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~ of their strokes.

- ‘then to the cther,

Patented Feb. 24, 1953

UNITED

STATES PATENT OFFICE

2,629,329

2,629,329 B
DEEP WELL PUMP

Hewerd E Rese, Pemnsule, Ohw, and Franklin
- M. MacDeugall, Kirkwood, and Roger W.
‘Scheen, Ferguson, Mo., assignors to Alco Valve
Company, Unwer51ty Clty, Me., a corperetlon_

ef Mlssouri

Appllcatmn Oeteber 4 1946 Serml Ne 701,166
(CL 103-46) '

| 17 Clmms

The p1esent uwentmn 1e1a,tee to a. . deep well

| pumper

pipe to the top of the well in which the power oil

- .ig subjected to pressure that produces a, pressure
| ~ eondition at the bottom of the well greater than

- the column of oil being pumped. This power oil .

S ‘That is to say, it has particular ad- .
~vantages in connection with deep well pumping,
- although it will be understood that its feetmes |
- .are epplzeeble to ether .Lele,ted operations.
In particular, this pumper is of the type hav-
 ing a pumping mechanism disposed adjacent the
- bottom of a weill and connected by a power oil

9

A f'urtherebject of the iﬁvention is to prdvide

a dashpot plunger, one end of which is in com-

- munication with the pressure chamber of the

- reversing valve mechanism, and valve means
“associated with the dashpot . plunger, through

" which the oil from the exhausting cylinder may
- -charge the pressure chamber, in an arrangement
- by which the valve is closed by the main piston,

10

and which dashpot plunger is thereaffer actu-

ated by the main piston, so that the entrapped

- dashpot oil is then caused to be subjected to

~ is used to cause operation of the pumpmcr meche- B

_' . -jmsm dlepe sed in the bottom of the well,

- power oil upon pumping piston means.

double-acting . piston, having two piston heads
| The cylinders, on 20
- corresponding sides of the two pistons, are alter-

nately subjected to the power oil, so that the two

~ each eperetmg in a cylinder.

,.plstens are alternately driven in opposite direc-
‘tions. The cmrespendmg sides of the cylinders
on. the opposite sides of the pistons are those

. Whl('h alternately draw 0il from the well and

 eject it into the eesmg ebove the pumpmg meche,- o
- nismi. |

It is an ebjeet of thle 1nvent10n te prewde

L velvmg meehamsm for controlling the disposi-
- tion of the power o0il to the pistons alternately,
~ which valving mechanism is reversed by a force .
produced as the pistons approach the extremes

- Paltlcalerly, it is an object of
_the invention to provide a valving mechanism

:.:".whlch ﬂret eppbee power oil to one piston and

exhausting the power oil pre~

25

30

ton stops.
~ vide the complete piston travel through the
‘medium of a pilot valve 111 the leversmg valve

- developed out of circular arrengement

pressure that actuates the reversing valve.

Further objects include the provision of means

- to provide complete piston travel before the pis-

 In the present invention, a valving means is 15
'pwmded for controlling the. disposition of this

In per-

ticular, the pumping mechanism comprises a

Particularly, it is an object to pro-

mechanism.
A further object is to provide velves thet are
initially loaded so that they W_ﬂ_l stert the mecha- |

nism in the right dlrectmn

‘In the drawings: |
- Fig. 1 is a broken view of the pumpmg :mecha—

. nism, shown in diametric section:

Fig. 2 is an enlarged view 111 sectlon of one. ef

i':_ _the dashpot plungers: and

Fig. 3 is a d1agrammatw sectmn showmg the ]

) velve mechanism.

The mechanism. may be uneersteod by refe1- .

ring to Fig. 3, wherein the valve mecha,msm is

There

. is a well casing {8. This well casing {0 has a

viously supehed to said other plsfen while it is

| -_-'_apmvnw power oil to the.
~pressure develeped frem uhe exheustmg pressure

~ oil to reverse the valve mechanism. 3
- It is a further eb.]eet Lo empley the felegomg-_g .
_evetem to act as a dashpot means for the pistons. =
- It is a particular ebiect to provide a pumping.
45
- therethrough that communicates with the sup-
- ply of oil in the well that is to be pumped. This
- ‘passage 15 connects with an elongated tube or
passage IT that leads up to the upper head (3.

device and a revelemg valve mechemsm that

- relieves the power substantially concur ently with

"~ the arrival of the piston at the end of its stroke. ..
. More particularly, it is an object of the inven-
. tmn to employ the. exhausting power. oil from -
- the exhausting pi iston. to charge a reversing pres-
" -_--__,eure chamber fm reversing valve mechanism, and

rst one, and employing

conventional shoe ([ at its bhottom, this shoe

- being designated dlegre,mmetleally in Fig. 3.
- The shoe has a tapered opening therethrough.

A pumper mechemsm comprises a tubular

portion 12 having an upper head 13 thereon and
- a. lower head

{4 thereon. This lower head is

~ tapered and fits in sealing relation into the

40
- the pump casing 12, which is smaller in diameter
~than the well casing 10, provides a space {5 within

tapered opening of the shoe 1. B:sr thls means,

the casing above the shoe, for the receptmn of

.. the oil that is pumped.

then toe cause pressure to be e,ppiled thleugh

o the eetuen of the piston, to the oil thus charged

to the pressure ehembel . whereby to reverse

i,he valve meehemem

The lower head 14 has a central pessege 16

In the upper head 13, the passage 16 connects

through a ball eheck valve or the line (8 with
‘the upper end of an upper cylinder formed by a

cylinder wall member (9 that is attached to the |
head and is smaller in diameter than the pumper
__;-eesmg 12. The cylinder l9 is eennected at its




N “means of power oil.
the top of the upper head 13 through a passage

'of the three-land type.

- vide an upper valve passage 49 and a lower
| “They also provide an upper
- -pressure chamber 5! and a lower pressure cham-
 ber 52. to receive fluid under pressure for the
| ."ectuetlon of the valve 48 either up or down. A
- coil spring 3 in the lower pressure chamber 52

26

28,

3

" lewer end with a valve mechanism heusin gen -

~ erally desighated at 28.
- valve mechanism housing 28 is connected to a

The lower end of the

lower cylinder 2i that is attached at its lower

- end to the head (4. The tube or passage I'l that
- leads 1111:0 the head (8 connects across a ball

2,620,320

check valve 22 1nt0 the lower end of the cylin-

B der 21.

~ There is a piston 2& reclplocable within the
‘upper cylinder casing 19. This piston is mount-
ed upon a piston rod 25 that slidably passes

“through the valve housing 28 into the lower cyl-
inder caemg 2{ where it supports a second pis-
o The two pistons 24 and 26 thereby re-

~ ciprocate together in their respective cylinders.

_ten 20.

- sage B2 and a lower valve passage 4.
10

The piston 2§ divides the cylinder 19 infto op-@ )

posite chambers. The one above the piston 24

o is designated at 28; that below the piston 24

" is designated at 29. In like manner, the piston

o - 28 divides its cylinder into an upper chamber

| 33 and a lower chamber 3i.

S The upper chamber 28 of the plston 24 con-
N neets through a ball check valve 33 by way of

. & passage 34 with the space 5 between the well.
-gasing 18 and the pump casing (2. In like man-~

qner, the lower chamber 3! below the piston 26

- connects across a ball check valve 3T by Way of
| - T atits oppoelte pressure chambers §5 and &6 under

g passage 38 to the space [5.

It may be seen that, when the plstan 24 -
30
when the

descends it may open the check valve i8 and

eclose . the check valve 33. Likewise,
piston 28 gscends, it may open the check velve
22 and close the check valve 31.

" of the valve 438,

_ 4
T bz,r the valve paesage 580. It is cut off from the _

pressure passage 41 by the valve.
The slide valve 48 is adapted fto be euetueted

by power oil applied oppositely to its pressure o
‘chambers 3 and 52.

- This is controlied by a
three-land pilot valve 62, that reciprocates Wlth—

in the cylinder 45 in the housing 28.

The three lands provide an upper valve pas~
Above
the valve 62, there is a pressure chamber 83, and
helow it is a pressure chamber 66. A coil spring
E7 nor ‘mally urges the valve 52 downwardly. "
The cylinder 45 is connected by an upper pas-
sege 58 that leads to the pressure chamber §i
It is likewise connected by a
corresponding passage 69 with the lowser pres-

~ sure chamber 52 of the valve 438. The chamber

&5 is also counnected toward its opposite ends

B by ports 76 and Tf with an exhaust passe,ge 12

20
- shown, this passage 72 connects wifh the valve o
- cylinder 48,

)
R b |

that eonstantly opens to the passage (8.

| but is constantly open around the.
valve therein, as by a groove. The two exhaust
ports 70 and 7§ are spaced to be controlled by
the end lands of the valve §2. The mlddle land -

- _controls the pressure oil port 24.

The valve 62 is actuated by pressme mtrodueed

control of a four-land double- acting pressure
relief valve 18 that remproce,te-; in -the cylinder

£5. The four lands provide an upper valve pas-

- sage 78, a middle pasage 13, and a lower pa&sage

T

The pump pistons are actuated opposﬂ;ely by_;-' -.

This oil is introduced into

48, It will be understood that the passage 40
18 cenneeted by a pipe fo the top of the well

' r;Whele 8 pressure applying mechamsm is dis-
~posed to maintain a pressure on the oil column

~ at the bottom of the line 40 that is sreater than
- the head of pressure of the oil column being

o liftea. .
‘The passae‘e 4[! in the head l3 connects by a
p1pe 4¢{ down into the housing 20 for the valve

40

ehamber 81, and below it a p1 essure chamber 82.
 The Valve 16 1s shewn In a lower p051t1011 in
Fig. 3. 'This valve has an extending valve stem

86 pro;}eetmg into the upper pressure chamber

6f. If has a liead 87 at ifs extreme end. Be-

‘tween the head 87 and the first land on the valve, "

there is a coil spring 88 that acts oppositely

 against two collars 89 and 80, normally urging
- them apart.

A tubular member 8§ is attached --

~ into the valve housing 28, and it has a hollow

45

mechanism. In this housing 280, the pipe 41 leads

- {0 a mid-portion thereof.

 ‘nected by a cross port 44 that, at all times, opens
into a pilot valve chamber 45 and a double- act-—

ing relief valve cylindrical chamber 4§.

This pipe 41 within
. the valve housing 28 opens directly into a revers-

- ing valve cylindrical chamber 43 and is con- 0
b

The cylinder 43 receives a reversing valve 48

~ valve passage -59.

normally urges the valve upwardly.

The three lands pro- :_55

60

The valve chamber 43 has a connection by Way '

of a passage 55 leading through the valve hous-

) “-ing 28 to the piston chamber 2§ below the pis-
ton 24. It also has a correspondmg passage 9%

that- leads to the chamber 38 above the plston

in add:ttlon
57 and 58 that connect with the receiving space

- 13. It may be seen that, when the valve 48 is
in its indicated position, the pipe 41 is connected

| threugh the valve passage 49 with the passage

5§ leading to the che,mber 29 below the piston
The exhaust passage 5% is closed. The lower

o passage 58 is connected to the exhaust passage

65

it has two exhaust pa,ssages 3

70

cap. 92. In relieved position, the spring 88
causes the collar 8% to move upwardly to engage

the cap 92: and it also urges the collar 890 down-
wardly to engage the end of the valve housing
29 adjacent the. fittineg of the tube 9i.

In- this
position, the two collars 8% and 98 may be in
engagement with the cap 92 and the upper valve

land, respectively, and the valve will be. yield-
~ably mamtamed in neutral position. When the

valve is moved to the position shown, the spring,
is compressed between the collar 88, whieh is

.beld against downward movement, and the col~
lar 89 which is forced downwardly. When the -

~ valve .is moved oppositely from its neutral posi- -
tion,. the upper land will engage the collar 90

and force it upwardly, while the collar 88 is held -
by the cap 92.
loosely fitted in their respective p&lts so tha,t .
fluig can flow past them. S
The pressure passage 44 convlects 1nto the

cylinder 46 in the valve passage 79 of the valve

16. 'The cylinder 46 likewise is connected by a
pasea,t,e 45 to the pressure chamber §§ above
the valve 62. The cylinder 46 is llkeW1se con-

nected by a passage 86 with the pressure cham-
- ber 66 below the valve 62.

It likewise 1s con~
nected to exhaust through the passage az at ifs
upper end and a port 97 at its lower end. These

- two exhaust ports connect into the apaee {5 with~
~_ in the outer casing {0.

51

The opposite ends of the valve 16 ale adepted
to be connected, respectwely, to _the inner cylin-

Above the valve 176, there is a pressure

The two collars 89 and 90 are -



C stem.

" material at 132.

o :der spaces 29 and 30 (}f the two DlStOIlS 24 end

3,629, 329

28. To this end, there is an upper passage 100

ThlS dashpot cyunder receives  a. plunger

) _tlon will appear hereaftel

- leading from the pressure chamber 81 above the
- valve T6 and connecting into a. dashpot cylinder
-~ far.
102 that is ported at 103 with a control valve 104
- af the. top thereof. The. detalls of th1e censtruw. :

5

In like manner, the lower plessuie Cl’l&IﬂﬂEl

- ﬁ_“'f:82 of the valve 16 is connected by a passage 108

10

into a lower deshpot cylmdel 109 that receives -

- a dashpat plunger !IIJ contmlled by & velve o

. .;-._.III as will appear. =~ |
- The censtructmn ef the dashpot pmnge_ 1s as
15

N shown in Fig. 2. Both of the two dashpot ar-

' .;rangements that 1s the one fm the upper. p1sten _ﬁ

.24 and the lower piston. 2§, are igentical.

- Fig.
2 shows the one for the lower piston. |

ates in s

Tt consists
~ . of a sliding plunger head {29 that is prevenied
~ from shdmg out. the end of the eyhnder by the

20

25

30

 collar 118. Itis normally urged by a coil splmg o

 -"'*!2| toward the collar. .

.The head 1290 1ecelves E threeeex_., prejeetlen;--f

- of a tubular stem 122 that ‘has a passage 123
A _therethrough This - stem, in turn, receives a .
- valve housing element (24 that is threaded in

. the manner shown fo the stem. uz ._
. ber 124 prev:tdes a spring chamber 125 that, in
- return, has a valve stem 126 operating therein.
. This valve stem has a flange 27 egmnst which a
- coil spring 128 acts ‘normally to urge the stem -
- outwardly. Out51de of the tubuler element 126 -
~is the valve head i1l which is secured to the
- | 125 ‘communicafes
-+ around the valve stem 126 so that fluid flow can
.. take place eround the heed fif of the vehe and

126. 'The chamber

-' thlough an axial opemng 129, which is of vary-

'I‘he meme-

.45‘

~ tom of the reversing valve housing 28. The up-
I

Lo
=

Fig 1 15 prowded 'I‘his shemng omits the ar-
rangement: of the reversing valve. mechemsm
“save for certain perim which indicate how it is
assembled into the. pump casing. Fig. 1 does
‘not show the outer well casing (9. | |

As shown in Fig. 1, the pump casing {2 is made
~of several sections. There is an upper section
" f2¢ which continues down to-the reversing valve -
mechamsm housing 20, to which it is threaded,
as indicated in the second column of Fig. 1. A
lower pump casing section (2b, as shown in the
thlrd column of Fig. 1, is threaded onto the bot-

“per head {3 likewise is a composite member.
will be seen from the first column of Fig.l to

be fitted into the upper casing element i2¢ it may

be slipped upwardly thereinto from the lower

| . part of the casing. Above the portion {3¢ there
The main valve housing 20 is provided Wlth a
. cylindrical extension (15 onto which the Jower
- cylinder 21 is secured. . The piston rod 25 oper-
- cylindrical pee sage (L8 in this emen-r
" sion [i5. The extension 11§ also receives the -

- end of the passage {08 and_ the. cylmder {09, A
- . collar 118 is sealed mto the open end of fhe cyhn-
o 'del [09. | -
- - “The plston Hﬂ that 1ee1p10eetes Wlthm ‘the
B .cylinder 09 is a composite member. -

is a. union member 138 havmg a head 13c +that
can be clemped dewm"‘qef‘dly by a mree,:ied unisn

- ring 13d, against the top of the front main head
- member (3a. A spacer ring 3¢ is pessed over

the ring I3ci and is surmounted by a union cap
{3f mth a, ﬁnal nut I3g holdmg the perts to-

:gether

The tubular eonnecter I3b contems the uppe1 |

) 'part 40¢ of the pressure passage. The upper end
~ of the connector 136 is adapted tc be connected_'

‘with a power oil pipe leading to the surface. |
The lower member 13¢c of the upper member
(3B has an enlargems snt 480 connecting with the
passage 40a so that the passage 48a may lead
into an ofl-center passage section 40c, regardless

- of the angular disposition of the upper connectez

~ 13b relative to the main head portion {8a. -
The pipe &t is connected, as shown in the first

- mlumn of Fig. 1, to the lower part of the passags

48c. "This pipe leads down to the lower part of
‘the second column of ¥ig. i, where iv is con-
nected into the housmg 20 for the rever emg Valve o
-mechanism. -

“The upper head. membe; IE is. cennecteu:i to the

© cylinder 9 that is smaller than the pump casing

12, . The cylinder {9 is, in. turn, connected with

an extensmn ({5 of the housmg 22, as shown in |

‘the first two celumns ef F1g 1 and pmrtlculexly

- thesecond one.

- ing diameters, into the spring chamber 125, and

S -_thence into the passage 123.t0 enter the eylmdel .
.~ 109. The valve head is tapered on its inner end
- and may engage with a sealing ring of. resﬂlent
The taper on.the valve head
~ spreads. this seelmg ring. eutwa,rdw 10 engage
.~ the walls of the pessege 129 and Lrpvent the flow: -
. of fluid therethrough. When the valve head i1 51'2_55-;

- is in its outer position, to which it is urged by

- the coil spring 128, the ring 132 cont“aets eo .3‘5__,
. ;5_:_!'_130 permit the flow of fluid around it. .~ =+ =
.. The head Il} is positioned to be engagee by.j
o g-"the upper face of the piston 26 when the piston
. approaches the end of a
-~ movement of the plsten 26 will close the valve
" til, and thereafter will dlspleee the piston ¢80
Co -i..._-:}upwerdly against. the spring {2f..
.+ - displace the liquid entrapped wzthm the cylin-
- der. 109 through the pe,see ge. i@e to the lewe:t end..
'ef the valve T8, formng the same upwerdl?----

60
its  stroke. “Further -

In like: manner the. plsten 24 can sm‘{e 1ts"-

The fwe pis~

. valve 04, closing" the same, and thereaftel dis-
o place the piston. 102 downwardly.
- ton constructions and their. valve errengemenm
© - are identical, although 1:1:1e upper one 111 Fl“ 3 is -

3 ;"-'Q."_shown disgrammatically. -~ T
. In‘orderto show how. thls pump meehemsm is
:arrenged for ﬁttmg into o well the smwmg ef

70

~ The lewer head. M compllses a battom section -

1 and is threaded into the bottom of the

- pumper cesmg #2D, as.shown in the fourth cecl-
~umn of Fig. 1. It interfits with g secongd head
member- {4b that has a head 1eee1'ved in a re-
cess of a thnd head portlon i4c. The lower cyl-
inder 21 is attached to the head member. fdc.
’T‘he eylmder 21 extends upwardly and is united
at its top to the extension 15 that, at its upper !
end, is.secured to the velve heusmg 20,

] The lower head pDI‘uI{}I‘l {4 has the inlet pas-— -
sa,ge (6 therefh].eugh This mlet rassage is con~

tinnegd at 86 in the head ‘member lféb through

the enlar gement [§c mLo the passage [84 in
the head ‘nember {de.

sege designated 17 in Flg 3. | o
The heusmr' 20 has an erme,te pas.:age Hb.; :

i Lheret’neueh "This connects at its bottom with
- the space I7¢ and at its top with a similar space .
{Tc. The space {ic is fermed within the upper

pump caging Iee e.’hlﬁh e;lse eontams the cylin-
aer i ang the plpe 41, but perts emple peee fOl
the passage of oif upwardly | "

- The passage f8e, in the bottem of ’rhe pump, o
‘opens through the cheek valve 22, shown in dot-

) ted lines at the upper part of the fourth ecl-

- umn of F::g 1; mto the pessage 33 above the eheclr- o

| Tt opens at i8e into the -
lwufer space {7a above the nead !ec ef the ees-—*-_ :
"“"’hls will then_.. . T

| 5_5




'uhe ether is down

o velve 3'! which - is the equivalent of the- struc~ -

~ ture shown in Fig. 1.

At the upper end of the

space {Tc, there is a connection through the

" check valve 18, shown in dotted lines at the bot-
tom of the ﬁret column of Fig. 1, into the pas-
- sage 34 that epens downwe,rdly mto the mteuel
o '-_ef the cylinder 18§. |

Gt

overcome the spring 83.

Henee pOwWer 011 is port-
ed by the directional valve into the cylinder 38

until that cylinder is filled and its piston 28 is
~down. When that conditicn is reached, the power
- 0il will build up pressure in the upper dir ectional

‘valve chamber 5, and the directional valve will.

The upper plstcm 24 eppears in the seeend cel- -'

umn of Fig. 1, and it is attached by the piston
rod 25 with the lower piston 28. The chambers

. below the piston 24, and the chambers 38 ang 3
appear in- the third and fourth eolumns ebove

. ~ and below the piston 26.

The extension: 91 and cap 92 of the 1evels1ng

' - valve mechanism appear above the middle of the

third column of Fig. 1. They are here shown as

connected into the bottom of the valve housing
This is the equivalent structure of that

-1 A
shown in Fig. 3, wherein these parts are shown
as connected into the top of the valve housing.

- Adjacent them is an extension §3e¢ to hold the
' gpring 53 of the reversing valve. o

. The cylinder chamber 23 below the upper pis-
ton & eontems the upper dashpot plunger 182

R valve heuemg Smulerly, the chamber 30 above

10
28 and 28 eppeel in the second column above and

 duces the power oil from the pipe 4t through the
 valve passage 49 and the passage 55 to the cham-

'-1_5 ber 28 below the upper piston 24,

be forced down  against the spring 53.
spring 53 is thus strong enough to resist valve |
‘movement under power oil pressure when the

piston is movable, even though there be zero head

| ef oilin the chamber 52,

- The lowering of the- dlreetmnel valve 48 intr o-f B

time, it ports the chamber 36 ebove the piston

206 te exhaust into the casing space {3 through

the passage 58, the Va,lve passeﬁ'e 5!3 and the

' exhaust passage §8.

20
- below the piston 24 causes this piston to rise
and the piston 26 to rise with 1t..
the piston 24 first opens the valve {04 and then
- permits the plunger
25
- that operates in the upper extension 119 of the

The introduction of power 011 to the ehember 23
elevatlon of

£02 to he elevated by its

spring (21. ©il may then charge the uppel' '

_dashpet system. The valve 76 is the reby sub-

-~ jected at its top t0 pressure oil and et its bot-

the piston 26 contains the lower dashpot plunger

{10. In Fig. 1, the two plstens 24 and 2% arse

breken away from the connecting rod 2% for clar-~

ity. As shown in Fig. 3, one Of them is 11p When

L Opemtzon '.

Wnen the pumpmg meehemem is to be in-

- serted into a well casing 19, it is connected to
 the surface by the power 011 ipe that is fas-
tened to the upper head member 130. It is low-

. ered untﬂ the lower head {4 seats sealingly with
The passage 1§ will thereby be in-~

- the shoe [i.

. troduced into the oil supply Pewe:. oil is ﬁlleda_

o mte the pipe A, |
- At the start, the reversmg valve meehemsm
o -hes the directional valve 48 in its upper posi-

The

- tion under the influence of the spring §3.

pilot: valve 62 is in its lower position under the 4;
- influence of the spring 61.

“in a neutral position undel the mﬂuence of 1ts_ -
~ -balancing spring 83. | |
- Power oil will flow thr ough the passage QB end |
o the passage 41 to the cylinder 43 of the revers-
-~ ing valve and the cross passage 44, from which.

latter it eemmumeates mte the twe eylmders 45

- and 45,

' dner
‘With the reversing valve 48 upwerdly un -~ Diston thereby causes the. double-acting relief

e wer oll may
the infiuence of its spring 53, this power Y 9% yalve to move upwardly against the spring £8.

. flow through the valve passage 38 and the pas- -
. sage 55 to the cylinder 32 above the piston 28, . -
~ Also, with the pilot valve downwardly under the
" jnfluence of its spring 87, power oil may flow .

" through the passage 44 and the upper Velve]pag-__.
ead-
- . ing into the pressure chamber &l above the di-
 rectional valve 48, The lower pressure chamber

. 52 below the reversmg valve 48 is connected to

sage 63 of the pilot valve to the passage 98

‘exhaust when the pilot valve 82 is down, beceuse

' the passageway 68 connects through the lower
o 'pessae*e 84 of the pilot valve 62 with the exhaust
. passage 11 that leads to the space #5.

~ rectional valve will be forced downwardly when

 the pressure differential between the chambers
. - Bfand B2 eroduces a ferce greater then that of

o --the spring 83. . - -

~ When the dlrectmne,l Va,lve is up, portmg power B

ell to the pump cylmder 30, the pressure in-the
- upper directional valve chamber is insufficient to

The relief valve is

| '_ &t
(b |

The di~

2

tom to cil at the pressure produced by the head
in the casing space 18,

This pressure differ- |
ential, even wzlth ZeT0 easmg level head, 1s in-

| suﬁ:lelent to overcome the force of the spring 28,

~and the double- acting valve T8 remains in 1ts .
‘neutral position. Even if the fmeeome were .
.40 shift the valve 16, no ‘change would follow,

as the valve would be lowered Belali ting pressure
oil to the top chamber 65 of the pilot valve. The

spring 87 has already lowered this pilot valve,

40

‘against the spring
pressure to the entr apped oil acting within the -

50 No sh1ft occurs if the foregoing takes place.
“As the pisten 25 rises 1o ward -

soela_ted passages. This entrapped 0il thereupon

~constitutes a substantially inelastic connection =
' between the piston 26 and the lower end of the
double-acting relief valve 16.

mevement of the piston 26 by the action of the :

pressure oil below the upper piston 24 vml cause
the entire plunger {46 to be foreed upwardly
121, - This e;ef'len

 lower chamber 82 of the double-acting relief

80

‘valve, and the continued upward movement of the

In the upward movement of the valve 78 under |

force from the piston 28 acting through the con-
necting entrapped oil, the upper end of the valve

78 can expel oil from the chamber 2 and [s{e)e

._neeued spaces, through the passage 169 and cut

65

~ past the valve (84 that is at such time open. -
‘There is e deshpet g eet m th1e eet...en ef tne

Ve,lve T16. - o | _
It will. b 'andef*stoed tbat e.urmg the upwe._d |

travel of the piston 28, oil is sucked in from the

~well through the lower passage {8 and paet the

70

o

check valve 22, this suction maintaining the valve

.~ 3T closed. Thus the lewer eylmder 3& is ehe,rged o
~ with new oil.

- The elevatmg of the deuble aetmn rellef Vewe,_j
__"'-111 the manner efereseld mtmeuees pressure oil
- -from the passage 44 to the passage 86, Whleh is

‘now connected te the valve passege 'F% et veen o
the twe mlddle lends of the deuele actmg Velve

The

- At the same -

the end of its.
stroke, it strikes the head i of the lewer dash~ |

 pot plunger 118, causing this valve to close, =~
. trapping the oil ebeve the valve contained with~
- in the-cylinder {88, the chamber 82, and the as-

Continued upward

applies :



- valve.

. past the valve 31 into the casing space (5.
. the same time, the upper piston 24 sucks- new_

-~ except for that upon the head of the valv

| Thls pressure 011 ecting thmugh the pessage 96

is delivered to the lower pressure chamber 66 -
At the same tlme the -

of the pilot valve 8§2.
upper chamber 65, which eontams the spring 81,
“is ported ‘threugh the passage 98 to exhaust by

10

.to permit movement only when the greater force

produced by the dashpot plunger is applied to it. -

 This force is a function of the area of the pistons ;

24 and 26 to the area of the plungers 102 and

the upward movement of the double-acting relief

- valve which eenneets the outlet of the paesage

95 with the exhaust passage 917.
| .velve is moved upwardly by thrs shrft
. When the pilot valve moves upwerdly, 11: con-

- neets the pressure oil from the passage 44 to the

valve paseege 64 with the line 69 leedmg to the

" lower pressure chamber 52 below the reversing |
1t ports the upper -
ehamber 51 above the reversmg valve threugh the

At the same time,

1 0

~ passage 6§ with exhaust by way of the valve

passage §3 and: +he exhaust peeseges ‘m and 12.

- Meanwhile the exhaust passage 71 is cut aﬁj

by the bottom land of the valve 82. .
‘The reversing valve is, by the feregomg 2.C-
N tmn moved upwerdly “As will be understood, .

this shzlft;u.'rfr of the reversmg valve cuts the ¢yl-

20

410, Th1s spring may be regulated to the well

'-depth a,s power oil pressure 1s e, funetmn there-..
Eof o -

The pilot and directional valves are 001308113{31,] -“i

spring loaded to assure that the pump will start
__preperly and not hang up, either in a dry casing
or in one containing a head of oil. |
~ power oil pressure will subkject each of the valves

- to the static power oil head at one end, and to
‘the static casing oil head at the other.
springs 52 and 67 are strong enocugh to bias the
valves against a maximumn static drfferentlel be~

“tween these pressures. '
- The pilot valve 82,
‘directional valve 48, prevente 3 Wire-drawn pump

Relief of the .

The .

in combi ne,blen w1th the

stroke. If the pilot valve ‘were not used, and the

~directional valve were operated dneetly by the

inder 29 below the piston 24 to exhaust by way

 of the valve passage 49 and the exhaust passage
- B1, s0o thet this pressure oil may enter the space.

IE Tt alse eute the preesure oil thr ough the low-

er passage 58 of the reversing valve into the
- passage BH that 1eede te ‘Lhe ehamber 39 e,beve--. :

~ the piston 28. . :
The feregeme e,etlon predueee a qmek rerereal
. of the pressure acting in the cylinders 29 and
- 0 At the end of the power stroke, the power
is thus cut off and reversed, so that impacting

- of the moving DleOIlS upen the ﬁxecl perts is at
jlﬂast greatly reduced. :

‘When the valves ha,ve 1eversed the powel erl'

is directed into me eyhnder 30 {0 drive the pis-
ton 26 down, carrying the piston 24 withit.  Low-

ering of the piston 26 drives the fresh .oil sucked

:..'from the well into the pumping eylmder 31, out

,ell into the top eylmder 28 pe,st the valve 18,

- When the piston 26 is lewered a -short distance,

the plunger 140 is returned to starting- position -
- and the valve i{}
. in the deuble-aetmﬂ‘ valve ehamber 82,
both valves 04 and 111 ‘open, the net pressure

“opened, for release of pressure

differential eetmg upen the valve 18, in its ve,lve

chambers 81 and 32 again reduces nuntil 9t is

 ins cient to ome ‘the sprin 1 mng .
ufficient to overe the spring 88, it be ng & pressure that actuates

noted that the oil acting’ ebeut the spring ‘and

At

With

4{)

relief
cracked open in a reversing direction, and the
;plston reversed to release the relief valve back
10 neutral before the directional valve is fully -
~open. A slow pump str oke, or even a, block, could |
resuls.
The pilot valve must shaft pe,rtla,lly hefore ‘the
directional valve can move. The relief valve can-

- not neutralize until the directional valve moves.:
;Hence the pilot valve must reverse at, least pex -
‘tially before the relief valve neutralizes, and the

| jdl...eetmnel valve is assured of a eemplete if de-

valve, the duectwnal valve mieht be

The present alla,neemen -avoids this. -

layed, full strelre 'The purnp will thus be assured
ef reeewmg furl plessure of the power 011 fer

Whet 1s clalmedls | S
1. A mechanism of the kind deserlbed CoxG ~

':pr131ng a ‘¢ylinder means, piston means operated-
;therem by pressure dlﬁerentlal in the cylinder
.means on cpposite sides thereof, a ﬂmd pressure
line, valve mechanism movable from a position-

- ;eenneetmg the line to the cylinder means for ad-

- mitting pressure from the line to the cylinder
- means to e
45 to a position relieving the said cylinder means

Tect movement of the piston means, -

- from said pressure that produces movement, fui d
- ._.;pressure-reeponswe mechanism movable to- o0p-

a0

associated parts produces forces that belenee -

~The
valve 16 returns to: neutral pﬂSlthIl trappmg

- the pressure positioning the pilot valve and

holding tha,t valve in its set- pes1tzen until the

~ relief valve is later moved eppes1te1y from neu~-
tral position by the. action of the upper plunger -

(02 depressed by -the upper plston 24 toward the--- '
- end of ‘the downstroke. -

The foregoing cycle will’ repeat itself au’oome,tl—

~ cally, each streke dehvermg fresh oil’ te ‘the cas- :

ing space l B.

The relief velve sprmg BB is: cellbrated to su1t"

 the conditions of the well wherein the pump is
- used. After the casing ‘has ‘been filled with

- oil, this valve is subjected ‘to casing head pres-

60

65

sure at one end and power ‘oil pressure at the

other, which is a minimum diff erential.

~at ‘its other end to zero gauge pressure. - The

- sprmg must be streng enough te----res1st mevementr

It is des1gned 5

_ under thls mammum d1fferent131

How-~
ever, at the start, with a dry casing, this valve -
is subjected at one end to- ‘power oil pressure and

erate the valve mechanism to relieving position,

meveble means opereted by the piston means as.

it approaches the end of its stroke, to produce-

he fluld pressure-
responsive mechanism, said lest means includ-

Ing a plunger engageable by the piston means,

a fluid cylinder in which the plunger is movable,
2 and eprmg means eppesmg movement of the

plunger by the piston means. |
2. A mechanism of the kind deserlbed eem-—

- prising a eylinder means, piston. means operated -

therein by pressure diff

ﬁrentrel in the cylinder f.

‘means on opposite sides ther eof, a fluid pressure -
- line, valve

mechanism movable from a position
eenneetme' the line to the cylinder means for -

- admitting pressure from the line to the cylindey -
means fo effect movement of the piston means, -
to a position relieving the said cylinder means
from. said pressure that produces. movement, fluid .
| _plessure-reepenswe mechanism movable to op=
~eraie the valve mechanism to relieving position,

movable means operated by the piston means as .

1t approaches the end of its stroke, to produce a .
‘pressure that actuates the fuid pressure-resgon- .

. slve mechanism, said last means meludmg a’

'  plunger engageable by the

piston means, a ﬂurd'_f

cylinder in which the plunger is moveble, and g

velve between the ﬂuld eylmder end the eylmder




- engageable by each piston at the latter end of

r'_"“"-'h
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11

" ineans, the valve hemg closed upen eperatmn of .
| - . the pertmg means ineluding a pilot valve between

the plunger by the piston means.

. A mechanism of the kind cescribed, com-

_prlsmg a pair of cylinders, a pair of connected

‘pistons, one in each cylinder, a reversing valve

mechanism for connecting the cylinders alter-
nately to a fluid pressure source, the reversing

"~ vyalve mechanism including a reversing direc-

" tional valve, and filuid pressure-responsive means

~ for actuating the same to each of its positions,
- the last means including eppeszte fluid pressure

10

.~ chambers and mechanism operated thereby to
_ control operation of the valve, a movable wall

' ‘means closing each fluid pressure chember and

its stroke, each wall means beme‘ edepted to re-

duce the capacity of one fluid pressure chamber

and thereby produce - fluid wpressure therem,
 whereby the fluid ‘pressure-responsive . means
~ may be oper ated to reverse the directional vaive.

15
- oppositely shifting the valve, means for porting
- fluid pressure alternatively 111130 the chambers,

12

and . eﬁ‘ect reversel of the dlrectmnel velve enci_ -

the relief valve and the directional valve, the

“relief valve being adapted to effect shifting of
“the pilot valve, and the pilot valve effecting the - -
porting of ﬂllld to the chambers of the dlrectmnal |

valve. N |
7. A mechamsm ef the kmd descrlbed compris-

ing a pair of cylmders a pair of connected pistons,

one in each cylinder, a reversing valve mechanism

for connectmg the cylinders alternately to a fuid

- pressure source, the. reversing valve mechanism

mcludmg q reversing dlreetmnel valve, opposite

pressure chambers associated with the directional

valve adapted to receive fluid under pressure for

" including a double- acting relief valve normally
~ yieldably maintained in neutral position, addi-

20
4, A meehamsm of the kind described, com-~.

| prl.smg a pair of cylinders, a. pair of connected
. pistons, one in each cylinder, a reversing valve -_
‘mechanism for connecting the eylmders alter-

 nately to a fluid pressure source, the reversing.

valve mechanism including a, reversing d1reet10nel
valve, and fluid pressure-responsive means ior

28

tional opposite pressure chambers for receiving

~pressure fluid for oppositely displacing the relief '

valve from neutral position, a movable wall in each
additional chamber, each wall being displaced |
by movement of one plsten at the end of its stroke,

for applying pressure in its pressure chamber to

 displace the relief valve and efiect reversal of the

actuating the same to each of its. sositions, said

- Jast means including a pair of fiuid containing

in each cylinder,

- responsive means and eifect reversal of :,he d1=-

- rectional valve. |
- 5, A mechanism of the kmd descrlbed “com -

30
valve e

prising a pair of cylinders, a palr of connected

- pistons, one in each cylinder, a- reversing valve
mechanism for conneetmg the cylinders alter-

nately to a fluid pressure source, the reversing

- valve mechanism mcludmg a9 reversing direc-
tional valve, opposite pressure ‘chambers associ-

ated with the directional valve adapied {0 re-

ceive fluid under pressure for oppositely shift-

ing the valve, meens for porting fluid pressure
including a

alternatively into the 'chambers,

directional valve, and the porting means includ-

“ing a pilot valve between the relief valve and the

'-.-chambers . movabls wall for each chamber and g directional valve, the relief valve being adapted to

. one movable wall being en-

pageable by each piston and moved thereby at
. the end of the piston stroke, to produce pressure
- -in its ehembel to actuate . the fluid pressure-

eft

ect shifting ef the pilot valve, and the pilot .

- the pilot valve into a position to port the pres- =
sure Auid to displace the directional valve to one

position, and means normally urging the dlrec-

tional valve into its opposite pesn;mn

8. A fluid pressure mechanism mcludmg a
cylinder, a piston, a valve to control admission of

. fuid to the cylinder to act upon the piston, a

40

pressure operated device for controlling actuation

- of the valve, including a pressure chamber, a
- plunger movable to vary the size of the chamber .

“and produce fluid pressure conditions, a passage

- through the plunger, a valve operable to open and

45

double-acting relief valve normally yleldamy
maintained in neuiral pOSlthIl additional oppo-

~ site pressure chambers for receiving pressure
 fluid for oppositely displacing the relief valve
. from neutral position, a movabie wall in each

close the passage, the valve being supported on

‘the plunger for engagement by the piston, where- | |
by movement of the piston may close the valve, -

and the plunger being thereafter dlspleceable by

~ further movement of the piston.

50

9. A fluid pressure mechanism meludmg a."-'

_-_cylmder g piston, a valve to control admission of

additional chamber, each wall being displaced by

“movement of one plston at the end of its stroke, -

for applying pressure in its pressure chamber to
displace the relief valve and effect reversel ef

the directional valve,

- 6. A mechanism of the kmd described, com-
‘prising a pair of cylinders, a pair of connected.

pistons, one in each cylinder, a rever sing valve
mechanism for connecting the cylinders aiter-

the dlrectlenal valve adapted to receive fiuid
under pressure for oppesﬂ:ely shifting the valve,

b5

fluid to the cylinder to act upon the piston, a
pressure operated device for controlling actuation
of the valve, including a pressure chamber, a -

plunger movable to vary the size of the chamber
and produce fluid pressure conditions, a passage
through the plunger, a valve operable to open -

and close the passage, the valve being supported

~ on the plunger for engagement by the piston,

) o0
| '-_-na,tely to a fluid pressure source, the reversing -
valve mechanism including a reversing directional

- valve, opposite pressure chambers associated with

whereby movement of the piston may close the
- valve, and the plunger being ther eafter dlsplece-'

able by further movement of the piston, and '
spring means between the valve and the plunger -

- tourge the valve into open position..

65

means for porting fluid pressure alternatively into

the chambers 1nclud1ng g, double-acting relief
~yalve normally yieldably maintained in neutral
posﬂ;lon addifional opposu;e pressure chambers
~for receiving pressure fluid for oppositely dis-
“placing the relief valve from neutral position, a

- movable wall in each additional chamber, each.

‘wall being. displaced by movement of one piston

~_ at the end of its stroke, for applying pressure in
.its pressure chember to dlsplace the relief valve

10. A fluid pressure. mechanism meludmg a -
cylinder, a piston, a valve to control admission of
fluid to the ecylinder to act upon the piston, a
pressure operated device for controlling actuation

- of the wvalve, 1ncludmg 8 pressure chamber, a )

‘plunger movable to vary the size of the chamber
and produce fluid pressure conditions, a passage -

| through the plunger, a valve operable t0 open and
close the passage, the valve being supported on .

_.the plunger for engagement by the piston, where- .

76

by movement of the p1sten may elose the valve -

| Tecting the porting of fluid to the “h&ﬂlb@ls o
of the directional valve, means normaliy urging
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~and the plungm bemg thereafter displacea,ble by

- furthermovement of the piston, and spring means

' | actmg on the plunger in npp051tmn to the force -

- of the plstan thereon. |
11, A pumping mechamsm mcludmg twol eyl-

 inders, a pair. of pwutans one in each cylinder,
connecting means joining ‘the two pistons, being.

14

stroke produced by said first ‘means; a second'

valve associated with the pressure chamber to

admit fluid from the eylinder to the chamber

connected to one piston face of each piston, the

_plstons dwmmg their cylinders into two cylin-
drical spaces in -each L},rllnder the two spaces

~through which the connecting means extends be-
- ing designated inner cylinders, and the two such -

10

~Spaces on the opposite sides of the two pl.stom -

heing designated outer cylinders, there being lig-
-uid inlet passages from the bottom of the pump

line adapted to contain liquid under pressure, re-
versing valve mechamsm 1nclud1ng 9, housing
between the cylmdels 2 passage in the housing

| -.cnnnected 1o the power line, a directional - valve,

15
- to the said outer cylinders and liquid outlet pas-
sages from said outer cylinders, a power liquid

- eylinder, _
means to operate it in ‘one direction, fluid pres-

when ‘the second valve is open, and the second

~vyalve bheing arranged to be closed when the pis- -
ton operates the displacement member to trap
“the fluid in the chamber, the trapped fluid con-
stituting a connecting means between the piston
~and the fluid pressure operated valve, that is
displaced by the displacement member
‘rmgvement by the piston, to move the fuid pres-
- sure operated wvalve, ‘and means operable upon
- movement «of the fluid pressure operated valve
as ‘aforesaid, to admit fiuid to the cylinder to
operate the piston in its other direction.

in its

13, In @ mechanism of the kind described, 2
g ‘piston ‘in the cylinder having first

 sure means for operating it in the other ‘direc-

20
“eylinder to fluid under pressure as the piston ap-
- proaches the end of its stroke by said first means,

‘each inner cylinder having a- first ‘passage COn- .

;nectmg it with the mrectmnal valve and an exX-.

- haust passage, the dlrectmnal valve being mov-
able to connect the power passage with the first

~ passage of one inner cylinder and to connect the

 other inner cylinder with its exhaust passage,

-~ and vice versa, a pair-of Dpposﬂ:e pressure cham-

hers for the dwectmnal valve spring. Means nor-

- mally urging the dlrectlonal valve into one posi-
tion, a pilot valve in the housing movable to
conneet one of said pressure chambers of the

25
ber in the chamber :and operable by the piston
~as the piston: a,pproachea the end of its stroke
- produced by said first means, a second wvalve
- assogiated with the pressure chamber to admit
30 _ _

- second valve is ‘open, and the second valve heing

directional ’va,lve with the power passage and the

other with the receiving condmt and vice versa,

Oppf}SIte' pressure chambers for the pilot valve,
spring means normally urging the pilot valve to

35.

tion, valve mechanism -operable to connect the

“8aid valve mechanism including o fuid pressure
-operated valve hamng ‘9, pressure ckamber con-

nected with the tylinder, a displacement mem-

fluid from the cylinder to the chamber when the '

arranged 1o be closed when the piston operates

the displacement ‘member 4o trap the fluid in
the chamber, the trapped fluid constituting a
cornecting means between the piston and the

- fluid pressure operated valve, that .is displaced

a position to port pressure liguid to the direc-

~ tional valve. to move it against its spring, the

- directional valve Spr:lng havmg a strength, and

being adapted to - hold the chrectmna,l valve

o against such movement, so that pressure liquid

40
~admit fluid to the cylinder to operate the nis-

" may be ported through the directional valve to

' A, plstan 11111311 the plston is in an extreme pOsi-

 tion and pressure is thereafter built up in the
. power passage, and ported through the pilot

~valve to shift the directional valve, a double-—

by the displacement member in-its ' movement by

~ the piston, to move the fuid pressure operated
valve, means operable upon movement «of the

filuid pressure operated valve asg aforesaid, to

ton in its other direction, and means normally '

: u1gmg the second valve ’Iso open position.

o acting - relief valve_ in the housing; movahle. to .

- connect either pilot pressure chamber to the
‘power passage and the other to the receiving
- conduit, means normally yieldably -maintaining
“the relief valve in neutral position wherein lig-

- uid is trapped in the pilot valve pressure cham-
 bers, a pair of opposite pressure chambers for
- the relief valve, one connected to each inner
- ‘a plunger projecting into each 55

 inner cylinder and each said relief valve pres-

power cylmde

14. In. o mechanism of the kind descrlbed' a.

_cylinder, & piston in the ‘cylinder having first
‘means to operate it in ‘one idirection, fuid pres-
- sure means for operating it in the other direc-
tion, valve mecha,msm operable to conneet the
cylinder ‘to ‘fluid under pressure as the piston

50 approaches the end of [its stroke by said

first
means, -said valve mechanism including a fuid

- pr assure- operated valve. having a pressure cham-

sure chamber connections, and engageable by

- the piston in such cylinder. bo he dlsplaceci there~

by and to build up pressure -in the plessure

chamber to displace the relief valve, reverse its g,

Kifi}
connections with the pilot-valve chambers, shift

the pilot valve, and thereby effect shlffbmg of the :

' . directional valve to reverse the pistons.

12. In a mechanism of the kind descmbed a,_

cylinder, a piston in the cylinder having first 85 -

‘means tc opera,te it in one direction, fluid pres-

| sure means for operating it in the other direc-
- tion, valve mechanism nperable to connect. the

| _cylmdei to fluid under pressure 28 the piston
approaches the end of its stroke by said first
means, sald valve mechanism mcludmg a fluid

 pressure operated valve having a pressure cham-

ber connected with the cylinder, a displacement

. ;_memoer in the chamber and operable by the pis-

_ton as the pmbon approa.ches rl;h{sr end of its

“ton eperates the displacement member 4
~the fluid in the chamber, the trapped fluid con-

ber connected ‘with, the cylinder, a displace-

- ment member in ‘the chamber and operable by

. the piston as the piston approaches the end of
(its stroke produced by said first means, a second
valve associsted with the pressure chamber to
-admit fuid from the cylinder to the chamber

when the second valve is open, and. the second
valve being -arranged to be closed when the Pis=

0 trap

stituting a connecting means between the pig-

:ton and the fluid pressure operated valve, that
is displaced by the displacement member in its

movement by the piston, to move the fluid pres-

 sure operated valve, and means operable upon

‘movement of the fluid pressure operated valve
-as aforesaid, to admit fluid to the cylinder to

70

operate the piston in its other direction, the

- displacement member comprising a plunger pro-

5

~ jecting into the cylinder in the path of the pis-

~ ton, having sliding engagement with the walls
‘of the chamber, and having a passage there-

_through connecting the chamber and the cylin-
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' -der the second vaive being mounted on the dis-

placement member to close the passage, and
having a part projecting into the path of the
piston to be engaged thereby in the piston move-

“ment aforesaid, so that the piston.can close the

' ~valve and then move the displacement member..

15_ In a mechanism of the kind described, a

pair of connected cylinders, a pair of connected

~ pistons operating in the respective cylinders for
~ reciprocation together, ‘mechanism to admit fluid

under pressure to the first cylinder to act upon
 the first piston to displace the two pistons in

- .one drrectlon and to ‘admit fluid under pres-
sure to the second cylinder to act upon the sec-

- ond piston to dlsple,ce the two pistons in the
cppcsﬂ,e direction, said mechanism including a
- fluid pressure operated valve having oppcsrte
fluid chambers for its opposite displacement,
each chamber being connected with one of the

 cylinders, a plunger in each chamber, prOJect-

_10

16

erated by the movement of the ﬂuid pressure.-

operated valve by one piston, as afcresald o

relieve fluid plessure from the cylmdcr there-. u

tofore receiving pressure, and to admit fluid

- pressure to the other cylinder, said last-named

means mcludlng a directional wvalve, and op-
posite fluid pressure chambers to operate it, said
fluid pressure chambers of the directional valve
being connected  to pressure and exhaust re-.

spectively, by the displacement of the first- '

named fluid pressure cperated valve in: the man-

ner aforesaid.

" 17. In a mechanism of the kind descrlbed a
- cylinder, a piston oppositely movable therein,

15

means for moving the piston in one direction,
fiuid pressure means for cperatmg it in the
other dlrectlcn mechamem for controlling ad-

- mission of fluid pressure to the cylinder, to. ad-

20

 ing into its cylinder to be engaged by its piston .

toward the end of the stroke thereof and dis--

- placed thereby, second valve means to close each
 haust the same, fuid pressure chambers at op-

‘chamber from its cylinder, arranged to be closed
when - the piston in such cylinder displaces its

- plunger,

and to be opened at other times to
 admit fluid to the chamber, closure of the sec-

25
it by fluid pressure,
valve normally yleldably maintained in neutral

‘ond valve trapping the fluid in the chamber so

- that movement of the piston at the end of its
 stroke displaces fluid in the chamber {o move
-~ the fluid pressure operated valve, ‘means op--
~ erated by the movement of the fluid pressure

cperated valve b;sr one piston, as aforesaid, to re-

30

‘mit the same for fluid pressure operation of the

piston and to exhaust it for operation of the !

piston by the first-named moving means, said
 mechanism including a dir ectional valve displace-
‘able to admit fluid to the ¢vlinder and to ex-

posite ends of the dir ecucnal valve to operate
‘means including a relief

position, movable in one ‘direction therefrom to
~ admit fluid pressure to. one fluid pressure cham-
ber of the directional valve and in the opposite

 direction to admit fluid to the other chamber
 thereof, force transmitting means to connect the

~ lieve fluid pressure from the cylinder thereto-

~ fore receiving pressure, and to admlt ﬂmd pres-
~ sure to the other cylinder. |

16, In a mechaism of the kind descrlhed a

) pair of connected cylinders, 9 pair of connected

35

relief valve to the piston when the piston ap-

proaches the end of its stroke by the first pis-
ton moving means, to cause the piston to shift

- the relief valve from neutral position to admit

- pistons cperating in the respective cylinders for -

| -,recrprocatrcn together, mechanism to admit fluid

under pressure to the first cylinder to act upon

' the first piston to displace the two pistons in
‘one direction, and to admit fluid under pressure

40

fluid pressure to the directional valve to shift
it to admit fluid pressure to the eylinder, and
force transmitting means to connect the relief

valve to the piston when the piston approaches
“the end of its fluid pressure stroke, to cause

" the piston to shift the relief valve oppositely and

to the second cylinder to act upon the second

~ piston to displace the two pistons in the op-
- posite - dlrectlcn said mechanism including a

45

- fluid pressure operated valve having opposite

fluid chambers for ifs opposite displacement,
cylinders, a plunger in each chamber, projecting

toward the end of the stroke thereof and dis-
-placed thereby, second valve means to close each

. each chamber being connected with one of the
50 -
into its cylinder to be engaged by its piston

chamber from its cyllnder a,uanged to be closed

B when the piston in such cylmder displaces its

- plunger,
edmﬁ: fluid to the chamber, closure of the sec~

and to be opened at other times to

ond valve trapping the fiuid 1n the chamber,

55

g0 that movement of the p1stcn at the end of

 its stroke displaces fluid in the chamber to move go

the fluid pressure .operatedl valve, means op-

effect relief of pressure within the cylinder, the
relief valve having means returnmg it to neufral
position when the piston is not at an extreme

position, and having means closing both ﬂuldf

pressure chambers when in said pcsﬂslcn
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