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BACKGRO OF I
In the past, many conventional oil wells were operated by a downhole pump
at or close to the bottom of the well, the pump being of a conventional reciprocating
kind actuated by a rod string, in turn reciprocated vertically by a pump jack.

10 Many of these older reciprocating pumps have been recently replaced by
rotary-drive progressive cavity pumps. Such rotary pumps are particularly suited for
the production of crude oil laden with sand and water.

However, because of the typical depth of an oil well, the torque applied at the
top of the rod string, and the resistance of the pump at the bottom, can cause the rod

15 string to wind up like a spring; thus storing the torque energy. Whenever there is a
power failure or the system is shut down, this stored torque energy, along with the
energy created by the fluid head on the pump, must release itself. Without any
control on the rate of backspin of the rod string, serious problems have occurred.
The problems tend to be as follows:

20 - the motor, connected to the rod string through a reducer and a sheave

at1n

and pulley arrangement, may reach reverse speeds exceeding safe
limits. These speeds tend to damage the motor, and can even cause
it to explode.
- one or both of the sheaves can reach speeds exceeding their limits.
25 - on drive configurations in which the polish rod extrudes out the top of
the drive, the projecting portion can bend and break, and the broken-
off portion will then be flung away from the installation, due to
centrifugal force.
- without some form of braking, the rod string could uncouple, with the
30 result that the rod string and the pump would be lost down the hole.
GENERAL DESCRIPTION OF THIS INVENTION

In view of the foregoing disadvantages, it is an object of one aspect of this
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5 mover, and in which twist energy is stored in the rod string during operation,
a braking mechanism for avoiding a too sudden release of said twist energy
in the rod string on shut down or power failure, the mechanism comprising:
a) a rotary member inserted in the energy train between the prime mover
and the top end of the rod string, such that the rotary member rotates at a
10 consistent speed ratio and direction with respect to the top end of the rod
string,
b) a fluid pump,
c) an over-running clutch between said rotary member and said fluid
pump, connected such that when the top end of the rod string rotates in the
15 direction corresponding to normal operation of the downhole pump, the clutch
slips and does not run the fluid pump, but when the top end of the rod string
rotates in the direction opposite that corresponding to normal operation of the
downhole pump, the clutch powers the fluid pump,
d) a reservoir containing a fluid,

20 e) an input conduit communicating the fluid in the reservoir with the
intake of said fluid pump,
D an output conduit communicating the fluid in the reservoir with the
output of said fluid pump, and
g) an adjustablé flow-control valve located in one of said conduits,

25 whereby the stored energy in the rod string, as the energy is released, is made
to do the work of pumping fluid around a closed circuit which includes a resistance
in the form of said valve, thus dissipating said stored energy in a controlled manner.

This invention further provides a pumping system comprising:
a downhole pump which includes a stator and a rotor,

30 a rod string having a top end and a bottom end, the bottom end being
connected to, supporting and rotating said rotor,

a prime mover providing torque energy for rotating said top end, whereby
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a) a rotary member inserted in the energy train between the prime mover

and the top end of the rod string, such that the rotary member rotates at a.

consistent speed ratio and direction with respect to the top end of the rod
string,

b) a fluid pump,

c) an over-running clutch between said rotary member and said fluid
pump, connected such that when the top end of the rod string rotates in the
direction corresponding to normal operation of the downhole pump, the clutch
slips and does not run the fluid pump, but when the top end of the rod string
rotates in the direction opposite that corresponding to normal operation of the
downhole pump, the clutch powers the fluid pump,

d) a reservoir containing a fluid,

e) an input conduit communicating the fluid in the reservoir with the

intake of said fluid pump,

f) an output conduit communicating the fluid in the reservoir with the

output of said fluid pump, and
g) an adjustable flow-control valve located in one of said conduits,
whereby the stored energy, when being released from the rod string, is made

to do the work of pumping fluid around a closed circuit which includes a resistance

in the form of said valve, thus dissipating said stored energy in a controlled manner.

Finally, this invention provides a method of operating a pumping system which

25  utilizes a downhole pump that includes a stator and a rotor, a rod string having a top
end and a bottom end, the latter being connected to, supporting and rotating said
rotor, and a prime mover providing torque energy for rotating said top end, said

method comprising the steps:

operating said prime mover to rotate the top end of the rod string so that said

30 bottom end rotates the said rotor, whereby twist energy is stored in the rod string

during

operation, and
causing said stored twist energy to release in a slow and controlled manner
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resistance way that the rotary member rotates at a consistent speed ratio and direction
5 with respect to the top end of the rod string,
b) connecting said rotary member to a fluid pump through an over-

running clutch in such a way that when the top end of the rod string rotates
in the direction corresponding to normal operation of the downhole pump, the
clutch slips and does not run the fluid pump, but when the top end of the rod
10 string rotates in the direction opposite that corresponding to normal operation
of the downhole pump, the clutch powers the fluid pump,
c) whenever the said stored energy is to be released, causing said stored
energy to run the pump in order to pump fluid from a reservoir and back to
said reservoir in a closed loop, and
15 d) controlling the rate of release of said stored energy by restricting fluid
flow through said loop.
GENERAL DESCRIPTION OF THE DRAWINGS
One embodiment of this.invention is illustrated in the accompanying drawings,
in which like numerals denote like parts throughout the several views, and in which:
20 Figure 1 is a side elevational view of a braking mechanism in accordance with
the present invention; and
Figure 2 is an end view of the braking mechanism, seen in the direction of the

arrow 2 in Figure 1.

ETAILED N OF THE DRAWIN

25 . Attention is first directed to Figure 1, which is a somewhat schematic
representation of the major components of the braking system to be described herein.
In Figure 1, a prime mover is constituted by a motor 10 which has an upstanding
shaft 12 carrying a sheave 14.
To the left in Figﬁrc 1, a braking mechanism is illustrated, including a rotary
30 member 16, carrying at the top a sheave 18 in alignment with the sheave 14. The
rotary member 16 is an elongate shaft parallel with the shaft 12, and extends through
the interior of a reservoir 20 which is open to the atmosphere at the top 22 and
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cﬂrol | ed manner. This invention further provides a punping system ..
.conprising: a downhol e punp which includes a stator and a rotor, 30

a rod string having a top end and a bottom end, the bottom end being
connected to, supporting and rotating said rotor, a prime nover providing
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and a braki ng mechani smfor avoiding a tooSudden rel ease of said tw st

energy in the rgd string on shut down or power failure the mechanism
i ncl udi ng: a) inciundenpfitwo sideriwalls 24 Senly one visiblein Eigutegl) andgwa egd walls 26¢ he

prime nover 5 . i t
P otary menber Ay bytiom & 28"18als8R piR b Yo felkivdiP 90,54 6 shah e pds i roligh
the bottom wall 28, but is sealed thereagainst to prevent leakage.
Also projecting through the interior of the reservoir 20 is a main drive shaft

5 30 which is supported for rotation by a seal housing 32. The main drive shaft 30 is
adapted to support the top end of a rod string 34 which extends down the well 35.
The main drive shaft 30 passes through the bottom wall 28 of the reservoir 20, and
is appropriately sealed to prevent leakage.

In a preferred embodiment, the reservoir 20 is filled to about 2/3rds with

10  hydraulic fluid 36.

Within the interior of the reservoir 20, the shafts 16 and 30 are
interconnected. In one variant, each of the shafts 16 and 30 carries a pinion gear, the
two gears meshing in such a way that the ratio of rotation between the shafts 16 and
30 remains constant (with the shafts rotating in opposite directions). Another variant

15 involves the provision of a sprocket on each of the shafts 16 and 30, along with a
chain engaging both sprockets. In the second case, the shafts 16 and 30 would rotate
in the same direction. -

Attention is now directed to both Figures 1 and 2, for a more detailed
description of the braking mechanism.

20 As best seen in Figure 2, a hydraulic pump 40 communicates on the suction
side with an intake manifold 42, and on the discharge side with a discharge manifold
44. Located in the discharge manifold 44 is a fiow control valve 46 which can be
manually adjusted in order to determine the resistance to flow through the discharge
manifold 44. Both the manifold 42 and 44 communicate with the interior of the
25  reservoir 20, through sealed openings.

Figure 2 shows schematically that the shaft 16 is connected to an over-running
clutch 48 which is in turn connected through flexible couplings 50 to the input power
shaft 52 of the pump 40.

The over-running clutch 48 is also called a "sprague” clutch, which transmits

30 power only in qne direction of rotation, but “slips” when it rotates in the opposite
direction. In the present case, the over-running clutch sends power to the pump 40
only when the top end of the rod string 34 rotates in the direction opposite that
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: In operation, whenever the downhole pump is being operated normally, the
5  direction of rotation of the shaft 16 is such that no rotation is transmitted through the
over running clutch 48 to the pump 40, and therefore no hydraulic fluid is pumped
in the loop circuit constituted by the reservoir 20 and the manifolds 42 and 44.

However, when the entire pumping system shuts down for any reason, the rod

string 34 will attempt to spin backwards, as the stored torque cnergy is released.
10- This will cause rotation of the shaft 30, which in turn will rotate the shaft 16 through

the meshing gears or the chain-locked sprockets. During this back-spin of the rod

string 34, the rotational direction of the shaft 16 is such as to power the hydraulic

pump 40 through the over-running clutch 48, thus causing oil to be drawn from the

reservoir 20 through the intake manifold 42, and discharging it through the flow
15  control valve 46 and into the discharge manifold 44.

The flow control valve 46 is selected such that, when substantially fully
opened, the rod string 34 will be allowed to- spin back at a relatively slow rate of
rotation. Thus, in the case of backspin, oil from the reservoir 20 is continuously
pumped in a closed loop by the pump 40, the closed loop containing an adjustable

20  restriction in the form of the flow control valve 46.

At bottom right in Figure 1, the bottom end 60 of the casing of a drilled well
35 contains the stator 62 and the rotor 64 of a downhole, positive displacement rotary
pump and the bottomn end 66 of the rod string 34.

While one embodiment of this invention has been illustrated in the

25 accompanying drawings and described hereinabove, it will be evident to those skilled
in the art that changes and modifications may be made therein without departing from
the essence of the invention, as set forth in the appended claims.
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1. For use with a pumping system in which a downhole pump has a rotor which
. 5  is rotated by the bottom end of a rod string of which the top end is in turn rotated by
torque energy derived from a prime mover, and in which twist energy is stored in the

rod string during operation,

a braking mechanism for avoiding a too sudden release of said twist energy

10  in the rod string on shut down or'power failure, the mechanism comprising:

a) a rotary member mounted so that it rotates at a consistent speed ratio and

direction with respect to the top end of the rod string,
15 b) a fluid pump,

c) an over-running clutch between said rotary member and said fluid pump,
connected such that when the top end of the rod string rotates in the direction .
corresponding to normal operation of the downhole pump, the clutch slips and

20 does not run the fluid pump, but when the top end of the rod string rotates in
the direction opposite that corresponding to normal operation of the downhole
pump, the clutch powers the fluid pump,

d) a reservoir containing a fluid,

25
e) an input conduit communicating the fluid in the reservoir with the intake
of said fluid pump,
f) an output conduit communicating the fluid in the reservoir with the output
30 of said fluid pump, and

g2) an adjustable flow-control valve located in one of said conduits,
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d) controlling the rate of release of said stored energy by restrlctlng

fluid fl th h d |
. o srouzg Sal rgl?ueg mechanism claimed in claim 1, in which the prime mover

includes a substantially vertical first shaft supporting a first sheave means, said rotary-
member being an elongate and substantially vertical second shaft supporting a second
sheave means, and in which the braking mechanism includes belt means entrained
over said first and second sheave means.
10

3. The braking mechanism claimed in claim 2, additionally comprising a further
rotary member which supports and rotates the top end of the rod string, the further
rotary member being driven by said first-mentioned rotary member.

15 4. The braking mechanism claimed in claim 3, in which the first-mentioned
rotary member drives said further rotary member through the meshing of two gears,
one secured to the first-mentioned rotary member and the other secured to said further
rotary member; in which the parts of the rotary members supporting the gears are
located within said reservoir; and in which the fluid is hydraulic fiuid.

20
5. The braking mechanism claimed in claim 3, in which the first-mentioned
rotary member drives said further rotary member through a chain that engages two
sprockets, one secured to the first-mentioned rotary member and the other secured to
said further rotary member; in which the chain and the parts of the rotary members

25  supporting the sprockets are located within said reservoir; and in which the fluid is

| hydraulic fluid.

6. A pumping system comprising:
a downhole pump which includes a stator and a rotor,
30 a rod string having a top end and a bottom end, the botiom end being
connected to, supporting and rotating said rotor,
a prime mover providing torque energy for rotating said top end, whereby
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"GENERAL: DRAW NGS One enbodi ment of this invention is
i Justrat nying drawings in which like nunerals denote
like par part several views, and in which: 20 Figure 1

is a side eI evat i onal VI ew of a.braking nmechanismin accordance with the
present invention; and Figure 2 is an end view of the braking nechani sm
seen in the ovoewidesn of the arrow 2 in Figure 1. DETAI LED BEBCRIFOPSION OF
THE DRAW NGS 25 Attention is first directed to Figure 1, which is a
somewhat schematic representation of the ng or components of the braking
systemto be described herein. In Figure 1, a prine nover is constituted by
a notor 10 whi chwistencrgy ispstaredhin thg rohstfing deringopeyation, andheave 14. To the

left in Figure 1, a I y 30
menber 16, carrying gtbwpwginﬁ’gbg&g@h ﬁtﬁéslﬁﬁd%ﬂ %{},8 0?(‘i’luphe s% 14.
The rotary rrenbﬁmﬁ&ousumgaismga&mahpévvermmlmbmmswmcmha@t 12, and
extends through the interior of a reservoir 20 which is open to the

at nrosphere at the top 22 and:
. 5 a) a rotary member inserted in the energy train between the prime mover and

the top end of the rod string, such that the rotary member rotates at a
consistent speed ratio and direction with respect to the top end of the rod

string,
10 b) a fluid pump,

c) an over-running clutch between said rotary member and said fluid pump,
connected such that when the top end of the rod string rotates in the direction
corresponding to normal operation of the downhole pump, the clutch slips and
15 does not run the fluid pump, but when the top end of the rod string rotates in
the direction opposite that corresponding to normal operation of the downhole

pump, the clutch powers the fluid pump,

d) a reservoir containing a fluid,

20
e) an input conduit communicating the fluid in the reservoir with the intake
of said fluid pump,
f) an output conduit communicating the fluid in the reservoir with the output
25 of said fluid pump, and

g) an adjustable flow-control valve located in one of said conduits,

whereby the stored energy, when being released from the rod string, is made
30 to do the work of pumping fluid around a closed circuit which includes a resistance
in the form of said valve, thus dissipating said stored energy in a controlled manner.
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an elongate and substantiaﬁy vertical second shaft supporting a second sheave
means, and in which the pumping system includes belt means entrained over said first

and second sheave means.

8. The pumping system claimed in claim 7, additionally comprising a further
rotary member which supports and rotates the top end of the rod string, the further
rotary member being driven by said first-mentioned rotary member.

9. The pumping system claimed in claim 8, in which the first-mentioned rotary
member drives said further rotary member through the meshing of two gears, one
secured to the first-mentioned rotary member and the other secured to said further
rotary member; in which the parts of the rotary members supporting the gears are
located within said reservoir; and in which the fluid is hydraulic fluid.

10.  The pumping system claimed in claim 8, in which the first-mentioned rotary
member drives said further rotary member through a chain: that engages two
sprockets, one secured to the first-mentioned rotary member and the other secured to
said further rotary member; in which the chain and the parts of the rotary members
supporting the sprockets are located within said reservoir; and in which the fluid is
hydraulic fluid.

11. A method of operating a pumping system which utilizes a downhole pump that
includes a stator and a rotor, a rod string having a top end and a bottom end, the
latter being connected to, supporting and rotating said rotor, and a prime mover
providing torque energy for rotating said top end, said method comprising the steps:

operating said prime mover to rotate the top end of the rod string so that said
bottom end rotates the said rotor, whereby twist energy is stored in the rod string
during operation, and

causing said stored twist energy to release in a slow and controlied manner

upon shut down or power failure, by
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‘interconn riant, each of the shafts 16 and 30 carries a
pinion gﬁm Ul |WH‘@ _mesm.n.g..l_n_su.c.h_a_magc_.t.h.al__Lhe_LaLLo_ni_rot ation
~between 30 renmmi ns constant (with the shafts rotating in

opposite directions). Another variant 15 involves the provision of a
sprocket on each of the shafts 16 and 30, along with a chain engagi ng both
sprockets. | web#led3cond case, the shafts 16 and 30 woul d r BCHCA9500520he
sane direction. Attention is now directed to both Figures 1 and 2, for a
nore detail ed description of the braking rachani sm 20 As best seen
in Figure 2, a hydraulic_punp 40 comuni cates on the suction side with an
intake manifol d 42, axpassing the energy; om @emmmqrrfualsﬁt%mmmrfa@ﬂd 44,

Ilggc?r;ﬁga: Inyt ng S;fggﬂ: n or erfr?&&d‘ﬁ?er m ne t eﬁée)gf{shtgg%dc/%g i?l ow 833E
t he, di scharge nani fdhaﬂﬂMrothmcherMs a0d donBteanspedd rationandrdireetion wnhh t he
schormt | cal Iy that FHESSHAHE 9p el of BEIBRERE: o an over. running cl utch 48
whi.ch is insturn connected thr ough flexible couplings 50 to the input power
b) connecting said rotary member to a fluid pump through an over-running
clutch in such a way that when the top end of the rod string rotates in the
direction corresponding to norma! operation of the downhole pump, the clutch
slips and does not run the fluid pump, but when the top end of the rod string
10 rotates in the direction opposite that corresponding to normal operation of the
downhole pump, the clutch powers the fluid pump,

¢) whenever the said stored energy is to be released, causing said stored
energy to run the pump in order to pump fluid from a reservoir and back to

15 said reservoir in a closed loop, and

d) controlling the rate of release of said stored energy by restricting fluid flow :
through said loop.

20
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'shaft 52 g The over-running clutch 48 is also called a
"sprague” M“ ransmts 30 power only in one direction of
Jsotation’§ S PS's nit rotates in the opposite direction. In the

present case, the over-running clutch sends power to the punp 40 only when

the top end Wo d7Haeds0d string 34 rotates in the direction ow?%%at
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corresponding to normal operation, as ifpattenpts to do upon power failure
or shut down. However, when the rod string rotates in the direction
correspondi ng to normal operation of ANBNBERIGLWAIMS| e punp, the clutch slips
and fails to rmedeieed byi thepinmherddtional bureantdnohd Jahearyyvt97t td.4b@hol e
punp i s being oper atigdnalochaimsyl-1 heeBaceddby v icdaimst 1110t 6% ipageDdfl t he shaft
16 is such that no rotation is transmtted through the over running clutch

48 to the punp 40, and therefore no hydraulic fluid is punped
1. For use with a pumping system in which a downhole pump has a rotor which

5 is rotated by the bottom end of a rod string of which the top end is in turn rotated by
torque energy derived from a prime mover, and in which twist energy is stored in the

rod string during operation,

a braking mechanism for avoiding a too sudden release of said twist energy

10 in the rod string on shut down or power failure, the mechanism comprising:

a) a rotary member mounted so that it rotates at a consistent speed ratio and

direction with respect to the top end of the rod string,
15 b) a fluid pump,
c) a reservoir contajning a fluid,

d) an input conduit communicating the fluid in the reservoir with the intake
20 of said fluid pump,

€) an output conduit communicating the fluid in the reservoir with the output

of said fluid pump,
25 f) an adjustable flow-control vaive focated in one of said conduits, and

g) control means operatively associated with the fluid pump such that, when
the top end of the rod string rotates in the direction corresponding to normal
operation of the downhole pump, no pumping work is done by the fluid pump,
30 but when the top end of the rod string rotates in the direction opposite that
corresponding to normal operation of the downhole pump, the fluid pump does

the work of pumping the fluid out of and then back to said reservoir against

iR




in the I N ' ituted by the reservoir 20 and the manifol ds 42
and 44. m#"ﬂ!m#mj"ml entire pupning - o sh down for_ an eason,
the rod strimg 84 mi altenpt to spin backwards, as the stored torque
energy is released. 10 This will cause rotation of the shaft 30, which
in turn wll rotate the shaft 16 through the nmeshing gears or the
chai n-1 ocked worsaabears. During this back-spin of the rod st ROT(AISpIS2he
rotational direction of the shaft 16 is ﬁPCh as to power the hydraulic punp
40 through the over-running clutch 48, thus causing oil to be drawn from
the reservoir 20 through the intake manifold 42, and discharging it through
the flow 15 contr ola residtaece 4d6tefmitied by chel seringiof elieavatve, mani fol d 44. The flow
control valve 46 is selected such that, when substantially fully opened,
the rod string 34 will be allowed to spin back at a relatively slow rate of

rotation. Thus, in Wﬂr&ﬁ%@ﬁtokﬂ‘éﬁ&@%ihth@iréd§tﬁﬁ§ﬂskﬁdﬁeﬂﬁ$@léﬂ£&,ﬁh@9nér§y
continuously punped in a closed | oop by the punp 40, the cl osed | oop

contai ni ng an aufiissipated in peontrolled mABASToN in the form of the flow control
valve 46. Ag bottomright in Figure 1, the bottomend 60 of the casing of a

drilled well 35 contains the stator 62 and the rotor 64 of a downhol e,
posi tive di spl @ eneithe rbyaking mechanism claimed in claim 1, in which the prime mover

includes a substantially vertical first shaft supporting a first sheave means, said rotary
member being an elongate and substantially vertical second shaft supporting a second
sheave means, and in which the braking mechanism includes belt means entrained
10 over said first and second sheave means; said control means being an over-running
clutch connecting the rotary member and the fluid pump, such that the clutch slips
during normal operation of the downhole pump, but engages the rotary member with

the fluid pump in the event of reverse rotation of the rod string.

15 3. The braking mechanism claimed in claim 2, additionally comprising a further
rotary member which supports and rotates the top end of the rod string, the further
rotary member being driven by said first-mentioned rotary member.

4. The braking mechanism claimed in claim 3, in which the first-mentioned

20 rotary member drives said further rotary member through the meshing of two gears,
one secured to the first-mentioned rotary member and the other secured to said further
rotary member; in which the parts of the rotary members supporting the gears are
located within said reservoir; and in which the fluid is hydraulic fluid.

25 5. The braking mechanism claimed in claim 3, in which the first-mentioned
rotary member drives said further rotary member through a chain that engages two
sprockets, one secured to the first-mentioned rotary member and the other secured to
said further rotary member; in which the chain and the parts of the rotary members
supporting the sprockets are located within said reservoir; and in which the fluid is

30 hydraulic fluid. '
6. A pumping system comprising:

———
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«punp and 6 of the rod string 34. Wil e one enbodi nent of
this i nvLﬂmﬂﬂmmemtmml lustrated in the 25 acconpanyi ng draw ngs and
_descri bed *hefei habbve, 't will be evident to those skilled in the art that
changes and nodi fications nmay be nade therein w thout departing fromthe

essence of the invention, as set forth in the appended cl ai g5, ’EHE
EVBODI VENTS OO FA843"NVENTI ON | N WHI CH AN EXCLUSI VE PRODERTYg%f:‘P’ﬁfnéf EGE IS

CLAI MED ARE DEFI NED AS FOLLOWS: 1. F& use with a punping systemin
whi ch a downhol e punp has a rotor which 5 is rotated by the bottom end of

a rod string of which t top.end is in turn rotated by torque energy
derived froma pri @WS@F,P“EW ‘FP W‘ﬂ £ 3 Seor él’%‘?"’i s stored in the rod
string during oper attodNstrifig Navily N tope el @hds @ Batoni A, Jihd GboftoinO ends BEEE N
rel ease of said tw st energy, . .
connected to, supporting and rotating said rotor,
a prime mover providing torque energy for rotating said top end, whereby
5  twist energy is stored in the rod string during operation, and
a braking mechanism for avoiding a too sudden release of said twist energy

in the rod string on shut down or power failure, the mechanism including:

a) a rotary member inserted in the energy train between the prime mover and
10 the top end of the rod string, such that the rotary member rotates at a
consistent speed ratio and direction with respect to the top end of the rod

string,

b) a fluid pump,
15 _
¢) an over-running clutch between said rotary member and said fluid pump,
connected such that when the top end of the rod string rotates in the direction
corresponding to normal operation of the downhole pump, the clutch slips and -
does not run the fluid pump, but when the top end of the rod string rotates in
20 the direction opposite that corresponding to normal operation of the downhole
pump, the clutch powers the fluid pump,

d) a reservoir containing a fluid,

25 e) an input conduit communicating the fluid in the reservoir with the intake

of said fluid pump,

f) an output conduit communicating the fluid in the reservoir with the output
of said fluid pump, and
30

g) an adjustable flow-control valve located in one of said conduits,

[
—
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20 in “w"mﬂ"m lm shut down or power failure, the mechani sm

CO[I]Q IS E"ﬂ"n”errber pounted so that it rotates at a consistent
speed ratio‘and di récti*on with respect to the top end of the rod string, 15
b) a fluid punp, c) a reservoir containing a fluid, d) an input conduit

comuni cating the fluid in the reservoir with the intake 20 of said
fluid punp, ewoamwieatput conduit comruni cating the fluid i nPOTCAIRSY O 1
with the output of said fluid punp, 25 f) an adjustable

fl owcontrol valve |ocated in one of sal1a conduits, and g) control neans
operatively associated with the fluid punp such that, when the top end of
the rod string rot awbereby therstoretl eneegyl, swhen being s¢leasetl fromithe rask swing, opmade i on

of the downhol ' '
but when tnot 5B Sl 0, ol A Ko { B ot il T reslinge
that corresponda thg forn obsaidvale einsstdissipatidg taidstoredeizrke inaiogtrollee méhnerd punp
does the work of punping the fluid out of and then back to said reservoir
agai nst

. s 17 The pumping system claimed in claim 6, in which the prime mover includes

a substantially vertical first shaft supporting a first sheave means, said rotary member
being an elongate and substantially vertical second shaft supporting a second sheave
means, and in which the pumping system includes belt means entrained over said first
and second sheave means.

10
8. The pumping system claimed in claim 7, additionally comprising a further
rotary member which supports and rotates the top end of the rod string, the further

rotary member being driven by said first-mentioned rotary member.

15 9. The pumping system claimed in claim 8, in which the first-mentioned rotary
member drives said further rotary member through the meshing of two gears, one
secured to the first-mentioned rotary member and the other secured to said further
rotary member; in which the parts of the rotary members supporting the gears are
located within said reservoir; and in which the fluid is hydraulic fluid.

20
10.  The pumping system claimed in claim 8, in which the first-mentioned rotary
member drives said further rotary member through a chain that engages two
sprockets, one secured to the first-mentioned rotary member and the other secured to
said further rotary member; in which the chain and the parts of the rotary members

25 supporting the sprockets are located within said reservoir; and in which the fluid is
hydraulic fluid.

11. A method of operating a pumping system which utilizes 2 downhole pump that
includes a stator and a rotor, a rod string having a top end and a bottom end, the

30 latter being connected to, supporting and rotating said rotor, and a prime mover
providing torque energy for rotating said top end, said method comprising the steps:
operating said prime mover to rotate the top end of the rod string so that said
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a resistance det egl[nlqm y the setting of the valve, whereby if the

stored eﬂ“‘“ﬂ“ ‘r“ u string is suddenly rel eased, the energy is
di ssi pat

d manner. 5 2. °~ The braking nmechanismclained in
claim 1,%in WhICh the prinme nover includes a substantially vertical first
shaf t support Pg.,flto‘fstlrst sheave means, said rotary nenber begj Aa)g,‘,@ng)ngate
and substantially vertical second shaft supporting a second sheave neans,
and in which the braking nechani smincl Uées belt nmeans entrained 10 over
said first and second sheave means; said control means being an

over-running ¢ L tod, I:H‘Wiﬂﬁ Ll . such
that the clut ch%ﬁn ri ngtﬁpﬁt%atr‘&r:g tl:ngpe on ofenﬁgg l%%\?m ‘#éﬁi“p%@g}}“@t
engages the rotiamygmthmn wnd h the fluid punp in the event of reverse
rotation of the rod ést}sirng Sgld stored twist energy to release in a slow and controlled manner

upon shut down or power failure, by

a) passing the energy from the prime mover firstly to a rotary member and
then from said rotary member to the top end of the rod string, in such a way
that the rotary member rotates at a consistent speed ratio and direction with
respect to the top end of the rod string, '
10
b) connecting said rotary member to a fluid pump in such a way that when the
top end of the rod string rotates in the direction corresponding to normal
operation of the downhole pump, the fluid pump does not do any pumping
work, but when the top end of the rod string rotates in the direction opposite
15 that corresponding to normal operation of the downhole pump, the fluid pump
does pumping work,

c) whenever the said stored energy ‘is released, causing said stored energy to.
run the pump in order to pump fluid from a reservoir and back to said

20 reservoir in a closed loop, and

d) controlling the rate of release of said stored energy by restricting fluid flow

through said loop.

25
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15 3 The braki ng nechanrsnrclarned |n cIa|n12 addrtlonally

of the rod str|ng, t he further rotary nenber bei ng drlven by said
first-nentioned rotary nenber. 4. The braki ng nechanismclained in claim
3, in which the first-nmentioned 20 rotary nmenber drives said further
rotary nmenber wonezaeedr t he neshi ng of two gears, one secured PCT/CA95/00520
first-nentioned rotary nenber and the other secured to said further rotary
menber; in which the parts of the rotarylgﬁzbers supporting the gears are

| ocated within said reservoir; and in whi he fluid is hydraulic fluid.
25 5. The braking mechanismclained in claim3, in which the
first-nentioned rotary nmenber drives said further rotary nenber through a
chain that engages two sprockets, one secured to the first-mentioned rotary
menber and the other secured to said further rotary menber; in which the
chain and the parts of the rotary nenbers supporting the sprockets are

| ocated within said reservoir; and in which the fluid is 30 hydraul i c

fluskd. 6. A punpi ng system conpri sing:
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9, a downhol e punp which includes a stator and a rotor, a rod string having
a mp_enLand_a_hamemd_Lhe_mme_ead_bﬂ_ag_nmmﬂclﬁm_Q._ﬁuppoul ng
and rotating said rotor, a prinme nover providing torque energy for rotating
said top end, whereby 5 twi st energy is stored in the rod string during
operation, and a braking nechanismfor avoiding a too sudden rel ease of
said twi st ewogyte4d7 t he rod string on shut down or power f acraanaesoosie
mechani smincluding: a) a rotary nenber inserted in the energy train

bet ween the prinme nover and 10 21 op end of the rod string, such
that the rotary nmenber rotates at a con / ent speed ratio and direction
wWith respect to the top end of the rod string, b) a fluid punp, 15
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c) anmn—over=runming ctutch between said rotary nmenber and said fluid punp,

connec n the top end of the rod string rot.ates in the-

di rectﬂ lBH“ g mmﬁ to nor nal operatlon of the downhol.e punp, the-
clutch ses*not run the fluid punp, but when the top end of the'
rod string rotates in 20 the direct7on opposite that corresponding
to normal operation of the downhole punp, the clutch powers the fluid punp,

d) a reservoir TidEt EMBORQIMENTSI OF IHE INVENTE)N alN i WHICH ANMuEKCLUSIVE

pawg?ni‘) ainnout u 9"?‘@ th
purp, 1) an outePERES.oR B ERE HEARED naE DEFHED A LW
the output of said fluid punp, and 30 g) an adjustable flow control valve

| ocated in one of said conduits,
1. For use with a pumping system in which a downhole pump has a rotor which

5 is rotated by the bottom end of a rod string of which the top end is in turn rotated by

- torque energy derived from a prime mover, and in which twist energy is stored in the .

rod string during operation,

a braking mechanism for avoiding a too sudden release of said twist energy

10  in the rod string on shut down or power failure, the mechanism comprising:

a) a rotary member mounted so that it rotates at a consistent speed ratio and

direction with respect to the top end of the rod string,
15 b) a fluid pump,
¢) a reservoir containing a fluid,

d) an input conduit communicating the fluid in the reservoir with the intake

20 of said fluid pump,

e) an output conduit communicating the fluid in the reservoir with the output

of said fluid pump,
25 f) an adjustable flow-control valve located in one of said conduits, and

g) control means operatxvely assocxated with the fluid pump such that, when
the top end of the rod stnng rotates in the direction corresponding to normal
operation of the downhole pump, no pumping ‘work is done by the fluid pump,
30 but when the top end of the rod string rotates in the direction opposite that
correspording to nornial operation of the downhole pump, the fluid pump does

the work of pumping the fluid out of and then back to said reservoir against

AMENDED SHEET



10 Wnerelmml ergy, when being released fromthe rod string, is
made to ”Mlﬂi nping fluid around a closed circuit which includes
a‘resistancé ih tme of sal d valve, thus dissipating said stored energy
in a controlled manner. : The punping systemclainmed in claim®6, in

whi ch the prime nover |ncI udes a substantially vertical first shaft
supporting a first sheave neans, said rotary nmber being an el ongate and

substantially vertica 3 sheave neans, and
i n which the punping éjgﬁen1|nclﬁgégabglgékéggg%%zﬁialn%d over said first
and second sheave neans. 10 8. The punping systemclainmed in claim?7,
additionally conpr|5|n%§a further rotary nmenber which supports and rotates

the top end of the ro¥hsweEby teﬁWéedengelﬂ th%f%rﬁn%mddm rricased, wbmensygy

said first-nenti 2 BEIRGE The punpi ng system cl ai med
inclaim8, in i cﬁsé%@ rst- ITEI’]?I one%lr rotary menber drives said further

rotary nenber5 through the rreshl ng of two gears, one secured to the

first-mentjoned fotar and the other secured to said further
5 ¥he brakin ng mecharrﬁsm claimed in 7 cla?m 1, in which the prime mover

includes a substantially vertical first shaft supporting a first sheave means, said rotary |
member being an elongate and substantially vertical second shaft .supporting a secoﬁd
sheave means, and in which the braking mechanism includes belt means entrained
10 over said first and second sheave means; said control means being an over-running
clutch connecting the rotary member and the fluid pump, such that the clutch slips
during normal operation of the downhole pump, but engages the rotary member with

the fluid pump in the event of reverse rotation of the rod string.

15 3. The braking mechanism claimed in claim 2, additionally comprising a further
- F rotary member which supports and rotates the top end-of the rod string, the further

rotary member being driven by said first-mentioned rotary member.

4. The braking mechanism claimed in claim 3, in which the first-mentioned

20 rotary member drives said further rotary member through the meshing of two gears,
one secured to the first-mentioned rotary member and the other secured to said further
rotary member; in which the parts of the rotary members supporting the gears are
located w1th1n said reservoir; and in which the fluid is hydraulic ﬂufd.

25 5. The brakiﬁg mechanism claimed in claim 3, in which the first-mentioned
rotary member drives said further rotary member through a chain that engages two
sprockets, one secured to the first-mentioned rotary member and the other secured to
said further rotary member; in which the chain and the parts of the rotary members -

supporting the sprockets are located within said reservoir; and in which the fluid is

30 hydraulic fluid.

6. A pumping system comprising:

IA ﬂl.l'![lf:“ .f‘ E-'P



J
rotary nenber; In which the parts of the rotary menbers supporting the

gears a said reservoir; and in which the fluid is o
hydr aul mllmﬂﬂﬂjmmm;ﬂﬂ The punpi ng syst emclainmed in claim8, in.wich
the first-nenttortd srottary nember drives said further rotary menber through
a chain that engages two sprockets, one securged to the first-nmentioned

rotary nmenber and the other secured to said further rot'ary menber; in which

the chain and the parsioRfhbld #iith TRIRRSS da /R RGH ting the sprockets
are located within said reser\e/\p(gllhg)t In Wﬁl cﬁ ?ﬂg fl UI I's hydraulic

fluid. 11. A net hodaafodogang\thamgwaa pommndgarslystmmleud\, thei botras emd being.
downhol e- punp that Tncl.udes a stato tor, a rod string having a top

end and a bot t onFUH§ted iR %ponllnﬁtaf‘grmﬂgpg@mgdﬂwg’ct ed to, supporting and

rotating said rotor, @Qﬁuﬁ’e RiovEE prRidih, %]EHrQNé Qhéigy troF ?dt@m?g‘@ii@)foﬂ ehd,” Rhétkbyg
said top end, said nethod conprising the steps: operatlng sai d ‘prinme nover

to rotate the t ofwistnenergy iststoreddn therriod gtring during eperation, an
a braking mechanism for avoiding a too sudden release of said twist energy

in the rod string on shut down or power faxlure the mechanism including:

a) a rotary member inserted in the energy train between the prime mover and
10 the top end of the rod string, such that the rotary member rotates at a
consistent speed ratio and direction with respect to the top end of the rod

string,

" b) a fluid pump,
15 | | |
~ = ~ ¢) an over-running clutch between said rotary member and said fluid pump,
| connected such that when the top end of the rod string rotates in the direction
corresponding to normal operation of the downhole pump, the clutch slips and
does not run the fluid pump, but when the top end of the rod striné rotates in
20 the direction opposite that corresponding to normal operation of the downhole

pump, the clutch powers the fluid pump,
d)'. é reservoir containing a fluid,

25 e) an input conduit communicating the fluid in the reservoir with the intake

 of said fluid pinnp,

f) an output conduit communicating the fluid in the reservoir with the output
of said fluid pump, and

30 _
) an adjustable flow-control valve located in one of said conduits,
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rod str |on and causing said stored twist energy to .

f el ease ntroIIed manner upon shut down or power failure, by

5 a) passing the energy fromthe prime nover firstly to a'rotary merber and ;
then fromsaid rotary menmber to the top end;gf the rod string, in such a

way that the rotary nenber rotates at a consistent speed ratio and

direction with respegfhetdby!the siordd &Rekydfwheh el

said rotary nmenber to a fluid punp |£r£1hyguch 2 @etﬁﬁdnﬁ?fé‘n%ﬁ?ﬁ%@?ﬁ a'a?
the rod string fodaithswork pﬁeurapmscﬂm@nm@ad rae%‘pﬁgdd:mgltmudnmnhlﬂesnpeesmama

The top end of - EhiEghdf stitdfafist TR SHRRRGRE aif PoBRY R shsaiBfoled B "

5 7 The pumping system claimed in claim 6, in which the prime mover includes

,mf@d rotates the said rotor, whereby twi st energy is stored in the

. at substantially vertical first shaft supporting a first sheave means, said rotary member
being an elongate and substannally vertical second shaft supporting a second sheave
means, and in which the pumping system includes belt means entrained over said first
and second sheave means.

10 _
8. The pumping system claimed in claim 7, additionally comprising a further
rotary member which supports and rotates the top end of the rod string, the further

rotary member being driven by said first-mentioned rotary member.

15 9. The pumping system claimed in claim 8, in which the first-mentioned rotary
- = member drives said further rotary member through the meshing of two gears, one

secured to the first-mentioned rotary member and the other secured to said further -
rotary member; in which the parts of the rotary members supporting the gears are
located within said reservoir; and in which the fluid is hydraulic fluid. |

20 ' '
10.  The pumping system claimed in claim 8, in which the first-mentioned rotary
member drives said further rotary member through a chain that engages two
sprockets, one secured to thé first-mentioned rotary member and the other secured to
said further rotary member; in which the chain and the parts of the rotary members

25  supporting the sprockets are located within said reservoir; and in which the fluid is

hydraulic fluid.

11. " A method of operating a pumping system which utilizes a downhole pump that
includes a stator and a rotor, a rod string having a top end and a bottom end, the

30 latter being connected to, supporting and rotating said rotor, and a prime mover
| -providing torque energy for rotating said top end, said method comprising the steps:
operating said prime mover to rotate the top end of the rod string so that said

,I"‘.\v, '-I 'GFJ HE‘.‘
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t hat corresponding to normal operation of the downhol e punp, the

15 -

fluid dﬂnﬂ i ﬂ u wor k, c¢) whenever the said stored energy is.- .

rel eas tored energy to run the punp in order to punp fluid
froma reserv0|r and back to said 20 reservoir in a closed | oop,
and d) controlling the rate of release of shld stored energy by restricting

fluid flow through said | oop. 25
bottom end rotates the said rotor, whereby twist energy is stored in the rod string

during operation, and

causing said stored twist energy to release in a slow and controlled manner

upon shut down or power failure, by

. _' a) passing the energy from the prime mover firstly to a rotary member and
then from said rotary member to the top end of the rod string, in such a way
. th_at the rotary member rotatés at a consistent speed ratio and direction with

respect to the top end of the rod string,

10 .
b) connecting said rotary member to a fluid pump in such a way that when the
top end of the rod string rotates in the direction corresponding to normal
operation of the downhole pump, the fluid pump does not do any pumping
work, but when the top end of the rod string rotates in the direction opposite
15 that corresponding to normal operation of the downhole pump, the fluid pump

- = does pumping work,

¢) whenever the said stored energy' is released, causing said stored energy to
run the pump in order to pump fluid from a reservoir and back to said

20 reservoir in a closed loop, and

d) controlling the rate of release of said stored energy by restricting fluid flow

tﬁ}Ough said loop.

25
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(54) Tide: WELLHEAD DRIVE BRAKE SYSTEM

(57) Abstract

A braking mechanism, for controlling the release of
energy in a rod string (34) for a down-well rotary pump
(33), incorporates a rotary member (16) positioned in the
energy loop from a prime mover to the top end of the
rod string, requiring that the rotary member rotate at a
consistent speed ratio and direction with respect to the
top end of the rod string. The rotary member drives a
fluid pump through a slip clutch so that when the top end
of the string rotates in the normal direction, the clutch
slips and does not run the fluid pump. However when the
top end of the rod string seeks to rotate in the opposite
direction, for example on shut-down or power failure, the
fluid pump is operated to pump fluid from a reservoir (20)
and back to the reservoir in a closed loop which includes
a mechanism for restricting fluid flow. ;
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