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'Patentéd‘ June 3, 1930
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_ UNITED STATES

'PATENT OFFICE

. HAROLD L. CRULL, OF TULSA, OKLAHOMA

. OIL-WELL PUMP

" Application filed April 16,

' My invention relates to oil- well pumps: of
_the plunger type wherein a traveling valve
is opened against hydrostatic pressure on-the

- down stroke of the plunger. . . S
5. With the ordinary -pump of this type
downward pressure on the rods must be suffi-
cient to put under pressure the liquid con-

" fined in the lower part of the pump barrel for
opening the traveling valve against hydro-

10 static pressure of the column-of fluid in the
well which, due to the slow opening of the

valve and to the thrust on the rods necessary.

to . overcome - the resistance - against. their

downward movement, causes the rods:to
15

- of the pump.in proportion to the shortening
or buckling of the rods. , S :

It is the principal object of this invention
to secure maximum capacity of such a pump
by reducing strain on the rods and resist-
ance to the downward travel of the plunger
by reducing the force required in lifting the
-valve through intensification of the power
‘applied for opening the valve.

In accomplishing this and other objects
of the invention I have provided improved
details of structure, the preferred forms of
which are illustrated:in the
drawings, wherein: - = . - .
30" " Fig. 1 is a central vertical section of part

- of an oil ‘well equipped with a pump con-
structed according-to my invention. -

20

25

Figs. 2, 8-and 4-are enlarged perspective .

views: of the upper, middle and-lower por-
tions of the pump, parts being broken away
and in vertical section:’ , o
. Figs. 5,6 and 7 are central vertical sections
of parts of the pump illustrated in Figs. 2,
3 and 4. L
Fig. 8 is a cross
Fig. 6. - = -
- Fig. 9 is.a cross section on the line 9—9,
Fig.6,and : :
. Fig. 10is a-cross section on the line 10—10,
" Referring more in detail to the drawings:
1 designates the lower portion of a well
" hole; 2 well casing, including the shoe. 3,
whereby the casing 1s supported on cap rock
.50 4 above the oil sands 5; 6 well tubing which

~ab

.se'ction‘ oi; the line 8—38,

45

buckle and bend and thereby reduce capacity -

accompanying

1928, Serial No, 270,227,

extends through the casing and terminates
in the usual perforated strainer 7, within the
well pocket 8, and 9 a pump barrel which may
consist of a section of tubing of the same
diameter as the well tubing 6, interposed be- 5

‘tween the strainer section 7 and next upper
tubing section, and coupled thereto by the

usual threaded collar 10 above the pump and
a special fitting 11 below the pump, includ-
ing a diaphragm 12 for separating the pump
barrel from the strainer section 7. Mounted
on the diaphragm of the lower coupling 11

50

-1s a standing valve 13 for admitting fluid to

the pump upon the up-stroke of the plunger.

"14 designates the pump plunger including
a piston 15 adapted to reciprocate in close
relation to the pump- barrel and provided
with the usual packing rings 16 and neck 17,
the piston and neck having a bore 18 through
which o1l is transferred from the lower to
the upper portion of the cylinder upon down
stroke of the plunger. The neck 17 is pro-
vided with a tapered valve seat 19, seating
a traveling valve 20 which is unseated -on the
down stroke to permit passage of oil through
the bore but is seated on the up stroke to trap -
and lift the oil previously admitted through
the valve. T

"The plunger is operably connected with
sucker rods 21 which are actuated from the
top of the well as in common oil field prac-
tice. ' o :
 The pump thus far described is substan-

~r
ot

80

‘tially of standard construction so that oil
drawn into the lower end of the working

85
barrel through the standing valve on the up
stroke is transferred through the piston upon
the down stroke through lifting of the work-
ing valve, which seats on the beginning of
the next up stroke to trap the oil above the "0
piston and during the stroke lifts the entire
column of oil in the tubing and discharges
the capacity of the pump out of the well.
_Thus it is apparent that on the down stroke
the traveling valve must lift against the 95
hydrostatic head of oil in the tubing and the
downward force of the rods must be great
enough to put under pressure the fluid
trapped below the piston to lift the valve.
Since the effective area ahove the traveling 100
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valve, acted upon by the fluid anditendingyto

~hold the valve closed, is greater than the ef-

fective area below the valve upon which the

- trapped fiuid acts to open the valve, it is neces-

10

sary that the unit pressure of fluid below the
traveling valve be greater than the unit pres-
sure above the -valve before -the valve can
open: - ‘Therefore, the totdl force required of
the rods to'start the valve is equal to the dif-

ference in pressure times the unit area of the

bottom side of the traveling valve plunger
and, as before stated, the required resultant

force of the rods is; in deep wells, occasionally

1,878
threaded a sucker rod connector 42 liaving a.
threaded pin 43 on itsupper end to receive the

~box 44 of the sucker rods 21; the connector he-

- ing -preferably of larger diameter than the
rod to provide a stop shoulder 45 for contact
with the sleeve 85 on downward movement of

“ thesucker rods, =~ L
S

husitisapparent that wh dsmove
on. the down stroke the rod 89 will miove
- through the sleeve until the.shoulder 45 con:
~tacts. the SIeeVe',"'\i*'h‘en_"Continued[Cio;&’nw:ux
- movement ‘of the rods will force the sleeve -
‘downwardly, causing the .piston to move

so- great as to-cause the rods to buckle and, downwardly in. the: working barrel. - On ve-.

fracture and the tubing or casing to part: In
any event'the burdenof overcoming stch hy:

v
> VELLL Lre DUT (I DG 1y
drostatic-head reduces-efiiciency of this pump.

B B .- - B L i “{',
- With my invention T convert a pavt of thie
fluid above the plunger into a working force

by so diverting 1t:against the valve as o sup-
plement and intensify the force exerted by
the ‘sucker rods and’ assist the rods in:over-
coming' the hydrostatic pressurs normally re-
sisting opening of the valve. .~ & =

- Threaded totheneck 17 of the piston 15 is

& valve cage comiprising a tubular connector

22 of smaller dinmeter than the working bar-

. rel'and having internal threads 28 for engag-

Ing:-complemer

ary threads 24 on“the neck
and an inwardly. projecting shoulder-25 for

seating against- the neck so that when' the

cage is screwed thereon, it is firmly secured in

S position.. Rt T e
 Extending upwardly within the cage igta

‘recess 26 .of sufficient depth to freely receive
the valve member 20;-tlie walls of the recess

* being slotted as at 27 to permit passage.of vil

i¢
“r\

50
Ty within the pump barrel, and threaded onto

“ i3

arecess 36 in ity lower end corre

duced through bore 87 opening fromthe recess

discharged through-the valve.” The cage is
‘also provided at its upper-end-with 'stepped,

internally threaded recesses 28 and 29 and

‘threaded intothe inner recess 29 is a tube 30
‘supporting ‘a valve-actuating, or intensifier
‘cylinder 31 at its upper end

_ through o cou-
pling-32-0f the same external dinmister as the
t) o

‘tube and cylinder and providet with rediiced

extensions 38 and 84; whcih-are threaded into
upper and lower ends of the tube supportaiid
the intensifier cylinder to ‘firmly secure the
intensifiercylinder to the tube, -~ = -

The intensifier cylinder 81 extends upw

ard-

sleeve 85 of
and having

the upper end of the ¢ylinderisa
targer diameter than the eylinder

the inner diameter-of the cylinder and o re-

forming a-stop shoulder 28 for a reciproc
twe] :

-ingrod 39 that'is shidable in the boreand pro-
~vided with an enlarged head 40 at its Tower

“able: with the shoulder u

end, slidable in the cylinder 81 and engage-

t ' ponupward move:
ment of the'rod: o )

ponding to

- turn movement of the stic
“will'move 1dly: through: the
héad 40-engages the sh .3 &slecte

85, ‘whereupon ‘continved  upward mevenrent
~of the rods lifts the sleeve and: istomn: thn
‘sucker rods moving indeps
tonat the beginning of
stroke. = [ ot

ker rods, the rod 39 vi :
heglees 2til the -

thi the up an

- Such-freesmovement of the'rods is anjm-

portant feature of my:invention.in that-such =

‘moverient' 1s utilized to~ actuate” power: in-py
ertrwveli

tensifier mechanisnr foi' 1ifting: th

“valve froni its seat::

- Threaded into. a
‘socket 461 the botton:
“Tod"39-is-an’ Intensifiet

- tively: small! dismeter am

Cduced: ex! wend:
rodiszan adap diapluds
downwardly facing: leather cups or
S50;:spaced by cup:followers 51 and

Tetained

o

“on'the rod by a nut 52, as in conmon piston -
-practice. The cups 50 are’ substantially the
diameter ofrthe rodi and Snugly ’
inner surface ofrarcylindrical-hore

1in a‘Valve actuating: :
i satent that the strek
rod 47 is equal to the independe
-of the'sucker rods, 5 scribad.
-The valve actuating piston: 54 com
atube having o reduced ‘s ]
-atits Tower end and’sleeved on sai d:
is a plurality of-eups:56: spaced by’
-:57 and heldin place by a nut 58 threaded on.
the lower end-of the rediced portien: ~c
. The piston 54 is'slidable-in the cylinder 81 {15
before described, under influence of the pis--
ton 47; through'liquid contained'in the eyl-
Ander 31 and bore 53 and since: the effective
area of the piston 54 is much greater thin tie-
effettive area of the piston 47, force: applied”
to the piston 54 is multiplied, which. mali- .
: pliie’d force is utilized' inopening the working .=
valve. i P
-+ Connected with the upper-end: of the ~
ton 54 is ‘a-yoke 59-having a central openirig.
60 through which the pistorn: rod 47 extends © -
and having:laterally extending arms:61 and

rod

The rod- extends upwardly througli the 62 projecting through slots 68 forthed in the
sleeve and s provided at its upper end with a cybnder 8. e

reduced” threaded extension” 41 to which is

" Asimiliy yoke 64 slidablé in the lower 1




o

" vided with openings

10

20

:to the bar connection.. - - v
- The traveling valve 20 preferably com-
prises a cylindrical member having a beveled

lower end 71 for seating on-the seat 19 and a

1,761,876

end of the tube 30 is also provided with. pro-
jecting armis 65 and 66 projecting through
slots 67 in the tube 30 aligning-with the slots
63 so-that the arms 61 and 65 and the arms 62

and: 66 may be connected by bars 68 and 69

which extend along the sides of the cylinder
31 and its supportingz tube 80 and are pro-

54, the lower. yoke is lifted accordingly, due

recess 72 containing a head 73 formed on the

lower end of a valve stem 74 which extends

upwardly into-the tube 30 through an open-
ing 75 in the valve cage and. through an
opening 76 in the yoke 64, the stem being sus-
pended from. the yoke by a nut 77 threaded
upon the upper end of the stem. S

The valve is retained on the head of the
stem by a threaded bushing 78, sleeved on the
stem and threaded into the recess of the valve
as shown in Fig. 6, to provide loose mount-
ing of the valve on the stem for insuring per-
fect seating of the valve when the piston 1s

‘on the up stroke.. The side wall of the valve

is. also preferably provided with openings
79 for a purpose presently apparent. . :
‘Fluid for- supplying the intensifier cvl-

inder and for replenishing fluid lost past the

cups of ‘pistons 54 is admitted into the cyl-
inder through a port 80 extending centrally

through the coupling 32 and opening from

a sand and gas eliminator 81, including con-
centric tubes 82 and 83 screw threaded in a
nipple 84 threaded into the connector and

~ having a port 85 aligning with the port 80

40

and the inner tube 83, the nipple being pro-
vided with a valve seat 86 for seating an up-
wardly opening ball check 87, which is yield-
ingly nrged to its seat by a spring 88, one end
of which bears against the ball check and the
other against a shoulder 89 formed in the

port 80.

sy

The tube 83 extends to a point adjacent

the closed lower end 90 of the outer tube 82

and the nipple is provided at the upper end

5 of the tube 82 with ports 91 slightly below

ports 92 in the tubing 30 so that oil 18 ad-

mitted from the working barrel to the separa--

tor tubes through the ports 91 and 92 where
it is compelled to pass downwardly between

the tibes to enter the open lower end of the

inner tube 83 and then pass upwardly past
the check valve into the cylinder.
In order to protect the intensifier mecha-

“nism and retain the connecting bars on the

arms of the yokes, a pérforate tubing 98 is

sleeved over the intensifier mechanism and.

screwed into the threaded recess 28 in the
cage, the upper-end of the tubing extending
above the sleeve 35 and being provided with
a guide member 94 having a central opening

enings 70 to receive the. arms.
'Thus as thé upper yoke is lifted by the piston

3

95 for constituting it a bushing for the rod
connector 42. o

_ Operation of the device .constructed and
assembled as. described is as follows:

Upon- the beginning of a stroke of the

sucker rods, the rod 21 moves idly through
the sleeve as far as movement of the pump
plunger is concerned, downward movement
of the plunger being resisted by oil confined
in the lower end of the working barrel be-
tween the working and standing valves, the
sole purpose of the initial movement being

‘to actuate the intensifier piston.

" The intensifier piston being attached rigid-
1y to the rod 89 is moved downwardly ii
the cylinder bore 53 of the actuating piston
54, applying pressure to the liquid contained
therein and exerting an upward force on said
piston 54, which is transferred to the yoke
59 at the top of the barrel. to lift the yoke
64. The yoke 59 being connected with the
yoke 64 at the bottom of the barrel through
the bars 68 and 69, and the yoke 64 being
connected with the working valve 20 through
the stem 74, the upward force generated by
the intensifier piston tends to lift the valve

90

20 against hydrostatic head of oil in the

tubing. With the valve open and the shoul-
der 45 on the rod in contact with the head
or sleeve 85, resistance to downward move-
ment of the pump plunger within the work-
ing barrel is relieved through the opening of
the valve as pressure of the fluid then acts

over the entire area of the bottom of the-

valve to equalize the hydrostatic pressure act-
ing on the top area. -

Attention 1s here called to the fact that
since the force exerted by fluid in the cylin-
der is equal in all directions, there is a force

‘acting downwardly on the end of the con-
nector which acts to part the valve seat from

the valve. o ;
When the sucker rods start on the up

stroke they move free of the piston as on the .
~down stroke until the head 40 engages the

shoulder 88 in the sleeve 35. During this
initial movement the piston is retained in
its lower position by weight of the oil col-
umn above the piston.

- “The intensifier piston is lifted in its cylin-
der to relieve pressure on the actuating piston
so that the actuating piston is permitted to re-

turn to its normal position, as shown in Fig.

5, to allow the traveling valve to seat and
retain the oil above the piston.  Continued
upward. movement of -the rods carries the
plunger piston 15 upwardly to lift the column
of o1l in the tubing and at.the same time
dr‘il,w in a charge of oil through the standing
valve. -

0il leaking past the intensifier or valve ac-

tuating piston cups on the down stroke will
be replaced through the check valve on the
up stroke, due to hydrostatic pressure in the
tubing. '

95

100 -
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110
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130



Thus by intensifying the downward thrust

on the rods at a point adjacent to the travel:
ing valve and utilizing the intensified force

to lift the working" valve, I relieve undue
strain -on the rods and overcomse’ chfﬁcultles

‘encountered in use: of pumps of ordmary con-

struction.” :
What T cl‘um and desire to Secure bV Le’cf

- ters Patent, is:

10 .
a plunger operablé i in:the barrel;

15

- charging movement of the- plun«veL

20

1. In. combmauon W ith a Workmg barrel

,a valve sitb-

ject to hydrostatic pressure of superimposed
IZ

fluid and- controlling admission of*fluid to
v-hnfr Trtak

~the: pluncre means for actuating the plunger,
“ber spated from the

and- hydrauhc means’ responsive -to initial

means’ for unseating the valve.

2. In 001nb1*mt10n with a working bamelv

a phmo er operable in the barrel; a “valve sub-

ject to hvch’ostflty' pressure of supenmposed:

fluid and comroﬂmg ‘admission of fluid. to

the plunger, means for actuating the plunger:

~-with initial slip movement at ovmosﬁe Limitg
~of travel of the plunger, and means respon—

25

“its downward slip movemeht for' unseatmg'

sive to the plunger actuating means during

" the valve.

3%

3. In’ combmamon Wlth 1 Workmcr bu‘rel

and a pump rod, a primary plunger membe"
operable in the barrel connected valve' and
piston members: at opposite ends of the pri-

~miary. plunger member, and an intensifier:
- plunger connected Wlth ‘the pump rod and
operable to shift the pisten against hydro:

static pressure on said valve on: down strol

“of the rod.

:Er el

4. In combination with' a WOI‘LIHO b

“and.a pump rod, a plunger in the bﬂrvel a

40

- ing of the plunger, a primary plston 0
bV the rod, and a secondary piston con ected
with the Valve and. responsive to. dow*w*mrd‘
' movement of the prlmary plston to 111

< eh
Gt

- downseating valve exposed’ to hydromatm

pressure in the barrel and controlling cha

L qe

szlve

barrel to fxdnnt fluid through-the plunger,
and- hydraulic _means responsive. on- mltlal

movement of bhe rod ope rable. to opev the
‘valve.. '
6. In combmatlon Wlbh a pun P LarreLV
and 2 pump. rod; a plunger inthe barrel, a

valve: opening’ aoamqt hydrostatic pressure

‘ini: the “barvel . to admit fluid: through the
plunger, and means including pistons- of dif-
ferential diameter actuatable 1esponswe to
1initial movement of the rod to open the valve.

7. In'combination with a pumip barrel and
a pump rod, a plunger in the barrel, a’ valve
opening' ao'amst hydrostatic pressure in the

 barrel to admlt fluid through the plunoel,
i and means rﬂsponswe to initial move‘nent of

- 'pump rod; a plunger in the barrel, a valye: .
: controilmg flow to the plunger; means on:the o

d a pump rod; & reciprocating plunoer in the.

jactlmtlncr ‘

“connected. with the rod includirig a primary

“ondary piston upon initial movement of the-

and a pump rod, a plunger in"

counccted with' the valve;,a secondary piston. 99

5, In combmahon with a Dump bam ol :md :
“a pump rod, a pluniger in the barrel, a valve

opening ag zunst hydrostatic pressure in’ the
“and apump rod, a. plunger in the barrel, &

-and a’punip rod, a plunger in the barrel, a

‘1,7311;8*713’

the rod to 1nten51fy fo*’ce of tbe 1'od to opcn
thevvalve. i
S80I ccmbmatlon W1t11 a pump barrel and

rod for operating the plunger, havmor initial

“idlemovement at opposite limits of 1ts travel, . L

and means responsive to idle: movement - of el
said oper
shifting the Valve

9. In combmatlon Wlth & pumb bv

7
1"(31 and

barrel havmg a: downceatmo ‘valve control--
£0.the ] plungera upd a piston cham--— -
slve, & yoke member 8o
operably ‘connected with the:valve, a sec- -~

condary piston insaid chamber:operable on. "

6 yoke miember to open the valve, and means -
piston operable to effect operation'of the sec-

rod and a member engageable with the plung- -
er tomove the plunger upon continuned move- -
ment of the rod:in the same dlrectmn e
10. In combination with ‘a pump barrel
the barrel;a -
valve controlling flow. through the plun(rer,»

-3 cylinder: anchored in the plunger, a cou-: @ - .-

pling:member foating in the rhmger and

95
inthe cylinder operable on the couplmcr mem-
ber to opsn the yvalve, a primary piston oper-

able on the e ondary piston to shif 't the

latter; and means directly " connecting ‘the
pump rod with the primary piston-and hav--

100
ing: deh;\,ed connection with  the couphnd 5

.nlember to actuate the plunder. :

11 Tn' combination” with a. pump b‘xmel

v‘tnd a pump rod, a plunger in the barrel, ac
= valve conuroﬂm(r ﬁow through the pmnoel,‘

& cvlmder qnchored in the’ phuwer, a gec- .. -
ondary piston slidable in the cylinder and . .
having a bore therem means connectm(r the
valve to the seccnaary piston, and a pr Im“IV e
piston reciprocable in the bore by:the pump{ He. -
rod. to effect movement of the s econdary pis- ‘

“ton to'move the valve.

12. In combination: with 4 pump bax rcl‘,,ﬁv

valve cont rolhnfr flowthrough the plunger,

V,a cylinder anc hored in the plunoer TR 8eC-
ondary pmton in the cyhnq r, a yoke onthe -
piston, a complementary yoke connected with =~

‘the. ‘mlve, rods, connecting the yokes, and'a .

prnnary piston operable by the pump rod 120

to effect. movement: of the secondary piston ==
“to move the valve | thrmwh the yoke %nd rod -

connections. - -

18. Tn. combination. with a - pump barrelj’ e
‘125
valve controlhng ﬂow,throm)h the. plunger a R

]’+1J‘e carried by the plunrrer, a-cylinder car-
“ried by the tube, the ‘tubs and cylinder hav-

ing ahonmg slots, a secondary piston in the | -
130

:rcylmder, a yoke shdable in the slots of the‘;.

ng meuns m one du’edmon fovz R
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15
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cylinder and connected with the secondary
piston, a yoke slidable in the slots of the tube
and connected with the .valve, rods connect-
ing the yokes, and a primary piston operable -
by the pump rod to effect movement of the
secondary piston to move the valve through
the yoke and rod connections. - :

14. In combination- with a pump barrel
and a pump rod, a-reciprocating plunger in
the barrel-having a downseating valve con-
trolling flow through the plunger, a cylinder
anchored to the plunger, a secondary piston

‘in the cylinder having a bore therein, a pri-

mary piston slidable in the bore and actuated
by the pump rod to effect movement of the
secondary piston, means connecting the sec-
ondary piston with the valve and means. for -
supplying a piston actuating fluid to the

cylinder upon upward travel of the primary

Ppiston. - :

15, In" combination ;With a pump’ barrel

5

barrel to admit fluid above the plunger, and

a power intensifier operable upon actuation
of the plunger actuator to move the valve.

19. In combination with a pump barrel, g
plunger in the barrel and a plunger actu-
ator, a valve movable against pressure in the
barrel to admit fluid above the plunger, a hy-
draulic power intensifier operable upon actu-
ation of the plunger actuator to move the
valve, and a separator connected with the in-
tensifier for separating foreign matter from
liquid supplying the intensifier.

In testimony whereof I affix my signature.

‘HAROLD L. CRULL.

~ and a pump rod, a-reciprocating plunger in
-the barrel having a. downseating valve con-

trolling flow through the plunger, a cylin-
der ‘anchored to the plunger and having a

~fluid inlet, a secondary piston in the cylinder

.- 30

40

having a bore therein, a primary-piston slid-
able in the bore .and actuated by the pump

1rod to effect movement of the secondary pis- -

ton, means connecting the secondary piston

with the valve; and a sand and gas separa-
tor connected with ‘the inlet comprising
spaced tubes having oil inlets opening to the
pump barrel for supplying liquid to the cyl-
inder, SRR e

~16.- In combination
and a pump rod, a reciprocating plunger in
the barrel having a downseating valve con-
trolling flow through the plunger, a cylin-
der anchored to the plunger, a secondary
piston in the cylinder-having a bore therein,

" a primary piston slidable in the bore.and

&5

50

of -the secondary. piston, means connecting
the secondary piston with the valve, and a

with a pump barrel -

“actuated by the pump rod to effect movement

check valve connected with the cylinder to ..
admit fluid from the working barrel upon

upward movement of the primary piston.
17.:In combination with a pump barrel
and a pump rod, a plunger in the barrel, a

~ valve controlling flow through the plunger,

a cylinder -anchored in the plunger, a sec-
ondary piston slidable in the cylinder and

- ‘having a bore therein, means connecting the
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valve to. the secondary piston, a primary
piston: reciprocable in the bore, a head for
the cylinder, and a rod slidable in the head
and connected with the primary piston and
with the pump rod and having stop shoul-
ders for engaging the cylinder head at the
end-of each stroke of thie primary piston to
connect-the plunger with the pump rod. =
~18. In combination with a pump barrel, a

- plunger in the barrel, and a plunger actu-
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ator,-a- valve movable against pressure in the
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