Office de la Propriete Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2171899 C 2002/05/14

(11)(21) 2 171 899

12y BREVET CANADIEN
CANADIAN PATENT
13) C

(22) Date de depot/Filing Date: 1996/03/15

(41) Mise a la disp. pub./Open to Public Insp.: 1996/10/11
(45) Date de delivrance/lssue Date: 2002/05/14

(30) Priorité/Priority: 1995/04/10 (9507396.1) GB

(51) Cl.Int.%/Int.CI.° E21B 4/00

(72) Inventeur/Inventor:
Belcher, lain Russell, GB

(73) Proprietaire/Owner:
Mono Pumps Limited, GB

(74) Agent: SWABEY OGILVY RENAULT

(54) Titre : TETE D'ENTRAINEMENT DE POMPE FOND DE TROU

(54) Title: DOWNHOLE PUMP DRIVE HEAD ASSEMBLY

£
20-{8 | &
|"“E
| |
II :,.-18
)
144 M I : 12
— 288
— P —1 __16A
B |
D
46 : ’ \
L
e I W g | =2 A e
i i l -
- 1 1.
\ O ___ |70
28R} 34| | 1|36A :
N :’] ( ' M,
Tl
i |
35 kol
444 |
44
o o
20

50

(57) Abrége/Abstract:

A downhole pump drive head assembly for driving the rod string which rotates the rotor of a downhole pump includes a body
provided with upper and lower bearings In which Is rotatably mounted a drive shaft which carries, for rotation therewith, a polish
rod of the rod string. A hydraulic retarder iIs mounted on the body and includes a stator turbine and a rotor turbine, the rotor
turbine being mounted with respect to the shaft, for example, by means of a free wheel mechanism. The hydraulic retarder,
therefore, operates to control rotation and prevent back-spin of the rod string.
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"DOWNHOLE PUMP DRIVE HEAD ASSEMBLY"

Abstract of the Disclosure

A downhole pump drive head assembly for
driving the rod string which rotates the rotor of a
downhole pump includes a body provided with upper and
lower bearings in which 1s rotatably mounted a drive
shaft which carries, for rotation therewith, a polish
rod of the rod string. A hydraulic retarder is mounted
on the body and 1ncludes a stator turbine and a rotor
turbine, the rotor turbine being mounted with respect
to the shaft, for example, by means o0of a free wheel
mechanism. The hydraulic retarder, therefore, operates
to control rotation and prevent back-spin of the rod

string.
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DOWNHOLE PUMP DRIVE HEAD ASSEMBLY

The present invention relates to a downhole pump

drive head assembly for driving the rod string which rotates
the rotor of a downhole punmp.

Such downhole pumps which are extensively used 1n
the 01l industry for operating low pressure 01l wells and
also used for raising water, are often mounted several
hundred metres or indeed a number of Kkilometres below the
surface. Because of the difficulties of mounting the
submersible pump at such low levels which employ an electric
motor drive at the lower level, 1t has become practice to
drive the rotor of such pumps by means of a rod string which
comprises a series of rods connected end to end extending
from the surface down to the rotor. O0Of course such rod
strings must themselves be very long.

If one 1s using a pump of the helical gear variety
wlith a cooperating male and female stator and rotor, the
stator i1s traditionally suspended on a string of tubing
which hangs 1nside the well casing and the rod string
connected the rotor to the drive head. Thus the drive head
transmits the rotor motion via the rod string and experience
has shown that the upper end of the rod string can rotate up
to a hundred times 1n a one thousand metre well before the
rotor at the bottom of the well starts to turn.

Now 1f there 1s 1interruption in the power supply,
or the pump has to be switched off for maintenance, then
there will be a tendency for so-called "back-spin". This is
a combination of two factors. Firstly, the built up
torsional energy 1n the rod string resulting from the
twlisting referred to above, and this makes the rod string
act like a powerful torsion spring and will rotate the
string backwards with rapid acceleration. Secondly, the
fluid head above the pump will have a tendency to flow back

down through the pump and in many pump assemblies this will
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cause the rotor to rotate backwards 1n the stator.

It will be appreciated that unless some means are
provided to prevent this, the rod string can reach very high
speeds. Clearly the danger of these high speeds are:-

a) pulleys at the drive head can exceed their

maximum deslign speed and can then explode.

Instances have occurred where fragments of pulleys

have been found four hundred metres away from the

well after a pulley explosion.

b) the so-called polish rod which 1s at the

upper end of the rod string protrudes above the

drive head will have a tendency to bend over
during back-spin and can have a very damaging
scything effect to any nearby obstructions.

C) electric drive motors run backwards at high

speed and can be damaged.

d) vibration during back-spin can cause damage

to the drive and to the support structure.

Various proposals have been made to overcome this
problem. The first of these 1s a disc brake mounted
horizontally on top of the well drive head. Hydraulic
pressure supplied 1n a conventional way tc brake the gear
pump 1s caused to be operated by the reverse rotation of the
drive head. When the pressure reaches a high enough level
to stop the disc from rotating, the gear pump stops rotating
as well, and the pressure falls by releasing the disc again.
In this way, during operation, the disc brake operates
through a stop/slip/stop/slip cycle. While such an
arrangement 1s reasonably satisfactory, the disc brakes are
found tc wear, the disc gets very hot and this is even been
to such an extent to cause a fire, when oil has leaked from
the disc brake caliper onto the hot disc.

Part of the problem here 1s that the disc 1is often

stationary and does not get air cooled as with an automotive
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disc brake. Additionally the external pipe-work is found to
be liable to be damaged and gives rise to brake failure.

A second proposal has been the use of a vane pump
in which a cam shaped rotor 1s provided with spring loaded
vanes. The rotor rotates within a rounded triangular
housing. 011 contained in the brake i1s swept by the wvanes
into a smaller volume thereby increasing the pressure and
resisting movement. The 011 leaves the housiling via
restriction holes at the end of the housing chamber. The
major problem here 1s that the 01l gets hot and degrades,
and there 1s a build up of heat which can lead to failure of
the vanes within the rotor, which are usually formed of
nylon.

The next proposal has been to use a hydraulilc
motor 1n which the hydraullic motor and power pack control
back-spin controlling the flow of 011l as the motor spins
backwards 1n the pump. A problem here is that the motor can
lose suction when acting as a pump and fail as a brake.
Furthermnore, 011 can get hot in the hydraulic power pack and
the hydraulic systems generally tend to reguire high
malntenance.

A further proposition has been to use electric
motor brakes/mechanical centrifugal brake. These have
traditionally not been fitted onto the main drive shaft. If
a belt fails then the mailin shaft would not be connected to
the brake. This system can only be used on electric motor
applications and there is no control of back-spin speed.

A final earlier proposition has been a band brake
in which a band 1s tightened onto a drum using a setting
bolt. When the drive head attempts to back-spin, a sprag
clutch engages the drum and the drive heac 1s stopped from
rotating backwards. Stored energy is released by manually
loosening the setting bolt until the drum rotates a

reasonable speed.

The main disadvantage here is that torque remains
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stored in the rod string and the system can be potentially

dangerous if the band is released sufficiently to allow back-
spin at too high a speed.

It 1s now proposed, according to the present
invention, to provide a downhole pump drive head assembly for
driving the rod string which rotates the rotor of a downhole
pump, said assembly comprising a frame, a bearing assembly
mounted to said frame, a drive shaft rotatably supported in
sald bearing assembly for rotation about a vertical axis,
means on saild drive shaft for drivingly engaging an upper
rod of said rod string,'a‘body surrounding said bearing
assembly, a hydraulic retarder associated with said body,
sald hydraulic retarder comprising a retarder housing, a
retarder stator turbine affixed within said housing, a
retarder rotor turbine operatively connected to said drive
shaft within said housing and closely adjacent said retarder
stator turbine, one another and a means operatively
connecting said retarder turbine rotor to said drive shaft,
the retarder being effective to brake rotation of said drive
shaft in one direction of rotation of said drive shaft only,
but allowing relative rotation therebetween in the opposite
direction of rotation of said drive shaft.

Such a system can be designed for maximum braking
torque at 100% slip and this has the advantage that the
retarder can have a relatively small rotor/stator size. Such
a4 retarder system naturally circulates oil through the
retarder stator and this enlarges the heat capacity by
utilizing o0il from the transmission.

The system therefore produces wear free braking,
with no fading of brake torque. The system is inherently
safe because the larger the speed, the higher the braking
torque. The system can have unlimited life without any
significant maintenance at all, apart, perhaps, from the
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need to replace the transmission o1l from time to time,
during normal scheduled maintenance, 1.e. not due solely to
back-splinning.

In order that the present 1nvention may more
readily be understood, the followlng description 1s given,
merely by way of example, reference being made to the
accompanying drawings 1n which: -

Figure 1 1s a cross-section through one embodiment
of downhole pump drive head assembly according to the
invention;

Figure 2 1s a schematic perspective view
1llustrating the retarder rotor and stator turbilnes; and

Figure 3 1s a view simllar to Figure 1 of a second
embodiment of down hole pump drive assembly according to the
invention.

Reference 1s now made to Figure 1 in which the
drive head assembly 1ncludes a lower frame 10 upon which 1is
mounted a hollow body indicated by the general reference
numeral 12. Within thilis 1s an upper roller bearing 14 and a
lower taper roller bearing 16 which together mount a
vertically extending drive shaft 18. This drive shaft 1is
hollow and accommodates the upper rod, Known as a polish rod
20 of a rod string which extends downwardly into a well bore
and drives the rotor of a deep bore hole pump. At 1its upper
end the rod 20 1s provided with a key and key slot 22 which
connects 1t for driving rotation to a stuk shaft 23.

Support for the polish rod 20 1s provided by a conventional
polish rod clamp 24 which is secured by means illustrated
schematically at 26 to the upper end of the polish rod 20.

The lower part of the body 12 ccmprises a retarder
housing 28, to which is affixed a retarder stator turbine 30
which 1s coaxial with the axis 21 of a drive shaft 18 and a
polish rod 20.

Also mounted coaxially within the retarder housing

28 1s a retarder rotor turbine 32, which is secured to a
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rotatable carrier 34, supported on an additional ball bearing
arrangement 36, held in position by a lock nut 38. The
retarder rotor turbine 32 1s secured by means of bolts 40 to
the rotatable carrier 34.

Mounted within and secured to the carrier 34 is a
free wheel device 42, which 1s also secured to the drive
shaft 18. This acts as a means to operatively connect the
retarder turbine to the drive shaft, so that the retarder is
effective to brake rotation therebetween in one direction of
rotation only, but allowing rotation of the drive shaft in
the opposite direction.

At the bottom of the retarder housing 28 there is
provided a rotating shaft lip seal 44.

The housing 1s filled with a relatively thick
transmission o0il and the level of this can be observed
through an 01l level gauge 46.

Within the frame 10, below the retarder housing 34,
there 1s mounted a gland assembly 50.

If reference is now made to Figure 2, 1t can be
seen that the hydraulic retarder is 1llustrated schematically
and that the retarder stator turbine 30 and the retarder
rotor turbine 32 each comprise a hub 52, a circumferential
ring 54 and generally radially extending vanes 56.

The path of the hydraulic transmission o1l 1is
indicated by the reference numeral 60. The angle of the
blades of both the rotor and the stator are chosen to
produce, upon relative rotation of the relative turbine with
respect to the stator turbine, the maximum possible braking
force. The transmission 01l 1is retarded by the stator and 1is
accelerated in both the radial direction and 1in the
circumferential direction by the rotor turbine. In this way,
the kinetic energy provided by the rotating turbine 1is
transformed into heat. If so desired, the braking effect can
be altered by controlling the guantity of transmission oil
within the retarder.

Reverting to Figure 1, there can be seen an oilway
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62 below the bearing 16. In fact there will normally be
three or four such ollways connecting the lower part of the
body 12 to the upper part of the retarder 28, so that oil
can flow downwardly from the interior of the body 12 into

the retarder. Within the body 12 there 1s also shown an

(I

upstanding return or circulating tube 64. Agaln there will
be usually three or four such tubes extending upwardly and
1t can be seen that the oilways 62 are connected to an inner
annular groove 66 and the circulating tubes 64 are connected
10 to an outer annular groove 68 so that o1l 1s fed evenly to
the retarder from the groove 66 and 1s returned evenly from
the retarder via the groove 68 to the tube or tubes 64.
Pressure produced by the rotor turbine 32 will
cause oll to flow 1nto groove 68 and then up the tube or
15 tubes back 1nto the interior of the body 12, thereby
providing thorough mixing of the transmission oill therein
and facilitating cooling thereof.
If desired, an external o1l cooling system could
be provided whereby the 011 1s pumped either by the action
20 of the rotor turbine 32, or by a supplementary oil pump so
that 01l is pumped outwardly through a conventional oil
cooler radiator system.
It 1s also contemplated that a control facility
could be provided to control the volume of flow of oil to
25 the retarder to control the braking effect produced thereby.
It will be appreciated, therefore, that with the
structure of the present invention a very efficient braking
effect can be achieved and this can be controlled accurately
and requlres no maintenance and there is no wear, thus
30 providing very distinct advantages over what can be achieved
with previous arrangements of this general type.
In the construction 1llustrated, drive 1is provided
via the stub shaft 23 which is arranged vertically.
It will be noted that that body 12 has a plate 70
35 indicated on the right hand side in Figure 1. This plate 70
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may be removed and the opening thereof used for the passage
of a horizontally extending input shaft (not shown) and a
suitable gearing, e.g. bevel gearing or a worm and pinion
arrangement, could be provided to connect this horizontal
input shaft to the drive shaft 18. It 1s contemplated that
one could then either mount the retarder 28 as shown, or
mount the retarder externally on the horizontal input shaft
so that the axis of the retarder itself will be horizontal.

Figure 3 shows a further embodiment of the
invent.ion in which like parts have been indicated by like
reference numerals. However, as 1s clearly shown 1n
Figure 3, no free wheel is provided and the retarder turbine
carrier 34 is keyed at 35 directly to the drive shaft 18.
The configuration of the turbines 30 and 32 1s such that
rotation in one direction only causes a braking effect, but
practically no free rotation is allowed in the opposite
direction.

In the structure of Figure 1, the hydraulic
transmission oil which is used in the retarder 28 1s also
used as a bearing oil for the bearing 1€¢, and also, to a
certain extent, for the bearings 14 and 36.

Now it has been found that this 1s not always
satisfactory because the characteristics of the oil which 1is
used for operating the retarder 28 does not necessarily act
very well as a lubricating oil for the bearing.

In Figure 3, therefore, a structure is shown 1n
which two different o0ils can readily be used. Instead of
having a single retarder housing 28, there 1s a lower
retarder housing 28A which acts as a reservolr for the
transmission oil used in the retarder, and there 1s an upper
retarder housing 28B mounted immediately below the upper
roller bearing 14A. At the lower part of this upper housing
28B is mounted a taper roller thrust bearing 16A and 1lip
seals 29, or other suitable seals, prevent bearing oill
enclosed in the housing 28B, to lubricate the thrust bearing
16A, from leaking into the lower housing 28A. A lower radial
roller bearing 36A 1s provided immediately below the

reservoir provided within the housing 28A and the
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transmission o0il enclosed i1n this housing can be used as the
lubricating oil for this lower bearing.
It will be noted that two sets of seals 44 (as in
Figure 1) and 44A are provided in contact with the drive
5 shaft 18.
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1. A downhole pump drive head assembly for driving the
rod string which rotates the rotor of a downhole pump, said

assembly comprising a frame, a bearing assembly mounted to
sald frame, a drive shaft rotatably supported in said bearing
assembly for rotation about a vertical axls, means on said
drive shaft for drivingly engaging an upper rod of said rod
string, a body surfounding sald bearing assembly, a hydraulic
retarder associated with said body, said hydraulic retarder
comprising a retarder housing, a retarder stator turbine
affixed within said housing, a retarder rotor turbine
operatively connected to said drive shaft within said housing
and closely adjacent said retarder stator turbine, said
stator and rotor turbines being mounted coaxially with one
another and means operatively connecting retarder turbine
rotor to said drive shaft, the retarder being effective to
brake rotation of said drive shaft in one direction of
rotation of said drive shaft only, but allowing relative

rotation therebetween in the opposite direction of rotation
of said drive shaft.

2. A downhole drive pump assembly as claimed in claim
1, wherein said hydraulic retarder is mounted within said

body and wherein said retarder stator and rotor turbines are
mounted coaxially with said vertical axis.

3. A downhole pump drive assembly as claimed in claim
1, and further comprising an input shaft extending

horizontally and a gear arrangement connecting said input
shaft to said drive shaft.

4. A downhole pump drive assembly as claimed in claim
3, whereiln said retarder housing surrounds said input shaft

and said retarder rotor is coaxially connected to said input
shaft.
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5. A downhole pump drive assembly as claimed in claim
1, wherein said means on said drive shaft for drivingly
engaging the upper rod of said rod string comprise a stub
shaft mounted coaxially above said drive shaft, means
securing said upper rod to said stub shaft, and rotation

engaging means between said upper rod and said drive shaft.

6. A downhole pump drive assembly as claimed in claim
1, wherein said bearing assembly comprises an upper bearing
adjacent the upper end of said body, a lower bearing mounted

within said body intermediate the ends thereof.

7. A downhole pump drive assembly as claimed in claim
1, wherein a free wheel is operatively connected between said

retarder turbine rotor and said drive shaft.

8. A downhole pump drive assembly as claimed in claim
7, and further comprising an additional bearing, adjacent

said free wheel, rotatably supporting said retarder rotor

turbine.

9. A downhole pump drive assembly as claimed in claim
1, and further comprising at least one upstanding tube
extending into said retarder housing and at least one
downwardly extending oilway connected to the lower part of
said retarder housing whereby o0il from said retarder housing
flows to said retarder through said at least one oilway and
is returned to said housing by pressure induced by said
retarder rotor turbine back through said at least one

vertically extending tube.

10. A downhole pump drive assembly as claimed in claim
1, wherein said housing comprises a lower housing and an
upper housing, said lower housing forming a reservoir for
transmission o0il for said hydraulic starter and wherein said
upper housing is not connected to said lower housing, and

wherein said bearing assembly comprises an upper radial
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bearing located in said upper housing, an axial thrust
bearing located in said upper housing and a lower radial
bearing mounted at the lower end of said lower housing, said
upper housing being effective to accommodate bearing oil for

5 said upper axial thrust bearing.
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