate
101 for sequentially restraining escam 95 at [err] intervals of rotation

of tOSééhahﬁ ? hgrtg?ﬁrlhecﬁgﬁgéegfgg4 ﬁeéﬁéabgfgeaﬁgséﬁbfﬁﬁfd by

t he ex pra can1 urns fary cam operating the camfol | ower

202 Qi f st nkngo WeeRt+29g2. eRfl.P@skibe8%ng dlagaebrofothe
oppoggﬁeﬁggg pgg?b?ogggo%a?ﬁ% ?nﬁ 201 the Bunp 200 dg?lve?s hyéraﬁlic

flui dhendgpePe@SsUEate QESVQaeEhﬁ Atbering &éhecedpindfleasiingntreof the
hydraul i c piston assenbly 20. The punp 74 delivers hydraulic fluid through
t he Flowt inaliesct3paogobdibn tbethonsatat atowhiehnmbher v8dvend t he 30
pil ot piston assenblies 103 and 104 for operating the escapenent 65 - 24-
aRd ameembiy2084nishmondnyinkThds rateeneforounsedi i8cePBErahdabdfune of
dlschar%e of the punp 200 to the hydraulic piston asiggb The rate at
whi ch¥t Bec&Eﬁ294a&thPFhkt281°3ﬁ3ﬁ3@§5FﬂéqHFrﬂeFPGn 6%eF&FP6ﬂgof t he

s a function both t he desj n of the cam groove 203 -and

the 6ﬁ?%u+?ct?¥ﬁuiﬁf??N$Y%&g ed PY the St LEoH® Y2 EF 032 t+R val ve 92.

the system of Fig. 1. Similarly, the tapered valve surface on
the valve assembly 164 of the left valve is closing providing a ~
10‘metering effect in the shutting off of flow back to the tank
from the left valve housing 114. This metering effect on the
two valve aésemblies 164 provides control of the acceleration
and deceleration of the piston 22 in the hydraulic piston
assembly 20 being controlled by the control valve assembly 110.
15 The hydraulic motér 115 continues to rot;te'counterclockwise
until the stop cam surface_l42c on the crank cam 142 engages
the stop surface 135 on the index plate 130, the indéx plates
130 and 131 having now been pivoted counterclockwise to a left 4\)
position by the right-hand pilot piston 190. At this left
2) pogition of the index plates the cams 142 and-143 are'agafn
restrained, the motor, shaft and cam having rotated counter-
clockwise 180 degrees. The full 180-degree movement shifts the
cross plate_lSO to the left end pésitiOn fully closing the
left-hand valve assembly 164 and fully opening the right-hand
25 valve assembly 164. The rate of the simultaneous opening and

closing of the valve assemblies 164. is dependent upon the rate

0.



The i nt erchangeabil ity of portions of the systens of Figs. 1 and 11 will be 4@
readily recogni zed. Wiile the systemof Fig. 11 is described in terns of

t he reversi bl e punp 200 being 10 controlled by the circular cam 204, the
link 201 may be connec- ted to a scotch yoke cross plate such as the plate

150 in the apparatus 110 of Fig. 2 fer28ontrolling the punp responsive to

t he escapene 65, Sim| the system of the |link 55

operated by oF Q¥AraRdism %ﬁ{‘ﬁl gé'qwné;%ltrr@uFa?tlE‘a\%'} HEHr e m°&PrF|l§% T’?"\ﬁht h
the 1ink. 55 n d.to.t. alve a | i es,, 164 for rS|ng

power fl G‘i’dp%%{elr%e&?/l gﬁt%te IAY FaEeus m%t BUHSESS é‘ﬁ’é’ vaI ve
assenbl y 11GRjeidndeea e 1%gycirs@ﬂ ner rz%fa@aryﬂr&agaaw %@se%ﬁ%t 194 1130

the delivery of hydraulic power fluid to the c reversing and f

20 . cont r @ilret iy rafper! t9loMal 10 ARthed @GR lcC adt WPl cdf tthféem@t%trOIllismiurns.
piston rod. Fig. 12 shows a rack and pinion nechani sm 220 whi ch may be used

for operatimh rde Byetan RE FERAr at thes kahteada tawhde® whed hyd rihuldiischmegotrhe
i nside surface of a cylindrical menber, not 25 shown. A rack 221

i ncl udi ng a twam=3% iGepdndent pon the Get2ddgowia thieafvialv24 92f. aAsydraul ic
notor 225. The notor 225 has power fluid ports 230 and 231 for connection
into a hydr angvigusdar disgussaednolthey sade of meyemens andeithige acriegeratjon

Fig. 11. One of_ the ports 230 and 231 serves as a hé raul i c pomer f|UId
inlet whileand decelgratganeoipdhe valye sesembligspdiddi FENHFOL s He

direction 0%ydrau11c £luid flow from the pumps 25 and 35 which controls

}&*; 10 the operation of the piston assembly 20.

It will be evident from the foregoing description
that the control valve assembly 110 including the scotch §oke
vélve operator mechanism controls both thc¢ acceleration and
deceleration of the hydrauiic piston assembly 20 as well as

15 ‘the changing of dircctions of the piston botween the chuﬁd
and retract strokes. The operative relationship between the
cams 142 and 143 and the index plates 130 and 131 restrains the
valve assemblies 164 during the time periods of the extend and
retract strokes functioning at the end of each stroke to reverse
20 the piston direction as wcll‘as to control the rate of
acceleration and déceleration. The controul is effected by
" metering the duelivery from the hydraulic pumps, pumps 25 and 35
in Fig. 1, as the pumps deliver fluid alternately to the driven
piston assembly 20 or recirculation back to the tank from the
25 hydraulic circuit connected with the non-driving end cf the
hydraulic piston assembly during each stroke. The control

provided by the control valve assembly 110 is effected through

" simple hydraulic mechanical means not requiring electrical or



rotation of the nmotor 225. The |limt valves 63 and 64 ofk-gither of the
systens of Figs. 1 and 11 are nounted for contact by the ck cam 222. The :
di stance between the limt valves determne 5 the length of the: ’

reci procating stroke of the rack. The notor 225 is reversed each tinme-the
cam 222 contacts one of the |i#m Boval ves. For exanple, the notor may turn
cl ockwi se as seen in Fig. 12 driving the rack and camtoward the limt

val ed e@Arnomtiid comEredm .22 Thst mylssent e |liesst exglens it o sasuigcthe o

escapenent 65 10 which frees the continuous torque notor 90 to revérse
t he as6WEPTR FiPleowndo aiganast dio FRENtRHE o CPEYS tichdhagpPrres c¥nt er -
cl ockw

e turni,ng.the pinion 223 to drive the rack toward the limt val ve
63 GRREY, AYACHAbIS, SYRFETE. TOTe FEHEPETRRT Fhe SoMS, HSHIOMSe mbttor 205,

The €3N . 0 A\ r. 2 h he hone
S F";_é'g'laprb c?cg{oé%l&g\yﬂ_taﬁe%rh ;éc %’1%_,?"?. %vrﬁ F)Qbét%%pﬁ%?ér’ftl ?)t aﬁe én}‘f/is %gvh! %té:o%i ch
rBQ%h&Q%c%%CH&r%ﬁ%hb@gpEQ%%%E&Eu@an&oa;QQ%bn%Qaﬂ%tEo”%ﬁeb%xQ@l%&n and
-controlled by the systenms of the invention. As a further exanple, a

Ci r goltar iggrbfithe dnda® pleiteshaiimimigesbe hdr iinteriferiehe enbletivesiafl t 224,

The val ves 20 63 and 64 nay be positioned to be contacted by the cam as
t he thearindeixapdsatec stopngurifaceast and22het cabe stepe ssard agesdasi tdrer eci proca-
ting rotational notion. -26- CLAI M5 1. A hydraul i c power unit,

conpidexnplaties pivedr £xorc restradindmod Pesitdoasr &6 pedeasengosi-
tions. It will also be noted that the valve assemblies 164 in
19 the control valve éssembly.llo are slightly pressure biased -
closed and require minimum force to open due to the relation
: o

between the pistons 172 and the line of sealing between the

valve 165 and the valve seat 182.

- Another hydraulic system for operating a hydraulic
lspiston assembly embodying features of the invention is illustrated
in Fig. 11. The;systém of Fig. 11 differs from the systcm of
Fig. 1 only in the substitution of a reversible variable volume
pump for the two hydraulié pumps 25 and 35 in the system of
Fig. 1 and in the use of a cam operated linkage to control the
2ovariable volume pump in place of the scotch yoke mechanism in
the control valve assembly 110.  The componeﬁts of the system of
Fig. 11 which correspond with the system of Fig. 1 are identi-
~fied in Fig. 11 by the same reference numerals used in Fig. 1.
Referring to Fig. 11, a variable volume reversible pump 200 is
2s5connected with the hydraulic lines 30 and 40 for supplying

hydraulic fluid to the cap end and the rod end of the



menber between two positions thereof; (ii) punp means connected to two Hf
opposite fluid in- 5 lets of the nmechanism (iii) control neans for
controlling the supply of hydraulic fluid fromthe punp neans to each of

the two inlets in turn, whereby the meehahism operates alternate- |y in two
directions; 10 (iv) a continuous torque hydraulic nmotor operativel
coupled to thehE@n@ﬂbFCnEaﬁ§?n(9§S§ﬂbéxcaﬁeﬁﬁﬁt°P6¥aébﬂﬁrBP?iHﬁsF%?aﬁ?ﬁﬁgé&Y'
the hydraulic potor; and (iv) release neans for releasigg t he gntor fr0f1 A
the 15 ~escapefeRBitAPLEsBBMBe1B02aFRFYEF BYPt RWPBAPIEEGERRGE nR¥RPuRES

one posi¥ion thereof, thergb erm,t L.ing_the._ np t he r
neang to causenﬁﬁésﬁﬁﬁp°§e§ﬁ§wgoaﬁglFb%?pfPﬁFgPégggﬁgn§$8§ﬁé§?%Fet%ggé gﬁ%p
mech- ani smto;dLi h [ Iy £y OB 2 0

B0 35 S5y O4Hehilskle FEERELLLEIBLIInARE BLOGL BPSLLLORy Oy LhELE Snate
hydraul i ¢ peci ghacabhidiABagaRi prueaIREySbegpibyehadksembl Ukd $HPPhyaDEaDs;

fluid direction control neans for selectively
axial relationship around the shaft controlled by an oscillating
cam plate. The direction of operation and the pump displacement
is controlléd by varying the angﬁlﬁr position of the cam plate.
| The pump 200 in Fig. 11 is coupled with an 6perating link 201
- " 10 which varies the ﬁosition of the cam plate in the pump. The
link 201 is connected with a roller-type cam follower 202 which
@ oéerates in a cam grdove 203 in a rotary cam 204. The cam 204
is connected with the hydraulic motor shaft 94 which also drives
_the stop cam 95 controlléd by the index plate 101 in the'escape-
15 nent 65. As discussed in connection with the system of Fig. 1,
the pilot piston éssemblieé 103 énd 104 pivot the index plate 101
fbr séquentially restraining the stag cam 95 at 180-degree

rotational intervals at the ends of the extend and retract

strokes providing for thc reversal of the strokes of the piston
assembly 20 and restraining the hydraulic motor 90 during each
of the extend and retract strokes.of the hydraulic piston assembly
- 20. The hydraulic continuous torque motor 90, the motor shaft 94,
and the escapement 65 are incorporated in a control valve assem-
bly eséentially identical to the valve assembly 110 substituting
25 the rotary cam 204 on the motor shaft 121 in place of the scotch

yoke mechanism shown in Fig. 2. The rotary cam 204 is coupled



directing hydraulic fluid fromsaid supply neans to said ci proca- 5 ,
ting nmechanismto reciprocate a nenber of said nechanism ween a first ‘
position and a second position; said fluid direction control neans having a
first position directing hydraulic fluid to nove said nmenber in one ’
direction and a second position directing hydraulic fluid to nove said

menber in the other direction; rever- 10 - 'sing neans for shifting said
fluid direction control neans bét nits first and second positions; a
continuous torque hydraulic notor, operative connected to said rever.sung
means; %ﬁrégEéﬁeﬂﬁngh?efE%EEU?§ EB%p?%ﬂéﬁd}%Ys%?dtﬁ%Yd?st%P?e%TW%J%E%u?d

Dt f ti | d ' whi | i d 1S di at
15 7 oA PRRCErantoBRhen S okht | BraFEnn i e fet iy Lo 20, i el GHIR L or
15 <38 _ “ant Teens Sar diotor
ot sa o SRR ORGP ERROLRCPRRNCR EOLECE D02 1P RIRTRRY Bl R Gitiont

nmeans agg ﬁﬂéféaﬁaaﬁﬂaf:éuiﬁ' €hé eskh®N260Nt I'Bhe mgp@ﬁabﬂéw €19¢ ds§ & €&k

position and said second position. 3. A hydraulic power and control

sysiem 6f BEgOrlanie wdéhtitalnt@ vhetedfh shedspstapeoRnfigncl uibesalklop cam
means connected with and rotated by said notor, index plate neans supported
for engepReats with diied expeptdons that destthe systegaiof Fam.nddndhet 5

each of said first and second positions of said direction control means and

r el easWGEEHIE CUiRAMAT i uddd TZOM e FeXRE idlandRsianl S ¥oisEe Sae
0S| Oy AR s AR RG0S 5 Sl 9 ] S PR A e T
gﬁggp'ﬁg YorftAh bi;ait‘?xef it 22" nlQne $ALoHEEYUN 230U tHES s 138 d b
'10 22 reaches the end of each extend and retract stroke. The limit
valvés control the operation éf the pilot.piston assemblies iO3
and 104 in the escapemeht 65 pivoting fhe index plate 101 for
sequentially restréining.the cam 95 at 180° intervals of rotation
of the shaft 94 by the motor 90. The shaft 94 as restrained and
15 released by the index platé and cam turns the rotary cam 204
operating the cam follower 202 shifting the link 201 between
end positions. At each of the 6pposi£e'end positions of the
link 201 the pump 200 delivers hydraulic fluid under pressure to o
one or the other of the cap and rbd ends of the hydraulic piston ~
20 assémbly 20. The pump 74 delivers hydraulic fluid through the:
limit valves 63 and 64 to the conétaht torque motor 90 and the

pilot piston assemblies 103 and 104 for operating'the escapement 65
and the cam 204 with the link 201 to control the direction and

volume of discharge of the pump 200 to the hydraulic piston

25 assembly 20. The rate at which the cam 204 and link 201 changes
the direction of operation of thce pump 200 is a function both of
the design of the cam groove 203 and the hydraulic fluid flow

rate to the pump 90 as controlled by the valve 92.



-28- 4. A hydraul’ic pomer and control systemin accordance mnth cIa|n13 ED
wherein said index plate pilot neans conprises hydraulic piston neans for
nDV|ng sai d i ndex plate nmeans to cam engagi ng positions. 5. A hydraulic
power and control systemin accordance with claim2 wherein said punp means
conprises a first hydraulic punp for flujg delivery to said hydraulic

reci procating mechanismto operate said nenber in one direction and a

second hydraul i c pufpeSintefghahyjehllidiékyvefypootéand dévibe systpmeacé

said neagber in the other direction, said direction control neans conprises
fluid vatie Fedfs doARdclddwilinbsargadityt rafaoaseedd plipier shesgvatem of

t | di t | df t d h

oY o oEgl, Shig Heal 3R, RHRREhA Bk Bt Feugratbhe Pl 20 Ee iy
A hydraulic Qmsmi&%dcggt Lol SYSEETL ~aﬁa0959an£§e%&mcbam§ VWRE" EbAnec—
sai d rever5| ng neans 1S Fa cam n a (:Ol’l I nUous cam groove COUpF

wi th SalQshy@%aUEbCaWQEBEchaysﬁa1&9bkgw§1aaevaabs h8 #AbUpEaBL0150VEn 8RE
an operating link drive by said camfollower and connected to said

direction coappara®aanilo’/of Fid.hypdeayl t6npevelingdtRanpmp BE¥Spefiive to
‘accordance with claim5 wherein said reversing neans is a scotch yoke

assenbly conthet edchpement §5id Bysidakly ot theasgstemndodli Fégti dntbeniink
freans. - 55 may be operated by a cam system such as the circular cam 204
of Fig. 11 wiﬁh the link 55.being coubled to the valve assemblies
164 for reversing the power fluid delivery to the cylihder 21
from the pumps 25 and 35. The valve asscmhly 110 provides a
simple hydraulic-mechanical system for controlling the delivéry
of hydraulic power fluid to the cylinder for reversing.and for
controlllng the acceleratlon and deceleratlon of the piston and
: 15 -plston rod. |
| Pig. 12 shows a-rack and pinion-méchanism 220 which may_bg
ﬁsed for opérating rcciprocating apparatus sucﬁ as a hone used
in finishing the inside surface of a cylindrical member, not
shown. A rack 221 including a cam 222 is driven by a pinion 223
20 on a shaft 224 of a hydraulic motor 225. The motor 225 has power
fluid ports 230 and 231 for connection into a hydraulic power and

control system of the type of either Fig. 1 or Fig. 1l. One of

the ports 230 and 231 serves as a hydraulic power fluid inlet while
the other port is an outlet, depending upon the direction of
25 rotation of the motor 225. The limit valves 63 and 64 of either

of the systems of Figs. 1 and 11 are mounted for contact by the

rack cam 222. The distance between the limit valves determine



-29- 8. A hydraulic power and control systemin accorgﬂnce with claim?2
wherein said punp neans conprises a reversible variable volune punp having

‘a control plate coupled with said reversing neans. 9. A hydraulic power

5

10

15

20

and control systemin accordance with claim@8 wherein said reversing neans ’
is a rotary cam having a coat gguaus cam groove, a cam follower nounted in
.said cam groove, and an operating |ink connected between said cam foll ower

and sai d_punp control plate. 10. A hydraulic power and:control systemin
accokBanéengfhnof| &hf GeRABFEFAtIRPISFERERSPRgEHBaRACKS aT§€oW€H°§okef

assegggy connected bet ween salg not or g d said control gga&ﬁ o& sai d
ALRyGPXEFFEIpEREP LAUSCEREr GR7s 3 tefiPPhatEoPlEn Bhiila n12
“her95?|§§'d 95£68£58§18°“Eﬁ8' ﬁpva?§a£9r£e§g§ékg gﬁégsseé d; gai d

hydraul't ¢ ot or conprise’a cont e asse I'nC |ng a shaft
dr VEHqbY153hdl; §7 g thé SheR 5&&1 eamsebaaﬁaaéﬁeSlmleavameeaehaaﬁleliurface
thereon an |n | at e nount ed novenent relative to said stop cam and

haVlﬂﬂe3§3ﬁ902hahﬁhlﬁééf&ﬁ&sliﬂiteﬁﬂﬁﬁbn94Sﬁbdcﬁﬁﬂhbaﬁﬁb edchpement 65
positions of rotation of said stop camcorresponding with said first and
secowhiphsftreeastbhé santihhoud torguéi motoonPPokoneaveréer thespoweni ng sai d
stop cam 10 whi ch said nenber is intermediate said first and second

posi flukd fhawfte theemetay 23Pd sThe wahero2?bt hhenfopepptest Faynsard
reversi ng neans, pilot pistons for_engaging and operating said jndex plate
betmﬁéﬂcgﬂﬁﬁﬁnﬁﬁﬁPhﬁgpﬁgFtPbﬂ§°&nazéag9r@Fé&%etBSSF??Bnt9¥§53n§hﬁeliﬁlt

arrlvaiv ahgtggngge 2%m3959 LL&%&eﬂnghéesgfye 63, again reversing

the motor 225. The hone, not shown} is connected with the rack

o

221 so that the hone istreciprocated by the raCk. It will be «
apparent that any deviée.which requires reciproéating movement
along a defiged path may bé driven and controlled by the systems
of the invention:. As a further example, a ciréular gear with a
cam, not shown, may be driven by the motor shaft 224. The valves
63 and 64 may be'positionéd to be contactéd by the cam as the gear
rotates, causing the motor 225 to be reversed producing reciproca-
ting rotational motioh.

"~



-30- positions of said nenber, and-said reversi Tig means is connected with )59
said notor shaft for reversing said direction control neans when said cam

is rel eased and for holding said direction control nmeans at one of said

first .and second positions when said stop camis restrained by said index
plate. 12. A hydraulic power and control systemin accordance with claim
[err] wherein said reversing means is ggrotary camhaving a continuous cam
groove, a camfollower in said cam groove, and an operating arm connected

bet ween sai d EhMSD| | oner for operating said direction control means. 13.

A hydrawTs. power Ay drerilid pﬁw:‘dxerﬂdm cuetaiodanys teint, h compirisfiag:] wher ei n

said reversing ne ot oke assenbl | udi t on
said stop cam a ??oss m té?%é%ﬁ%eﬂeﬁﬁ? §g|§€§%%1 %af%c§8§%%aiqg

reci procati ngnenhaandaﬁtvwrsaiwsb stagd tdans dheresf;and said direction control
means is coupled witih Sg Cr RS P! f&ﬁme%ea £8 hyds aldgodiaer fanda

control system.in accor e wth claim13 where said direction control
means coﬁ%rls&ﬁﬂﬁkﬂ rfeieh M E™ind ¢l osed by said cross plate and
connecti bl-e bet weeriisial deputPolE@meanantEar f kohdrokienyoithe osupplecioitvel y

contr ol i g YAENAIGS: of Lydlr 8HLLC the!ghaly WAL JeBUTRAIPHE Ehe ST

hydr aul i ¢ mechani'smon saird reservoi
inlets in ‘turn, whereby the mechanism operates

alternately in two directions;
10 (iv) a continuous. torgque hydraulic motor operatively
'O coupled to the control means; '
(v) an escapement for controlling rotation of the
hydraulic motor; and
(iv) release means for releasing the motor from the
15 escapement in res'ponée to arrival of the reciprocating
- member at one pdSition thereof, thereby permitting the
motor to operate_the control means to cause the pump
means to deliver fluid to one of the inlets of the
mechanism to. drive the member towards the other position
20  thereof. _
2. A hydraulic power and control system for operating a
hydraulic reciprocating mechanism comprising: hydraulic
fluid supply means; £fluid direction control means for .
\;ﬂ' selectively directing hydraulic fluid from said supply
' 25 means to said reciprocating mechanism to reciprocate a
member of said mechanism between a-f;rst'position and a
. second position; said fluid direction control means
having a first position directing hydraulic fluid to move
said member in one direction and a second positon
30 directing hydraulic fluid to move said member in the
other direction; reversing means for shifting said fluid
direction control means between its first and second
positiohs;' a continuous torgue hydraulic motor

operatively connected to said reversing means; an
35



31- 15. A hydraulic power and LQﬂLLQL_S¥SLeﬁFFH—&6€Oq%?nce with claim
14 wherein said stop cam conprises first.and second cans 1Y superi nposed '
rel ati on each having a stop surface thereon for engagenent by said i-ndex’
plate to restrain said camat [err] 5  intervals of rotations and said
I ndex plate conprises first andesecond superinposed pl ates having aligned
openings therein for receiving said stop camand said first and second
pl at es easbapaméeny acltéapablyf acepkedagktb| saiMithotde b opestrdiaaces on t he
first an c a r bvel y. . said. | u e 10.-~
bl ng opazed BRfofoFRon’ SRAPELLNG o1 S0k EvePOPKy PhEME AR HABEP. D0
accor danBeMRPFh i6l dinkhermeshiats makd df i neex aplatsarande pevhtiendor pivdta
mloye- geahdolﬁean&l FHre f%lb@é&h§?b§iéfﬁ5tégr fﬂ%fs ﬁl&aé%cé @It at teﬁ are
~aligped in anes pgrpendicular.to a.line dra rom said plapes to the
axi s°of 5?§g?ﬁﬁlﬁﬁvgﬁeﬁfrb a£a?ﬁ ?ﬁﬁ%xmiwgfﬁsg_1??131E¥Fﬁ§d?%£l?3 power and
control saidesetondopesitionshylilewing saidpnotaritg opebaie ssabdnpri si ng:
a reservpj y Wl C sEbuig s, ' ' lsic P ving a
9é{re§9in§ HealWs amm@mh_ %ma giﬁﬁa %rg%o% ekmFP@l

di scharge |1 ne connected w,th gne inlet aof sard raulic nechanismfor 5

oper at i ne8BFd REEVWERARsnPRAda First JPesdtien &bt ¥aid i neegeRfh sai d
first puppsfitséeharge line to return power fluid to said reservoir when said
mechani smmis pp LNg:i.n cond, dj Lpn; cand hydraul ic punp
hav?ﬁg ag]éli scﬁa‘ﬁgg&w%"éhc %I"l%%t ed W #égg‘%sie)'chgtlgﬁl et o?g%%’f%a’hf/%r aulic -
mechani sWitbr Cdpdmatd nghenedn 16aid medrpeament nigaludeecetdpdicantion; a
return | ,8gn6oRidRHedd 0Nl 681 AnAeCLHa PO ¥ SENEE IRdtoRe fPidex

recircul a ing ower fluid to s%id reservoir when_ sai d hechanismis
operatin@ ate joegns supported for engagement_w1th said cam means

for restraining said cam means at each of said first and

15 second positions of said directiorz control means and
releasing said direction and control means for movement
between said positions, and pilot means for operating
said index plate means relative to said - cam means
responsive to arrival of said member of said hydraulic

20 mechanism at each of said first and second positions of
said member. o '
4, A hydraulic power and control system in accordance
with Claim 3 wherein said index plate pilot means
comprises hydraulic piston means for moving said index
25 plate means to cam engaging positions.
5. A hydraulic power and control system in accordance
with Claim 2 wherein said pump means comprises. a first
hydraulic - pump for fluid delivery to said hydraulic
reciprocating mechanism to opefate said member in one

30 direction and a second hydraulic pump for fluid delivery
to said device to operaté~ said member in the other
direction, said direction control means comprises fluid
valve means connected with said first and second pumps
for selectively directing fluid from said pumps to either

35 said hydraulic mechanism or a fluid reservoir connected

<



first direction;.afdirection control valwe—eenneeted—between said reservoibu
and said discharge'lines fromsaid first and .. -32- 15 Second punps for

sel ectively recirculating power fluid to said resqrv0|r from one of said
first and second punps while [err] -oBher. of said punps 1s delivering power
fluid to said hydraulic mechanisn; reversing neans connected with said
direction control valve for changing sai d val ve between first and second

-poFi 20 th@@ﬁ Egecgﬁggﬁegabd ghigcghgpg of operation and holdlng sai d
val ve in-one qof said positigns | a rapl i h S ted
in onelgfsai &-di r Bcti¥gFraulic; cﬁﬂ‘f%oﬁ%‘h ég’é° y&F &G ﬁcqﬁot%&&é&%ﬁé\?rol
shaft connect edthetuaem Sawtelpdnashid netIersand ma&nlsrbﬁeﬁstwgama‘?@“ a
third hydraul | %vﬂlﬁgpsr%av'é@ngénuoué dé?qﬁhagggo{,éne c@qglj.@gt eqyiwH h said

hydraul i c not or upply- 1nhg power to said nbtfor;, a control.valve
i n sai d- disschavgeamilic f mekPEai B t 93T Se%owercdm‘fﬂl‘i hd ™ | §+Hat G3B¢
hydraulic f'U@Qdd%esah%dhhﬁr%@b&%tﬁﬁbo&ln&ndesveﬂebpnsatdnuemtédlhpwarsald

hydraullc mot or shaft for stral d _shaf ta- 20 t
at [err] int eRd §°c5‘l“er°5'F§t g\/\&qfﬁ%lﬁo% ?8&5?§?hﬂg%%%gsaand sai d on

direction contr.ol’ \Aalhasimlel:seopmr adh¢ pogﬁ:@'pénéiysrt@m ot cREFREARRGRY
fluid from saig ] réiamdss%ﬂwéﬁlaormqsmr Aidarfs TESNAN SEDEGN

oper ati ng sai mechani.sm.in

first and second SP
and. secori pi ¥stkepiagspmbly conpachfd Ratvwash F11d é#%% e@%gﬁﬁnéﬂ? f or
noving sai d esgaARe-difidtion rcﬁﬁxttrraallnmmé nmot or -shaft at each of said [err]

Spgced 8. A hydraulic power and control system in accordance
: N~ . with Claim 2 wherein said pump means comprises a

reversible variable volume pump having a control plate
-7 15 coupled with said reversiﬁg means.
9. A hydraulic power and control system in accordance
with Claim 8 wherein said reversing means is a rotary cam
having a continuous cam groove, a cam follower mounted in
said cam groove, and an operating link connected between
20 said cam follower and said pump control plate.
10. A hydraulic powe;'and control system in accordance
with Claim 9 wherein said reversing means is a scotch
yoke assembly connected between said motor and said
control plate of said pump. dccof'dc'ﬂ ke Claim 2
3 25 11. A hydraulic power and control systeﬁ(wherein said
direction control means, said reversing means, and said
hydraulic motor comprise a control valve assembly further
including a shaft driven by said motor, a stop cam on
said shaft having a latch surface thereon, an index plate
30 mounted for movement relative to said stop cam and having
| spaced latch surfaces for engaging said cam latch surface
at positions of rotation of said stop cam corresponding
with said first and second positions of said fluid
direction control means for restraining said stop cam
35 . when said member is intermediate said first and second



positions of rotation; a first two Egnected with said
ot piston as '

third hydraulic punp and w th one of
operating said escapenent responsive to 40  “said hydraulic mechani sm

reaching a first position; and~ a38etond Timit valve connected with said

nmblies for

third hydraulic punp and the other of said pi |l ot pistonTassenblies for
operating said escape- _nent responsive to said mechanismreaching a second

positiorPositions amd fop rp)gAgiPrgc Syick SR At okAaRCEaRPt KO& ai m 16

Sife £a t BV ssagdrremelr%mgscmteva{hs/,okepﬂmhanpsartbayl Ngox Cross;
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plate respyaginge positicnBamndotdann vélsase prshkiphas, respeingdviel ock

moury ed {91 adidA9 SRIAELIENndibeSAl ‘itch§§dp|?i§s@| i a@e%%% of said
pl ate perpendj cular to sald slot in sald plate for holding said plate as
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12, a hydrauli_c power and control system in accordance

with Claim 11 wherein said reversing means is a rotary.

cam having a continuous cam'groove, a cam follower in
said cam groove, and an operating arm connected between
said cam follower.for operating said direction control
means. L _

13. a hydraullc power and control system in accordance

"~ with Claim 11 wherein said reversing means is a scotch

20

25

30

35

yoke assembly including a crank shaft on said stop cam, a
cross plate coupled with said ° crank shaft for
reciprocating movement as said stop cam rotates, and said
direction control means is coupled with said cross plate.
l14. A hydraulic power and control system in accordance
with Claim 13 where said direction control means

comprises valve means opened and closed by said cross

plate and connectible between said pump means and a fluid

reservoir for selectively controlling discharge of

hydraulic fluid from said pump means to said hydraulic
mechénism'on said reservoir.

15. A hydraulic power and control system in accordance
with Claim 14 wherein said stop cam comprises first and
second cams in superimposed relation each having a stop
surface thereon for engagement by said index plate to
restrain said cam at 180° intervals of rotations and said

ween said first and second hydraulic punps and said
&HAFem each of said val ve assenblies havi ng a poppet

cam

I C nechanlsn1|n

.



portion for neteringiflow between §5;H:5§€:512§§Ed:tt£§t and second Bé
hydraul i ¢ punps connected with said valve assenbly and said reservoir for
contrdlling acceleration and decel eration of said hydraulic nmechanism 20.
A-'hydraulic systemin accordance with claim/[err] wherein said hydraulic

not or, said escapenent,  said pilot piston assenblies operating said index

pl ate of said escapenent, said scotch” € nechanism and said direction
control valve assenblic 5 are packaged in a conmmon -housi ng having a
conmon return indextopbate reswpwises hiirsiul iand i reescdrghdisvperd mpmised i mit
val ves, \a hydr LS| ne: | eadd .o ' I3 i l;eadi ng
T om sai oS A e S e Aoy i SidP
first and secofECRaFd® 28deMBiideLigSts ANE F9RNT L 2EP% r BRCDaPG¥1ING) 2

An accel er ati ostepd slirfacle oangadddisie valivh agsensiypl urdaedl i 69 ahe

ComnCersonbof BLAEYA (EFUBEA- SHRPT E&BRePOSHT) BV LRAR, Bl
reservoir; a cekepnsetfaces geeims spacgdirkBN | arAittor nounted on said

hﬁUfsit ng alnddhayis?g R ﬁﬁ}agsuﬂ&e%wb&g drd oc&ﬁihfbhlhogiiée&h &hprahccc%“f}mc%ai d
Shart Ll vl g, LAoB£0 e ahocalbl e GERl "Nibg cber hntal Sp
~centra openi ngpihetal nmavemant sandacaingle ysiimgasd oskidndtoparsyrfaicesl0
‘menbers aj honegn Wk DaS¢hdek’ BTht809aEE201EGHLAE TR phank® ddieiRicular
: to a line drawn from said planes to the axis of pivotal
N movement of said index plétes.
17. A hydréulic power and control system for operating
_ hydraulic :eciprocating mechanism comprising: a_reservoir'
15 for hydraulic power fluid; a first hydrauiic pump having
a discharge line connected with one inlet of said
' hydraulic mechanism for operating said 'mechanism in a
first direction; a return line from said first pump
discharge line to return powér fluid to said reservoir
20 when said mechanism is.operating in a  second direction; a
second hydfaulic pump having a discharge line connected
with a second inlet of said hydraulic mechanism for
operating said mechanism in said second direction; a
o return line connected from said second pump discharge
7 25 line for recirCulating'power fluid to said reservoir when
said mechanism is operating in said first direction; a
direction control valve connected between said reservoir
: and said discharge lines from said first and second pumps
for .selectively _recirculatihg 'power' fluid to said
30 reservoir from one of said first and second pumps while
the other of said pumps is delivering power fluid to said
hydraulic mechanism; fevéfsing.means connected with said
direction control valvé'for changing said valve between
first and second positions to change said directions of
35 operatibn and holding said valve in one of said positions
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paced [err] apart for rel easably engaging said camat [er
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secur edobn satdtn@m1entemmuu@ ahadg amemersispacmdahat eand| ysat@dm the axis

of said

15

direction control valve are sequentlally pos1tloned for
directing power fluid from said first and second pumps to
said hydraulic mechanism for operating said mechanism in
said first and second directions;'firét and sécond pilot
piston assemblies operabie with said escapement for

. moving said escapement to restrain said motor shaft at

20 -

25

30

35
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each of said 189° spaced positions of rotation; a first
two position 1limit wvalve connected with said third
hydraulic_ pump and with  one of said pilot piston
assemblies for operating said escapement responsive to

said hydraulic mechanism reaching a first positibn; and a

second limit valve connected with said third hydraulic
pump and the other of said pilot piston assemblies for
operating said escapement responsive to'éaid mechanism
reaching a second position.

18.. A hydraulic system in accordance with Claim 17
wherein said reversing means is a scotch yoke mechanism
having a cross plate provided with an elongated slot, a
qfank pin mounted on said stop cam extending through said
cross plate slot for reciprocating said cross- plate
responsive to circular motion of said crank pih, a guide
block mounted for sliding engagement by said cross plate
along an edge of said plate perpendicular to said slot in
said plate for holding said plate as said plate is

v



35 camon the S|de»of sald canpeppesrrE“frﬁﬁfgard notor shaft, a cross

ol at e' mounted on said crank shaft havi ng- an eIongated sl ot recelving sai d
crank *shaft for reciprocating said ¢cross plate in a direction perpendicul ar
to the .axis of said crank shaft as said crank shaft rotates with said stop
cam said cross plate 40 havi ng a bear, ing edge extendi ng perpendicular to
the axis of said crank shaft slot, and 3 gui de bl ock secured with sald

housi ng havi ng_a gui de su f.ace en sai ui de surface of sai
cross plate fofeFRTRFRAFELIRY 3 é% tkaq 4i§ﬂ41ﬁ%ﬁﬂf %ﬁQ§a|& gross
pl ate tbbstralgh¢s$|pbatecwptbcaaLdgdhnécbnodSconasotawdlveofsrphaWan@s

opor at ed by Sabgier A3k esILh, AbAAd ColiyaNdon Rt abNe FRRATIIGhs

nount ed on eac osite si sal cou Ved w th sard
_scotch yoke cr‘é@ér®$m'éd¥féﬁ BhER| ﬁgpaﬁaté| @gidnngtdwppeﬁ faidesross
responsive to ﬁggt@roca- tlng novenment of said cross plate, said poppet

val ve assenbl i ncl udi a val ve bhod eni n to,said usi ng
for comuni - g?ron tﬁ‘?gﬁaﬁlléﬁl d"sF Sﬁ‘bd§7naﬁﬁc\é§%%nﬁ8u37lr1t3‘ %fgh‘f‘dq%
hydraul i ¢ ret uvhetéeie SeadldgrécbnmsacdnhnotlnglveachmpansesaEuQSbo@wd

having a side BQ&Bn&W?é Wﬁé&aé%@’é'%%ét{‘ %&'f@# bk %W ng a

bore therein and an ann ar va ve seat n an i nwar theréo a

poppet val ve aSeBREPYLiRAnELeW| hetweengsaid §irgthadd AaFond PWRRIIC sai d
val ve sealp havpigipenaadnuaia twmwpneéhaﬁuﬂ, p@atcmorbf:ngagaahzlaawth :

said valve [erg] for, ngl esi 09 £l o throuah 521 fe PORRS: 1P ¥8, Suetll A dipPPe!

R flow between said one of said first and second hydraulic
pumps connected with ~said wvalve assembly ‘and said
reservoir for controlllng “acceleration and deceleration

i5 of said hydraulic mechanlsm.ﬂ

20. A hydraulic system  in accordance with Claim 19
wherein said hydraulic motor, said escapement, said pilot
‘piston assemblies operating said index plate of said
escapement, said scotch yoke mechanism, and said
20 direction control valve assemblies are packaged in a
common housing having a common reiurn line to said
reéervoir, hydraulic lines leading to said limit valves,
a hydraulic line leading to said motor, and hydraulic
lines leading from said first and second hydraulic pump
iwﬁ 25 discharge lines to said first and second valve assemblies

of said direction control' valve. '
21. An acceleration and direction control valve assembly
for operating a reciprocating hydraulic mechanism
comprising: a housing having a port for connection of a
30 hydraulic return line leading to a hydraulic fluid
reservoir; a continuous torqﬁe hydraulic motor mounted on
said housing and have a shaft extending into said
housing; stop~cam on said shaft including front and rear
cam plates each having -a peripheral stop surface arranged

35 in tandem on one side of said cam; an index plate having

5
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nmoves relative to said valve seat, a piston on said popp&fy val ve 60 for

bi asi ng sai d val ve cl osed, said piston being novable in id valve seat © s

outward of said side port in said valve body, and said poppet val ve havi'ng

means on an inward end thereof for coupling with said scotch yoke cross

plate, said poppet valves being_opened and cl osed by reciprocating novenent

of said cross 65 pl ate, one of said valves being closed while the other

of said, Vé%xﬁgaisoﬁgﬁf'ng 2@herein " FOA Oba Y@ Ui 25 Hnd NeAGHOT dance with

claim[err sald stop surfaces on said stop cam and on said j4fdex
pl at e afBAf EPAEJPLALE MEELEHS Hdi NPT aRbeht sﬁbdafé'PPEulaéﬁd FRRMr awnfh an
axi s cotafl flenbers} hth8einxsi@eokdsgal dfpisedd [Minddx0rplwaial memacyl at e. 23.

A hydraul i ower and _contral st faor ratln a.re

hydr aul Fﬁcﬁegﬁgﬁf’gm c3%8P| ssluﬁfag %g]l‘l 515’!‘33%\? % g:\slersgallﬁ scﬁgfidr auli c punp
conhect edrfacassainl rsﬁirdauk:am nipehber $m fSﬁlq)O\A@IdlePFg Biatie mestemi sm in
first aQQrfSEQdeQ%BQCEb?EEd 380° 2pRARR! FYr VAL LB AAY Ald Ly a

cont i nuous _t orque c notor connected with sald cons %ant vol une punp;
a drlveséhnganﬁ%xﬁ%w m}?ﬁeE%?HsCGﬁUQﬂﬁﬁE$QQH?ﬁesﬁﬁ@oFaWM?%%capenent
con- nesatd widtlorsastafit; vea spakbti npimdlatguaadm&ir yhcam;bn midi drive

shaf't h%)(h@g §l§%8p1§‘ygf§g? &an 1f<9{§'§r é(nt&?{‘f’é fi‘)?l vg | ndex
pl at e. aroun cam noun novenen Ive 1o said cam
sal@ i ngekdpraterhghafy mz«xptgw-ram@gntmgmsald index plate for :
movement along an arc between said first and second stop
cam positions for ehgagement between said index plate
stop surfaces and said cam stop surfaces for .restraining
said cam at said 180° intervals of rotation; said index
15 glate having an operating 1lug extending outwardly
radially along a side of 'said index plate opposite said
pivot pin through said plate for pivoting said index
plate on said pin b_etv;e_en-said first and second cam stop
surface engaging positions; hydraulic pilot piston
20 assemblies in said housing on opposite sides of said
index plate lug, said pistons of séid assemblies being
engageable with opposite sides of said index plate 1lug
for hydraulically pivoting said index plate between said .
stop cam positions, each of said pilot piston assemblies
25 including means for connection of a hydraulic line for
supplying hydraulic fluid to operate each of said piston
assemblies for controlling said index plate; a scotch
yoke . assembly connected with said stop cam including a
_ crank shaft secured on said cam.extending along an axis
30 spaced laterally from the axis of said cam on the side of
said cam opposite from said motor shaft, a cross plate
mounted on said crank shaft having an elongated slot
receiving said crank shaft for reciprocating said cross
plate in a direction perpendicular to the axis of said
35 crank shaft as said crank shaft rotates with said stop



engageabl e Wi th said cam stop surm said camat 180

| aterval s of rotati oh and hydraulic pilot piston assem blies engageabl e
with said index plate for pivoting said indéex 15 pl ate between first
and second positions for restraining said camat said [err] intervals; a
camon a reciprocating nenber of said I4>3dr'aul I c mechanism limt valves for
engagenment by sai d reci procating nenber camat first and second positions

of said menber ;g Eﬁl%cér'o%% Cﬁu@ét haeanpetawesaa%ilhe lddgd ¥§E¥ﬁ§1ﬂ<§'d 20

sai d const ant vo raulic punp; hydraulic¢ _|ine cohnect’l ons between
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fromsaid l[imt ves when sal e e sald fl]
second positi or1""§1 ce e'?%a}g?ﬁ)w hg g‘g% ld %“qeasel ?&P%%{:\Aegﬁ s;aéll f?rgg
second posi> tipdredearfbr dyek&ing saax:ﬂuqdeas pPéE@eattcorﬂelmft sfm‘delll%'ﬂF]Of

intervals of rqiAld oMy Ipqa%@ @_o”%@i‘ﬁringiinbnrEb’iﬁEoéH@:.ﬁQCﬂBnghr8§'
tlons a rotary cam on Salél.ﬁh rau I c noto aV|n a Cogt_t tlnuoua cam
I

groove; a cam %S5 aﬁ%l %ﬁl‘ °ra
bet ween sai d camanf;oldraives pnplpe*al daleeeassbinblyydbanlted mmpeécm of two

controlling th t o) n I [ « Sa
Fespons ve t o CHEPEE hdhs BE BRLE RSN WBLA S VI EP QA1 G0oRRAD
hydr aul i c A ui ¥ake sarasfydlatie cfascmrenindgt asde pbasirdn sHid&aPaPPAlex

pl gte to 35 vﬂﬁ?satr%s%@rﬁlb)éd&%mrbﬁl aﬁr&us@ m&ar&ﬁeleltf bffisbagar eebsgg
hydraul 16 devi Y AR 310 (PRREED) JPL9Fs SPSPRBLEFReroastt s e RRIRE, oflc
for—operating saldrmyblmdml opemiobanindo | saddi dhosedmgd Thr ecompnnication
' through said valve body and said housing to . said
15 hydraulic return line leading from said housing, each
. said valve body having a side port therein a valve seat
mounted in said valve body having a bore therein and an
annular valve seat on an inward end thereof, a poppet
valve assembly mounted in said body and said bore of said
20 valve seat having an annular tapered poppet valve portion
engageable with said valve seat for metering flow through
said poppet valve as said poppet valve moves relative to
said valve seat, a piston on said poppet valve for
biasing said valve closed, said piston being movabile in
25 said valve seat outward of said side port in said valve
body, and said poppet valve having means on an inward end
thereof for coupling with said scotch yoke cross plate,
said poppet valves "~ being opened” and <closed ' by
reciprocating movement of said éross plate, one of said
30 valves being closed while the other of said valves is
" open.
22. A control valve assembly in accordance with Claim 21
wherein said stop surfaces on said stop cam and on said
index plate are formed in planes extending tangent to a
35 circular arc drawn on an axis coincident with the axis of



-38- 24. A hydraulic power and control. systemin accmrdance with claim
23 wherein a hydraulic fluid neterﬁﬁgiﬁélﬁéz%ngﬁEFﬁagd the line between,
"said constant vol ume punp and said continuous torque motor for varying the
speed of operation of said notor to control the acceleration and .
decel eration of said hydraul i-c 44echani sm when sai d devi ce changes

directions of operation. 25. A hydraulic power unit, substantially as

descri gt i JefBe ey IRidieswid.n, Figures 1 to 10, Figure 11 or

Figure 12 of t.he
g 23. A hydrau 1c£%ower and control system for operatlng a .;4p

reciprocating hydraulic mechanism compr151ng: a variable
volume reversiblie hydraulic pump connected with said
5 hydraulic mechanism for powering said mechanism in first
and second directions; a constant volume hydraulic pump; :
. a continuous torque hydraulic motor connected with said
constant volume pump; a drive shaft connected with said
continuous torgue motor; an escapement connected with
10 said drive shaft including a rotary cam on said drive
- shaft having a stop surface on the periphery thereof and
an index plate around said cam mounted for pivotal _
" movement relative to said cam, said index plate having g
stop surfaces engageable with said cam stop surface for
15 restraining said cam at 180° intervals of rotation, and
hydraulic pilot piston assembilies engageable'with said
index plate for pivoting said index plate between first
and second positions for restraining said cam at said
180° intervals; a cam on a reciprocating member of said
20 hydraulic mechanism; limit valves for engagement by said
réciprocating_member cam at first and second positions of
said member; hydréulic line connections between said
limit wvalves and said constant volume hydréulic pump;
hydraulic line connections between said limit valves and
25 said escapement pilot piston assemblies for operating
said pilot piston assemblies responsive to hYdraulic
fluid pressure signals from said limit valves when said
member reaches each of said first and second positions
for moving said index plate between said first and second
30 positions and restrain said index plate at one of said
180°
first and second directions; a rotary cam on said

intervals of rotation while said member moves in
hydraulic motor shaft having a continuous cam groove; a

cam following in said cam groove; and an operating link
35 between said cam following and said reversible hydraulic
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pump for contrélling the direction of operation and
volume discharge of said pump responsive to said cam

follower whereby said pump is operated to discharge

hydraulic fluid to said hydraulic mechanism at one
position of said index plate to operate said hydraulic
mechanism in said first direction and to operate said
reversible pump to discharge hydraulic fluid to said
hydraulic device when said indéx plate is at the other of
said positions for operating said hydraulic mechanism in
said second direction.

24. A hydraulic power and control system in accordance
with Claim 23 wherein a hydraulic fluid metering valve is
included in the line between said constant volume pump
and said continuous torgque motor for varying the speed of
operation of said motor to control the acceleration and
deceleration of said hydraulic mechanism when said device
changes directions of operation.

25. A hydraulic power unit, substantially as described
kith reference to, or as shown in, Figures 1 to 10,
Figure 11 or Figure 12 of the drawings.




