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UNITED - STATES PAT ENT OFFICE

PRESSURE SYSTEM FOR SUBMERSIBLE
STRUCTURES:

Frederick-O. Luenberger, Los: Angeles, Calif.; as-
signor to-U. 8. Eleétrical Motors, Inc., Los An-
geles, Calif.,"da corporation. of Cahforma

Applicationn December:26, 1950, Serial:No: 202,719 .
(Cl1. 103—87) ’
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This:invention. relates -to- submersible .strue-
tures, such as a motor- pump unit adapted- to-
opex ate in a well.

In such:submersible struetures;.it-is: of funda-
menta:l importance:to preventientry-of well fluid-
intoithe motor -casing. .. The: well-fluid :in- which:

the ‘unitids designed. to operate--ordinarily ear-.
riescsuspended -particles.of grit; as: well: as- other.
foreign:matter that is-likely:to-harm.the- stator.

windings:and the:rotating:.parts.-of . the -motor.: ..
Butforthe rotating shaft that necessarily ex-
tends :beyond;the .motor:.casing:for-cooperation-

withthespump;:it-is- a: simple: matter: to provide.

afluid=tight;casing: for the:motor:.:- Many types.
of: running: seals:-have- been: propesed, such;. for
instance, a-pair-of relatively rotatable-cooperat-
ingrmembers carried: respectively by the motor.

shaftuand:the:motor: casing;: It has-been-found.

that: such: sealsmay:be effectively: used,-provided:
thiat there:exists:within:the:-motor: ecasing. a:fluid:

Hayingra pressure:exceeding:that:of the well -fAluid:
-The internal: motor:

on=theroutside: of- the seak-
fluid that is often-used-is-inert-oil;. or: the like:
The function:iof this:inereased-pressureis-to in-
sure:that the leakage: that.may exist; however
smail}: is: outwardly-.of: the- casing through~the
running:seal; thereby. -maintaining: the-purity of
thémotor fiiiid:within the'casing: =
~Ituisiansobjectiof this:invention:to. provide-an
improved ‘system:for~maintaining-a substantial
excesspressure of theinternalmotor fluid, wherew
by effective operation.of theseal:is:achieved:to:
exchude:therwellifluid. -

< It iss another: object: of this-invention: to prow
videsai compact submersible unit inswhichra, reser=
voir: of: motor:fluidds: provided-as: a : part:of. the
submersible.stricture: itself, :together: withnovel
means:for:elevating: the:pressurevof: thetmotor
fluid:iwithin:the:reservoir; .

“Thésexcess:pressure necessary-for: effectiveinp=
eration:ofthe:sealiis: dependent: upon:the :rota=
tionatispeed of:the appartus. . .Itiis-accordingly:
anéther'-oBject -of  thisvinvention ' to provide -a:
- systermydRat will sipply-an:excess’presstre inian
amountidépendentiupon theirotational speet of:
the apparatus.
= IE 1S stillanother objedt -of: thisihvention:to
utilizesthé  veloeity 'or” pressure: Head ' developed
By-asbump i assubmersible: motor-pump:: umnit.
to:supply-ah excess pressitre‘to the motor casing
flniddnran amount:dependent: upon ‘the rotational
speediof the apparatus:

“It-iststill another: object: of -tHis ‘ifvention: to

utlhze the-vaporcHaraeteristics: ofa - volatiléima=
terra‘}ﬁto iproduce an‘excess-pressure in the ifiters
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nal motor casing finid-in order to seeure an:effec-
tive :operation:oi the sealing means to prevent-
ingress:of-well-fiuid -intothe motor casing.
This: invention: possesses many other -advan-

- tages, and has other objects: which; may. be made-

more: clearly: apparent- from a: consideration. of
several-embodiments of’ the invention. For:this:
purpose there-are shown s few forms-in the:draw-:
ings accompanying and forming part of the pres<
These forms - will- now -be
described:in detail, illustrating the general: prin-
ciples of-the invention; but:it-is to be understood:
that: this.detdgiled- description -is" not to- be taken:
in a limiting sense, since the scope of the inven-

. tion is. best defined: by .the appended claims:

‘Referring:to the drawings: -

Figure 1. Is a diagrammatic view, mostly in
section, illustrating a motor-pump unit-in oper-
ative:position in‘a.well; and embodying one form:
of -this:invention;

Fig. 21is a:-view similar-to Fig. 1; but-illustrating:
2 modified . form. of this-invention;. and:

Pig. 3 is an enlarged .fragmentary sectional
view: illustrating; by way of example, a seal that
may beused in the structure. .

Inthe:drawings; there:isillustrated a submersi-
ble unitiin a well casing {9, the unit. being dis«~
posed:below the level:{ § of the well fluid {2-there~:
in.. The unit comprises: a- pump 13, which: may-
be of. the centrifugal.type, and a motor {4.  The:
motor {4 is coupled to the pump {3 structurally:
by a.frame (5; and rotatively by the coupling:16
that is connected to: the punip shaft-17 and the:
motoxshaft 18 respectively:

The: motor stator windings- 8 are enclosed: by:
aicasing: 28; together with upper and lower-end:
brackets 24 and 22 that are secured in fluid tight:
relation to the casing 20. These brackets 21 and:
22- house suitable bearing. structures 28 and: 2¢
for the-motor shaft 8. Fluid; such:as oili having:
insulating propérties completely fills: the: mmotor
casing..

As: the -shaft. 18 extends through the upper -
end-bracket 21, it istnecessary. there to:provide
a::sealing: structure “to: prevent-entry of well finid:
{2. A sealing structure that'may be used dsHllug=:
trated in Fig. 3. . g .

The: seal comprises, in. essence,: o stationary
member mounted-cn the casing 28 and: a rotary
member mounted on the shaft 18. A sleeve:25;
together with ring 28; accommodates the rubbing
stationary elemert:27 that:is provided:'with a
frusto-conical: surface.:  The: stationaty !t sealing
elements25; 28;.and-27:are insertable into-a tubu-
lar: ‘extenision- 24a- of - the-upper ‘end: bracket -Zf
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in fluid-tight relation therewith. The element
27 may be of special wear-resistant material. A
rotating element 28 is carried by the shaft 8.
This rotating element 28 has a surface mating
with the frusto-conical surface of the stationary
element 27, and in rubbing rotational contact
therewith.

The effectiveness of the seal in preventing en-
try of well fluid 12 into the motor casing 20 along
the motor shaft I8, for a given rotational speed,
is dependent upon a minimum excess pressure of
the internal motor fluid as compared with the
pressure of the well fluid 12 at the seal. By pro-
viding such an excess pressure, any leakage, how-
ever small, that may occur is of motor fluid out-
wardly of the casing 20. Accordingly, the purity
of the internal motor fluid is maintained, insur-
ing against contamination of the operating parts
of the motor i4.

A reservoir for the internal motor fluid is con-
veniently provided as a part of the submersible
structure. For this purpose, the lower end brack-
et 22 may be of inverted cup-shaped configura-
tion, providing a motor fluid chamber 29 imme-
diately beneath the bearing 24. A plate 30 ex-
tends across the end of the bracket 22." Depend-~
ing from the plate 30 is a boss 31 having a
through aperture 32 leading to chamber 28. A
flexible metal bellows 33 has a mouth 33a cir-
cumscribing the boss 31 and is secured thereto.
Accordingly, the interior of the flexible bellows
33 is in communication with the chamber 29 and
the interior of the motor casing 20 by way of
the aperture 32.

Any pressure exerted on the exterior of the
bellows 33 will necessarily be communicated to
the internal motor fluid, the bellows 33 forming
a part of the internal motor fluid reservoir. It
is not sufficient, merely, that the exterior of the
bellows 33 be subjected directly to the well fluid;
substantially more pressure is necessary in order
to achieve the'desired operation of the seal while
the unit is in operation.

To supply such pressure to the external por-
tion ‘of the bellows 33 and, thereby, to the motor
fluid, there is illustrated in Fig. 1 a pressure
chamber 34 formed by a supplementary rigid
housing 35 carried by bracket 22. This housing 35
substantially circumscribes the bellows 33, but is
out of fluid-conducting relation with the interor
of the bellows 33.

The chamber 34 is filled with well fluid 2. A
conduit 36 communicates the pressure developed
within the pump {3 to the chamber 34.  Accord-
ingly, when the unit is operating, the pressure
of the pump, or a portion thereof, is communi-
cated to the fluid within the pressure chamber
34, The pressure of the fluid in chamber 34 is
transmitted to the internal motor fluid through
the flexible bellows 33 forming a part of the reser-
voir therefor. ‘

The effectiveness of the seal is dependent upon
the rotational speed of the device. By utilizing
the pressure developed by the pump 13 to supply
such excess pressure, the requirements for the
effective operation of the seal are satisfied, since
the pressure communicated by the conduit 36
is the pressure developed by the pump, in turn
dependent upon the speed of rotation of the ap-
paratus. ‘

In Fig. 2 there is illustrated a modified form
of this invention, which accomplishes the result
of supplying an excess pressure to the internal
motor fluid. In this instance, a pressure cham-
ber 40 is provided by a supplementary rigid hous-
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4
ing 41 attached to the bracket 22. The chamber
40 is in this instance sealed.

In the pressure chamber 40 there is provided
a small quantity of volatile fluid 42.
pressure due to the fluid 42 is communicated to
the internal motor fluid through the flexible bel-
lows 33, thereby maintaining such' excess of pres-
sure as is necessary for-successful operation of
the seal.

Ordinarily, the conditions under which the
submersible structure can, between limits, be an-
ticipated. Accordingly, the fluid may be chosen
which best fulfills the requisites of the system,
giving due regard to the temperature, the depth
at which the system operates, and the desired
minimum ‘pressure differential required for the
particular type of seal. Fluids such as methyl
chloride, butane, and propane may be used.

The amount of fluid 42 used, while small, is
such that for all limits of operation, sufficient
fluid 42 is available to supply the necessary pres-
sure. : D

The inventor claims:

1. In a submersible structure adapted to op-
erate in a well or the like: a motor having a cas-
ing and a shaft extending beyond said casing;
a pump operated by said motor and coupled to
said shaft; rotary and non-rotary elements car-
ried by the shaft and the casing respectively,
said elements being in engagement with each
other to form a seal between said motor casing
and said shaft to exclude well fluid from said
casing; means forming a reservoir in communi-
cation with the interior of said casing, including
a flexible bellows; means forming a pressure
chamber contiguous with said bellows, but out
of fluid conducting relation with the interior
thereof; a liquid completely filling the casing and
the reservoir; and conduit means connecting said
pressure chamber and the outlet side of sald

pump for elevating the pressure of said internal

liquid to create a presure drop across said seal
from the interior of the casing.

2. In a submersible structure adapted to op-
erate in a well or the like: a motor having a
casing and a shaft extending beyond said.cas-
ing; rotary and non-rotary elements carried by
the shaft and the casing respectively, said. ele-
ments being in engagement with each other to
form a seal between said motor casing and sald
shaft to exclude well fluid from said casing; said
casing being adapted to contain internal-fluid;
means forming g reservoir for said internal fluid,
and in communication with the interior of said
casing, including a flexible bellows; means form-
ing a sealed pressure chamber contiguous -with
said bellows, but out of fluid conducting relation
with the interior thereof; and a volatile fluid
in said pressure chamber for exerting a pressure
on said bellows to elevate the presure of said in-
ternal fluid to create a pressure drop across said
seal from the interior of the casing; the amount
of volatile fluid being such with respect to the
size of the pressure chamber as to provide both
a vapor and a liquid phase in said pressure
chamber. :

3. In a submersible structure: a motor having
a shaft; a substantially cylindrical casing sur-
rounding said motor; a first bracket for one end
of said casing, said shaft extending through said
bracket; means carried by said first bracket
forming a seal between said shaft and the ex-
terior of said first bracket; a second bracket for
the other end of said casing, said second bracket
being of cup shaped configuration facing longi-

The vapor
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tudinally outwardly of said casing, said second
bracket being adapted to carry a bearing struc-
ture for the end of the shaft, said second bracket
forming a space beyond said shaft and aligned
therewith, said space being in communication
with the interior of said casing; a plate ac-
commodated on the open portion of said second
bracket, said plate having an apertured boss
extending outwardly of said space and aligned
with said shaft; a flexible bellows accommodated
on said boss, the interior of said bellows being
in communication with said space; said bellows,
said casing, and said space being adapted to con-
tain an inert fluid; a housing surrounding said
bellows and secured to said second bracket, said
housing forming a pressure chamber for said
bellows; and means for supplying pressure to said
pressure chamber for elevating the pressure of
said fluid.

4. In a submersible structure: a motor having
& shaft; a substantially cylindrical casing sur-
rounding said motor; a first bracket for one end
of said casing, said shaft extending through said
bracket; a pump operated by said motor and
coupled to said shaft; means carried by said first
bracket forming a seal between said shaft and
the exterior of said first bracket; a second bracket
for the other end of said casing, said second
bracket being of cup shaped configuration facing
longitudinally outwardly of said casihg, said sec-
ond bracket being adapted to carry a bearing
structure for the end of the shaft, said second
bracket forming a space beyond said shaft and
aligned therewith, said space being in communi-
cation with the interior of said casing; a plate
accommodated on the open portion of said sec-
ond bracket, said plate having an apertured boss
extending outwardly of said space and aligned
with said shaft; a flexible bellows accommodated
on said boss, the interior of said bellows being in
communijcation with said space; said bellows, said
casing, and said space being adapted to contain
an inert fluid; a housing surrounding said bel-
lows and secured to said second bracket, said
housing forming a pressure chamber for said
bellows; and conduit means connecting said pres-
sure chamber and the outlet side of said pump
for elevating the pressure of said fluid.

5. In a submersible structure adapted to op- .

erate in a well or the like: a motor having a
casing and a shaft extending beyond said casing;
rotary and non-rotary elements carried by the
shaft and the casing respectively, said elements
being in engagement with each other to form a
seal between said motor casing and said shaft to
exclude well fluid from said casing; means form-
ing a reservoir in communication with the in-
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terior of said casing, including a flexible bellows;
means forming a sealed pressure chamber con-
tiguous with the bellows, but out of fiuid con-
ducting relation with the interior thereof; a lig-
uid completely filling the casing and the reser-
voir; and a volatile fiuid in said pressure cham-
ber for exerting a pressure on said bellows to ele-
vate the pressure of the liguid in said casing and
said reserveir to create a pressure drop across
said seal from the interior of the casing; the
amount of voiatile fiuid being such with respect
to the size of the presure chamber as to provide
both a vapor and 2 liquid phase in said pressure
chamber.

6. In a submersible structure: a motor having
a- shaft; a substantially ecylindrical casing sur-
rounding said motor; a first bracket for one end
cf said casing, said shaft extending through said
bracket; means carried by said first bracket form-
ing a seal between said shaft and the exterior
of said first bracket; a second bracket for the
other end of said casing, said second bracket be-
ing of cup shaped configuration facing longitu-
dinally outward of said casing, said second
bracket being adapted to carry a bearing struc-
ture for the end of the shaft, said second bracket
forming a space beyond said shaft and aligned
therewith, said space being in communication
with the interior of said casing; a plate accom-
modated on the open portion of said second
bracket, said plate having an apertured boss ex-
tending outwardly of said space and aligned with
said shaft; a flexible bellows acocmmodated on
said boss, the interior of said bellows being in
communication with said space; said bellows, said
casing, and said space being adapted to contain
an inert fluid; a housing surrounding said bel-
lows and secured to said second bracket, said
housing forming a sealed pressure chamber for
saig bellows; and a volatile fluid in said pressure
chamber for exerting a pressure on saidg bellows
to elevate the pressure of said inert fluid to create
a DPressure drop across said seal from the inte-

-rior of the casing; the amount of volatile fluid

being such with respect to the size of the pres-
sure chamber as to provide both a vapor and a
liquid phase in said pressure chamber,
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