[err] TUBING CUTTI NG TOCOL This invention relates to a tubi ng cutting tool, ‘
and in the preferred enbodi nent provides a cutting tool suitable for use in
an oil or gas well or the like. In drilling and operating-a&g@ﬂqzn gas

well it is occasionally necessary to cut tubing located within the well.,
for exanple one of the elenents of a tubing string |ocated within the well
or the casing of the well. The tubing cutting tool of the present invention

is particularly suitable for cutting a tubing string located within a well,
but the invention nay be enbodied in forns suitable for cutting other ../
tubul ar el ements whether or not formng part of an oil or gas well T

i nstallation. According to one aspect of the present invention there is
provi ded a tubing cutting tool conprising a fluid powered rotary notor
having a body and a rotary output nenber; fluid pressure responsive neans
for |locking the body to the tubing to be cut when the pressure of the notor
operating fluid exceeds a[err]predeterm ned value; a rotary cutter '
connected to the rotary output menber of the notor for rotation therewth,
the rotary cutter having at |east one cutting elenment which is normally

| ocated at a first radial distance fromthe |ongitudinal axis of the tool;
and fluid pressure responsive neans operable in response to the pressure of
the notor operating fluid exceeding a second predeterm ned val ue to nove

the or each cutting element ~ -2- radidalty outwardly fromits norna
position to engage the tubing to be cut. In the preferred enbodi nent of the
I nvention the fluid pressure . sk S | ocki ng the body to the

tubing is responsive to fluids

f the €§

This invention relates to a tubing cutting tool,
and in the preferred'embbdiment provides a cuttiﬁg tool
suitable for use in_én 0il or gas well or the like. |

In drilling and operating an oil or gas well it is
occasionally necessary to cut tubing located within the
well, for example oné'of £he elements of a tubing string
located within the well or the casing of the well. The
tubing cutting tool of the present invention is particularly
suitable for cutting a tubing string located within a well,
but the invention may be embodied in forms suitable for
cutting other tgbular elements whether.or not forming part Q.
of an o0il or gas well installation. )

According to one aspect of the present invention
there is provided a tubing cutting tool comprising -a fluid
powered rotary ﬁotor having a body and a rotary output
member;-fluid pressure responsive means for locking the body
to the tubing to be cut when the pressure of the motor
operating fluid exceeds a’predetermined value; a rotary
cutter connected to éhe rotary output member of the motor
for rotation therewith, the rotary cutter having at least

_ one cutting element which is normally located at a first

‘ radial distance from the longitudinal axis of the tool; and
fluid pressure responsive means operable in response to the
" pressure of the motor operating fluid exceeding a second
predetermined value to move the or each cutting element
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rotary ' notor, and the fluid pressure responsive nmeans for noving the or
each cutting element is responsive to fluid pressure downstream of the
rotary notor. The fluid flow path for the notor operating fluid

i ncorporates a restriction dowmstream of the second fluid pressure
responsi ve neans whereby an increase in fluid flowrate results in an

i ncrease in fluid pressure at.both the first fluid pressure responsive
means and_,t he second fluid pressure responsive neans. The preferred .
enbodi nerit of the invention al so i ncl ydgs_a scraping or mlling head which
is connected to the rotary output nenber of the rotary notor and whi ch nmay
be rotated by the rotary notor for the purpose of cleaning the internal

surface of ﬁé&ém r@uwamﬂywt\rsﬁ 188 heehals porGalitth td ddysgLagse the
not or may he qﬁ? q@g&f%#UId at a pressure |ess than the second

pr edet er mi rigtP the result that rotation of the notor will
cause rotation of theIscthglpgeﬁefné&fémgbﬂdmbntbmw\ﬁHd ﬂnnenhnunatme '
cutting elqﬁﬁni % y y 4 ' e
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that the SCf@tEH\f‘ﬂ/ mibtot ngahaothgaﬂbedr prakehrds reipdnidlvd meByededAr ough
the tubing. For pur po neceisar¥ tQ restrain the body. of_the

mot or agai MIVIRY ah‘%nor aﬁathFELgéﬁgCS DS df) SESPANENS D F Wt ect i ng
the notor hpwgssere downabreanubfnghet rotgryhmoitors ushie firuidief ow pose of
[ th t
o191 do6h UE0pRD Aok Bhagekanle LRI fOT Col 10
fromthe foFedWwrhgtéencappnsbresn afptheeses@néhifddifeMresmue®f, given by

way of exaf’%@p@ﬂéﬂverﬂé&ﬁgnﬁﬁebébﬂ}gahainb&eta@é 36C FMANY | fbwlr awi ngs whi ch

schematical |y 11]ust
_ gte resuigs ifi an increase in fluid pressure at both the

first fluid pressure responsive means and the second fluid
pressure responsive means. )

The preferred embodiment of the invention also
includes a scraping or milling head which is connected to -
the rotary output member ‘of the rotary motor and which may
be rotated by the rotary motor for the purpose of cleaning
the internal surface of the tubing within which the tool is
located. 1In this case; the motor may be operated by'fluid'
at a pressure less than the second predetermined pressure

\_ with the result that rotation of the motor will cause
rotation of the scraping or milling tool, but will not cause
the cutting elements to be moved radially outwardly into
engagement with the tubing. In a particularly preferred
embodiment of the invention the motor may be operated at a
pressure less than the first predetermined pressure so that
the scraping/milling tool may be rotated as the tool is
moved through the tubing. For this purpose it is necegsary
to restrain the body of the motor against rotation, and this
can conveniently be effected by connecting the motor body to
a suitable tubing string which is used for the purpose of

i mov1ng the tool through the tubing to be cleaned and for
communlcatlng operating fluld to the motor.



preferred embodi ment of the invention and wherein: Figurel is a -

hal f-section illustrating an enbodi ment of the invention located within-a °
| ength of tubing; and Figure 2 illustrates in detail a portion of the
enbodi ment of Figure 1. Referring to the drawings there is illustrated a

tubing cutting tool 1 located within a length of tubing 2, for exanple a
tubing string which itself is located within a well bore. The tool 1
conprises a plurality of interconnected subs and is connected at its, upper
end to a tubing string 3 by nmeans gf -which the tool may be run througthhe
tubing 2. The central bore 4 of the tubing string is used to carry an
operating fluid, for exanple a nud, to the tool 1. The tool 2 conprises a
rotary notor 5 mﬂheh;nbenﬁ$en wildrbeebehyethanﬂbmsﬁdbdufrem't@gfIuid

" SR D1 o036 B01 0L oh 5 BBl oCOUBELALLLR YhdpDsE, S & i cf

has nDu théreon a §G|C|t ers
nor mal 9iven BB dWa¥dPEl yamR rGP}Ybyr§ﬁieF§DICe bedngghgdioto sHemn) so that

t he raé’éé’éﬂ\%!_aﬁyiﬁé axawﬂggywa&chhgcalahiaq%slllsr fﬂlqsﬂ-ﬁ/!é&t@e surf ace of

the sub 6 ner ds.of the plunger are exposed via radia
bor es BFSEeTHEAr PEPAIHERE PE BReniAvERELohy o SHARALAT 1 he [ ul d
pressure exceedsFaghresi psedehalﬂrledtuahuélﬂhsnﬁaﬁxngsaﬂ are- noved

[ adi al Ly Oui HEhE! Ye! PneNIR0ENtIEN! 1RLAUE withid Ao puier ends of the

pl ungers nmay be provi ed W Th surtable teeth or serra and may be
har derfegbingen @ﬁ@ plungers 7 are biased radially outmardly I nt o engagenent

wWith the tubing gigligeupreniadbratandihhachady @f portldh dfegp@tor 5 are
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Referring to the drawings there is illustrated a
tubing cutting tool 1 located'within.a length of tubing 2, .
for example a tubing string which itself is located within a
well bore. The tool 1 comprises a plurality of
interconnected subs and is connected at its upper end to a
tubing string 3 by means of which the tool may be run
through the tubing 2. The central bore 4 of the tubing -
string is used to carry an operating-fluid,_foriexample a
mud, to the tool 1. | |

The tool 2 comprises a rotary motor 5 which, in
use, is driven by the flow of operating fluid therethrough.
The body of the motor 5 is connected to an upper sub 6 which '.;J
has mounted thereon a mu1t1p11c1ty of plungers 7. The
plungers 7 are normally biased radially inwardly by sultable
springs (not shown) so that the radially outer extremity of
~the plungers is flush with the surface of the sub 6. The
radially inner ends of the plungers 7 are exposed via radial:
bores 8 to the fluid pressure within_the sub 6 so that if
the fluid pressure exceeds a first predetermined value the
plungers 7 are moved radially outwardly to engage the tubing
2. The radially outer ends of the plungers may be provided
with suitable teeth or serrations, and may be hardened:
When the plungers 7 are biased radially outwardly into
engagement with the tubing 2 the upper sub 6 and the body of
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- The notor 5 includes a rotary output menber 9 which is connected to a
rotary cutter 10. The rotary cutter “10 is shown in nore detail in Figure 2
and conprises a pair of cutting elenments 11,12 which are pivotally nounted
on a pin 13 which is secured to the body 14 of the rotary cutter. The
radially outer extremty of each cutting elenment 11,12 is suitably
protected, e.g. by nmeans of inserts or crushed particles of suitable

har deni material, e.g. tungsten carbide or cubic-boron nitride. In the
nor mal +f0sition of the cutting elenerta llustrated on the left- hand side
of Figure 2) the cutting elenents are |ocated such that the radially
outernost extremty of each cutting elenent is |located within the body 14
of the rotbth¢ matozr 5 Exehlogkednggeiaminmovepenfoweiative ovbhed to nove
the cutting,gdfg bhereof radially outwardly to engage the internal surface

15 of the tubing within which the tqol_is |ocated. The radiall% ogtmardly
extrenme position -of THE BEPTnG PEHANES 2 EOTATY, QYRLY BFRHE 7i ght - hand
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piston 16 and the cylinder 17 and the piston'is normally biased upwardly to
the position iIlustrgpédqﬁﬁﬁﬂkéﬁWQﬁﬂg-zﬁﬁfﬁﬁﬂ*t%ﬁ°é¥%ﬁgg %“gglﬁgspring 20.
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tool to the.g. tungsten carbide or cubic boron nitride. In the normal
position of the cutting ‘elements (illustrated on the left-
hand side ‘of Figure 2) the cutting elements-are.located such
that the radially outermost extremity of each cutting
element is located within the body 14 of the rotary cutter.
Each cutting element may, however, be pivoted to move the -
cutting edge thereof radially outwardly to engage:the
internal surface 15 of the tubing within which the tool is
located. The radially outwardly extreme position of the
cutting element 12 is illustrated on the right-hand side of
Figure 2, and in this position the outermost point of the
cutting element will have cut through the wall of the tubing
2. .

For the purpose of shifting the cutter elements
11,12 between the extreme positions described above a fluid
pressure responsive device is provided in the form of a
piston 16 working in a cylinder 17. Seals 18,19 are
provided between the piston 16 and the cylinder 17 and the.
piston is normally biased upwardly to the position
illustrated on the right-hand half of Figure 2 by a spring
20. -Fﬁrther upward movement of the piston 16 is prevented
by a spring clip 21 located within a groove in the cylinder
wall. '



chamber 22 defined within the cyIinder 17 above the piston 16. This ftU|d
pressure acts downwardly on the piston 16. Fluid may | eave the chanber- 22
vi a passages -23 and may then flow t hrough an annul ar passage-24 forned

bet ween the cylinder 17 and the body 14 to passages 25 | ocated bel ow t he

| evel of the cutting elenents 11,12. The passages 23,25 provide a
restriction to the flow of fluid whereby the pressure within the chanber 22
increases as flowrate of--- working fluid increases. Seals 26,27 are

| ocated between -- the cylinder 475and the body 14 of the rotary . Clte

The rotary cutter 10 is connected by a sub 28 to a scrapi.ng or n1II|ng tool
29 having an outside dianmeter 30 substantially corresponding to the
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upst he notor i's conmunicated via_the passages 8 to the plungers 7,
Caumﬂﬂf 4ﬂg hﬁﬁ%r§n$€ﬁﬁ§§§. Segls 26,27 are located between .

the cyllnder 17 and the body 14 of the rotary cutter.

- The rotary cutter 10 is connected. by a sub 28 to-a
scraping or milling tool 29 having an outside diameter 30”f"
substantially corresponding to the internal diameter of the
tubing 2. _ _ B _ : _
In use, the tool 1 is run through the tubing 2 by
means of a suitable tubing string. If it is desired to
clean the internal surface 15 of the tubing a suitable
working fluid, for example a mud; is_pumped through the
string to which the tool 1 is'conhected'to'flow through the
motor 5 at a predetermined rate. This predetermined rate is
sufficient to operate the motor and thereby rotate the
rotary cutter 10 and with it the scraping/milling . tool 30 to
clean_the interior surface of the tubing. --

If it is desired to cut the tubing 2 the tool is
located at a suitable position and the flow rate of working
fluid is increased. The increased flow rate causes the =~
motor to operate at a faster speed and, due to-the flow
restriction provided by the motbr jtself and the passages
23,25 causes the fluid pressure within the tool to increase -
both upstream and downstream of the motor. ~The increased
fluid pressure upstream of the motor is communicated via the
passages 8 to the plungers 7,'causing the plungers to move




radially .outwardly teo grip the tubing to fix the notor body relative to the
tubing. The fluid pressure downstream of the notor 5 operates within the
chanber 22 to bias the piston 16 dowmwardly and thereby nove the cutters
11,12 radially outwardly to engage the internal wall of the tubing. Since
the entire rotary cutter is rotating the cutting elenments wll cut the
tubing and will be held in engagement with the tubing as cutting proceeds
by the .piston 16. \Wen the cut has been conpleted the piston 16 will be in
the extigfhe | ower position illustrated gn-the left- hand si de of Fi gure 2.
Fl ow of operating fluid may then be stopped allowing the piston 16 to
return to its uppernost position, thereby allowng the cutters 11,12 to
return to tdediaklyliabtwardherteogrip obhe Thbipguhgefix7 thiel Imceticsn kraatyur n
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s1de of Figure 2. Flow of operating fluid may then be
stopped allowing the piston 16 to''return to its uppermost:
position, thereby allowing the cutters 11,12 to return to
their radially inner position. The plungers 7 will also
return to their retracted position under the influence of -
the associated springs. The tool may then be moved to a
fresh location for a further cutting operation, or may be
used in the cleaning mode described above.

- It will be appreciated that the tool described
above may perform either a tube cleaning operation or a tube
cutting operation, of a combination of these operations.

The tool is relatively simple in construction and does not
require withdrawal from the tubing for resetting after each
cut has been made. _ '

In another embodiment the cylinder 17 may be -

integral with the body 14 and the chambers 22 and passages
23,25 bored accordingly. Plugs would be fitted to seal the
upper end of the passage 24 running the length of the body
connecting passages 23 and 25.



to the tubing to be cut when the pressure of the notor operating fluid
exceeds a first predeterm ned value; a rotary cutter connected to the
rotary oatput menber of the notor for rotation therewith, the rotary cutter
havi ng at el ement which is normally located at a first
radi al di s“m"ﬁmm”mngl tudi nal axis of the tool; and second fluid
pressure responsive "means*operabl e, 9n_response to the pressure of the

nmot or operating fluid exceeding a second predetermi ned value, to nove=the
or each cutting elenment radially outwardly fromits normnal posltloﬁ'fbs
engage the tubing-to be cut. 2. A tool according to claim1l1, wherein
t he firgi%éi##d pressure responsive neans is responsive to fluid pressure

upstrea e rotary notor, and the second fluid pressure responsive
means i s responsive to fluid pressure downstream of the rotary notor. 3.
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first radial distance from the longitudinal axis of the -
tool; and second fluid pressure responsive means operable,
in response to the pressure of the motor operating fluid.
exceeding a second predetermined'valué, to move the or each
cutting element radially outwardly from its normal position
to engage the tubing to be cut.

2. A tool according to claim 1, wherein the first
fluid pressure responsive means is responsive to fluid
pressure upstream bf_the rotary motor, and the second fluid
pressure responsive meané is responsive to fluid pressure
downstream of the rotary motor.

3. A tool according to claims 1 or claim 2, wherein
the fluid flow path for the motor operating fluid
incorporates a restriction downstream of the second fluid
pressure responsive means whereby an increase in fluid flow
rate results in an increase in fluid pressure at both the
first £luid pressure responsive means and the second fluid
pressure responsive means.

4, A tool according to any preceding claim, wherein
the rotary cutter has a cutter body and the or each cutting
element is pivotally mounted on a pin secured to the cutter
body.



tﬁe second fluid pressure responsive nmeans conprises a spring-biased
pi ston. 7. A tool according to claim®6, whererfn—+hepiston is
| ongi tudi nally operable, in response to the pressu7Eﬂ@pu'he not or operating.

fluid exceeding the second predeterm ned value, to ! ”ﬂﬁlmﬂmh
cutting elenment radially outwardly fromits nornal o 3 ge the
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t ubi ng to be cut. 8. ‘A tool accag@ ng to any preceding
further eQuprising a scraping or mlling head connected to the rotary
outputgﬁénber of the rotary notor and rotatable by the rotary notor for the
pur pose of cbeani ng tha Etobdr askcoxdihac oo fanyh@rddadingridli im Whiltdrd he
tool is loc : : I cordi .0 cl ai_m 8, erein the notor

i s operabl ea%ﬁgf]fgfatafflgigf\gg‘g%rs‘el %e%?gtp%g'nsj&ﬁe m;%ézﬂosnfo\#r.'pé‘{fﬁeeﬁ ft ned
pressure to E£u§éli§Yanonadﬁaﬂﬂw opexpible (o0spriing-j duesdl plauvderhat
rotation of the notor at this operating pressure will not cause the or each
cutting elenent to be noved_ radially outwardly into engagenent wth the

tubing. 10. 6- A toBl teedorErRFdiaccita Ay Breqeding clamid eivherrinmot or
i's operabl e gheas8E6AGUEEULES priiaurehe ddpons ikl Mg idbipIRsS W e t o

rotate the scraginggnillrng,h ad as the tool is noved through the tubing.
11. A TBBERETRiRSRA; FF&QQS her ei nbefore described with reference to
t he acconpanyi ng draw ngs. . :
7. A tool according to claim 6, wherein the piston
| is longitudinally operable, in response to the pressure of
\— the motor operating fluid exceeding the second

predetermined value, to pivot the or each cutting element
radially outwardly from its normal position to engage the
tubing to be cut. ’

8. A tool according to any preceding claim, further
comprising a scraping or milling head connected to the
rotary output member of the rotary motor and rotatable by
the rotary motor for the purpose of cleaning the internal
surface of the tubing within which the tool is located.

9. 2 tool according to claim 8, wherein the motor is
U operable by fluid ét a pressure less than the second

predetermined pressure to cause rotation of the scraping

or milling head, such that rotation of the motor at this

operating pressure will not cause the or each cutting

element to be moved radially outwardly into engagement with

the tubing.

- 10. A tool according to claim 8 or claim 9, wherein
the motor is operable at a pressure less than the first
predetermined pressure to rotate the scraping/milling head
'as the tool is moved thrbugh the tubing.

11. A tool substantially as hereinbefore described
with reference to the accompanying drawings.




