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Description

Spiral Or Wave Strip Perforating Sﬁgtem

Technical Field
The present -invention relates to through tubing
perforation guns used to support explosive charges in a
borehole to form perforations through which water,
5 petroleum or minerals are produced.

Background Art

This invention is an improvement to prior art

phased, through tubing, perforating systems in that it

10 allows for widely varied phasing (i.e., orientation of
multiple directional charges at various angles) while
allowing for retrieval of the carrier. Prior art phased
capsule perforating systems may be-generally classified
into three categories: (1) the phased frangible base

15 strip (US 4,951,744); (2) the retrievable base strip with
frangible retaining means (US 5,095,999); and (3) the
phased expendable link (US 5,241,891).

The disadvantages of the first category (illustrated

in Figure 1 of the drawings) is that the shattered pieces
20 of the base strip are not retrieved from the well leaving

a substantial amount of debris. 2As a resuit, one cannot

determine if all the charges detonated properly. Also,

since the base strip shatters after firing the gun, the

strip must be brittle and thereby could break when it is
25 not desirable (e.g. upon conveying in the well).

The disadvantage of the second category (illustrated
in Figure 2 of the drawings) is that the base strip is
'cdmposed of a heavy gauge steel bar that limits possible
phasing (normally + 45 degrees, -45 degrees) and that

30 distorts {when the shaped charges are fired) to make
retrieval difficult. Also, since only a relatively weak



Background Art This invention is an inprovenent to prior art
phased, through tubing, perforating systens in that it 10 all ows for

wi dely varied phasing (i.e., orientation of mul ti pl e directional
charges at vari ous angl es) while allowing for retrieval of the
carrier. Pri % ased capsul e perforating systens rally
classified 'ﬁ Pt hr ee cat egori es: (1) the phased fraggmg%%zgg
strip (US 4,951,7_44) (2) the retrievable base strip with franglble
retaining nmeans (US 5,095,999); and (3) t phased expendabl e |ink
(US 5,241, 891). The di sadvant ages of the first category
(illustrated in Figure 1 of the drawings) is that the shattered
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heavy gauge st eelrelfd"rlef"ﬁ - imts possible phaS| ng (normally + 45

degrees, -45 degrees) Theddidmdvantages of the third category {(illustrated
in Figure 3 of the drawings) are that more debris is left
in the well and that the system is weak (the pins and
10 links often break when they hit obstructions in the
tubing), resulting in use only for simple perforating
operations. The main advantage of the third category is
that very flexible phasing is possible. This high degree
of phasing of the capsules is significant to well
15 pro&uctivity in many formation types.

Co-pending application PCT/US95/15230 discloses a
perforating gun carrier with a slotted configuration and
interior dimensions to enéble capsule orientation at
selected phases between 0 and 360 degrees. The carrier

20 has a frangible seam that fractures upon detonation to
form two retrievable strips, each supported by the
conveyance sub for retrieval. The seam is a narrow
bridge, formed by slotting the carrier partially, with a
cross-sectional area that shatters upon detonation of the

25 shaped charges. The remaining cross-sectional area and
strength of each strip is sufficient to assure retrieval
after detonation. The strips are preferably nonplanar,
arcuate or a segment of a circle in cross section. When
the capsule charges are arrayed around many phases, by

30 attaching both front and rear portions of the capsule
charges to the nonfrangible regions of the carrier,
detonating cords are used for detonation.

Disclosure of Invention
35 The general object of the invention is to provide a.

gun for well perforating that overcomes the various



30 distorts (when the shaped charges are fired) to nmake retrieval

difficult. Also, since only a relatively weak WO 96/ 38652

PCT/ US96/ 07556 - 2- breakable clip
retains the capsule charge to the base -strip, it may break when it is
undesirabl e (GoQsmdébPn conveying into the well). The adpefugsmnred this
systemis t%at It permts sone sinple phasing (two rows at +/- 45 5
degrees typically), and the strip is3 rugged and retrievabl e.
The di sadvantages of the third category (illustrated in Figure 3 of

the draw ngs) are that nore debris is left

disadvantages of the prior art devices with a carrier

that produces perforations in a wide degree of patterns,

including a 360 degree phase relationship, that does not

fragment and that is therefore removable from the well.

5 This object is achieved also with a perforating gun

having an elongated mounting having a spiral or selected

wave, or non-linear, zig-zag form as seen in a plan view,

with an outer surface diameter sized for convenient

insertion and removal from a well. The mounting strip

10 has a series of openings spaced in intervals for mounting

capsule explosive charges in a phased relationship

between 0 a'n_d 360 degrees. The cross-sectional area of

the mounting strip around each opening is selected to

prevent fragmentation of the carrier upon detonation of

15 the charges. The mounting strip is preferably metallic
with a selected amplitude and wave length.

In each opening is an explosive capsule with a
hollow cap with a nose for attachment to one of the
openings. The cap has an annular, interior thread with

20 a thread run-out of selected width. The explosive
capsule has a hollow body having an open end with
exterior threads and a width less than the width of the
thread run-out in the cap to permit free spinning of the
body in the cap after thread makeup for convenient

25 threading and connection with the detonating cord.

The above as well as additional objects, features,
and advantages of the invention will become apparent in
- the following detailed description.

30 e ipt n D ings
The novel features believed characteristic of the
invention are set forth in the appended claims. The
invention itself however, as well as a preferred mode of
use, further objects and advantages thereof, will best be
35 understood by xreference to the following detailed
description of an illustrative embodiment when read in



in the well and that the systemis weak (the pins and 10 i nks often
break when they hit obstructions in the tubing), resulting in use only
for sinple perforating operations. The nmain advantage of the third
category is that very flexible phasing is possible. This high degree
of phasi ng of widwsseasul es is significant to well 15 produggg%&%ﬁn' many
formation types. Co- pendi ng application PCT/US95/1 I' sCl oses
a = perforating gun carrier with a sLojted configuration and

interior dinensions to enable capsule orientation at sel ect ed phases
between 0 and 360 degrees. The carrier 20 has a frangi bl e seam t hat
fractures upon detonation to |, formtwo retrievable strips, each
supported by the SORIURGRAN ikl §he Fesonmanyingidrawifige, seherésna narr ow
Cr 0s- bect] onal S Wit ShARLOES. InBR et o Gf TR Sun pE the
charges. The renaﬁﬁn cros§}$g%t§i%q§%"§lebcaieatr?5$e StrdPiength of each
strip is sufficient td4B%Ereé 1812 iRNIEF art perferatingmain of. tAletyhe i ps

are preferabby nampilinding a rateUevadX¥ ARIMMHri®f @:ith' CEEakD:6{ 9SS
section. Wen r3#4¥ifﬁ§pﬁg ﬁsgharges are arrayed around many phases, by
ron

30 attachi ng bot ) réar portions of the capsule charges to
t he nonfrangibl e regi SHFUEE 3Hs @aprier art perfieraning nurchadsngrmuused for
det onati on. phased expendable links;
Figure 4 illustrates the preferred embodiment of the
10 present invention in a frontal view;
Figure 5 is a side elevational view of the Figure 4
embodiment ;

Figure 6 is a view of the Figure 4 embodiment shown
frqm the top within a casing to be perforated to

15 illustrate the shaped charge orientations and

- perforations in the casing and geological formation;
Figure 7 is a phase diagram showing the phase
relationship of the capsule charges in the Figure 4 -
embodiment ;

20 Figure 8 is a fragmentary, enlarged view of the
carrier of the Figure 4 embodiment to illustrate the
mounting means and strip configuration;

Figure 8-A is a cross-sectional view as seen looking
along the corresponding lines and arrows of Figure 8;

25 Figure 9 illustrates one capsule charge of the type
used in the preferred embodiment of Figure 4;

Figure 9-A is an enlarged, fragmentary view taken
from Figure 9; and
_ Figure 10 is a plan or frontal elevational view of

30 an alternative embodiment of the mounting means shown in

the plane of the paper.

Description of the Invention

Referring initially to Figures 1-3 of the drawings,
35 which illustrate three prior art perforating guns, the
perforating gun 11 of Figure 1 utilizes a frangible base



Di scl osure of Invention 35 The general object of the invention is to

provi de a. gun for well perforating that overcones the various
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- 3- di sadvant ages of the prior art devices with a carrier t hat
produces perforations in a w de degree of patterns, I nc ' 60
degree phasevﬁ%F ship, that does not fragnent and t gﬂbﬁ%mﬁﬂé_

therefore renovable fromthe well. 5 _ . _ This obj ect is achieved al so
with a perforating gun

strip 13 having plural surfaces 15, 17 upon which are
R mounted a plurality of capsule charges 19 oriented at
different angles or phases to perforate a well in more
than one direction. The base strip 13 is constructed of
5 a material as explained in the specification of U.S.
Patent No. 4,951,744 to shatter into a multitude of very
small pieces in response to detonation of the capsule
charges, allowing the resulting debris from the base
strip to fall ideally below the perforating zone, to
10 prevent-obstruction of the flow of oil or gas from the
perforated well. The material of the base strip 13 is
strong enough to avoid breakage during impact with an
obstruction when travelling downward in the borehole.
A retrievable base strip that will not shatter when
15 the charges detonate, and that may be retrieved from the
well, is disclosed in U.S. Patent 5,095,999. Here, the
charges are retained on the base strip by support rihgs
that will shattexr into a multitude_of pieces, allowing
the charges to fall to the bottom of the well. This
20 configuration of perforating gun is illustrated in Figure
2 of the drawings and is taken from TU.S. Patent
5,095,999. A nonfrangible strip 21 is retrievable from
the well after detonation of the capsule charges 23 upon
ignition of the detonating cord 25. The capsule charges
25 23 are retained on the base strip 21 by a plurality of
support rings 26 that shatter upon detonation of the
capsule charges.
Another prior art perforating gun is shown in U.S.
Patent No. 5,241,891 and .in Figure 3, wherein the
30 explosive charges 27 are mounted on link carriers 29, and
are detonated by ignition of the detonating cord 31.
This configuration of perforating gun occupies a small
diameter similar to prior art guns in the well while
enabling multi-phase orientation of the charges and
35 retrieval from a well.
Referring now to Figure 4 of the drawings and the



havi ng an el ongated nounting having a spiral or selected wave, or
non-1linear, zig-zag formas seen in a plan view, with an outer surface
di anet er sized for convenient i nsertion and renmoval froma well. The
nmounting strip 10 ~has a series of openings spaced in intervals for

nmount i ng 5%8 %I e explosive charges in a phased rel ati QeshisBsin7sss
between 0 ang’ egrees. The cross-sectional area of the nmounting

strip around each opening is selected tq _ prevent fragnmentation of the
carrier upon detonation of 15 the charges. The nounting strip is
preferably netallic with a. selected anplitude and wave | ength.

In each opening is an expl osive capsule wi.th a hol | ow cap with a nose
for attachnent weedesrefl témbodimentpenmifngthe TRresgpthatnventioml athe

interior thr eadn\{yi,ﬁeli-aRO 33a &é”ﬁ tféé‘ Ut peirreehefied gt kor Wedl

expl osi ve e _has

hav
exterior thr ead?eg'%&rgtﬁ‘ﬁt}ﬁ‘f’gg athg%o%{%%t%é,d lgf"ggﬁ mou&lq%rsé:g&pr un- out
in the cap to p&b5m thafisg sarnrdwkenf dipmeter pbagdi rfahe anmyesfiedt t hr ead

makeup for gonvepiseReidn ahfr ee«éinaeaﬁndfﬁ&mne&timwvi tihdthe «daitiiald ng
cord. dj ti onal. obj ect sér{_.eat

. The
and advant ages °[1I?§1Fﬁ¥en€ rd‘f?‘%c]nls bEBBhe 2 Fpalente® °r?tﬁ%§f &9 owi ng

det ai | ed descri ginhamce the production of petroleum or other minerals.
The spiral strip 35 is manufactured by utilizing the
capabilities of a multiple axis laser milling machine on
10 drawn-over-mandrel (DOM) tubing. The laser mill must
have at least the X-axis and rotational capabilities in
order to slit the spiral strip. Four (4) strips are
manufactured from each full round tube started. The tube
is left partially connected until all spiral slits are
15 made over the length of the tube. The partial connection
points are later broken apart to yield four (4) separate
strips. The threaded holes on the strip are then
. completed on conventional machine centers.
The perforating gun 33 .has at its upper end a
20 connector 37 for mounting on a conveyance sub (not shown)
to raise or lower and position the gun at the ‘selected
elevation in the well adjacent to the geoclogical
formation to be perforated. The strip 35 is connected to
a lower end of connector 47 with a plurality of fasteners
25 39 that may be socket head set screws or the equivalent.
Secured to the connector 37 is an electrical means 41
(see Fig. 5) adapted to supply electrical energy to a
detonating cord 43.
The exterior surface of the strip 35 is cyl:.ndrlcal
30 about a longitudinal axis (not shown) and is formed of a
selected metal that forms a helical band with a pitch in
a range of 12 to 24 inches. As shown in the cross-
sectional view of Figure 8A, a suitable thickness t for
the strip is 0.125 inches and the circumferential width
35 W 1.25 inches. At the lower engi. of the strip  is
connected a strap 45 to which may be secured a second



30 Descri ption of the Draw ngs The novel features believed

characteristic of the I nvention are set forth in the appended cl ai ns.
The i nvention itself however, as well as a preferred node of

use, further objects and advantages thereof, wll| best be 35 under st ood
by referencgookgsssihe following detailed descri pt i (CINiSIEOTSS6

Il tustrative enbodi ment when read in WO 96/ 38652

PCT/ US96/ 07556 -7 - -4 conjunction with

t he acconpanyi ng draw ngs, wherein: Figure 1 illustrates a prior

perforating gun of the

spiraled strip 47. There are a series of openings in the

. spiraled strip 35 to serve as mounts for a plurality of
explosive capsules 49. These openings are spaced in
intervals along the length of the spiral strip so that

5 they are arranged in a phase relationship to correspond
with the selected perforation pattern in the well.

As shown in Figure 9, each of the explosive capsules
49 has a éap 51 having a threaded nose 53 that engages
the threads 55 of the strip 35. The cross-sectional area

10 of the strip around or adjacent each opening is selected
to prevent fragmentation of the strip 35 upon detonation
of the charge, taking into account the strength of the
material used to form the strip, which in the preferred
embodiment is a strong, ductile and flexible material

15 suéh as 1018 steel or 304 stainless steel. The cap 51 is
hollow with an interior cavity 57 to receive an explosive
charge and terminate in an angular interior thread 59
having a thread runout 61, as may be better seen in the
enlarged, fragmentary view of Figure 9A.

20 The thread runout 61 is wider than the threads 63
that are formed on the exterior of the open end of a
hollow body 64 that partially contains the previously
described explosive charge. The open end of the hollow
body also has a seal 65 in an annular groove 67 to

25 prevent contamination and degradation of the explosive
charge. The opposite end of the hollow body 63 has a
slot 69 to receive the detonating cord 423 shown in
Figures 4 and 5, which is adjacent a heat-sensitive
firing pin 71 that will detonate the explosive inside the

30 capsule. A slot 73 receives a retainer clip 75 (see Fig.
8) of conventional configuration to secure the detonating
cord in its position adjacent to firing pin 71.

: Referring now to Figure 10 of the drawings (and an

alternate embodiment of the present invention), the
35 numeral 101 designates drawn-over-mandrel (DOM) tube
shown in the plane of the paper (not a true plan or



type that utilizes a frangi bl e base strip; Figure 2 is a prior
art perforating gun of the type 5 utilizing a retrievable base strip

with frangible ret ai ni ng nmeans; Figure 3 is a prior art
perforating gun having multi . phased expendabl e |i nks;

Figure 4 illysfdeAk&s the preferred embodi ment of the 10  ppeFBedsnhgent i on
in a frontal Vview, . Figure 5 is a.side elevational view of the
Figure 4 enmbodi nent ; Figure 6 is a view of the Figure 4
enbodi nent shown fromthe top within a casing to be perforated to 15
il lustrate t he shaped char ge orientations and perforations

I n the casing and geol ogi cal formation; Figure 7 is a phase

di agr am show ng fhenphhs%levatlonﬁél‘aiﬁi@nsﬂmopl whichefaupdd) enchatimearn t he
Figure 4 eﬂbﬁdk£§nhcu391ng strlﬁﬂgé&& Be'ﬁaﬁuféé%ﬁ?&ﬁfiﬁbm &xérr ged

vi ew of the rrier 4 enbodi nent Ilustr

nounti ng neans aﬁ'dfgt??‘bn%&ﬁ ttb‘ﬁ? Tg"bu}ﬁethe ugse’or s ]ﬁd'lp& 82K ai%ser
cross-sectional widhing wmachineoki Age Suchaﬁ@mgptﬁ@300#¥e§pnm0nﬁbﬂilnes and
arrows of FiggurepBur2Pity of apdftiies) 1dd blerali®s Q- silﬁéai»ezﬁeaﬁag of

the type ”Sfdn'é‘ht NE LS CLaSSs eBo Y IBE aQks hLYEY Slitting the
tubing 101 with the laser mill. The laser mill must have
rotational capabilities in order to slit the tubing 101
and form the non-linear zig-zag strip.

10 The tube is left partially connected until the non-
linear zig-zag slits are made over the length of the
tube. The partial connection points are later broken
apart to yield four (4) separate non-linear zig-zag
strips. The apertures 105 on the strip are then threaded

15 and completed.

In the Figure 10 embodiment, the tube 101 is shown
as if it were cut longitudinally and rolled into the
plane of the paper, appearing to be a rectangle. The
“circumference is marked in degrees 111 at the bottom of

- 20 the tube. The degrees are used to define the edges 107,
109 of the strip 103 and their geometric shape. The
dotted lines 113 are imaginary lines that are used in
designing the shape of the strip 103 and do not appear
physically on the tube. The strip 103 is described as

25 being non-linear and in a zig-zag pattern.

Another way to define the strip 103 shape is with
reference to wave forms. The strip 103 has a wave form
comprised of a first triangular wave having a half wave
length 1, and an amplitude &a,. This wave intersects and

30 is continued by a second wave having a half wave length
1, and an amplitude a,. The waves can have a variety of
forms such as triangular (as shown), square, rectangular
or sinusoidal to provide some examples. The waves can be
repeating or identical or may have differing lengths and

35 amplitudes as shown.

The wave form is selected to provide the requisite



Figure 9-A is an enl arged,
Figure 10 is a plan or frontal

Description of the | nventi on
of the draw ngs,
t he per f

fragnentary view taken
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enbodi ment of the nmounting nmeans shown in
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"into the geological formation 81.
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pattern of apertures 105 in which to mount. shaped charge
capsules and to maximize the number of strips 103 that
may be cut from the tube 101. By cutting the strip 103
from the tube 101, the shaped charges, when mounted in
apertures 105 are arranged in a segment of a cylinder (or
arc of a circle in a range of preferably 90-120 degrees)
to match the cylindrical shape of the wall in the well to
be perforated. The apertures 105 are preferably spaced
from one another in a range of 12 to 24 inches. _
In the preferred example of Figure 10, the material
is the same as that indicated for the spiral strip of
Figure 4, with a thickness of 0.125 inches. The
dimensions for a successful strip are:
W = 1.25 inches
1, =
1, = 12 inches

6 inches

D = 3 inches
d =

a, = 45 degrees

a, = 45 degrees
It should be apparent from the foregoing that an
invention having significant has been
The spiral strip 35 of Figure 4 can be
enable the orientation of explosive
capsules in a wide variety of selected patterns, one of
which is shown in Figure 6 in which the strip 35 is used
to position the explosive capsule 43 and others like it
to form perforation 77 through the metal casing 79 and

0.5 inches

advantages
provided.
configured to

This pattern has a
phase relationship as shown in Figure 7 wherein the
perforation 77 is indicated by the corresponding point at
zero degrees. Moreover, the configuration of the spiral
strip, when constructed as indicated above, prevents it
from fragmenting or major distortion that would prevent
its retrieval from a wellbore after the explosive

capsules are detonated. The spiral may be considered to



strip 13 having plural surfaces 15, 17 upon which are nounted a
plurality of capsule charges 19 oriented at different angles or phases
to perforate a well in nore than one direction. The base strip 13 is
constructed of 5 a material as explained in the specification of U S

Pat'ent No. 4?"2)5%@ 4 to shatter into a multitude of very pord&fbisspi eces

i n-response nati on of the capsule charges, allow ng the
resulting debris fromthe base strigyto fall ideally below the
perforating zone, to 10 prevent obstruction of the flow of oil or gas
fromthe perforated well. The material of the base strip 13 is
strong enough to avoid breakage during inpact with an obstruction

when travel | i ng dewmwartthree t kdwviemsdboke. and continfloust r wevebl #nbase

strip that will poi;shaidar pseldaly. the charges detonate, and that may be
retrieved fromthe wel I, is disclosed in U S ent 5,095 999. Here,

. ..Pa
t he charges are Th& A%sdiBRATHRY YRVEISBFFHP B;P%B%p%?’?u?? Afsis 38R ¢ pat
will shatter intalternate twae tof geleices manyowfnghe advahtagéargéstie fall
to the bottgm of sébfaiﬂ%érip o¥hb§%39e a CORLI guradian Ah waklahebddggun is
illustrated in Flgure 2 of the dI’EWIn s and 1s _takén from U S. Patent
5,005, 999. A nonYheRgii® BREEFTD1 PEriRaLIoRsp| BepdoMmot extend 360

degrees. Since plural strips can be formed of one tube
107, manufacturing efficiencies are obtained.
While we have shown ocur invention in only two of its
10 forme, it is not so limited but is susceptible to various
changes and wmodifications without departing from the
spirit thereof. :



the well after detonation of the capsul e charges 3““'@
the detonating cord 25. The capsul e charges 25

UTLTITEY | A

base strip 21 by a plurality of support rings %26 hat %hatter upon
detonation of the capsul e char ges. Anot her prior art

perforating gwagjcﬁasgpom in US Patent No. 5,241, 891 apgymysédbrdsgur €
e

3, wherein the

xpl osi ve charges 27 are nounted on |link carriers 29,

and_ are detonated by ignition of the, detonating cord 31. Thi s

configuration of perforating gun occupies a snall

Lapeter simlar to

prior art guns in the well while enabl i ng mul ti - phATKIOSHEEE ARSORER

the charges and 35 retrieval froma well.
Figure 4 of the draw ngs and the Claim&6/ 38652
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1. A perforating gun for carrying a plurality of
explbsives connecting by a detonating cord to perforate
a section of a well in a selected pattern, comprising:

an elongated, spiraled strip having an outer
diameter sized for convenient entry and removal from a
well;

a series of openings spaced in intervals along a
length of the spiraled strip to serve as mounts for the
explosives to be arranged in an angular phase
relationship to correspond with said selected perforation
pattern in the well; -

the cross-sectional area of the strip around each
opéning being selected to prevent fragmentation of the
carrier upon detonation of the charges;

whereby the spiraled strip may be positioned in the
well, the explosives detonated to create perforationé in
the selected pattern and the spiraled strip retrieved
from the well.

2. The invention defined by claim 1 wherein the
exterior surface of said spiraled strip is cylindrical
about a longitudinal axis.

3. The .invention defined by claim 2 wherein said
spiraled strip is a metallic and helical band with a
pitch in a range of 12 to 24 inches.

4. The invention defined by claim 1 wherein said
openings of the spiraled strip are threaded.

5. The invention defined by claim 4 including an
explosive capsule charge which compirses: '

a cap having a threaded nose for engagement with a
threaded opening of said spiraled strip;

This Sheet Has Been Replaced




-6- preferred embodi nent of the present ”mmmmﬂmwn l
nunmeral 33 designates a perforating gun for well haV| ng an

el ongated, spiraled nmounting strip - 35 having an but'er "di & si zed
for conveni ent 5 insertion and renoval from a well that cont ai ns
geol ogi cal w%%as that are to be perforated to enh 556
production o eum or ot her mnerals. The spiral strip 35 is
manuf actured by utilizing the capabiLities of a muiiple—axis—taser
m|Ting machine on 10 drawn-over-mandr &l (DOV) tubi ngTH!STﬁH‘:ETaHAS BEENI
nmust have at | east the X-axis and rotational capapilitiREPLAGED

order to slit the spiral strip. Four (4) strips are

rrarufactured Trom

each full round tube sharteap Peéngubeollow te |edintaiartemplysitonnentied

until all spiral

t%'rhhaae&ﬁgl% an”%ﬁ%u@&?r iﬁ"@efﬁlgttﬁ‘lrgﬁdtvb&ﬁ ubenr B

partial connection are. | at broken apart to yield four
separ at e st A9Fs out gges?i?céta%d‘”ﬁ%}és on the strip are then

conpl et ed on conventi enhblbee hbpdycentamtain said explfisdveeahdr ataviiggggun 33

has at its upper

10

15

a#'Ggen end with exterior threads having a width less
than the width of the thread run-out in the cap to permit
free spinning of the body in the cap after thread make-
up;

a slot and retainer to receive a detonating cord on
a closed end of the hollow body;

whereby the hollow body may be freely spun to align
said slot and retainer for convenient threading and
connection of the detonating cord with the explosive
capsule charge.

6. A perforating gun for carrying a plurality of

20

25

30

35

explosives comnecting by a detonating cord to perforate
a section of a well in a selected pattern, comprising:

an elongated, non-linear 2zig-zag strip having a
generally tubular wall sized for convenient entry and
removal from a well;

a series of openings spaced in intervals along a
length of the non-linear zig-zag strip to serve as mounts
for the explosives to be arranged in an angular phase
relationship to correspond with said selected perforation
pattern in the well;

the cross-sectional area of the strip around each
opening being selected to prevent fragmentation of the
carrier upon detonation of the charges;

whereby the non-linear zig-zag strip may be
positioned in .the well, the explosives detonated to
create perforations in the selected pattern and retrieved
from the well.

7. The invention defined by claim 1 wherein the
exterior surface of said non-linear zig-zag strip forms

This Sheet Has Been Replaced




20 connector 37 for nounting on a conveyance sub (not shﬁmmml]ullmmuum
raise or |ower and position the gun at the sel ected

wel | adj acent to the geol ogi cal formation to be perforated Thé strlp
35 is connected to a lower end of connector 47 with a plurality of
fasteners 25yqoaigdshat My be socket head set screws or the ReidisdabREs -

Secured to the connector 37 is an electrical neans 41 (see Fig. 5)
adapted to supply electrical energy to_a;3 _ detonatin ard 43.

The exterior surface of the strip 35 is cylindrical 30 | HNSUWHEET HAS BEEN
| ongi tudi nal axis (not shown) and is forned of a del ect g@pmé E

forms a helical band with a pitch in a range of 12 S
shown in the cross-arc of zeriralenlabpuswaolofgytmdidd] awisiit abl e t hi ckness

t for the strip is 0.125 inches and the circunferential width 35 W

1. 25 inches. the | ower end_.of.the str conne¢t ed stra
45 to which may Ba seEg?eJ(Pvzf i eglne by cE\.g:Lm 2 wherein sagg cais P
in a range of about 90 to 120 degrees.

5
9. The invention defined by claim 3 wherein said non-
linear zig-zag strip is metallic and said openings spaced
from one another in a range of 12 to 24 inches,

10 10. The invention defined by claim 1 wherein said

openings of the non-linear zig-zag strip are threaded to
receive shaped charge capsules.

11. The invention defined by claim 1 including an
15 explosive capsule charge which comprises:

a cap having a threaded nose for engagement with a
‘threaded opening of said non-linear zig-zag strip;

the cap being heollow to contain explosive and
terminating in an annular, interior thread with a thread

20 run-out of selected width; _

a hollow body to contain said explosive and having
an open end with exterior threads having a width less
than the width of the thread run-out in the cap to permit
free spinning of the body in the cap after thread make-

25 up;

a slot and retainer to receive a detonating cord on
a closed end of the hollow body;

whereby the hollow body may be freely spun to align
said slot and retainer for convenient threading and

30 connection of the detonating cord with the'explosive
capsule charge.

12. A perforating gun for carrying a plurality of
explosives connecting by a detonating cord to perforate

35 a section of a well in a selected pattern, comprising:
an elongated strip sized for convenient entry and

This Sheet Has Been Reﬂlaced




Y\g- 06/ 38652 spiraled strip 47. There are a seri espg;—/ (l)JSggI/ (rmllm il“l“l”lllll”“l
spiraled strip 35 to serve as mounts for a plurality of * eXplb

capsul es 49. These openings are spaced in i nterval s al ong the Iength
of the spi raﬁosfsfskd%zso that 5 they are arranged in a phasedyRisgéda&shi p
to ccorrespon th the selected perforation pattern in the well.

As shown in Figure 9, each of the explosjye.capsul es W
havi ng a threaded nose 53 that engages ° the threads| 58(5%$ ohHA 5.
The cross-sectional area 10 of the strip around or ad] acentBEEA8REDpeni ng
Is selected to prevent fragnmentation of the strip 35 upon detonation
of the charge, taghayal nfxemcmedl end dnr thgt fovh oha selectedewawk. used

to formthe strip, whicBhekped h6fpb§Eﬁ!‘Lh§§ s acearraadllﬁe%vaﬁsaaiéﬁ na,

ductile and fl exjbl e_jmat st eel ain
steel . The cap 51°¢%&D fed’ﬁof%ﬁ?vﬁcf ﬁeé?{el ﬂ?é‘?‘?‘ﬂ}t c§9Ft'§Ih%?xP °Fé38f5ve an
expl osi ve to be arranged in an angular phase relationship to
5 correspond with said selected perforation pattern in the
well;

the cross-sectional area of the strip around each
opening being selected to prevent fragmentation of the
carrier upon detonation of the charges;
10 whereby the strip may be positioned in the well, the.
explosives detonated to create perforations in the
selected pattern and retrieved from the well.

13. The invention defined by claim 7 wherein the
15 exterior surface of said strip forms an arc of a circle
about a longitudinal axis.

14. The invention defined by claim 8 wherein said arc is
in a range of about 90 to 120 degrees.

20
15. The invention defined by claim 9 wherein said strip
is metallic and said openings spaced from one another in
a range of 12 to 24 inches.

25 16. The invention defined by claim 10 wherein said
openings of the non-linear zig-zag strip are threaded.

17. The invention defined by claim 4 including an
explosive capsule charge which comprises:

30 a cap having a threaded nose for engagement with a
threaded opening of said non-linear zig-zag strip;

the cap being hollow to contain explosive and

‘terminating in an annular, interior thread with a thread
run-out of selected width; )

35 a hollow body to contain said explosive and having
an open end with exterior threads having a width less

is Sheet Has Been Replaced
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charge and terminate in an angular interior thread 59 I!M'gﬂllﬂgﬁllgm
runout 61, as may be better seen in the enl ar ged, f
Figure 9A. 20 The thread runout 61 is wi der than the t hreads

that are fornmed on the exterior of the open end of a hol | ow body 64

t hat parti al kyo 6648k Ns the previously described expl oSictruspbeisge. The
open end of the holl ow body al so has a seal 65 in an annul ar groove 67
to 25 prevent contam nation and degradajgon of the ex 'THT e
charge. The opposite end of the hol |l ow body 63 has a & PHEEBHASBEEN
receive the detonating cord 43 shown in Fi gures 4[and HFERMACEB i s
adj acent a heat-sensitive ring pin 71 that wll detonate The

expl osi ve insi de Fhan3zghe "t?-&]ﬁ%lu‘P% th%%é’lréﬁdmu?-e@éﬁ d8sthereamiteepesmip 75
(see Fig. 8¥raé epiwgirid @ltheobbdguiat the ¢4y FFHere thieadeharati ng
cordinits pomtggn adjacent to firing pin 71. Referring now to
Figure 10 of the awi ngs (and an al ternate enbodi nent of the present
invention), the 35 nangkel andirgE3ipnnte® rRcaiveod detanakisls copdvpn t ube

shown in the spl ang elosée ePIL (Uhet hallbwebpagpp or
whereby the hollow body may be freely spun to al:.gn
said slot and retainer for convenient threading and
connection of the detonating cord with the explosive
capsule charge.

: Thls Sheet Has Been Repl
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VD 96/ 38652 . - PCT/ US96/ 07556
- 8- frontal elevational view) fromwhich four (4) non-Iinear

zi g-zag nounting strips can be manufactured from each full round of
tube with the use of a nmultiple axes |aser mlling machine. One such
stfip 103 i sysopmgsovi th a 5  plurality of apertures 105 opefuidshrsse
non-1|i near zig-zag | ength, having ef#@s 107, 109 defined by slitting
t he tubing 101 with the laser mll. The laser m |l nust have
rotational capabilities in order to slit the tubing 101 and formthe
non-1|inear zig-zag stlrJ.L .10 The tube is left partially connected
until the non- | i g}\(z)i g-zag slits are made over the length of the
tube. The partial connect®&on points are Iatﬁr br oken © apart to yield

four (4) separate non-linear zigi a

B~

i

FiG. 1
(PRIOR ART)
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strips. The apertures 105 on the strip are then threaded 15 and

conpl et ed. In the Figure 10 enbodi nent, the tube 101 is shown

as if it were cut longitudinally and rolled into the pl ane of the
paper, appearing to be a rectangle. The circunference is marked in
degrees 111 avobésseseott om of 20 the tube. The degrees ar ‘Hﬁﬁg efine:
t he edges 107, 109 of the strip 103 i SAﬁkg

d their geonetric shape. The
dotted lines 113 are imaginary |ines thad&&pe used in designing the-
shape of the strip 103 and do not appear physically on the tube. The
strip 103 is described as 25 bej ng me 5 and in a zig-zag pattern.
Anot her way to define the strip ibi 4 th

forms. The strip 103 has a wave form
wave. having a half wave length [e
wave intersects and 30 I's continued
| engt h [err] and an anplitude af¢g
- forms such as triangular (as shown),
si nusoi dal to provide sone exanpl es.
I dentical or may have differing | end
The wave formis selected to provid

reference to wave

d'éﬁ first triangular
'dﬁde aferr] This
cond wave having a half wave
2 waves can have a variety of
L Xt angul ar . or

P -mke repeating or

3d | anpll t26s as shown.
NE)}' (S

FIG.2
(PROR ART)
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WD 96/ 38652 PCT/ US96/ 07556

-9- pattern of apertures 105 in which to nount shaped charge

capsul es and to nmaxi m ze the nunmber of strips 103 that may be cut from
the_ tube 101. By cutting the strip 103 fromthe tube 101, the shaped
charges, wheRvdogusksd in 5 apertures 105 are arranged in f a
cylinder (or arc of acircle in a range of preferably gf)e?’gg&@gs?ees)
to yatch the cylindrical shape of the wal J/@n the well to be
perforated. The apertures 105 are prefergbly spaced from one anot her
in a range of 12 to 24 inches. 10 preferred exanpl e of
Figure 10, the nateri al :

31~ [ 29

FIG. 3
(PRIOR ART)
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Is the sane as that indicated for the spiral strip of Figure 4, wth

a thickness of 0.125 inches. The di nensions for a successful
strip are: , _ W= 1.25 inches 15 [err]
= 6 inches : : 1[err] = 12 inches D
= 3 inches d = 0.5 inches : 7556

alerr] = 45 \Hgmsggz 20 [err] = 45 degrelt’acg‘mssw0 I t
shoul d be apparent fromthe foregoing tﬁgpaan i nvention having
significant advantages has been provi ded. The spiral strip 35 of
Figure 4 can be gg?f' to emcdy e g?e orientation of explosive 25
capsules in a wide variety | ect B ns, one of whi ch .i s shown

in Figure 6 in ich the stilip|B5 is‘
capsul e 49 and rs like i td
castng 79 and IMmto thefdedf ogi c

i todggsition t he expl osi ve
I m perf on 77 through the netal
ormat i“on 81. This pattern has a 30

phase rel ati onshi p as shown igur#uf wherein the perforation 77 is
i ndi cated by the correspondi I oint”'ﬁ 3 Zero degrees. Moreover, the
configuration of the spiral st mﬁen constructed as indicated
above, prevents it . fr agnergiing or nmajor distortion that would
prevent )
39
[l
I@b .
| 43
I .
49—~ 49
35
|
35 l 1
| 39
45
45
47 47
FIG. 4 I@D FIG. 5
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35 its retrieval froma wellbore after the explosive ~ capsul es

are detonated. The spiral may be considered to WO 96/ 38652

PCT/ US96/ 07556 : -10- be a three

di mensi onal and conti nuous wave in a cylindrical boundary.

The non-|i ngayespsspaved strip 103 of Figure 10 is an - adraseaemsseray t o
achi eve many of the advantages of the 5gygspiral strip of Figure 4. It is
especi al | y advant ageous when t he pé?ggrn perforations need not extend

360 degrees. Since plural strips can be forned of one tube
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107, manufacturing efficiencies are obtained. VWil e we have shown
our invention in only two of its 10 forms, it is not solimted but is
susceptible to various changes and nodifications w thout departing
fromthe spirit thereof. . - 11

C ai s lwoobfigs forating gun for carrying a plurality opcubupemkss

expl osi ve charges connected by a detonat j 9 cord to 5 perforate a section
of a well in a selected pattern, conprising: an el ongat ed,
nof-|inear zig-zag strip having an exterior surface defining an outer

di anmeter which is

-180° =135 -90° -45 o 45 900 135 180
77

‘ FIG. 7
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cylindrical when viewed fromthe top along a longitudinal 10 axis, the
exterior surface being sized for convenient entry and renoval froma

wel | ; a series of openings spaced in intervals along a | engt h of
the non-linear zig-zag strip to serve as nounts for the shaped expl osive
chdrges to be arranged in an 15 angul ar phase relationship to correspond

w th said Sahﬁﬁ@ﬁﬁbz perforation pattern in the well; pPCTUN60h 8 St
selected ones of sald shaped explosiﬁﬂ? charges having a hollow cap with
a nose which engages said openings in said strip and having an

associ ated hol | ow body 20 which contains an expl osi ve; t he
cross-sectional area of the strip around each openi ng being selected to
prevent fragnmentation of the carrier upon detonation-of the shaped

expl osi ve char ges; wher eby the non-linear zig-63g strip may be
positioned 25 in the well, the shaped expl osi ha ges detongt ed to
create perforations in the selected pattern an;L§§32‘>—vm: 4%romthe

wel .. 2. The invention defined by claim§ ,6r/ ri\he exterior
surface of said non-linear zig-zag strip §pHTE 75circlé—'about
a | ongitudinal axis.

8-A B—A
w
| . 35
/f % T
35 }[
FIG. 8—-A

53
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3. The invention defined by claim2 wherein said arc is in a range of
about .90 to 120 degrees. 35 4. The invention defined by claim 3
wherein said non-linear zig-zag strip is netallic and said openings
spacetl from one another in a range of 12 to 24 inches.

12 : 5. The, lnvention defined by claim1 wherein said openings of

t he npn-linear%%+§%¥

[ 58 strip are threaded to receive the noses of the
shaped expl osive charges. 5 6. Theﬂuynvention defined byPCTAISo6/075561
i ncluding an expl osi ve capsul e charge which conpri ses: a cap

havi ng a threaded nose for engagenent with a

61
59

FIG. 9
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t hr eaded opening of said Hon-linear zig-zag strip; 10 the cap being

hollow to contain explosive and termnating in an annular, interior
thread with a thread run-out of selected w dth; a hol | ow body to
contain said expl osive and having an open end with exterior threads
having a wighheh&ss than the 15 width of the thread run- opériusssiohssscap to
peemt free spl nni ng of the body ISP}EF cap after thread nake-up;
a slot and retainer to receive a deton g cord on a cl osed end of the
hol'| ow body; wher eby the holl ow body nay be freely spun to align 20
said slot and retainer for convenient théﬁading and connection
of the detonating cord with the epr03|v€’! psul e char ge. 7. A
perforating gun for carrylng ----- 25 eéflosive char ges
connected by a detonating?Ucb ion of a well in
a sel ected pattern, conpri Si Mg N ellorgat ed, non-linear strip
si zed for convenient entry and el and in the formof a
selected 30 wave conprised of a seyies of fintprm b elical turns,
the wave formng an outer dianeter i $ i i Cal when vi ewed
fromthe top al ong a | ondt
!
\‘—VF103
1ad |
',/'105
4
1 '
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a seties of openlngs spaced in inte | ength of the strip to
serve as nounts for the expl osive 331““”“““11“““' rranged.in.an angular
phase rel ationship to correspond Wi th sai¥ s®l dct ed gEPQA@EN@@ﬂbQHEEr
in the wel | ; t he cross-sectional area of the ch

openi ng bei ng selected to prevent fragnentalion of the 4d car

detonati on of the charges; P ° ﬁé‘? G’FW
wher.eby the strip may be positioned in the well, the gxp

detonated to create perforations in the Clagmbected pattgrn and retrleved
fromthe well. 5 8. The invention defined by claim 7 lwhke

exterior

e Sers

-

f-et-rr-t-he

1. A perforating gun for carrying a plurality of shaped

explosive charges connected by a detonating cord to

5 perforate a section of a well in a selected patterh,
comprising: _

an elongated, non-linear =zig-zag strip having an
exterior surface defining an outer diameter which is
cylindrical when viewed from the top along a longitudinal

10 axis, the exterior surface being sized for convenient entry
and removal from a well;

a series of openings spaced in intervals along a
length of the non-linear zig-zag strip to serve as mounts
for the shaped explosive charges to be arranged in an

15 angular phase relationship to corresbond with said selected
perforation pattern in the well;

at least selected ones of said shaped explosive
charges having a hollow cap with a nose which engages said
openings in said strip and having an associated hollow body

20 which contains an explosive;

the cross-sectional area of the strip around each
opening being selected to prevent fragmentation of the
carrier upon detonation of the shaped explosive charges;

whereby the non-linear zig-zag strip may be positioned

25 in the well, the shaped explosive charges detonated to

create perforations in the selected pattern and retrieved
from the well. -

2. The invention defined by claim 1 wherein the exterior
30 sgurface of said non-linear zig-zag strip forms an arc of a
circle about a longitudinal axis.

3. The invention defined by claim 2 wherein said arc is
in a range of about 90 to 120 degrees.

35 ,
4. The invention defined by c¢laim 3 wherein said
non-linear =zig-zag strip is metallic and said openings
spaced from one another in a range of 12 to 24 inches.



surf.ace of said strip forns an arc l ek T
axi s. 10 9. The invention defl mlmumuﬂmllﬂr er ei R ?&%}frm MT@{EE i
a range of about 90 to 120 degrees. * 0" The i nveniibn dg Qe@9$y
claim9 wherein said stripis metallic and sai d ope1lwgs H

one another in a 15 range of 12 to 24 intRes. © 11. | The_invention
defined by claim7 wherein said openings of the el opgated non-1inear
strip are threaded. 20 12. .The invention defined by chka-md4—nretaet-ng—an

expl osive capsul e aher ﬂﬁvéht@anﬂgﬁihéﬁsb claim 1 wﬁe%éﬁnhaah.&goﬁeﬁbﬁgéded

nose for
strip;

=nOeRETERL Heh"hInenr kY AT AH Ak SUFERdL th pedeThe tHe "%

term nating i ROSES &ﬁn@h&rShﬁ@?érﬁ6plpﬁﬂ§§dchﬁﬁﬁe§ t hr ead run-out of

sel ect ed wisdt h;

an

10

15

20

25

30

35

40

6. The invention defined by claim 1 including an
explosive capsule charge which comprises:

a cap having a threaded nose for engagement with a
threaded opening of said non-linear zig-zag strip;

the cap being hollow to contain explosive and
terminating in an annular, interior thread with a thread
run-out of selected width;

a hollow body to contain said explosive and having an
open end with exterior threads having a width less than the
width of the thread run-out in the cap to permit free
spinning of the body in the cap after thread make-up;

a slot and retainer to receive a detonating cord on a
closed end of the hollow body;

whereby the hollow body may be freely spun to align
said slot and retainer for convenient threading and
connection of the detonating cord with the explosive
capsule charge.

7. A perforating gun for carrying a plurality of shaped
explosive charges connected by a detonating cord to
perforate a section of a well in a selected pattern,
comprising:

an elongated, non-linear strip sized for convenient
entry and removal from a well and in the form of a selected
wave comprised of a series of intermittent helical turns,
the wave forming an outer diameter which is cylindrical
when viewed from the top along a longitudinal axis;

a series of openings spaced in intervals along a
length of the strip to serve as mounts for the explosive
charges to be arranged in an angular phase relationship to
correspond with said selected perforation pattern in the
well;

the cross-sectional area of the strip around each
opening being selected to prevent fragmentation of the
carrier upon detonation of the charges;

a holl ow body to contain said explosive and havi ng



open.end with exterior threads hayi t har i deHRRT
the thread run-out in the cap to Hmmwmmlumnm nni 1 PEPFACE @N’I SH 1
cap after thread make-up; a ¢l ot ahd Yet’ainer tq r$g? KF

detonating cord on a cl osed end of the holl ow body; b ﬁﬁ@re

t he hol |l ow body may be freely spun to aligm3 said slioi_and retainerjf

Ul LIIC IJ 1

DY

conveni ent threading and 35 connection of the detonatijng cord with th

expl osi ve

40

10

15

20

25

30

35

40

he
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capsul e charge. 13. A perforating gua~fef—eaftiypRg—a

plurality of shapedyperef¥PhidR) Gt GRAMERP K&?@éﬁbﬂéﬂ 2 26l e 8 3ké I, CEhd

explosive charges detonated to create perforations in the
gelected pattern and retrieved from the well.

8. The invention defined by claim 7 wherein the exterior
surface of said strip forms an arc of a circle about a
longitudinal axis.

9. The invention defined by claim 8 wherein said arc is
in a range of about 90 to 120 degrees.

10. The invention defined by claim 9 wherein said strip is
metallic and said openings spaced from one another in a
range of 12 to 24 inches.

11. The invention defined by claim 7 wherein said openings
of the elongated non-linear strip are threaded.

12. The invention defined by claim 4 including an
explosive capsule charge which comprises:

a cap having a threaded nose for engagement with a
threaded opening of said non-linear zig-zag strip;

the cap being hollow to contain explosive and
terminating in an annular, interior thread with a thread
run-out of selected width;

a hollow body to contain said explosive and having an
open end with exterior threads haviﬁg a width less than the
width of the thread run-out in the cap to permit free
spinning of the body in the cap after thread make-up;

a slot and retainer to receive a detonating cord on a
closed end of the hollow body;

whereby the hollow body may be freely spun to align
said slot and retainer for convenient threading and
connection of the detonating cord with the explosive
capsule charge.

13. A perforating gun for carrying a plurality of shaped
explosive charges connected by a detonating cord to

to



perf-orate a section of a well Ful“mluﬁlmt WHI ttern, ?@Pll@lﬁ,l’“ﬁg‘%‘ fﬁm‘
an el ongated, non-linear stri lor 5 SeraLC —t-he n of
a portion of a cylinder when vi*tewtd * 't %oné cross-sactio ah§¥P@§% 1
along a longitudinal axis ~ thereof, with an outer dijafe

conveni ent entry and removal from a we L4 said shaped pyleS ve
charges being substantially the 10 sane size as the ogter dianmeter of sqid
non-|inear strip; each of said shaped expl osi ve—tcharges—havt+rg

seal i ng capdrfaqraent wettioni @¢f f aomwelll einngaasdldatiedr patternsai d
shaped expl osiyg, and wherein the sealing caps of said
R

shaped expl osi ve

non-1inear strip. 2% elongated non-linear strip having an exterior

5

10

15

surface in the form of a portion of a cylinder when viewed
at one cross-sectional location along a longitudinal axis
thereof, with an outer diameter sized for convenient entry
and removal from a well; ‘

said shaped explosive charges being substantially the
same size as the outer diameter of said non-linear strip;

each of said shaped explosive charges having a sealing
cap to prevent well fluids from entering an interior of
said shaped explosive charges; and :

wherein -the sealing caps of said shaped explosive
charges are connected in contact with said elongated,
non-linear strip.

s are connected in contact with said el ongated,
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- 15 -.
free spinning of the body in the cap after thread nake-
slof and retainer to receive a detonating cord on 5 :
wher eby the holl ow body may be freely sf@pge
said slot and r wger for CQRNMSHEA ' ey conne My
REY % S o :

det;onating cord

hol I ow body;

-

than the width of the thread

t he expl osi ve

Intergtinppd;
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(54) Title: SPIRAL OR WAVE STRIP PERFORATING SYSTEM
(57) Abstract

A perforating gun (33) having an clongated mounting strip (35) and a selected wave or non-linear, zig-
zag form as seen in a plan view, with an outer surface diameter sized for convenient insertion and removal
from a well. The mounting strip (35) has a series of openings spaced in intervals for mounting capsule
explosive charges (49) in a phased relationship between 0 and 360 degrees. The cross-sectional arca of the
mounting strip (35) around each opening is sclected to prevent fragmentation of the carrier upon detonation
of the charges. The mounting strip (35) is preferably metallic with a selected amplitude and wavelength. In
vach opening is an explosive charge (49) with a hollow cap (51) with a nose (53) for attachment to one of
the openings. The cap (51) has an annular, interior thread with a thread run-out (61) of selected width. The
explosive capsule (49) has a hollow body having an open end with exterior threads (59) and a width Iess than
the width of the thread run-out (61) in the cap (51) to pemit free spinning of the body in the cap (51) after
thread makeup for convenient threading and connection with the detonating cord (43).




