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Claims priority, application Germany July 24, 1954
11 Claims! (CL 103--152) '

This’ invention relates to- submersible equipment for
piomping sullage from  deep: wells and;. more- particularly,
relates to a diaphragm- piston:pump for submersion down
an-oil. well to pump petroleum from great depths.

Problems are. encountered when it is- attempted to
submerge a pump to the bottom of an oil well, rather
than mamtammg the pump above the surface and effect-
ing-pumping action by a piston driven through a long
series-of tie rods. ,

The primary object of the invention is the provision of
a dlaphravm pision pump capable of submersion in a deep
well and capable, of sustained purnpmg operation over a
relatively. extended period of time without breakdown
necessitating surfacing of the pump.

Another object of the invention is the prov151on of a
sabmersible pump having the motor and associated mech-
anism_protected from contact with” sullage from the suf-
rounding strata.

Further ‘the mventlon has an ob]ect the prov1s10n of
a contxnuous and unbroken dlaphragm seahng the pump—
diaphragm bemg supported over substantlally it§ entire
area on the face opposrte the pmping chamber; such sup-
port being effective durmg all’ phases of the pumpmg
cycle )

Yet another object of the invention'is the provision of
résilient supporting’ means closely surroundmg the’ piston
beneath the dlaphragm in’ ordet to'ensure support: of the
dlaphragm actoss’ its entire' face éven durmg the portion
of the cycleé when the diaphragm-i¥ drsplaced toward the
pumping chamber. ‘

Stxll further. the invention has afi object the' provision
of a double dlaphragm constritetion including one- dia-
phragm made of a materlal selected for'its ability to with-
stand reépeated flexure'and another draphragm made of a4
material selected for its resistancé to cbemwal attack by
the siillagé béing pumped:

Addltlonally the invention has as an- cbject the pro-
vision of a hydrauhc chafiiber separatinig the’ dlaphragms
of a doiible diapliragin’ construction and adapted to trans-
rait force froi one fo the other.

How th€ foregoinig and’ other objects and advantages of
tHe invedtion are attained will appear more clearly from
the followmg descrxptlon taken' together with the:ac-
companylng drawings in which:

Fig. 1 is a'diagrammatic sectional elevation of pumping
equ1pment according to the invention;

Fig. 2 is a cross section taken on' the line 2——2 of
Fig. 1;

t‘l;?lg 3isa cross sectlon taken- on the 11ne 3—3 of
Fig. 1;

Fig. 4is a fragmentary sectlonal view, on an enlarged
scale as compared with Fig. 1, showing a portion of the
diaphragm, the piston and the surrounding support for
the purpose of illustrating diagrammatically the nature of
the diaphragm distortion which occurs: during operation
of the pump;

Fig. 5 is-a fragmentary sectional elevation on an en-
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2 .
larged scale as compared’ with Fig. 1 showing:another
enibodiment of the inveuntion utilizing a pair of’ dia~
phiragms and further showing”a resilient’ suipporting: 1ing‘
surrounding the piston, this view showing’ the. piston iiv
rétracted posmon and

Fig. 6 is a view similar to Fig. 5 but showing the plston‘
in extended p'o‘siti‘on deflécting the working' didphiragm
toward the pumpmg chamber!

Preliminarily it is- pointed out’ that various equipmert:
useful with’ features” of the:invention' i§ fully illustratéd’
and described in copendmg applications  Serial’ No: 497;+
529, filed March 29, 1955; issued January 7, 1958 ds
Patent No. 2,818,818; and Serial No. 497,630, filed March’
29, 1955, issued Novembsr 26, 1957 as Patent No. 2;,814;+
253, entitled’ Pumping: Equipment” and Puniping: Equip-
ment for Viscous Liquids: respectively, ass1gned to-the as-
signee-of the present apphcatlon

Considering: Fig. 1 first; it is pointed out that a multi-
patt housing:H is associated with’ the bottom end of riser
Rand:may be positioned-beneath the surface of the earth
a-distance of 2,000 m. or more,. Within the  housing H
are’ the motor M, transmissien T, pumping means P and;
separating and sealing the pumping means from the motor
and transmission; a continuous, unbroken - flexible dia-
phragm D.

In more detail, the motor M, operatmg in motor cham-
ber or reservoir 7 filled with oil up to oil level 8, has a
shaft @ carrying bevel gear 10 and ]ournalled in ball bear-
ings 11 (mounted in supportmg structure 12) and- 13
(mounted in motor cover plate 14). Plate 14'is shoul-
dered to provrde 2 portion 15 fitting into the housing H,
a portlon 16 of diameter equal to that of housing H, and
a portion 17 fitting inside of transmission housmg 18..

~Closure plate 12 (having-oil supply pQSsage 29 fitted
w1t‘1 screw plug: 21) scals off the bottom of housing H.
Passages 22--23 through. support member iz permlt 011
supphed through aperture 26 to flow into the reservoir
up to the 6il level 8.

Bevel gear 18’ micshes with bevel gear 23 fixed to shaft
24 disposed at right angles fo shaft 9 and’ ]ournalled in
b'xll ‘bearings 25 and 26 mounted in récesses 254 a'ld 26:2
in tite’ walls of transmlsswn housmg 18

An eccéntric or cam 27 is fixed to shaft 24 intermediate
the bearings 25 and 26. Piston 28 recrprocates in the
bore “of bushing 29-with its lower end in contact with the

'cam 27. Bushmg 29'is mounted w1thm ‘support member

k1] whxch may " be bolted to- pump cap 31 as by bolts
3232, The pump' cap 3% is'secured to"transmission
housing 18 By bolts 33:-33 pass.ng through apeértires'in
the shoulder 34; through spacer ring 35; and intd threaded
apertures 36.

The piston 28 is shoulderod at the upper end to foriti
a- portlon 37 of Iarger digmieter which operates within a
bore portxon of correspondrngly larger diameter, said poi-
tion™ confacting the lower face of the dlaphrapm D A
passage 3§ leads froni'the reservoir to the larger diameter
bore portion. Oil picked up by the bevél gear 23 during
rotation' is splashed into the pasage 38 and serves as 4
means for lubricating the contacting surfaces beiween: the
piston and:the diaphragm. @il return:grooves 39 are pro-
vided so that excess oil delivered up the passage 38 can
flow down between: the piston and bushing into thé reser-
voir. Thus; by means of the oil delivery passage 38 and
the oil return grooves 39, a continuocus- circulation. of cil

.- from the reservoif. to the region of the piston face and

back to the reservoir takes, place.-.

Within the purhp cap 31 is the pumping chamber 40
having an inlet check valve generally indicated at 41 and
an outlet check valve gemerally: indicated at 42, which
valves are adapted to perrnit flow of oil into the pumping
chamber and into the riser respectively.

A spring 43 abuts the bottom of a counterbore 44 in
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the pump cap 31 and also abuts a disc 45 having a center-
ing post 46, said disc bearing against the upper or pump-
ing chamber face of the diaphragm D. This arrange-
ment of the spring causes a force tending to urge the dia-
prhagm toward the piston 28, which force aids in return-
ing the diaphragm to its lowermost position after the pis-
ton 28 has displaced it upwardly on the pressure stroke
and commenced its downward motion on the suction
stroke.

The operation of the equipment proceeds as follows.
As the motor rotates, the bevel gears 18 and 23 effect
corresponding rotation of the shaft 24 and the cam 27.
The cam 27 displaces the piston upward and the piston
in turn, by direct contact with the underface of the dia-
phragm D, deflects or distorts the diaphragm upward to-
ward the pumping chamber, in a manner more clearly
seen in Fig. 4 in the dot-and-dash line position.

Motion of the diaphragm toward the pumping cham-
ber tends to build up pressure in the oil within the cham-
ber and effects closing of the intake valve 41 and dis-
placement of the outlet valve 42. For the remainder of
the pressure stroke of the piston, the sullage will be dis-
charged from the pumping chamber into the rising main
R. When the cam passes the position in which the piston
is displaced upward the greatest distance, the spring,
together with the head of liquid above the pump in the
riser, urges the diaphragm to follow the piston on the
suction stroke. During this stroke, the discharge valve 42
closes, the intake valve 41 opens, and sullage flows into
the pumping chamber from the surrounding strata. At
this point the cycle is ready to repeat.

During operation oil is continuously splashed by the
bevel gear 23 up the passage 38 and such oil surrounds
the piston enlargement 37 and fills the relatively small
pocket 47 (see Fig. 4) between the support 30, the piston
37 and the diaphragm D..

Fig. 4 illustrates in solid lines the position of the dia-
phragm when the piston is fully retracted and in dot-and-
dash lines the position of the diaphragm when the piston
is fully extended. The annular portion of the diaphragm
indicated by the double-headed arrow d is the portion
which bears most of the flexure stress during distortion
and return of the diaphragm. If the piston stroke is in-
creased, this portion d will undergo an increased stretch-
ing, thereby increasing the stress and the danger of rup-
ture.

On the other hand, increasing the diameter of the pis-
ton merely results in locating the stressed portion d some-
what further from the center of the piston, without caus-~
ing any material increase in the stress imposed thereon.
By way of specific example, it has been found from prac-
tical experience that when using a constant speed motor
rotating within the range of approximately 1000/1500
up to 3000 R. P. M. with a diaphragm of synthetic ma-
terial 1 to 3 mm:. thick and a piston whose edge is rounded
to a radius of 3 mm., the stroke should not exceed 2 mm.,
if it is desired to lift oil up the rising main a distance of
more than 500 m. From this it can be seen that, if it
becomes desirable to attain a certain minimum delivery,
it is preferable to increase the piston diameter, rather
than to increase the length of stroke.

Attention is now turned to the embodiment of the in-
vention shown in Figs. 5 and 6.

Preliminarily it is pointed out that materials, such as
rubber, which have excellent flexure properties are un-
fortunately subject to severe chemical action and damage
when brought into contact with crude petroleum. On
the other hand, some materials, such as certain of the
plastics, which have excellent corrosion and chemical
resistance are not sufficiently flexible and resilient to with-
stand the terrific flexure to which the diaphragms are sub-
jected. As a solution to this problem, the embodiment
of Figs. 5 and 6 utilizes a lower working diaphragm WD
which may be made of a material having excellent flexure

10

15

20

30

4
properties and an upper protective diaphragm PD which
has excellent corrosion and chemical resistance.

The arrangement of the motor, transmission and
valve means can be the same for the embodiment of Figs.
5 and 6 as above described in connection with the em-
bodiment of Fig. 1. However, in the embodiment of
Figs. 5 and 6 the pump cap 31 and the supporting mem-
ber 30 are separated by the diaphragm spacer 48 having a
bore 49 forming a hydraulic chamber between the two
diaphragms.

The upper diaphragm PD seals the hydraulic chamber
from the pumping chamber 40 while the lower diaphragm
WD seals the hydraulic chamber from the motor and
transmission chamber.

A supporting screen 50 having apertures 51 underlies
the protecting diaphragm PD. This screen is provided
to prevent distortion of the diaphragm PD downward in
the event of rupture of the working diaphragm WD. Ex-
cessive distortion of the diaphragm PD downward would
lead to rupture and permit sullage to flow from the
chamber 40 down into the motor and transmission mech-
anism. It is important to prevent such flow of the sullage
since it carries with it considerable quantities of entrained
solid substances (such as sand) which might seriously
damage the drive mechanism of the pump. A spring 52
is located within the hydraulic chamber and abuts the
edges of the screen 50 and a disc 53 provided with a spring
centering pin 54. The spring assembly acts to urge the
working diaphragm toward the piston to assist in return
of the diaphragm to the downward position (illustrated
in Fig. 5) when the piston is on the suction stroke.

The support member 30 is recessed adjacent the piston
to accommodate a resilient auxiliary supporting ring 55
which closely fits around the piston head and protrudes
a short distance toward the diaphragm above the plane
of the support member 30. As described in more detail
in connection with Fig. 6, the portion of the resilient
ring 55 which extends above the surface of the sup-
port member 30 will deform under the pressure of the
liquid above and transmitted through the diaphragm in a
manner to substantially fill the small space which might
otherwise exist between the rounded corner of the piston,

" the diaphragm and the support surrounding the piston.
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Instead of the splash lubrication passage 38 shown in
Fig. 1, the embodiment of Fig. 5 includes an oil delivery
passage 56 provided with a check valve 57 which permits
oil to enter into the small spaces around the piston head
but prevents flow of such oil back out of the passage 56.
By this means more positive lubrication is provided for
since the enlargement 37 on the downward stroke will
entrap oil and, by pressure feed, force it up around the
piston and between the piston face and diaphragm WD.
A portion of the oil will also travel out through oil re-
turn grooves 39.

Fig. 6 shows the mechanism of Fig. 5 with the pis-
ton and diaphragms in the extreme upward position. The
working diaphragm WD will distort somewhat in the man-
ner of the diaphragm shown in Fig. 4. However, the
resilient supporting ring 55 will distort to provide a por-
tion 58 which tends to extend into the small space be-
tween the rounded corner 59 of the piston and the work-
ing diaphragm WD. As mentioned above, this exten-
sion ensures complete support of the diaphragm across
its entire area even when it is distorted upwardly to its
greatest extent. This distortion of the supporting ring 55
also prevents pinching of the diaphragm between the pis-
ton and cylinder on the downstroke, which pinching might
result if a space were left into which the pressure of the
fluid above the diaphragm could force a portion of the
diaphragm material. .

The upper or protective diaphragm PD does not distort
as abruptly or markedly as the lower working diaphragm
WD. In contrast, the upper diaphragm PD distorts in
a gradual arc throughout its entire area. Such flexiire is
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not nearly so severe and does’' not stress the material as
vigorously as the dlstortlon given the working diaphragm
WD.

As mentioned above, when the piston is in the up-
ward position, oil may flow past. the check valve 57
and through the passage 56 and into the small space 60
surrounding the piston 28 and just below the piston en-
largement 37.  Some of this'small body of oil in the
chamber 60 which is forced up and around the piston
enlargement during the - suction stroke.

The operation of the embodiment .of Figs. 5 and 6 is
generally similar to that describéd .dbove-in connection
with the embodiment of Fig. 1. However, a brief descrip-
tion follows. On the up stroke the piston deflects the
working diaphragm toward the pumping chamber. Since
the hydraulic chamber 49 is filled with an incompres-
sible liquid, such as . oil, the force of the piston and
working diaphragm WD is “trafismitted through the hy-
draulic-chamber -to the upper-or protective diaphragm
PD, causing-distortion-of- this diaphragm-into the pump-
ing chamber. - On-the- suction stroke" of the piston, the
spring -and head-of oil in the riser combine to-urge. the
protective- and -the working-diaphragms: downwardly so
that they - follow -the- piston into  their lower: position
ready to repeat the:pumping cycle.

From the foregoing description of the various embodi-
ments of the invention iltustrated in' the drawings it can
be seen that the diaphragm' which is directly distorted by
the piston is substantially’ completely supported over its
entire area in all phases of the operation. In Fig. 1
this support is accomplished by the cooperation of the
face of the piston and the support member 30 (together
with the bushing 29).

In the embodiments of Fig. 5 this support includes
the resilient supporting ring 55 which is formed of a suf-
ficiently elastic material so that it will be deformed by
the pressure involved to flow into and fill whatever
small space may tend to develop between the piston, the
support member 30 and the diaphragm during operation
of the pump.

The invention provides for diaphragm distortion in
only one direction from rest position, - Distortion from
rest position in both directions is avoided.  The inven-
tion thus guards against flexure in both directions which
would increase the stress and decrease the diaphragm
life.

Both of the embodiments illustrated in the drawings
include means for thoroughly lubricating the contact
surfaces between the piston and the diaphragm. Such
lubrication is an important aspect of the invention since
it aids in smooth and cool operation and, more im-
portantly, materially prolongs the pumping life of the
diaphragm. In addition, the pocket of lubricant between
the rounded corner of the piston, the diaphragm and
the support means aids in preventing pinching of the
diaphragm when the piston is on the suction stroke.

We claim:

1. Submersible equipment for deep well pumping,
comprising a motor, a pump, and a housing enclosing
said motor. and pump, said pump having a pumping
chamber and a continuous flexible diaphragm separating
the pumping chamber from the motor, a piston and a
cylinder therefor, said piston operating in contact with
the diaphragm, said piston being driven by said motor
and adapted on the pressure stroke to deflect said dia-
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phragm in the direction of the pumping chamber, and -

support means closely surrounding said piston adjacent
the diaphragm, said support means extending laterally
from the piston in position to underlie the diaphragm,
said support means and piston being constructed and
arranged to cooperate in contacting and supporting said
diaphragm over substantially its entire area durmg pump
operation, said support means including a ring of re-
silient material immediately surrounding said piston and

5

4]
extending slightly beyond the rest of the support means’
toward the diaphragm:

2. Equipment-according to clalm 1 in which the piston
includes an end portion- of larger diameter and the
cylinder -includes a cylinder portion of correspondingly
larger diameter, said equipment further including a reser-
voir of ‘lubricant and passagé méeans connecting said
larger diameter cylinder portion’ with the reseérvoir.

3. Equipment according to claim 2 in which said
passage means includes a check valve adapted to-occlude
flow when the piston is on the-suction stroke:

4. Submersible equipment for pumping sullage from.
a deep ‘well comprlsmg a motor, a pump, and a-housing
enclosing said motor and pump; said pump having a
pumpmg chamber, & pair of continucus- flexible dia-
phragms 1nterposed between the pumping chamber and
the motor and’ spaced from each other to forth a hy-
draulic chamber therebetween, one of said diaphragms
sealing the pumping chamber from the hydraulic cham-
ber and the other of said' diaphragms seahng the hy-
draulic chamber from the’ motor, a piston in contact
with said other dlaphragm, said piston- being driven by
said motor and adapted on the pressure stroke to deflect
said other diaphragm in the direction of the pumping
chamber; and support means. closely surrounding said
piston’ ad]acent the dlaphragm, said support means ex-
tending laterally ‘from‘the piston in position to underlie
said other .diaphragm, said” support means and piston
bemg constructed and arrangéd to'cooperate in support-
ing’ said other.. dlaphragm over subetannally its entire
area durifig pump operation; said stipport means including
a ring of resilient material immediately surrounding said
piston and extending slightly beyond the rest of the sup-
port means toward said other diaphragm.

5. Equipment according to claim 4 in which the first
mentioned diaphragm is made of a material selected
for its corrosion and chemical resistance, and in which
the said other diaphragm is made of a material selected
for its ability to withstand repeated flexure without
rupture. )

6. Submersible equipment for deep well pumping com-
prising a motor, a pump and a housing enclosing said
motor and pump, a pumping chamber, a motor chamber
and a continuous flexible diaphragm therebetween, said
diaphragm having a rest position and a deflected position,
a piston and a cylinder therefor located in said motor
chamber, said piston being in contact with the diaphragm,
said piston being driven by the motor and adapted on
the pressure stroke to deflect the diaphragm in the direc-
tion of the pumping chamber from the rest position to
the deflected position, and support means mounted in
fixed position closely surrounding the piston adjacent the
diaphragm, said support means extending laterally from
the piston in position to underlie the diaphragm, said
support means and piston being constructed and arranged
to cooperate in contacting and supporting the diaphragm
throughout substantially the entire area of the motor
chamber face of the diaphragm, said support means and
piston being constructed and arranged to prevent travel
of the diaphragm in the suction direction beyond said rest
position, whereby the diaphragm is adapted to be deflected
from said rest position in only one direction.

7. Equipment according to claim 6 and further in-
cluding a reservoir of lubricant and passage means inter-
connecting the reservoir and the cylinder, whereby to
supply lubricant to the contacting surfaces of the piston
and diaphragm.

8. In pumping equipment the combination of a pump-
ing chamber having a suction valve and a delivery valve,
said chamber having one wall formed as a continuous
diaphragm, a piston and a cylinder therefor, said piston
being adapted to deflect the diaphragm in the direction
of the pumping chamber, and support means closely sur-
rounding the piston adjacent the diaphragm, said support
means extending laterally from the piston in position to
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underlie the diaphragm, said piston and said support means
being constructed and arranged to cooperate in contact-
ing and supporting the diaphragm throughout substantially

the entire area which lies in back of the pumping face,"

the piston including an end portion of larger diameter
and the cylinder including a cylinder portion of corre-
spondingly larger diameter, said equipment further in-
cluding a reservoir of lubricant and passage means con-

necting the larger diameter cylinder portion with said

reservoir.

9. Submersible equipment for deep well pumping, com-
prising a motor, a pump, and a housing enclosing said
motor and pump, said pump having a pumping chamber
and a continuous flexible diaphragm separating the pump-
ing chamber from the motor, a cylinder and a piston
therein in contact with the diaphragm, said piston being
driven by said motor and adapted on the pressure stroke
to deflect said diaphragm in the direction of the pumping
chamber, said piston including an end portion of larger
diameter and said cylinder including a cylinder portion
of correspondingly larger diameter, said equipment fur-
ther including a reservoir of lubricant and passage means
connecting the larger diameter cylinder portion with said
reservoir.

10. A construction according to claim 9 in which said

passage means includes a check valve adapted to occlude
flow when the piston is on the suction stroke.

11. Submersible equipment for pumping sullage from
a deep well comprising a motor, a pump, and a housing

enclosing said motor and pump, said pump having a 30

pumping chamber, a pair of continuous flexible diaphragms

S
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interposed between the pumping chamber and the motor
and spaced from each other to form a hydraulic chamber
therebetween, one of said diaphragms sealing the pumping
chamber from the hydraulic chamber and the other of
said diaphragms sealing the hydraulic chamber from the
motor, a cylinder and a piston therein in contact with
said other diaphragm, said piston being driven by said
motor and adapted on the pressure stroke to deflect said
other diaphragm in the direction of the pumping chamber;
said piston including an end portion of larger diameter
and said cylinder including a cylinder portion of corre-
spondingly larger diameter, said equipment further in-
cluding a reservoir of lubricant and passage means con-
necting the larger diameter cylinder portion with said
reservoir.
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