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(57) Abréegée/Abstract:

A hydraulic accumulator for use in a drill string having a fluid passage for supply of fluid to a hydraulic drill string tool is provided. The
accumulator comprises a body provided with connecing means for connecting the accumulator to the drill string and an expansion
chamber In fluild communication the fluid passage when the accumulator is connected to the drill string by the connecting means.
The expansion chamber Is expandable between a first volume and a second volume which Is larger than the first volume. Further,
the expansion chamber is provided with means for moving the expansion chamber from the first to the second volume upon a fluig
pressure increase In the fluid passage and for moving the expansion chambe from the second to the first volume upon a pressure
decrease In the fluid passage.
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(57) Abstract: A hydraulic accumulator for use in a drill string having a fluid passage for
' : , supply of fluid to a hydraulic drill string tool is provided.The accumulator comprises a body

provided with connecing means for connecting the accumulator to the drill string and an ex-
pansion chamber in fluid communication the fluid passage when the accumulator is connected
to the drill string by the connecting means. The expansion chamber is expandable between a
2 . first volume and a second volume which is larger than the first volume. Further, the expansion
chamber is provided with means for moving the expansion chamber from the first to the sec-

_8 _2(4 6 ond volume upon a fluid pressure increase in the tluid passage and for moving the expansion
16 10 16 chambe from the second to the first volume upon a pressure decrease in the fluid passage.
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HYDRAULIC DRILL STRING ACCUMULATOR

Field of the Invention

The present i1nvention relates to a hydraulic

accumulator for use 1n a drill string having a fluid passage

for supply of fluid to a hydraulic drill string tool.

Background

Subterranean drilling typically involves a drill

string having a bottom hole assembly provided with tools

gr—

configured to perform a variety of functions. The tools are

generally powered by drilling fluid pumped through the drill

string. Some fluid driven drill string tools require a

g

fluctuating amount of fluid over time. An example of such

tool 1s a percussion hammer applied to drive a percussion

f—

drill bit. During part of the operational cycle of such

percussion hammer the demand for fluid is higher than the

F

time-average demand, while during another part of the cycle

the demand 1s lower than the time-average demand. As a

result thereof, the pressure across the tool also has a

strong variation. During the part of the cycle of higher

fluid demand the pressure across the tool 1s lower than the

time-average, and during the part of the cycle of lower
fluid demand the pressure across the tool 1s higher than the

time-average. This variation of pressure 1s generally

referred to as water hammer. It causes a reduction of

drilling efficiliency and potentially interferes with other
drill string tools such as pressure-pulse based

communication system.

sSummary

It 1s an object of some embodiments of the

invention to provide a device which alleviates the pressure
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variations and which overcomes the aforementioned problems.

In accordance with the invention there 1s provided

a hydraulilic accumulator for use 1in a drill string having a

g

fluid passage for supply of fluid to a hydraulic drill
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string tool, the accumulator comprising a body provided

wlth connecting means for connecting the accumulator to

the drill string and an expansion chamber in fluid

communication the fluid passage when the accumulator is

connected to the drill string by the connecting means,

the expansion chamber being expandable between a first

volume and a second volume which is larger than the first

volume, and wherein the expansion chamber is provided

with means for moving the expansion chamber from the

first to the second volume upon a fluid pressure increase

1n the fluid passage and for moving the expansion chamber

from the second to the first volume upon a pressure

decrease in the fluid passage.

The volume increase of the expansion chamber

compensates for the fluid pressure increase caused by the

drill string tool, and the volume decrease of the

expansion chamber compensates for the fluid pressure

decrease caused by the tool. It is thereby achieved that

a substantially constant fluid pressure is maintained in
the drill string.

Suitably the expansion chamber is movable between

said volumes by virtue of a cylinder/piston arrangement

wherein the piston is movable in the cylinder between a

first position in which the chamber has the first volume
and a second position in which the chamber has the second
volume. |

In a preferred embodiment the accumulator is

connected to the drill string by the connecting means,

and wherein sald hydraulic drill string tool is a

percussion hammer arranged to drive percussion drill bit

pp— i

of the drill string. In order to allow operation of the

accumulator / percussion hammer assembly to be

independent from the type of drill bit used, it is

preferred that the percussion hammer is arranged to

receive a first stream of fluid from the expansion
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chamber, and wherein the drill bit i1s arranged to receive a

second stream of fluid from the fluid passage, the first

stream being separate from the second stream.

In accordance with another aspect of the
invention, there is provided a hydraulic accumulator for use
in a drill string having a fluid passage for supply of fluid
to a hydraulic drill string tool, the accumulator comprising
a body provided with connecting means for connecting the
accumulator to the drill string and an expansion chamber 1in
fluid communication with the fluid passage when the
accumulator is connected to the drill string by the
connecting means, the expansion chamber being expandable
between a first volume and a second volume which 1s larger
than the first volume, and wherein the expansion chamber 1is
provided with means for moving the expansion chamber from
the first to the second volume upon a fluid pressure

increase 1in the fluid passage and for moving the expansion

chamber from the second to the first volume upon a pressure
decrease 1in the fluid passage, wherein the expansion chamber
has a first outlet opening in fluid communication with an
inlet opening of the hydraulic drill string tool when the
accumulator i1s connected to the drill string by the
connecting means whereiln sailid means for moving the expansion
chamber from the first to the second volume and from the
second to the first volume enables fluid flow from the fluid
passage through the expansion chamber to the first outlet
opening when the expansion chamber 1s moved 1in the second
volume and said means disables fluid flow from the fluid
prassage through the expansion chamber to the first outlet
opening when the expansion chamber is moved in the first
volume, and wherein the expansion chamber has a second
outlet opening in fluid communication with a part of the

fluid passage down stream the accumulator when the
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accumulator is connected to the drill string by the

connecting means.
Brief Description of the Drawings

The 1nvention will be described hereinafter in
more detall and by way of example with reference to the

accompanyling drawings 1in which:

Fig. 1 schematically shows an embodiment of the

accunmulator of the invention in a first mode thereof;

Fig. 2 schematically shows the accumulator of

Fig. 1 1n a second mode thereof;

Fig. 3 schematically shows a first alternative

embodiment of the accumulator of the invention; and

Fig. 4 schematically shows a second alternative

p—

embodiment of the accumulator of the invention.

Detailed Description
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Referrlng to Fig. 1 there is shown a drill string 1

- having a fluld_passage 2 into whlch the hydraulic
baccumulator 3 of the 1nventlon is arranged. The drill
- strlng 1 extends 1nto a borehole (not shown) and has a
"bottom.hole assembly'(not shown) 1nclud1ng a hydraullc
_percu351on hammer arranged to drive a drlll bit. The

.fpercu531on ‘hammer Operates on the ba31s of a
?rec1procat1ng piston 1n a cyllnder,'whereby the
_hydraullcally actlvated movement of the plston 1nvolves a
>t1me varylng fluld supply through the drlll strlng to the
,hammer The hydraullc percussion hammer is de51gned to
(become only active when the flow rate of the fluid .
"lexceeds a certaln threshold flow rate in order to allow
:01rculatlon of drilling flu1d through the borehole
dwrthout actlvatlon of the hammer, for example to clean

the borehole from.drlll cuttlngs.

"The accumulator 3 1ncludes a tubular body 4 of outer '

1d1ameter substantlally equal to the inner dlameter of the
¢ldrlll strlng 1 _whlch'body 4 1s flxedly connected to the
'ilnner surface of the drill strlng 1 and sealed thereto by

| an annular seal 6 The 1nner tube 4 is provrded w1th a
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lower end portion of reduced internal and external

diameter, which portion forms a tubular inlet 8 for an

expansion chamber described hereinafter. The tubular

inlet 8 has a lower end surface 10 in which an annular

recess 12 is arranged, Wthh recess 12 is in fluld

communlcatlon with the exterior of the 1nlet 8 by means

of openlngs 16 provided in the wall of the 1nlet 8.

A tubular cyllnder 18, formed of parts 18a, 18b
1nterconnected by connector 20 and haV1ng an lnner

diameter substantlally equal to the outer dlameter of the

inlet 8, ,1s at its upper ‘end Connected to the inlet 8 by |

means of a screw connectlon (not shown). The outer

’dlameter of the cyllnder 18 is smaller than the 1nner

dlameter of the drlll strlng SO that an annular space 22
is formed between the cyllnderiu3 and the drlll strlng 1.

The annular space 22 prov1des fluld.communlcatlon between

the annular recess 12 (v1a openlngs 16)iand'the fluid

inlet of the percu581on hammer .
A piston 24 is slldeably and sealingly arranged in

the cyllnderllﬂg-whlch plston includes a p;ston body 26

’capable-Of sealingly'engaging-the lower-end of the

inlet 8 and belng prOV1ded with a through openlng 28. An:

annular flow restrlctor 29 1s arranged 1n the through—

:openlng 28. The plSton body 26 is provrded with a tubular .

;exten51on 30 allgnednwlth the through openlng and

extending below the plston body 26. The tubular

- extension. 30 prov1des fluld communlcatlon between the

"portlon of the fluld passage.Z upstream the accumulator 3

(via through—openlng 28) and the fluid nozzles of the

-[drlll blt (not shown) The extensron 30is pIOVlded with

dtwo small transverse channels 32 Wthh provrde flUld

| communlcatlon between the 1nterlor and the exterlor of

the exten31on 30. A.hellcal compressron sprlng 34 is

w-_,'a-arranged 1n the cyllnder 20 between the plston 24 and an.j

'
. - .
' ' .
‘
~
“ ~
h -
- s -~ -~
.
~
v - .
'
.

i_1nternal annular shoulder 36 provrded at the lower end of.d
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the cylinder. The spring 34 urges the piston 24 in UPWa

L

rd

direction so that, in the absence of a restrailning force,

the piston 24 in a first position thereof is biased

agailnst the inlet 8 whereby the piston body 26 sealingly

engages the lower end of the inlet 8. An expansion

chamber 38 is defined between the upper end of the piston

=

pody 26, the inner surface of the cylinder 18, and the

lower end part of the inlet 8. With the piston in the

first position (Fig. 1) the expansion chamber has a

first, relatively small, volume.

Referring to Fig. 2 there is shown the assembly of

—ry

Fig. 1 wherein the piston 24 is axially displaced from

the inlet 8. This position of the piston 24 is referred

to as the second position, and the corresponding volume

i,

of the expansion chamber 38 is referred to as the second

volume which is larger than the first volume.

I'he characteristics of the spring 34 are selected

such that the piston 24 remains in the first position as

fluid pumped through the drill

D

long as the flow rate o:

string 1 is below the threshold flow rate referred to

above,

The first alternative accumulator shown in Fig. 3

includes a tubular body 40 fixedly and sealingly arranged

in the fluid passage of a drill string (not shown).

Similarly to the embodiment of Figs. 1, 2 the drill

string has a bottom hole assembly (not shown) including a

percussion drill bit driven by a hydraulic percussion

hammer (not shown). The body 40 is provided with a

cylindrical bore 42 is formed having a closed lower

end 44 and an open upper end in fluid communication with

an upper portion of the fluid passage of the drill

string. A piston 46 is slideably arranged in the bore 42,
which piston is biased upwardly by a helical compression

spring 48 arranged between the piston 46 and the lower

end 44 of the bore. An expansion chamber 50 is defined in
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the ‘bore 42, between the piston 46 and the upper end of

the bore 42. A.fluld passage 52 1s provided in the
body_40, which prov1dessflu1d communication between the
expansion chamber 50 and a lower portion of the fluid

passage of the drill-String;pFurther, the body'40'is

\15.\',
';‘“prp-
-bi..25pfd
B *,prrOV1d1ng flUld communlcatlon between the Portlon of the

~ Nt .
' v,
. . .
. .o . . .
N .
. : 1
] '
- v .
.
* -~
- -
. . _ - P
- .
- -
X .. N
.
- - = -
. . .

ffstrlng

‘provided with a small bore-54'providing fluid

;communlcatlon between the portion of the bore 42 below

the plston 46 and the exterlor of the drill strlng

| ‘The second alternatlve accumulator shown in Flg 4'
1ncludes a tubular body 60 flxedly and sealingly arrangedp:
in the fluld passage of a drlll string (not shown).
.Slmllarly to the embodlment of Figs. 1, 2, 3 the drlll

strlng has a bottom hole assembly (not shown) 1nclud1ng a

' jpercu851on drlll bit. drlven by a hydraullc percu551on |

. hammer: (not. shown) ‘The body 60 is provided with a

cyllndrlcal boxe 62 1s formed haV1ng a lower end 64

f-prov1ded Wlth a through—openlng 65 and an open upper end

xmfln flUld communlcatlon with an upper portlon of the fluld.

passage of the drlll strlng. A piston 66 1is slldeably

uarranged in the bore 62, Wthh plston 1s biased upwardly'
iby a hellcal compre531on sprlng 68 arranged between the
'vplston 606 and the lower end 64 of the bore. An expan31on
’,,chamber 10 1s deflned 1n the bore 62 between the '
WVplston 66 and the upper ‘end of the bore 62 The;plston 66b'1
‘ flsprOV1ded Wlth a fluid condult 72 which slldeably .
q:}}extends through the through-openlng 65 of the lower
. .end 64 of the bore 62. The condult 72 prov1des flUld
.E;communlcatlon between the expan51on chamber 70 and a
f;lower portlon of the fluld passage of the drill. strlng
ngurther, the body'60 1s prOV1ded w1th a small bore 74 '

'ﬂ}bore 62 below the plston 66 and the exterlor of the drlll 

Durlng nonmal use of the embodlment of Flgs 1, 2

.i.hydraullc flUld 1n the form.of drllllng flUld.lS pumped
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through the drill string to the bottom hole assembly. As

long as the flow rate of the fluid is below the threshold

flow rate the piston 24 remains in the first position and

the fluld flows from the fluid passage 2 of the drill

string 2 into the accumulator 3 where it passes via the

through-opening 28 and the extension 30 to the fluid
nozzles of the drill bit. With the piston in the first

g

position, the hydraulic area of the piston (i.e. the area

against which the fluid flows) is equal to the inner

cross—-sectional area of the inlet 8.

When the fluid flow rate in the drill string exceeds

the threshold flow rate, the fluid initially pushes the

piston 24 slightly downwardly against the force of the
spring 34. Upon the piston loosing contact with the

inlet 8, the hydraulic area of the piston suddenly

increases to the inner cross-sectional area of the
cylinder 18. As a result the piston 24 undergoes a step-

wise downward displacement to the second position whereby

the spring 34 becomes significantly compressed. During

P

the sudden movement of the piston 24 the transverse

channels 32 allow for fluid pressure balancing between

=

the interior and exterior of the piston 24.

)

With the piston 24 in the second position, part o:

the fluid flows from the fluid passage 2 into the

expansion chamber 38 and from there via the openings 16

and the annular space 22 to fluid inlet of the percussion

hammer. Another part of the fluid flows via the through-

opening 28 and the extension 30 to the fluid nozzles of
the drill bit.

The time varying fluid supply consumed by the

percussion hammer causes pressure fluctuations in the

fluid upstream the hammer. When the fluid pressure

K

upstream the hammer increases during an upward stroke of

the piston of the hammer, the pressure in the expansion

chamber 38 also increases thereby causing the volume of
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the chamber 38 to increase by virtue of downward movement

of'the piston 24-against the force of spring-34.fSince
the fluid supply'to the drlll strlng remains
substantlally constant in tlme, the effect of'the
1ncreasrng volume of the chamber 38 is a decrease of the
fluid pressure in the drill strlng upstream the

accumulator 3. The decrease of fluid pressure compensates

for the increase of pressure caused by the upward stroke.

of the hammer.

Conversely, when the fluid pressure upstream the

hammer decreases durlng a downward stroke of the piston

ﬁof the hammer, the pressure 1n the expansron.chamber 38

'also decreases thereby cau31ng the volume of the

~chamber 38 to decrease by V1rtue of upward.movement of

,\--the plston by'the force of - sprlng 34. The decrea31ng

volume of the chamber 38 causes an 1ncrease of the fluld

-ypressure upstream.the accummlator 3 thereby compensatlng

for the decrease of the fluld caused by the downward
stroke of the hammer. B

It 1is thus" achleved that the flUld pressure upstream

"f7the accumulator remains substantlally constant'“
hlrrespectlve of the tlme varylng flUld demand of the

“‘jhammer

Normal operatlon of the flrst alternatlve embodlment

xfg(Flg..B) 1s substantlally 31m11ar to normal operatlon.of
- withe embodlments of Flgs.,l 2. One dlfference is that the_'
'-fplston 46 has no through-openlng, and.that therefore all
y"fluld flows V1a the flUld passage 52 to the hydraullc

-percuss1on hammer When the fluld pressure upstream.the

'hammer 1ncreases durlng an upward stroke of the plston of
'the hammer, the pressure 1n the expansron chamber 50 also
'1ncreases thereby causrng the volume of the chamber 50 to':
flncreaseby V1rtue of downward.movement of the‘plston 46
“agalnst the force of Sprlng ‘48. Slnce the flUld supply tos~

'f5the drlll strlng remalns substantlally constant 1n trme,
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gr—

the effect of the increasing volume of the chamber 50 is

g—

a decrease of the fluid pressure in the drill string

upstream the accumulator. The decrease of fluid pressure

compensates for the increase of pressure caused by the

upward stroke of the hammer.

Conversely, when the fluld pressure upstream the

hammer decreases during a downward stroke of the piston

of the hammer, the pressure in the expansion chamber 50

also decreases thereby causing the volume of the

"

chamber 50 to decrease by virtue of upward movement of

the piston by the force of spring 48. The decreasing

volume of the chamber 50 causes an increase of the fluid

pressure upstream the accumulator thereby compensating

for the decrease of the fluid caused by the downward

stroke of the hammer.

r—

Normal operation of the second alternative embodiment

(Fig. 4) is similar to normal operation of the first

y—

embodiment, the difference being that all fluid now flows

via fluid conduit 72 to the hydraulic percussion hammer

pre—

instead of via the fluid passage 52 of the first

alternative embodiment. Furthermore, the fluid conduit 72

slideably moves through the opening 65 during up- and

downward movement of the piston 66.

:nstead of use of the accumulator of the invention

for compensation of pressure variations of a percussion

hammer, the accumulator can be used to compensate for

pressure variations caused by any other drill string

tool.
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CLAIMS:
1. A hydraulic accumulator for use i1n a drill string

having a fluid passage for supply of fluid to a hydraulic
drill string tool, the accumulator comprising a body
provided with connecting means for connecting the
accumulator to the drill string and an expansion chamber in
fluid communication with the fluid passage when the
accumulator is connected to the drill string by the
connecting means, the expansion chamber being expandable
between a first volume and a second volume which i1s larger
than the first volume, and whereln the expanslion chamber 1s
provided with means for moving the expansion chamber from
the first to the second volume upon a fluid pressure
increase in the fluid passage and for moving the expansion
chamber from the second to the first volume upon a pressure
decrease 1n the fluid passage, wherein the expansion chamber

has a first outlet opening in fluid communication with an

inlet opening of the hydraulic drill string tool when the
accumulator is connected to the drill string by the
connecting means wherein said means for moving the expansion
chamber from the first to the second volume and from the
second to the first volume enables fluid flow from the fluid
passage through the expansion chamber to the first outlet
opening when the expansion chamber is moved in the second
volume and said means disables fluid flow from the fluid
passage through the expansion chamber to the first outlet
opening when the expansion chamber 1s moved in the first
volume, and wherein the expansion chamber has a second
outlet opening in fluid communication with a part of the
fluid passage down stream the accumulator when the

accumulator is connected to the drill string by the

connecting means.
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2. The accumulator of claim 1, wherein the expansion
chamber 1s movable between said volumes by virtue of a
cylinder/piston arrangement wherein the piston is movable in

the cylinder between a first position in which the chamber

has the first volume and a second position in which the

chamber has the second volume.

3. The accumulator of claim 2, wherein the piston in
the first position blocks fluid flow from the fluid passage

through the expansion chamber to the first outlet opening

thereby disabling said fluid flow.

4, The accumulator of claim 2 or 3, wherein the
cylinder/piston arrangement is provided with a spring

biasing the piston from the second to the first position.

o. The accumulator of any one of claims 2 to 4,
wherein the hydraulic area of the piston is smaller when the

piston 1s 1n the first position than in the second position.

0. The accumulator of claim 5, wherein the expansion
chamber 1s provided with an inlet in fluid communication
with the fluid passage, the inlet having an annular end
against which the piston in the first position thereof 1is
biased, the annular end being of a smaller diameter than the

plston diameter.

7. The accumulator of any one of claims 2 to 6,
wherein the cylinder 1s arranged substantially
concentrically i1n the drill string with an annular space
between the cylinder and the drill string when the
accumulator 1s connected to the drill string by the
connecting means, and whereiln the first outlet opening is in

fluid communication with said annular space.
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8. The accumulator of any one of claims 1 to 7,
wherein fluid communication is enabled via the second outlet
opening when the expansion chamber is moved 1n the first

volume.

9. The accumulator of any one of claims 2 to 7,
wherein fluid communication is enabled by the second outlet
opening when the expansion chamber is moved in the first
volume, wherein the second outlet opening 1s provided in the

piston.

10. The accumulator of any one of claims 1 to 9,
wherein the accumulator 1s connected to the drill string by
the connecting means, and wherein said hydraulic drill
string tool is a percussion hammer arranged to drive

percussion drill bit of the drill string.

11. The accumulator of claim 10, wherein the
percussion hammer 1s arranged to recelve a first stream of
fluid from the expansion chamber, and wherein the drill bit
1s arranged to receive a second stream of fluid from the
fluid passage, the first stream being separate from the

second stream.

12. The accumulator of claim 11, wherein the
percussion hammer 1s arranged to receive the first stream of
fluid via the first outlet and the drill bit is arranged to

receive the second stream of fluid via the second outlet.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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Fig.2.
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