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4 Claims. (CL166—1)

The pres_ent invention relates to pipe cutting. '.

‘apparatus, and more particularly to apparatus

capable of cutting well casings, liners, drill pipe,

and similar conduits while positioned in well
bores. B | - |
An object of

o conduit in a well bore transversely oi its lon-
oitudingl axis by the action of cutting fluid im-
 pinging directly on the conduit.

‘Another object of the invention is to
apparatus for severing a conduit in a well bore
through the direct impinging action of fluid on
the conduit, fluid under pressure |

ing the severing operation being supplied direct-

ly through the conduit itseldf.

A further object of the invention is to prdvide

o cutter apparatus adapted to be lowered in a.

well conduit on a wire or smilar flexible line, in
which the apparatus is capable of receiving cut-
ting fluid under pressure directly through the
conduit and impinging it directly against the
conduif. - |

Still a fufther object of the invention is to |
cutter apparatus of the hy-

provide a casing

_ t of the present invention resides in
the provision of improved apparatus for severing

" pe lowered through & well conduit,

assignorto o
Calif.

9

"In the form of the invention disclosed in the
drawings the cutting apparatus A is adapted to
such as drill
pipe B, which is to be cut or severed, on the end
of o suitable wire rope C or other flexible line.
The cutting apparatus includes a lower nozzle

| cuttihg portion D and an upper packer portion E

.10
provide = | _
body F formed of several tubular sections.

for perform-
| 16

adapted to anchor the entire apparatus In
packed-off condition at a desired location within
the drill pipe. -

The apparatus

-

includes a tubular mandrel or
' The
nozzle or jet cutting portion D of the apparatus
comprises a lower, elongate tubular mandrel or
body section 10, having a housing 1 threaded on

. its lower end. This housing has a tubular per-
forated strainer 12 threaded in its lower end, and

20

also contains a check valve In the form of a valve
head 13 movable downwardly into engagement
with a valve seat {4 in the housing, to prevent
downwaxrd flow of fluid through the housing axial

passage 15, while permitting upward flow of fluid

" therethrough and into the tubular body.

25

draulic jet type which can be used effectively to

cut internal upset pipe positioned in a well bore.

Another object of the invention is to provide
g, jet type of casing |
to and within a well conduit on which a cutting
operation |
sity for manipulation of the running-in string
employed in lowering the cutter '

cutter at the actual location desired and of cub-
ting the conduit at the place intended.

One form which the invention may assume 1S

. exemplified in the following description and il-
~ lustrated by way of example in the accompanying
drawings, in which: 5 -

Fig. 1 is a side elevation of the cutiing ap-
paratus positioned within a well conduit, such as
g drill pipe. o I

Figs. 2a¢ and 2b are collectively lofngitudiilé;l”

sections on an enlarged scale, taken along the
line 2a—2a and 2b—2b, respectively, on Fig. 1.

is to be performed, without the neces-

| ‘in the well con-
duit, offering greater assurance of anchoring the

cutter which can be anchored

30
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Fig. 3 is a view similar to 2a, showing_.the"ap-.-i |

paratus anchored to the drill pipe.

Fig. 4 is a cross-section taken genera;}ly along

the line 4—4 on Fig. 2a. |
 PFig. 5 is a cross-section taken along the line
5—5 on Fig. 2b. -
Fig. 6 is a cross-section taken along the. line
6—6 on Fig. 2b. o | -
 Fig. 7 is a partial longitudinal section taken
along the line T—T on Fig. 2a. : '

50

The lower body section 18 is provided with cir-
cumferentially spaced, elongate fuid ports or
outlets 16 to permit fiuid to pass from the inte-
rior of the mandrel F into a fluid chamber or
nozzle housing 11 rotatable on the mandrel. The
nozzle housing comprises a sleeve 18 and a lower
head 19 slidably engaging the exterior of the
lower body section {8, and its upper end includes
s follower nut or upper head 20 threaded into
the housing sleeve 18 and slidably engageable
with the lower body section 1. | S

Suitable anti-friction bearings are provided
at the head ends 18, 20 of the fluid chamber 7%
to facilitate its rotation on the body . As dis-
closed in the drawings, such bearings aré COI-
stituted by a plurality of bearing balls 21 riding

in opposed races 22 in the valve housing ii and

end of the lower head I9. The latter may have
o, depending shield 23 extending around the bear-
ing balls 21 and the upper
ing 11 to protect the balls and races from sand
and other harmful materials that might be pre-
sent in the well conduit. Similar opposed bearing
races 24 and bearing balls 25 are provided be-
tween the follower nut 20 and an adjusting nut
26 threaded on the upper end of the lower man-
drel section 10, the nut 26 having a depending

" shield 27 extending over the ball bearings 25 and

55

end of the upper head 20 to protect the upper
d and harmful materials in the

bearing from sa
well conduit.

The adjusting nut 26 is threaded 'on the body

“section 10 until the desired adjustment has been

end of the valve hous~
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made between the sets of bearing balls and their

cooperable races, to permit free turning of the

fluid chamber of housing {1 on the mandrel or

body F, with a minimum amount of longitudinal
movement along the mandrel, Following proper
adjustment of the amount of play between the
bearings, a lock nut 28 is threaded on. the upper
end of the mandrel section [0 and tightened
against the adjusting nut 26 to hold it in proper
position. |

Leakage in 2 longitudinal direction between the
fiuid chamber heads {8, 20 and the lower marni= -

drel secvion 18 is prevented by providing a gasket.
20 in engagement with each head and the ex-
terior of the mandrel. A metsl ring 30 engages

10

15

each gasket, and a suitable helical spring. 31 is-
disposed in the annular chamber space 32 be-
tween the mandrel F and-the chamber sleeve 1,

with its ends engaging the steel rings 30. The

spring exerts its compressive forece against the
seals or gaskets 29 to hold them in proper seal-

Ing engagement with the heads 19, 20 and man-

drel t8, preventing leakage of fluids longitudinal-

ly from the annular chamber space 32. |
The chamber skirt (7 1s provided with a set of

radially disposed cutting nozzles or jets 33,

threaded or otherwise secured in the Skil‘t;, ana
with a set of turning nozzles or jets 54 similarly
secured in the skirt. These nozzles e*sta'blish' fluid
commuriicaticn between the interior of the fluid

chamber {7 and the exterior of the tool, the out-
‘ets of the cutting jets being so disposed as to

be adjacent the wall of the well conduit B on

which the cubting or severing action is to take
The turning jets 384 have their outlets

place.
out of alignment with the longitudinsg] axis of the
tool, in order that the reactive torce of fluid is-
suing through these jets will rotate the fluid
chamber 171 on the mandrel or body F.

The upper portion of the too] includes an upper
body section 38, which may

tubular mandrel or

be threaded directly into theé upper end of the

lower section 8. However, for sonie apblications -

1s preferred to itic¥ease the

longitudinal distance between the upper and
by threading the upper see~

lower sections 35, {0 _ EY
tion onto an intermediate mandrel of body sec.
tion 36, which is

mandrel {0. The upper end of

the Upper manidrel

or body section 35 is threadedly secired to 5 sub

38, which, in turn, is serewed iiito a tob pérfg-
rated strainer 39, having an mtermediate imper-
forate end wall 49 and an upper thireaded box 4
for reception of g rope socket (not shown) suit-
ably secured to the lower end of the fléxible wire
line or rope C, | o |

A slip expander 42 surrounds the upper tubiiiar
exterhal flange or

mandrel 38, resting on arn
shoulder 43 on the mandrel. This slip eXpander
has an upwardly extending skirt 44 forming an
annular pocket with the
39 receiving the lower end of the packing ele-
ment or sleeve 45 surrounding the mandrel. The
ubper end of the packing element is positioned
within a similar annular pocket formed between
the

rality of longitudinally extending ports 48 for di-
recting fiuid from the exterior of the cup to its
Interior,
iormed on the ends of the packing elemerits 45
for sealing engagement against the upper man-
drel section &5 and expander and retainer skirts
44, 4§,

threaded into an intermedigte
sub 37 screwed oii the upper end of the lower

upper mandrel section.

aepending skirt 4§ of a cup retainer 41, slid-
ably mountd on the miandirel 35 and having g plu-

Inner and outer annular lips 49, 50 are

A lock nut 51 is threaded on the upper

20

4

end of the upper mandrel section 3%, and is adapt-

ed 10 engage the upper packing retainer 47 to
compress the packing sleeve 45 between the re-
tainer and the expander 42, expanding it initial-
ly outward to a diameter substantially equal to
the inside diameter of the pipe B in which the
cutting apparatus is to be used. -

A plurality of circumferentially spaced slips
32 are slidably moeunted in dovetailed slots 53 on

the external portion of the expander. The slips

h‘ava interna_l tapered surfaces 54 inelined down-
wardly toward the longitudinal tocl axis in slid-
able- engagement with cooperable tapered sur-

faces 55 on the expander, in order that upward
movement of the slips 52 along the expander 42

shifts the former outwardly into engagement with
the wall of the conduit B to hold the apparatus
against downward movement therewithin.

The slips are shifted hydraulically in an up-
ward direction from an initigl inward retracted
position. As disclosed in the drawings, such hy-
draulic shifting is provided by pivotally securing

- the eye 56 of a bolt to the lower end of each slip

25

- & bushing 59 threaded in

by means of a suitable pin or screw 51. The.
shank 38 of the bolt extends downwardly through
the upper end of an

inclined cylinder 60 in the lower portion of the

- - upper mandrel section 35 whose lower end com-

30

39

municates with the central passage o1 through
the Upper section, A suitable piston is secured
on the lower end of the shank within this inclined
cylinder. Such piston may be constituted by a
packing sleeve 62 on the shank 58 confined be-
tween a washer 63 engaging a shank shoulder 64
and another washer 85 held against the sleeve by
a clamp nut 66 threaded on the lower end of the
bolt shank. Each piston sleeve §2 is in slidable

- sealing engagement with the cylinder wall being

40

45

o0
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- mediate and

60

65

70

75

‘tion 35, passing through

urged 1in a downwarg directicn by g compressed
helical spring 67 contained within the cylinder
60, with its upper and lower ends engaging the
bushing 59 and piston, respectively.

The cutter apparatus is run in g drill pipe, or
other well conduit, through anld -around which
circulation can be obtdined: with the slips §2 in
retracted position, and with the adjusting nut 51
thre_a:dec__l on the upper end of the upper matidre]
séction 35 to such an extent as t6 move the upper
backing retainer 47 toward the lower expander’
42 and expand the packing element 45 outwardly
until its diameter is such that the- packing is in
slidable sealing engagement with the wall of the -
drill pipe B. The tool is Iowered on the wire line
C through the drill pipe; any fAuig that might be
present in the- pipe’ passine upwardly thioush
the tool to by-=pass the packing 45, entering the
bottom strainer 12, unseating the valve head | 3
and flowing upwardly through the lower, infer-
/ ubpPer mandrel sections 16, 35, 35
for outward passage through the perforated top
strainer 39 into the drill pipe above the packing
element 45, | |

When the desired point in the well condiit is
reached at which it is to be cut or severed, the
bumps at the top of the wel] bore are started
and fluid pumped directly into the drifl pipe B.
Such fiuid cannot pass downwardly around the
exterior of the cutter apparatus A, in view of the
sealing engagement of the packing element 45
with the wall of the drill pipe. aAccordingly, it
Is directed through the tubular inlet ports 3%q in
the top strainer 39, into the upper mandrel sec-

drel section 36, sub 37,

and lower section 10 and
through the elongated

ports 16 into the anmuilarp
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fluid chamber {71 from where it exhausts through
the cutting and turning nozzles 33, 34. Since.
the valve head I3 moves downwardly into engage-
ment with its seat {4 to prevent downward flow.
of fluid through the valve housing passage 19, a.
back pressure is built up in the mandrel F, he-

cause of the restricted area through the nozzles,
‘acting against the pistons 62 and shifting them
upwardly to slide the slips 52 along the expander

42 into engagement with the drill pipe B. The

fluid under pressure also enters the annular pock-

6 A

33 as a result of -elongatibn or shortening of the.

5

10

et within the upper packing retainer 41 through

the longitudinal ports 48 and acts upon the upper

end of the packing element 45 to foreshorten it
and expand it more firmly and over a greater
area into sealing engagement with the wall of the

- drill pipe.

The reactive force of the fluid lea,v-mg the turn-

ine nozzles 34 rotates the housing IT around the

~ mandrel F to revolve the cutting nozzles 33, which

gre all preferably positioned in a single trans-
verse plane. Fluid issuing at & comparatively
high velocity from the cutting nozzles 33 acts upon
g relatively short longitudinal length of the drill
pipe B, eroding the drill pipe around its entire
circumference until it is completely severed into

two parts. The fluid exhausting from all nozzles

flows downwardly through the drill pipe and
 thence upwardly around its exterior to the top of
the well bore. - - |
Any suitable fluid may be pumped down the

drill pipe to exhaust through the nozzles and per-

form the cutting operation. - If desired, the fluid,
which may be various types of drilling mud, may
be charged with abrasive particles, such as sand,

to0 expedite the cutting action, or suitable chemi--

-cals may be employed. | o
By being anchored against the conduit B, the
slips 52 and their cooperable expander 42 relieve
the flexible line C of the downward force of the
fluid under pressure, since such force is trans-
mitted from the upper mandrel section 35, lock
nut 51 and packing sleeve 45 to the expander 42,
which is wedged into the slips, whose wickers 52¢
are anchored in the wall of the drill pipe. Ac-
cordingly, any required pressure may be imposed

on the fluid in the drill pipe to produce sufficient

velocity in the fluid exhausting from the cutling

30

40

4b

nozzles 38 and effectively sever the conduit oppo-

site the location of the nozzles 33, without fear of
overstressing the rope C. - |
Following the severing of the conduit B, the

pump pressure is relieved, which permits the

springs 67 to shift the pistons 62, bolts 56, 58 and
slips 52 downwardly, moving the latter along the
expander 42 back to retracted position. The re-

‘leving of the pressure also relieves the hydraulic

foreshortening force on the packing element 45
“and allows it to move back to a position in which
only a relatively small margin on its periphery
engages the drill pipe B, so as to offer a minimum
of resistance to elevating of the wire line C and
the entire cutting tool A from the drill pipe.

If desired, the holding slip and expander ar-
rangement 45, 52 need not be employed at all.
In that event, the entire downward force ex-
erted by the fluid under pressure would be with-
stood by the running-in string C, the packing
element 45 still forming a proper seal with the
wall of the drill pipe causing fluid under pressure
to be directed through the upper strainer 39 to
the interior of the tool. The provision of the slips,
however, is preferred, since it permits the tool to

be anchored in place at the desired point, without

fear of subsequent shifting of the cutting nozzles

60

65

60

66

70

76

running-in string C due to variations in pressure.

Once the slips 52 are anchored to the drill pipe
B, the cutting nozzles remain in a single plane
and direet the high veloeity cutting fluid at the
same circumferential portion of the drill pipe
during their revolution about the longitudinal
axis of the tool. | o L
By virtue of the hydraulic arrangement dis-
closed for setting the slips, it is unnecessary to
manipulate the running-in string for the purpose
of anchoring the tool at the desired location in
the well bore. Careful measurement can be made
of the length of wire line lowered in the well bore,

in order to accurately position the cutting nozzle

at the location where the severing operation is to
QoCCur. - o o
 Although the slips need not be employed, the
packing element 45 enables fluid to be pumped
directly into the drill pire B or other well conduit
to be severed, without the need for providing a
separate fluid conductor. As pointed out above,
this packing element is adjusted to seal initially
with the drill pipe and prevent -downward passage
of fluid between the packing element and drill
pipe. . This arrangement permits a wire or other
flexible line to be used in running the cutting tool
rapidly in and out of the drill pipe. o -
7The tool lendg itself for use in connection with
internal upset pipe. It is to be noted that the
intermediate mandrel section 36 spaces the pack-
ine element 45 a relatively long distance from.
the cutting and turning nozzles 33, 34. When
used in internal upset pipe, the adjusting nut 5 §
and upper packing retainer 47 are moved toward
the lower expander 42 a sufficient distance to
provide an initial external diameter of the pack-
ing sleeve 45 substantially equal to, and pref-
erably slightly greater than, the internal diam-
eter at the pipe upsets. The tool is lowered
through such pipe until the packing sleeve 1Is
located in an upset, which prevents fluid. from
passing downwardly around the exterior of the
tool beyond the packing sleeve. The application
of pressure to the fluid in the drill pipe then
causes the slips 52 to be shifted outwardly to
anchoring position with the drill pipe, which may
occur within the upset itself or along the drill
pipe surface immediately below the upset. In
any event, the cutting nozzles 33 are positioned
a sufficient distance below the upset as to insure
that the abrading action on the pipe takes place
at a relatively thin wall section. The mandrel
extension 36 is selected of appropriate length to
assure placing of the cutting nozzles below the
internal upset portion of the pipe against which
the packing sleeve 4% is sealed.

While I have shown the preferred form of my
invention, it is to be understood that various
changes may be made in its construction by those
gkilled in the art without departing from the
spirit of the invention as defined by the ap-

pended claims.

Having thus described my invention, what I
claim and desire to secure by Letters Patent is:
- 1. An apparatus for severing a well conduit,
comprising a tubular member and a rotary cut-
ting member rotatably supported by said tubular
member, said cutting member having at least
one transversely disposed radial jet nozzle and at
least one transversely disposed jet nozzle dis-
posed at an angle to the axis of rotation of
the cutting member and being directed generally
in & circumferential direction, and means for de-
livering fluids from said tubular member to said
rotary cutting member for delivery from said jets




2,624,409

”

whereby delivery of such fluid from said radial

jets will impinge upon a well conduit to-abrasively

cut the same while fluid ejected from said angu-

larly disposed jet will rotate the cutting member.

2. An apparatus for severing a well conduit
comprising a tubular member and a rotating cut-
ting member rotatably supported by said tubular
member, said cutting member having a plurality
of transversely disposed radial jet nozzles at one

level and a plurality of transversely disposed jet

nozzles disposed at an angle to the axis of rota-
tion of the cutting member at another level, said
transversely disposed jet nozzles being directed
generally in a circumferential direction, means
for delivering fluid from said tubular member to
sald rotating cutting member to be ejected from
sald nozzles whereby said radial nozzles will de-

liver fiuid to a surrounding well conduit to abra-
sively cut the same while fluid delivered from said.

angularly disposed jet will rotate said cutting
member.

3. An apparatus for cutting a well conduit com- -

prising a tubular member having g plurality of
longitudinally extending peripheral openings, a
bottom closure releasably secured thereto and
having an inwardly opening valve, a rotary cut-
ting member concentrically mounted upon said
tubular member above said bottom closure, a
plurality of radially disposed jets carried by said

rotary cutting member registering and in com-
munication with a portion of the longitudinal
openings of said tubular member, and a- plurality

of jets carried by said cutting member, angulariy

disposed with respect to the axis of rotation of

sald cutting member, registering with and in

communication with the longitudinal openings of
sald tubular member, the latter-named jets being

directed generally in a circumferential direction,
whereby said radial jets will direct fluid there-

from to abrasively cut a surrounding casing while
sald angularly disposed jets will deliver fiuid, the

reaction of which will rotate said rotary membm

4. An apparatus for severing a well conduit

comprising a tubular mandrel having elongated,

5 4

lcvngltudmally extendmg peripheral opemngs, |
upper and lower bearmg members in threaded
engagement therewith, a rotary cutting member
concentrically mounted with respect to said man-
drel and engaged by said bearings, a plurality of
radial jets in said cutting member in alignment
with and in communication with the upper por-
tion of said longitudinally extending openings in
sald mandrel, a pluraglity of jets in said cutting

10 member-disposed at-an anegle to the axis of rots-

15
20
- 8aid gasket

25

30

39
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tion of said cutting member registering with and
in. communication with a lower. portion of said
longitudinally extending openings of said man-
drel, the latter-named -jets being directed gen-
erally in a circumferential direction, UpPer and
lower sealing members disposed above and below
said peripheral openings of said: mandrel com-
prising gaskets disposed concentrically of said
mandrel above and below said peripheral open-
ings, and a coil spring concentrically disposed
with respect to said mandrel and bearing agamst

FRANK E. O'NEILL.,
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